
-- 

United States Agency for International Ievelopment
 
Mission in El Salvador
 

INFRASTRUCTURtE SECTOR
 
ASSESSMENT 
 . 

j _. . A l 

BFinal Report -.c.­
......... " Volum e II
 

E/-c .ransportati.- .... Cii:OzC 

Februy... 1 9 

ik) 

rini 

Tech International, Inc. 

...........Louis Berger In e n t o a ,I c..... ....... . .................. 
Edificaciones Choussy, S.A.. de C.V. 

<.-- /-Z -_( - . 

February 1990 



UNITED OTATES AGENCY FOR INTERNATIONAL DEVILOPXENT
 

MISSION IN EL SALVADOR
 

INFRASTRUCTURE SECTOR ASSESSMENT
 

FINAL REPORT
 

FEBRUARY 1990
 

VOLUME I7
 

TRANSPORTATION
 

TECH INTERNATIONAL, INC.
 

LOUIS BERGER INTERNATIONAL, INC.
 

EDIFICACIONES CHOUSSY, S.A. DE C.V.
 



INRABTRUC!OtR 

BECTOR 15BB3M5hT 

VOLUMES 

VOLUME I 

VOLUME II 

VOLUME III 

VOLUME IV 

SUMMARY PXEPORT 

TRANSPORTATION 

WATER SUPPLY & SANITATION 

ELECTRIC POWER & TELECOMMUNICATIONS 



This study is being prepared under contract
 
between USAID/-l Salvador and Tech
 
International, Inc. under contract number 519­
0177-C-00-9503-01.
 

The Consultants wish to thank the generous

assistance and contributions provided by the
 
staff of USAID/Salvador, the Government of El
 
Salvador, its agencies and private firms.
 
They were extremely helpful in providing data
 
and clear explanations of Salvador and its
 
infrastructure sector. Nevertheless, the
 
Consultants remain solely responsible for all
 
data, opinions, conclusions and
 
recommendations.
 



T BLE OF CONTENTS
 

GLOSSARY
 

SUMMARY ANDRECOMMENDATION ................. i
 

II. TRANSPORTATION . . . . . . . . . . . . . . . . . . . . . .
 

a. General . . . . . . . . . . . . . . . . . . . . 1
b. Regional Overview . . . . . . . . . . . . . . . 1
 

c. Sector Planning . . . . . . . . . . . . . . . . 3
 

A. HIGHWAYS . . . . . . . . . . . . . . . . . . . . . . . . . 5
 

1. Introduction . . .. . . . . . . . . . . . . . 5
 
a. Overall Institutional Description . ...... 5
 
b. The Ministry of Public Works (MOP) ....... 5
 
C. Assessment Approach . . . . . . . . . . ... 10
 

2. Inventory of Facilities . . . . . . . . . . . ... 10
 
a. Physical Inventory . . . ... . . . 10. . ... 
b. Functional Classification of Roads ...... .15
 
c. Current Condition of the Network . . . . ... 15
 
d. Road Construction and Major Maintenance History 22
 

51. Projects Underway/Planned . . . . . . . . . . ... 26
 
4. Traffic History and Forecasts .. . . . . .. . 34
 

a. Traffic History . . . . . . . . . . . . ... 34
 
b. Traffic Forecasts . . . . . . . . . . . ... 49
 

5. Design Standards . . . . . . . . . . . . . . ... 56
 
6. Costs of Construction/Maintenance . . . . . . ... 70
 

a. Mechanical Equipment . . . . . . . . . . ... 70
 
b. Labor . . . . . . . . . . . . . . . . . . . . 72
 
c. Performance . . . . . . . . . . . . . . ... 72
 
d. Materials . . . . . . . . . . . . . . . . . . 72
 
e. Indirect Costs . . . . . . . . . . . . . ... 72
 
f. Total Costs . . . . . . . . . . . . . . ... 76
 

7. Financial Position . . . . . . . . . . . . . ... 81
 
a. Expenditures . . . . . . . . . . . . . . ... 81
 
ki. Highway Sector Revenues . . . . . . . . ... 91
 

8. Private 7ngineering/Construction Industry .... 95
 
a. Registries . . . . . . . . . . . . . . . ... 95
 
b. Business Environment . . . . . . . . . . ... 95
 

9. Problem Areas ......... ... ....... 98
 
a. Road Network in Bad Shape . . . . . . . ... 98
 
b. Insufficient Funds . . . . . . . . . . . ... 98
 
C. Congestion . . . . . . . . . . . . . . . ... 98
 
d. Bridges . . . . . . . . . . . . . . .. . 101
 e. DGC Organization ......... . .. .. 101
 
f. Lack of Maintenance and Rehabilitation . . . . 101
 
g. Lack of Norms and Specifications . . .. . . . 101
 



10. 	 Economic Evaluation . . . . . . . . . . . .
 . . . . 102 
a. 	 Method . . . . . . . . . . . . . . . . .
.	 . . 102
b. 	 Needed Work in Highway Sections Under Study . 103
 
C. 	 Calculations . . . . . . . . . .
 . . . . . . . 106 
d. 	 Highway Results 
 . ...... . ....... 	 114
 
E. 	 Bridges . . . . . . . . . . . . . . . . . .
 . 122
 

11. 	 Social Impact . . . . . . . . . . . . . . . . . . . 127
 
12. 	 Project Needs 
. . . . . . . . . . . . . . . . . . . 128
 

a. 1990 - 1994 . . . . . . . . . . . . . . .
 . . 128 
b. 	 1995 - 2000 . . . . . . . . . . . . . . . . . 130
 
C. 	 Pavement and Maintenance Management . . . . . 130
 
d. 	 Bridge Management . . . . . . . . . . . . . 130
 
e. 	 MOP Management Study . . . . . . . . . . . . . 130
 
f. 	 Specifications and Norms 
. . . . . . . . . . . 131
 
g. 	 Technical Assistance . . . . . .
 . . . . . . . 131 

B. 	 OTHER MODES . . . . . . . . . . . . . . . . . . . . . . 131
 

I. 	 The Autonomous Executive Commission for Ports
"CEPA" . . . . . . . . . . . .* . .. 0 . . . .
 131
 
a. 	 organization .. .. . . . . . . . . . . . .. 131
 

b. 	 Human Resources . . . . . .
 . . . . . . . . . 134
 
c. 
 Financial Situation . . . . . . . . . . . . . 134
 

2. 	 Railways . . . . . . . . . . . . ..
.	 338
 
a. 	 Inventory of Facilities . .... 138
 
b. 	 Projects Underway/Planned . . . ... ......... 140
 
c. 
 Traffic History . . . . . . . .	 147
 
d. 	 Costs of Operation/Maintenancc ....... 155
 
e. 	 Problems Areas . . . . . . . . . 155
 
f. 	 Economic Evaluation . . . . . ........ 165
 
g. 	 Project Needs . . . . . . . . ..... 168
 

3. 	 Marine Ports . * ....... 169
 
a. 	 Inventory of Facilities*. ....
 169
 
b. 	 Projects Underway/Planned . . . . 174
 
c. 	 Traffic History 
 . . . . . . • .	 175 
d. 	 Problem Areas . . . . . . .
. .	 186 
e. 	 Evaluation . . . . . . . .
 . . .	 189 
f. 	 Project Needs . . . . . . . . .
 192
 

4. 	 Airports . . . . . . . . . . . .. .	 196
 
a. 	 Inventory of Facilities . . . . 197
 
b. Projects Underway/Planned . . 197
 
c" Traffic History . . . . .
 .	 202 
d. 	 Problem Areas 
 . . . . . . . . ........ 215
 
e. 	 Economic Evaluation . . . . . ........ 215
 
f. 	 Project Needs . . . . . . . . ........ 218
 

C. 	 INTERMODAL RELATIONSHIPS. 
 . . . . . . . . . .... .218
 

1. 	 Traffic Volumes by Mode 
. . . . . . . . . . . . . 219 
2. 	 Railway/Highway Prospects by Corridor .
 . . . . . . 219 

a. 	 District 1 (San Salvador - La Union) . . . . . 223
 
b. 	 District 2 (San Salvador - Metapan ­

223Guatemalan Border) 
. . . . . . . . . . . . . 
c. 	 District 3 (San Salvador Acajutla) . . . . . . 224
 



D. SECTOR PROJECT RECOMMENDATIONS . . . . . . . . . . . . . 225
 

1. Investment Needs . . . . . . . . . . . . . . . . . 225
 

E. PROJECT IMPLEMENTATION ................. 227
 

1. Highways . . . . . . . . . . . . . . . . . . . . .. 227
 
2. Other Modes 
. . . .	 . . . . . . . . . . . . . . . . 229
 

APPENDICES . . . . . . . . . . .
 . . . .	 . . . . . . . . . . 230
 

A.1 	 Geometric Design Characteristics and Typical Cross 
Section for Different Road Categories . . . . . . . . 231 

A.2 	 Current Condition of the Salvadoran Roadway Network . 247
 

A.3 	 Current Condition of Selected Highway Projects . . . 250
 

A.4 	 DGC-Recommended Highway Improvement Projects . . .. 255 

A.5 	 Unit Price Analysis Chart . . .... ............ . 259
 

A.6 	 Formulas and Assumptions for Economic Evaluation . 261 

A.7 	 Proposed 1990-94 Five-Year Plan - Financial Ratios . 268 

B.1 	 Marine Ports - Other Project Requirements . . . . .. 276 

B.2 	 Airports - Other Project Requirements . . . . . . .. 278 

LIST OF 	TABLES
 

A.1 	 1989 Salvadoran Roadway Network . . . . . . . . . . . 11 
A.2 	 1989 Highway Network Maintained by DGC . . . . . . . 12 
A.3 	 Evolution of the Salvadoran Road Network Over Time . 13 
A.4 	 DGC Roadway Codification . . . . . . . . . . . . . . 14
 
A.5 	 Functional Classification of Roads . . . . . . . . . 16
 
A.6 	 Current Highway Design Standards . . . . . . . . . . 17
 
A.7 	 Current Condition of the Roadway Network . . . . . . 20 
A.8 	 Bridges Damaged by Insurgency . .. . .. .... 23 
A.9 	 Age of Some Pavezent Structures in*Road Network . . . 25 
A.10 	 Highway Projects Underway . ......... ... 27
 
A.11 	 Planned Highway Projects . . . o o . . . .. . . . . 28 
A.12 	 Bridge Projects Underway ........ ...... 32
 
A.13 	 Planned Bridge Projects .. .... . . ..... 33 
A.14 	 DGC Permanent Traffic Count Stations . : . o . 35 
A.15 	 Current and Past Average Daily Traffic Volume . . . . 36 
A.16 	 Hourly Variations at DGC Permanent Traffic 

Count Stations . . 37 
A.17 	 Daily Variations at GC Permanent Traffic .D S. 38 

Count Stations 



A.18 	 Monthly Variations of Traffic Volumes at Frontier
 
Las Chinamas . . . . . . 39
 

A.19 	 Design Hour Volumes as a Percentage ofADT ..... 40
 
A.20 	 Heavy Truck Characteristics. . . . . . . . . . . . . 42
 
A.21 	 Heavy Truck Load Factors ...... ... . . . 43
 
A.22 	 1988 Daily Traffic Volumes and Load Distribution 44
 
A.23 	 1988 Average Daily Traffic Volumes by Highway
 

Category . . . . . . . . . . . . . . . . . . . . . . 48
 
A.24 	 Historical Trend of Traffic Volumes . . . . . . . . . 50
 
A.25 	 Annual Traffic Growth Rate by Department . . . . . . 52
 
A.26 	 Yearly Variation of V.A.R. . . .......... 53
 
A.27 	 Yearly Variation of Agricultural Production . . . 55
 
A.28 	 Traffic Volume Estimates for Analyzed Projects . . . 59
 
A.29 	 Estimated Highway Parameters for Highway Projects
 

Under Study . . . . . . . . . . . . . . . . . . . . . 64
 
A.30 	 Hourly Rent of Mechanical Equipment . . . . . . . . . 71
 
A.31 	 Hourly Salaries of Labor Force . . . . . . . . . . . 73
 
A.32 	 Fringe Benefit Impact on Salary Payment . . . . . . . 74
 
A.33 	 Construction Material Unit Prices . . . . . . . . . . 75
 
A.34 	 December 1988 - Unit Prices . . . . . . . . . . . . . 77
 
A.35 	 Routine Maintenance Work Quantities and Financial
 

Costs - Primary and Secondary . . . . . . . . . . . . 78
 
A.36 	 Routine Maintenance Work Quantities and Financial
 

Costs - Tertiary and Rural Highways . . . . . . . . . 79
 
A.37 	 Rehabilitation Work Quantities and Financial Costs . 80
 
A.38 	 Road Improvement - Platform Widening . . . . . . . . 82
 
A.39 	 Road Improvement - Pavement Structure . . . . . . . . 83
 
A.40 	 Road Improvement - Work Quantities . . . . . . . . . 84
 
A.41 	 Financial Unit Cost of Contracted Road Improvement . 85
 
A.42 	 Financial Unit Cost of Force Account Road Improvement 86
 
A.43 	 Financial/Economic Rehabilitation Unit Costs . . . . 87
 
A.44 	 Financial/Economic Improvement Unit Costs . . . . . . 87
 
A.45 	 Financial/Economic Routine Maintenance UnitCost . . . 88
 
A.46 	 DGC Expenditures during 85-88 . . . . . . . . . . . 89
 
A.47 	 Summary of DGC Expenditures . . . . . . . . . . . . 92
 
A.48 	 DGC-Budgeted Expenditures . . . . . . . . . . . . . . 93
 
A.49 	 1988 Highway Sector Revenues . . . . . . . . . . . . 94
 
A.50 	 DGC-Certified Highway Firms. . . . . . . . . . . . 96
 
A.51 	 Roadway Network Rehabilitation and Annual Routine
 

Maintenance Costs (Paved Roads) . . . . . . 99
 
A.52 	 Roadway Network Rehebilitation and Annual Routine
 

Maintenance Costs (Unpaved Roads) . . . . . . . . . . 100
 
A.53 	 Service Volumes for Different Road Categories . . . . 104
 
A.54 	 Vehicle Operating Costs . . . . . . . . . . . . . . . 107
 
A.55 	 Estimation of Projects Economic Benefits -


First Year . . . . . . . . . . . . . . . . . . . . . 108
 
A.56 	 Estimation of Projects Economic Benefits Financial
Ratios 	. . .... . . .115
. . . . . . .- 

A.57 	 Annual Concrete Bridge Maintenance Cost - 60m
 

Structure . . . . . . . . . . . . 123
 
A.58 	 Annual Bailey Bridge Maintenance Costs*-e60m
 

Structure . . . . . . . . . . . . . . . . . . . . . . 124
 
A.59 	 Bridge Rehabilitation/Reconstruction Plan . . . . . . 125
 



A.60 	 Construction Workers Requirement - Road Improvement

and Rehabilitation. . . ._ .. _ . . . . . . .. 126
 

A.61 	 Road Maintenance - Workers Requirement . . . . . . . 129
 

B.1 	 1985-88 Summarized Acajutla - AIES Balance Sheets . 136
 
B.2 	 1985-88 Summarized FENADESAL Balance Sheet ..... 137
 
B.3 	 Physical and Geometric Design Track Standards . . . . 141
 
B.4 	 1988 Rolling Stock Inventory . . . . . . . . . . .. 142
 
B.5 	 Damages to Bridges, Tracks and Stations . . . . . . . 143
 
B.6 	 Bridges Damaged by the Conflict . . . . . . . . . . . 144
 
B.7 	 Availability of Cars and Wagons . . . . . . . . . . . 145
 
B.8 	 1988 Rolling Stock Condition . . . . . . . . . . . . 146
 
B.9 	 AID Program in Local Currency . . . . . . . . . . . . 148
 
B.10 	 AID Program in Foreign Currency . . . . . . . . . . . 149
 
B.11 	 Characteristics of Sitio del Nino-Texis Junction . . 150
 
B.12 	 Cutuco-Pueblo Viejo Extension Characteristics . . . . 151
 
B.33 	 Yearly/Monthly Variations of Cargo and Passenger
 

Traffic Transported by FENADESAL . . . . . . . . .. 152
 
B.14 	 Yearly Variations of Cargo Traffic . . . . . . . . . 153
 
B.3.5 	 1988 Export and Import Goods Transported by FENADESAL 154
 
B.16 	 1988 Local Traffic by District . . . . . . . . . . . 156
 
B.17 	 Ideal Track Maintenance Cost km . . . . . . . . . .. 157
 
B.18 	 1988 Track Maintenance Unit Cost . . . . . . . . . . 159
 
B.19 	 1988 Track Rehabilitation Unit Cost . . . . . . . . . 160
 
B.20 	 Ideal Cargo Transportation Costs . . . . . . . . . . 161
 
B.21 	 Ideal Containerized Transportation Costs . . . . . . 162
 
B.22 	 Historical Fluctuation of Cargo Transportation Costs 163
 
B.23 	 Cost Comparison of Existing and Proposed Routes . . . 167
 
B.24 	 Storage Areas at Acajutla . . . . . . . . . . . . . . 172
 
B.25 	 Summary of 1988 Port Activities at Acajutla . . . . . 176
 
B.26 	 Comparative Cargo Movements for 1979-88 . . * . . . . 178
 
B.27 	 1988 Exports and Imports from/to Acajutla by Cargo . 180
 
B.28 	 1988 Exports and Imports from/to Acajutla by Country 182
 
B.29 	 Acajutla Container movements ........... 183
 
B.30 	 1988 Ship Movements at Acajutla Port .0.. ..* . 184
 
B.31 	 1988 Activities at Acajutla . . . . .. .. .. . 185
 
B.32 	 Cutuco Port Activities 1983-88 . . . . . . .. . 187
 
B.33 	 Berth Occupancy Rates and Numbers of Berths in Port . 191
 
B.34 	 New Container Pier Configuration . . . . . . .. . 194
 
B.35 	 International Traffic at AIES .. .... . .. 203
 
B.36 	 Airlines Operating at Comalapa .. . . . .. ... 205
 
B.37 	 Passenger Arrivals and Departures by Destination
 

Type .	 . . . . . . . . . . . .. . . . 207
 
B.38 	 Monthly Transit Passenger Traffic .. .. .. . . . . 208
 
B.39 	 Products Exported Via Comalapa . o . o . .. . . . . 209
 
B.40 	 Monl~hy Traffic of Import and Export Cargo . . o . . 210
 
B.41 	 Import and Export Cargo by Origin &nd Destination . . 211
 
B.42 	 Monthly Aircraft Traffic by Operation Type . . .. . 212
 
B.43 	 Monthly Landing-Aircraft Load at ATES . . . . . . . . 213
 
B.44 	 Ilopango International Airport Passenger and
 

Aircraft Traffic .................. 214
 

C.1 	 1988 Total Passenger and Cargo Traffic by Mode . . . 220
 



C.2 	 Comparison of Truck and Rail Transportation Costs
 
for Selected Products . . . . . . . . . . . . . . . . 222
 

D.1 	 Summary of Transportation Investment Needs
 
1990-2000 . . . . . . . . . . . . . . . . . . . . 226
 

LIST OF 	FIGUIES
 

II.1 	 El Salvador Location Within Central America . . . . . . 2
 
11.2 	 Agencies Concerned with Transportation Sector . . . . . 4
 

A.1 	 Previous DGC Organization Chart . . . . . . . . . . .. 8
 
A.2 	 Present DGC Organization Chart . . . . . . . . . . . . 9
 
A.3 	 Design Standards: Primary . . . . . . . . . . . . . . 18
 
A.4 	 Highway Projects Underway . . . . . . . . . . . . . . 30
 
A.5 	 Planned Highway Projects ....... 31
 
A.6 	 Highway Projects Included in*Five-Year*Plan-


Special, Primary and Secondary . . . . . . . . . . . 57
 
A.7 	 Highway Projects Included in Five-Year Plan -


Tertiary, Rural 'A'and Rural 'B' . . . . . . . . . 58
 

B.1 	 Organizational Chart - CEPA . . . . . . . . . . . . . 133
 
B.2 	 Salvadoran Railway System . . . . . . . . . . . . . . 139
 
B.3 	 Track Maintenance Unit Cost . . . . . . . . . . . . . 158
 
B.4 	 Port of Acajutla . . . . . . . . . . . . . . . . . . 170
 
B.5 	 Yearly Cargo Movemen~t at Acajutla . . . . . . . . . . 179
 
B.6 	 Alternative Layout for Port of Acajutla . . . . . . . 193
 
B.7 	 El Salvador International Airport . . . . . . . . . . 198
 
B.8 	 Deterioration Curve for Runway . . . . . . . . . . . 216
 

C.1 	 Railway/Highway Modal Split . . . . . . . . . . . . . 221
 

E.1 	 Proposed Schedule for Five-Year Highway Improvement
 
and Rehabilitation Program . . . . . . . . . . . . . 228
 

Jf
 



GLOSBARY
 

AASHO 


AASHTO 

ADT 

AIES 

ASTM 

BAILEY 

BENKELMAN 


CABEI 

CBR 


CEPA 

CONADES 

DGC 

DHV 

EEC 

ESAL 


FENADESAL 

FHWA 

HDM-III 


IRR 

KFW 

VAR 


American Association of State Highway Officials
 
(now AASHTO)
 
Amrican Association of State Highway Officials
 
Average daily traffic
 
International Airport of El Salvador
 
American Society of Testing Materials
 
Type of Temporary Bridge
 
Type of beam used to measure pavement
 
deflections
 
Central American Bank for Economic Integration
 
California bearing ratio, measure of soil
 
strength used for pavement design

Autonomous Executive Commission for Ports
 
Commison Nacional de Los Desplazados
 
General Directorate for Roads
 
Design hour volume
 
European Economic Community
 
Equivalent standard axle loads, used in traffic 
forecasting and pavement design 
Salvadoran National Railway System 
Federal Highway Administrtion 
Highway Design and Maintenance Standards - III, 
World Bank Software package for highway 
engineering/enconomic analysis
 
Internal rate of return
 
Kreditanstalt fur Wiederaufblau
 
Vehicle availability ratio
 



SUMMARY AND RECOMMENDATIONS
 

a. Sector Planning
 

This sector lacks the proper planning to set its overall objectives
 
and priorities. There is a transport committee headed by the
 
Minister of Public Works with limited authority to carry out sector
 
planning. There is a need for greater intermodal coordination in
 
establishing and implementing tariff policies and modal financing.
 

Recommendations # 1
 

There is a need for a simplified national transport study
 
designed to address.
 

- strengthening of planning mechanisms 

the preparation of a long range overview of regionalized
 
development opportunities, including the potential impact
 
of peace and changes upon Central American transport
 
demand
 

- an analysis of sector finance
 

- a study of intermodal freight and passenger demand at 
the corridor level 

- the definition of the roles of major highways, railways, 
ports and airports, and related studies 

- financial policy and investment recommendations.
 

The study would not necessarily go below the corridor level.
 
Specific projects would not be analyzed unless required.
 

The transport committee could be given the authority to define
 
and manage this study.
 

b. MOP Organization
 

MOP does not have an efficient organization due to the following
 
factors: 

inadequate staffing (too many people overall 
trained personnel in some specific areas), 
resources from achieving MOP objectives 

and 
drawing 

lack 
a
of 

way 

lack of internal and external controls 

i.
 



- weak procurement. 

Recommendation # 2
 

We recommend a management study of MOP designed to address
 
personnel levels by department and their possible reduction,
 
the definition of job descriptions, training requirements and
 
operating procedures.
 

c. Five-Year and Six-Year Highwav Plans
 

(1) Rehabilitation and Reconstruction
 

The road network is in poor condition. Furthermore, several
 
segments experience delays due to congestion.
 

Recommendation # 3
 

As presented in Section 9 (Consolidated Project
 
Recommendations), we propose:
 

Funds be allotted to rehabilitation/reconstruction work for
 
both paved and unpaved roads. The proposed US $197 million
 
5-year program will upgrade 291 km and rehabilitate 1,602 km
 
of roads. This amount covers expected road improvement needs
 
to the year 2000.
 

The Consultants also propose a six-year road rehabilitation
 
program for 1995 - 2000. This program should address
 
rehabilitation needs that were not included in the first five­
year plan. Total expenditure should amount to $170 million.
 

(2) Maintenance
 

Resources for routine and major maintenance needs are scarce, and
 
as a result maintenance is usually deferred. The limited available
 
resources are inefficiently used. Major maintenance depends on
 
international financing (roughly three quarters of current
 
investment). Roads should be systematical.ly maintained at adequate
 
service levels.
 

Recommendation # 4
 

There is a need to:
 

spend effectively twice as much on routine maintenance
 

provide technical assistance and training in the areas
 
of pavement management, contract administration and both
 
routine and major maintenance activities
 

the development of an integrated highway pavement and
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maintenance management system. The proposed system
 
should help in managing road maintenance and
 
rehabilitation.
 

(3) Bridges
 

About one fourth of the Salvadoran bridges (69 out of 289),
 
require repair or replacement.
 

Recommendation # 5 

Due to more immediate and cost effective highway needs, the
 
permanent replacement of damaged bridges should be postponed.
 
Meanwhile, a bridge management system should be implemented
 
for programming purposes. ISA Consultants have included US
 
$21.8 million is recommended for bridge reconstruction/
 
rehabilitation for the 1995-2000 period based on a tentative
 
list prepared by the consultants.
 

d. Rail
 

Railway traffic volumes are low due to the reduced production of
 
traditional cargoes, safety, reliability and indirect subsidy to
 
the highway sector. Due to the war, prospects for improvement are
 
poor. The District 1 line (San Salvador - La Union) has the least
 
prospects for significant improvement.
 

There is a lack of long-term goals, but two investment projects
 
are under consideration. There are the Santa Ana - Santa Lucia -

Guatemalan Border line and the Cutuco - Pueblo Viejo extension.
 

Recommendation # 6
 

No investments should be made without further study. Little
 
can be done as long as the conflict continues.
 

The proposed national transportation study should also address
 

the following issues:
 

- feasibility of the railway system
 

- value of the railway as an alternative to highways
 

- geopolitical importance of the railway 

- review of the feasibility of projects now under
 
consideration
 

- types of cargo on which the railway should concentrate
 

- acceptable levels of subsidy for the railway.
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Due to the decline in the railway's market share before and
 
during the conflict, revenues represent a very small share of
 
operating cost, while personnel has not declined
 
proportionately.
 

Recommendation # 7
 

After completion of the national transport study, we recommend
 
a management study of FENADESAL in order to:
 

- determine personnel needs and actions for its reduction 

- define job descriptions 

help create planning and marketing departments, develop
 
central train dispatching and consolidate shops.
 

Technical assistance should be provided at the completion of
 
this study.
 

e. Marine Ports
 

The steel cells of Pier "A" at the Port of Acajutla are highly
 
corroded. This should seriously affect the pier's structural
 
stability in the medium-term, precluding port operations.
 

Recommendation # 8
 

Repair Pier "A" steel cells ($15,000,000). On an emergency
 
basis visibly-deteriorated cells should be filled with
 
concrete or sand.
 

The port has limited capacity to handle more cargo. This is due
 
to current port configuration rather than the lack of equipment or
 
piers; as traffic increases (particularly container traffic), this
 
problem will become critical.
 

Recommendation # 9
 

A port study should be conducted to develop a new pier layout
 
or container pier according to modern port technology. The
 
study and lay-out concept in Volume II provides guidelines for
 
this project. Meanwhile, existing equipment should be
 
rehabilitated, but no major investments should take place.
 

In addition to Acajutla, El Salvador has two secondary ports in
 
the East, Cutuco and Punta Gorda, with very low traffic voludes.
 

Recommendation # 10
 

The proposed national transportation study should also
 
address:
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Feasibility of Cutuco
 

possible need for an alternative port to Acajutla
 

possible need for a port to help revitalize the
 
Salvadoran East
 

Cutuco's relationship with Puita Gorda
 

f. Air2rts 

The International Airport of El Salvador, is in good shape, except

for its pavement structures (runways, taxiways and aprons). There
 
is a need to improve its aeronavigation radio-control equipmInt and
 
to obtain a new back-up electricity generator.
 

Recommendations W 11
 

ISA Consultants recommend:
 

- the rehabilitation of the pavement structure. 

- New aeronavigation radio equipment and a generator. 

The terminal and pavement infrastructure of the alternative San
 
Salvador airport of Ilopango's have deteriorated. Heavier aircraft
 
loads are for military traffic, while civilian traffic is almost
 
exclusively for general aviation. Despite its closeness to the San
 
Bartolo Free Zone, the altitude difference makes Ilopango non­
compe'itive in the cargo market.
 

Recommendation # 12
 

Ilopango needs rehabilitation and repair. Civilian share
 
should be estimated and its financial feasibility evaluated.
 
At any rate, it is a low priority investment, and not
 
recommended at this time.
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I. TRANSPORTATION
 

a. General
 

The transportation sector involves a large number of public
 
and private institutions. Section II.A.l concentrates on
 
institutions in the highway subsector, and Section II.B.1
 
describes CEPA, the institution in charge, of the rail, port
 
and airport subsectors.
 

The present a'dministration of El Salvador is in the process
 
of redefining a set of policies and objectives for the
 
transportation sector. The last public source of policy
 
framework and development objectives for the transportation
 
sector is found in "National Policy for the Transportation
 
Subsector" (Politica Nacional del Subsector Transporte),
 
prepared by the past administration. This report summarizes
 
the sector's status for 1984 and 1985 and provides guidelines
 
for its future development.
 

Transportation services are currently insufficient to meet
 
demands. Highways have suffered from ten years of direct
 
and indirect damages by insurgents and deferred maintenance.
 
The railway system is operating well below its theoretical
 
capacity. Heavy guerrilla attacks and lack of track
 
maintenance prevent greater utilization of this mode, placing
 
an even heavier burden on the road network.
 

b. ReQional Overview
 

The Republic of El Salvador is the only Central American
 
country without shores on the Atlantic Ocean. As a result
 
of the country's (see Fig..:e II.1) Atlantic overland trade,
 
one of the functions of the transport network is to provide
 
access to Eastern U.S. and Europe. However, the expansion
 
of trade with the Pacific, especially Asia, will tend to
 
shift this orientation.
 

As a result of the country's location, trade between other
 
countries in the region does not necessarily transit through
 
the country, especially in war time.
 

There are two important transport corridors running from East
 
to West. The first extends along the Pacific shore through
 
the Port of Acajutla and Cutuco. The second corridor runs
 
through the center of the country from Guatemala City to
 
Honduras, with a branch leading to the Atlantic Basin through
 
the Port of Santo Tomas de Castilla in Guatemala. Of less
 
importance is the corridor extending to the Atlantic basin
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through the Port of Cortez in Honduras.
 

The Pan American and Coastal Highways, as well as the Port
 
of Acajutla, constitute the basic infrastructure of these
 
corridors.
 

Currently the railroad permits a way out to the Pacific Basin
 
through the Port of Acajutla and Cutuco in El Salvador,
 
although this could be extended to other Pacific and Atlantic
 
ports in Guatemala, who have a better infrastructure for
 
handling containers. Given satisfactory bilateral
 
agreements.
 

The present study covers the analysis of these main transport
 
corridors, however, it does not consider urban bypasses along
 
these corridors. These projects may be feasible as traffic
 
grows in San Salvador, but they should require higher
 
investment levels.
 

c. Sector Planning
 

The agencies involved with transport are shown in Figure

11.2. Transportation sector planning and coordination is
 
lacking in the country.
 

The Ministry of Public Works is responsible for the planning,
 
construction and maintenance of the country's highway
 
infrastructure. Because of the size of its staff and the
 
budgets involved, MOP is the dominant institution in the
 
transportation sector.
 

Legal truck weights and axle loads are set by a law,
 
prepared by MOP. Public transport regulation, licensing and
 
fee collection are under the responsibility of the General
 
Directorate for Transportation (DGT) within the Ministry of
 
Economy. The police, through its Transit Department, issues
 
vehicle registration and driver licenses.
 

According to Salvadoran practice, taxes, including fuel tax,
 
are set by the Ministry of Finance. Note that tolls are
 
considered a tax, and therefore, regulated by the Ministry
 
of Finance. Had they been considered a tariff, the Ministry
 
of Economy would have had responsibility.
 

There is a need for greater intermodal coordination in
 
establishing and implementing tax, tariff policies and modal
 
financing. Also, there is a need to set overall sector
 
objectives which would lead to the selection of priority
 
investments. An intermodal transport committee already
 
exists and is headed by the Ministry of Public Works, but has
 
limited authcrity.
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Figure 11.2 
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The GOES should strengthen this Transport Committee by

charging it with the responsibilities mentioned above.
 

A. HIGHWAYS
 

1. Introduction
 

a. Overall Institutional DescriDtion
 

At present, institutions in the highway subsector do not
 
perform efficiently, due in part to the war and earthquake,
 
but mostly because of lack of coordination and resources. The
 
road system is in poor condition and even national priority

roads, such as the airport road, are not maintained to
 
acceptable standards. Flaws were observed in design and
 
construction of the highway infrastructure, despite the fact
 
that national engineering and construction capabilities are
 
among the best in Central America.
 

b. The Ministry of Public Works (MOP)
 

(1) General
 

The Ministry of Public Works (MOP) is in charge of planning,

construction and maintenance of the highway infrastructure.
 
The Ministry also participates in the development of other
 
types of infrastructure. It comprises the General
 
Directorate for Roads (DGC), the Directorate for Urban
 
Planning and Architecture (DUA), and the Administration for
 
Machinery and Equipment (AME).
 

In the preparation of project AID-320, an institutional
 
evaluation of MOP was carried out by Booz-Allen & Hamilton.
 
Booz-Allen has "serious doubts about (MOP's) present ability
 
to effectively manage AID project 320". Reasons for this
 
conclusion include:
 

- lack of internal controls and absence of internal or
 

external audits
 

- weaknesses in the procurement area
 

- weak operative performance and inadequate staffing.
 

The latter point is emphasized by Booz-Allen and rightly

receives most attention in its study. Staffing is MOP's main
 
constraint. Any institutional change which does not affect
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staffing will not significantly improve MOP's performance.
 

The situation is so critical that it has already led to a
 
self-perpetuating cycle. For example, because of MOP's poor
 
record, financing organizations demand the creation of
 
independent units for their projects, such as AME or the
 
"coordinating units". These units permit existing MOP
 
hierarchy to be by-passed, to ensure project success. They

also add to an already high number of staff and to the lack
 
of coordination within the ministry.
 

MOP will only be in a position to reject such demands when
 
it has demonstrated its capacity to manage projects and funds
 
effectively and efficiently. It should strive to reach such
 
a status in the shortest possible time.
 

(2) Human Resources
 

In comparison to US standards, MOP employs about five times
 
as many people per km, without being able to maintain its
 
network. For example, DGC has a field staff of between 7
 
and 8,000 people. The state of Indiana has about 1,500
 
people for a similar network length.
 

Overstaffing such as this draws resources away from the
 
performance of the tasks for which MOP was created. In
 
effect, MOP is a tool of the government's social policy
 
instead of the government's infrastructure development
 
policy. The effects are:
 

- absence of qualified MOP personnel. Because it cannot 
afford to pay competitive salaries. Management feels that 
despite its large payroll, they still lack human resources 

- little career advancement possibilities for MOP staff
 

- the lack of resources for equipment and materials
 

- almost no flexibility in budgeting.
 

The solution to this problem cannot be an easy one. MOP
 
employs over 17,000 people which means it directly provides
 
revenue for about 75,000 people. Too sudden a change could
 
result in serious political problems.
 

MOP should integrate its human resource policy into the
 
country's infrastructure development plan. Most project

work, whether rehabilitation or construction, should be
 
contracted out. This will increase staffing requirements of
 
the private sector, offering employment alternatives to MOP
 
personnel.
 

(3) Institutional Changes at the DGC
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The DGC is the directorate in charge of interurban highways.

Its functions include the planning, construction and
 
maintenance of public highways in the country.
 

As part of the reform promoted by the present Salvadoran
 
administration, the DC was recently restructured. The
 
organizational char s before and after the restructuring are
 
presented in Figures II.A.1 and II.A.2. The restructuring
 
consisted mainly of the addition of a hierarchical layer

between the director and the department heads. Departments

have been grouped into what is now called divisions.
 

The new divisions could permit the concentration of several
 
departments' activities into single-unit activities,
 
facilitating a reduction in staff numbers. For example, all
 
the functions in the planning division can be undertaken by

individuals with the same background. A smaller core staff
 
of well trained engineers, planners and economists could
 
handle planning, project development and project supervision.
 

Even if the departments have different functions, as is the
 
case of construction and maintenance, many of the top

engineers can operate at a divisional level, being assigned
 
to tasks in both departments based on need. This would add
 
flexibility to the system and reduce staff requirements.
 

However, if none of the above is carried out, MOP will have
 
added one more layer to its structure, with its accompanying
 
costs in personnel, office space and vehicles, making worse
 
the current organizational problem.
 

(4) Pavement Management at DGC
 

DGC lacks an adequate system for road maintenance and
 
rehabilitation management. The Maintenance and Operation
 
Division has been performing planning programming and
 
evaluation functions, as well as executing maintenance work.
 
Alternative arrangements may be appropriate and should be
 
studied, such as a centralized pavement management unit, at
 
a division level within the DGC. This unit could be in
 
charge of pavement evaluation, setting priorities for
 
rehabilitation work, programming and controlling
 
rehabilitation work, and traffic load control.
 

An integrated pavement and management system should be
 
developed to help in these activities. The pavement
 
management component should help in rehabilitation work
 
planning and decision making, and could be a responsibility
 
of a future pavement management unit.
 

The pavement in management sub-system should include
 
systematic pavement evaluation (functional and structural,
 
with the use of non-destructive testing devices, such as
 
Benkelman beams) and a prioritization routine for selecting
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Figure II.A.2 

Present DGC Organization Chart 
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rehabilitation project candidates.
 

The maintenance management sub-system should be operated by

staff at the Maintenance and Operations Division. This sub­
system should address all phases of routirn maintenance work:
 
planning, programming, execution and control. Efficient
 
administration of resources, coupled with availability of
 
spares from either AME or the DGC, should prevent
 
bottlenecks.
 

c. Assessment ApProach
 

The study's approach to highway assessment includes:
 

- a review of the overall road sector
 

- a selection of part of the network for more detailed
 
evaluation.
 

2. Inventory of Facilities
 

a. Physical Inventory
 

This section presents a definition and description of the
 
Salvadoran road network. The present road classification
 
scheme is described together with typical cross sections.
 
Current pavement and roadside conditions are analyzed in
 
relation to the network's capacity to adequately handle
 
current and expected traffic loads.
 

ISA proposes to analyze a road network of approximately 9,600

km, which comprises all interurban roads being maintained by

the DGC. Table II.A.l shows the network by class and
 
location. Table II.A.2 presents the portion of the national
 
highway network maintained by the DGC, broken down by paved

and unpaved roads. Table II.A.3 summarizes changes in the
 
network over time, by different road categories.
 

DGC classifies roads by means of an eight-character

alphanumeric code. Table II.A.4 shows an explanation and an
 
example of these codes. A complete inventory of interurban
 
roads has been provided separately.
 

The study includes only interurban highways, as requested in
 
the terms of reference. Urban roads, including urban
 
segments of interurban roads, are under the jurisdiction of
 
the Directorate for Urban Planning and Architecture
 
(Direccion de Urbanismo y Arquitectura - DUA -) and are not
 
included in this infrastructure assessment.
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TABLE II.A.1 

1989 SALVADORAN ROA0WAY NETWO1K
 

( IN CLU DING LOCAL ACCESS ROADS)
 

...........................................................................................
 

I I I G HWA' S I ROAD AY S 

I TOTAL ........................................... ................................
 

DEPARTMENTI LENGTH I I I I I LOCAL
 

I I(KILOMETERS)j SPECIAL PRIMARY ISE TARY IIRLL. (A) IALKAL (9) I ACSS
I TERTIARY I
 
I I I I I I I I I I
 
I3xu3Uxzc tzZ Z3sw33Rn sURusmuuuza-----amzzumagaz33-anm nm u.s.n..in.
 

IANUCKAPAN 962.91 1 0.00 1 39.16 1 4.1.20 1 15-3 1 130.00 1 352.00 1 MT.20
 
I ......... I ....... i ......... I. ............I.............
 
SANTA AM 1,134.39 24.79 59.90 104.26 52.14 165.80 360.00 367.50 I
 
1............... I-........... I.....I.....I.....I.....I.......... I
 
ISONSOWATE 1 858.02 1 0.00 87.80 81.34 88.78 86.80 193.40 319.90 
I............... I ....... ........ ........ .........-.
I . .... .... 
ILA LIBERTAD j 876.35 35.00 104.00 38.00 183.70 89.40 172.75 253.50 
I . I ..... I.. I ..... . .... ........ ------- ........ ..
.......
 

ICHALATENANGO 1,078.70 0.00 37.00 60.64 180.96 171.80 367.10 261.20 

........ ......... 

JSAN SALVADOR 638.85 27.40 0.00 1 129.10 62.15 1 92.40 255.10 72.70 1
 
............. ..... .. I ........I. .... I ..... I. .... I-------..I.......... I...... I
 

I.............I ......... I.....I....... -----....
 

ICUSCATLAN T32.42 0.00 0.00 51.70 83.65 1 79.43 377.33 140.31 

1........ I ......... .....I .. I - .....--- ....... I .. I.... I..... I
 
jCABANAS 1 852.78 1 0.00 0.00 1 42.52 117.66 82.90 373.30 236.40 

1 .............. I.............I. ....I..........I ..... I.....I.....-
ISAN VICENTE 676.70 0.00 1 14.40 82.55 154.40 76.65 1 227.30 121.40 

I..............I.......I.....I.....I..... ........... I....... ...
 
ILA PAZ 967.81 20.05 36.00 85.42 109.21 130.60 1 494.60 91.90
 

I..... ...I......- I.....I I - . ........... . I.... .... ......
 
IUSULUTAN 1,065.90 1 0.00 142.00 103.60 164.30 194.00 I 384.70 177.30
 

............ I .......... .......I ......... ....... -------- ..
I ........ .. I ........ --------

SAN MIGUEL 925.24 0.00 12.34 135.97 110.30 1 321.79 1 270.20 ".64
 

1 ...............- - - - I.......... I..........I........... ........-..... I........... ..... I
 
IMORAZAN 519.80 1 0.00 14.00 1 58.20 1 125.50 1 22.90 1 230.85 1 68.35 1
 

1 ---..-.-............. I.......... I... I.....I..........I----­............. ............ 
ILA UNION 943.30 0.00 1 101.10 42.70 153.40 62.20 I 316.30 1 267.60 

IlOTAL (i) 1 12,253.17 I 107.24 577.70 1,057.20 1,736.53 I 1,706.67 4,374.93 I 2,692.90
 
Ot =----- -- -- s-u:::u . •1s:zz1uzum Inzuu • l I I IIIIIIIIH.l
zzzI11 :u:m.1 
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TABLE II.A.2 

1989 NI G NWAT IIIE TUO1K
 

INTAI 11T A I Y T NE SOC
 

I I PAVED NI GNWAYS I GKAVEL/EARTM tR S I I 
I TOTAL I................................I................. IT 0 T A L IT 0 T A L 

DEPARTENTI LENGTH I I 1 I I 
I I(KILCETERS)I SPECIAL I PRIMARY ISECONDAXY TERTIARY IMt~AL (A) I.IIAL (B) IP A V E D UNPAVED 

lAIKACNAPAN 712.71 1 0.00 i 39.16 I 41.20 150.35 130.00 352.00 80.36 632.35 

......... ............... .......... I.......... ..........-........... ..........-.....-

SANTA ANA 766.89 24.79 59.90 I 104.26 52.14 165.80 I 360.00 188.95 577.94 

1.................................... ................................ - ........................... . . I
 
ISONSONATE 538.12 0.00 I 87.80 81.34 88.78 86.80 193.40 169.14 3.98 I 
1.................................... .......... ......... .......... ...................................... . . I
 
ILA LIBERTAD 622.80 1 35.00 1 104.00 38.00 183.70 89.40 172.70 177.00 "5.80 I 
1.............I ...... I ..... I. ... ....... ....................... ..... I 
ICHALATENANGO 1 817.50 1 0.00 1 37.00 j 60.64 1 180.96 1 171.80 1 367.10 97.64 719.86 1 
...... I...... ........I.....................I................ ..... I 
SAN SALVADOR 566.15 27.40 0.00 j 129.10 1 62.15 1 40 1 255.10 1 156.50 409.65 I 
1...... ............ I..........I ..... I..........I.................-- ..... I 
ICUSCATLAN 592.11 0.00 1 0.00 I 51.70 1 83.65 79.43 1 377.33 51.70 1 540.41 

..............-...... I..........-..........I.......... .......... I 
CABANAS 616.38 1 0.00 1 0.00 42.52 117.66 82.90 373.30 42.52 573.86 

.............. ............ I ...... I................................ - .......... I 
JUN VICENTE 1 555.30 1 0.00 1 14.40 82.55 I 154.4:3 76.65 1 227.30 96.95 458.35 

...... .. I..........I .... ....... I ...... I....... ................... I...... I 
LA PAZ 875.91 1 20.05 36.00 85.42 109.24 130.60 494.60 141.47 734.44 

I ..............-............ I..........................I............. I 
IUSULUTAN 888.60 1 0.00 1 42.00 1 103.60 164.30 194.00 384.70 145.60 743.00 

I.............. I......I..... I..... I ...... I..........I...................I 
ISAN MIGUEL 880.60 1 0.00 1 42.34 1 135.97 110.30 1 321.79 270.20 178.31 702.29 1 

I.............. I............ ..... I................... ... I............. I
 
IMORAZA1 451.45 1 0.00 14.00 58.20 125.50 1 22.90 230.85 72.20 1 379.25 1 

I.............. I ...... I..... I......... I......... I......... . I......... I
 
ILA UNION 675.70 1 0.00 1 101.10 42.70 153.40 I 62.20 1 316.30 143.80 1 531.90 1
 

ITOTAL (Km) 1 9,560.22 I 107.24 I 577.70 1 1,057.20 1 1,736.53 1 1,706.67 I 4,374.8 1 1,742.14 1 7,818.08 I
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---------------------------------------------------------

-------------------------------------------------------

--------------------------------------------------------
-- ----------- --------------------------------------------

TABLE II.A.3
 

EVOLUTION OF THE SALVADORAN ROAD NETWORK OVER TIME 
(KILOMETERS) 

YEAR --------------------- ROAD TYPE---------------
PAVED UNPAVED UNPAVED TOTAL 

ALL-TIME DRY-SEASON 

1963 1056 3256 4215 8527
 
1964 1056 3256 4215 8527 
1965 1113 3247 4105 8465
 
1966 1176 2953 4425 8554
 
1967 1184 3013 4444 8641
 
1968 1197 3016 4429 8642
 
1969 1207 3083 4405 8695
 
1970 1209 3098 4396 8703
 
1971 1244 4868 4622 10734
 
1972 1310 4905 4622 10837
 
1973 1373 4978 4622 10973
 
1974 1373 4978 4622 10973
 
1975 1373 4978 4622 10973
 
1984 1730 NA NA 12149
 
1985 1705 NA NA 12164
 
1986 1720 NA NA 12164
 
1987 1738 NA NA 12164
 
1988 1742 NA NA 12253
 
1989 1742 6136 4375 12253
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TABLE i1. A. 4.
 

D. G. C. ItOAD WAY COD I F I CAT I ON
 
4 

I I C O DE P R 0 J E C T N A N E I LENGTH (K) 
usaat 9 auManzU3333US3UEaZu x zzSazzcua3333uaz maxasumaau3muzzalugusamum

II I 	 I 
3 N A 3 1 0 0 0 3 :?NTERCONEXION CA:l-CA:8-SANTA ANA 17.70 
SI (1)(2)(3)(4)(5)(6)(7)(8) I 	 • I 
II I 	 I 

.................................................................................
 

(1) ALWAYS MHN
 

(2),(5) AND (6) VARY WITH THE DEPARTMENT IN WHICH THE ROAD IS LOCATED 
(2)VARY FROM MAN TO ON"
 

(5)AND (6)VARY FROM NOON TO 4130 

(3) 	 ROAD CLASS; VARY FROM OIN TO 070 
1.- SPECIAL HIGHWAYS 
2.- PRIMARY HIGHWAYS
 

3.- SECONDARY HIGHWAYS 
4.- TERTIARY ROADS 

5.- RURAL NAN ROADS
 
6.- RURAL N" ROADS
 

7.- LOCAL ACCESS ROADS
 
(4) DEPENDING ON THE AREA OF THE COUNTRY WHERE THE ROAD LIES, VARY FROM -I-TO 03m 

(7)AND (8)REPRESENT THE RECORDED ORDER OF THE ROAD WITHIN EACH MAINTENANCE DISTRICT
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b. Functional Classification of Roads
 

As shown in Tables II.A.l and II.A.2 the functional
 
classification of the roadnet includes the following DGC
 
categories (adopted by the Consultants in this study):
 

- Special Highways
 
- Primary Highways
 
- Secondary Highways
 
- Tertiary Roads
 
- Rural-"A" Roads
 
- Rural-"B" Roads
 
- Local-Access Roads
 

A definition of these categories is presented in Table
 
II.A.5. Table II.A.6 and Figure II.A.3 show the geometric

design requirements and principal characteristics of these
 
road categories. Appendix II.A.1 presents geometric design

characteristics for all highway classes.
 

c. Current Condition of the Network
 

(1) Method
 

Updated pavement condition survey results are necessary in
 
providing a current picture of the road network and also
 
estimate routine and major maintenance needs. The levels of
 
required routine maintenance vary with road conditions.
 
Routine maintenance "quantity standards" are a function of
 
pavement and roadside conditions. Investment needs in
 
pavement rehabilitation or reconstruction are a function of
 
current functional and structural conditions as well as
 
economic capabilities.
 

Basically, the objectives of pavement (functional or visual
 
evaluations) condition surveys are to:
 

- Gather, process and review pavement distress information 
in order to forecast its future effects on road condition 
and to recommend appropriate corrective measures. 

- Systematize, in a well-defined inventory procedure, the 
collection of pavement data for planning purposes. 

- Define a routine maintenance work program based on current
 
needs.
 

- Define a pavement condition index which summarizes a road's
 
current condition from a road user point of view.
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TABLE I.A.S
 

FUNCTIONAL CLASSIFICATION OF ROADS
 

Special Highways (Carreteras Especiales): Divided highways
 
with partial or full access control, typically with four or
 
more or lanes and high geometric design standards.
 

Primary Highways (Carreteras Primarias): Paved two-lane two­
way roads with high design standards, with 3.65-meter lanes
 
and 2.35-meter shoulders. These highways typically carry
 
traffic volumes higher than 2,000 vehicles per day.
 

Secordary Highways (Carreteras Secundarias): Paved two-lane
 
two-way roads with 3.25-meter lanes and 1.50-meter shoulders.
 
Traffic volumes are in the 500 to 2,000 vehicles-per-day
 
range.
 

Tertiary Roads (Carreteras Terciarias): Gravel two-lane two­
way roads with cross-section widths of approximately 6.00
 

These roads carry traffic volumes ranging from 100
meters. 

to 500 vehicles per day.
 

Rural-"A" Roads (Caminos Rurales "A"): Five-meter-wide roads,
 
typically graveled, with traffic volumes less than 100
 
vehicles per day.
 

Rural-"B" Roads (Caminos Rurales "B"): Five-meter-wide roads,
 
typically earth roads, with traffic volumes less than 100
 
vehicles per day. Roads constructed by the Central Government
 
which do not meet the preceding geometric requirements are
 
nevertheless included in this category.
 

Local-Access Roads (Caminos Vecinales): Earth roads
 
constructed by local jurisdictions to provide access to local
 
communities or farms (not included in DGC's network).
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TABLE II. A. 6
 

D E S I G N ST A N DAR D S 

CLASSIFICATION : PRIMARY 
(A.A.D.T. . 2000) 

MOUNTAINOUSROLLINGLEVELI DjERRAIN TERRAIN TERRAIN 

DESIGN SPEED 90k/h. 70k/h. 50k/h. 

7%MAXIMUM GRADE 5% 6% 

250.00m 200.00 m. 80. 00m.MINIMUM RADIUS 

MINIMUM DISTANCE 60.00M. 60.0Cm. 60.00m. 

BETWEEN HORIZONTAL CURVES 

MINIMUM SIGHT 
IO0.OOm.1 30.00m.160.OOm.DISTANCE 

ROADWAY WIDTH 12.0Om. 12.00m. 12.00m. 

7.30m. 7.30m.PAVEMENT WIDTH 7.30m. 

SHOULDER WIDTH 2.35m. 2.35m. 2.35m. 

BRIDGE 
7. 90Cm.7. 9O0m. 7.90 m.LANE WIDTH 

RIGHT OF WAY 30.0Cm. 30.00 m. 30.00 m. 

I 0.00 m. I 0.00 m.HORIZONTAL CLEARANCE I 0.00m. 

H 20 S H20- S 16DESIGN BRIDGE LOAD H 20-S 16 - 16 

DOUBLE .SURFACE DOUBLE SURFACE DOUBLE SURFACE 
PAVEMENT TYPE OR ASPHALT OR ASPHALT OR ASPHALT 

CONCRETE CONCRETE . CONCRETE 

COMPACTED 0) MP ACo" E D COMPACTED 
SELECTEDSHOULDER TYPE SELECTED SELECTED 


MATERIAL MATERIAL 
 MATERIAL. 

GENERAL DIRECTORATE OF ROADWAYS 
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FIGM II. A. 3 
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- Obtain and analyze pavement condition history information
 
(i.e., see how a road section's pavement condition history

varies with time) in order to define pavement deterioration
 
curves and establish the useful lives of different
 
maintenance strategies.
 

- Optimize the use of maintenance funds, applying resources
 
to the most critical highway sections based on their
 
pavement condition index and other factors.
 

The Consultants asked the DGC Maintenance and Operations

Division to estimate the road condition of all road
 
categories in each of the 14 Salvadoran Departments. This
 
subjective estimation was made by the departmental

maintenance engineers who have intimate knowledge of the
 
roadnet they control. The Consultants spot checked the
 
survey results, to assure their correctness.
 

The project team provided the DGC M&O Division with
 
appropriate guidelines to perform the requested road
 
condition evaluation . Given the short time frame of this
 
study, a three-category rating scheme was used. A
 
description of each category follows:
 

- Good:
 
Paved roads substantially free of defects, requiring only
 
routine maintenance. Unpaved roads needing only routine
 
grading and spot repairs.
 

- Fair:
 
Paved roads having significant defects, requiring

resurfacing or strengthening. Unpaved roads needing

reshaping or resurfacing (regravelling) and spot repair
 
of drainage.
 

- Poor:
 
Paved roads with extensive defects, requiring immediate
 
rehabilitation or reconstruction. Unpaved roads that need
 
reconstruction and major drainage works.
 

(2) Network Condition
 

Table II.A.7 presents the results of the survey.

Approximately 27 percent of the network is in good condition,
 
28 percent in fair condition, and 45 percent in poor

condition. Paved roads are in better shape than unpaved

roads. The inventory reveals that 36 percent of the paved­
road length in the country is in good condition, 34 percent
 
in fair condition, and 30 percent in poor condition. Unpaved

roads have 17 percent of their length in good condition, 21
 
percent in fair condition and 62 percent in poor condition
 
(see Appendix II.A.2).
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----------------- -------- --------------------------

----------------------------------------------------

TABLE II. A. 7
 

CURRENT CONDITION OF THE SALVADORAN
 

ROADWAY NETWORK BY DEPARTMENT
 

---------------------------------------------------------------. v2+ 

GOOD FAIR POOR 
DEPARTMENT 

(Ku) (Km) (Km) 

AHUACHAPAN 142.54 228.07 342.10 

SANTA ANA 245.39 237.72 283.73 

SONSONATE 123.77 182.96 231.39 

LA LIBERTAD 137.02 193.07 292.72 

SAN SALVADOR 124.55 181.17 260.43 

CHALATENANGO 196.20 204.38 416.93 

CUSCATLAN 242.79 165.81 183.58 

CABANAS 191.08 172.59 252.72 

LA PAZ 262.76 236.48 376.62 

SAN VICENTE 222.02 127.66 205.37 

USULUTAN 213.26 204.38 470.96 

SAN MIGUEL 202.54 211.34 466.72 

MORAZAN 67.72 117.38 266.36 

LA UNION 162.17 162.17 351.36 

TOTAL LENGTH 

(KM) 

712.71 

766.85
 

538.12
 

622.80
 

566.15
 

817.50
 

592.18
 

616.38
 

875.87
 

555.05
 

888.60
 

880.60
 

451.45
 

675.70
 

GRAND TOTAL 2,533.81 1 2,625.17 I 4,400.98 1 9,559.96
 
0 
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-- ---------------- -----------------------------------------
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TABLE II. A. 7
 

CURRENT CONDITION OF THE SALVADORAN
 

ROADWAY NETWORK BY CLASS OF ROAD
 

------------------------------------------------------------ 2..2+ 

LENGTH
 
CLASSIFICATION CONDITION
 

(Km)
 

SPECIAL 	 Good 81.74
 
Fair 	 36.78 
Poor 	 17.71
 

PRIMARY 	 Good 160.57 
Fair 231.93
 
Poor 202.20
 

SECONDARY 	 Good 343.74
 
Fair 343.74
 
Poor 323.52
 

TERTIARY 	 Good 479.48
 
Fair 496.84
 
Poor 760.84
 

RURAL "A" 	 Good 238.92
 
Fair 290.12
 
Poor 1,177.55
 

RURAL "B" 	 Good 350.02
 
Fair 700.04
 
Poor 3,325.21
 

TOTAL 	 9560.22
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Overall roadway conditions become worse as highway categories
 
lower. Road conditions vary across departmental boundaries.
 
The Department of Morazan contains roadways which are in the
 
worst condition.
 

(3) Condition of Selected Roads
 

In addition, a condition survey of a priority list of
 
projects was requested. This survey was designed to perform
 
an economic analysis and also to prioritize subsector
 
projects. Basic characteristics of selected projects and
 
their current condition are presented in Appendix II.A.3.
 

The list of analyzed projects was selected from priority
 
lists of projects from the following organizations:
 

o MOP, Project Coordination Unit
 
o DGC, Planning Department
 
o DGC, M & 0 Division
 
o AID
 
o The World Bank
 
o IDB
 
o CABEI
 

In addition, the consultants studied all highway projects
 
currently underway or planned in Figures II.A.4 and II.A.5,
 
as well as other projects considered appropriate or necessary
 
by the ISA team.
 

(4) Bridges
 

Guerrilla attacks on the roadnet have concentrated on the
 
bridges. Since the start of the conflict, direct damages of
 
approximately 162 million colones have been caused, according
 
to the DGC Planning Department. A bridge investment plan,
 
including both temporary and permanent bridge repair and
 
replacement, should be an important component of any
 
transportation plan.
 

Some damaged bridges have so far been reconstructed and
 
others have been temporarily replaced with Bailey bridges.
 
Others are still waiting for maintenance or replacement.
 
Table II.A.8 summarizes the current status of all bridges

that have been damaged. A complete inventory of all
 
Salvadoran bridges will be provided separately.
 

d. Road Construction and Major Maintenance History
 

Pavement structure histories are needed to develop locally­
generated pavement deterioration curves. With these curves,
 
future road conditions can be predicted if their current
 
conditions are known. Table II.A.9 shows the age of several
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TABLE II.A.8
 

BRIDGES DAMAGED BY THE INSURGENCY Pse J/," 

.... ----------............................................... ..................................................................................------

BRIDGE NAME 
I 

LOCATION I DAMAGE 

DATE 
ICURRENT CONDITION I SPAN IREPAIR/REPLACEKINTI 

I I (K) I COST I 
NOTES I BAILEY BRIDGE 

ILENGTN In F.t I 

IBATIES CA-2 USULUTAN I JRECONSTRUCTED I - 1 150,0.0.00 1MAJOR DAMAGESI I 
JARDINES DE .ANDELARIA IUSULUTAN IRECONSTRUCTED I - 1 350,000.00 MAJOR OAMAGEI I 
CITALA IEL POT CNALATENANGO ITEMPORARY B.INSTD.I - 1 2,500,000.00 IMAJOR DAMAGESI ACROU PANEL 430 1 

TOMATATE No.2 ICA-4 SAN SALVADOR IRECONSTRUCTED 116.00 1 900,000.00 IMAJOR DAMAGESI I 
IEANGUERA OVER TOROLA RIVER ICA-? MORAZAN 1 11/04/82 IDESTROYED 153.61 1 2,500,000.00 MAJIR DAMAGES I 

I CUSCATLAN OVER LEMPA RIVER ICA-1 SAN.VIC. USULUTAN 1 01/01/84 ITEMPORARY S.INSTD.I - 1 30,000,000.00 IDESTROYED ITOR190/TS70/TR3IIOI 

I TOROLA CA-? MORAZAN 1 01/01/85 IDESTROYED 131.00 I 750,000.00 AJOR DAMESI 

OVER CNACANUAIM RIVER ICA-3-CA-4 CNALATENANGO 02/03/81 IREPAIRED 123.90 1 33,250.00 INiOR DAPMESI 

EL EKCALADO-VILLERIA$ RIVER ICA-? SAN NIGUEL" 02/04/82 IRECONSTRUCTED I - 55,000.00 MAJOR DNMAGESI 

LOS MANGOS OVER GORGE DRY ISIRAMA.LA UNION 1 02/07/80 IREPAIRED 130.00 1 22,400.00 IMINR DAAGESI 

OVER EL ZAPOTE RIVER ICA-4 CHALATENANGO 1 03/06/81 IRECONSTRUCTED 121.70 1 145,000.00 MAJR DAMAGESI 

URBINA-GRiANDE SAN MIGUEL RIVER ICA-? SAN NIGUEL 1 04/09/83 IRECONSTRUCTED 130.00 1 600,000.00 NAJOR DAMAGESI I 
DON LUIS DE MOSCOSO IA-1 SAN NIGUEL . ./841 TEMPORARY B.INSTD. 13*45m 1 5,000,0.0C DESTROYED 3*DT 150 

OVER APANTA RIVER ILA PAZ - / 89 IDESTROYED 115.50 500,000.00 IDESTROED I I 
BOULEVAR DEL EJERCITO SAN SALVADOR 05/05/81 IRECONSTRUCTED ITUNNELI 7,000.00 INIIOR DAMAGESI I 

AEIN FORD-GRANOE S.N NIGUEL RICA-2 EL ESPINO 05/08/87 ITEMPORARY B.INSTD.157.40 1 2,500,000.00 IMAJOR DAMAGESI 05 120 1 
1 EL GRAMAL ICA-4 CHALATENANGO 05/08/87 ITEMPIRARY B.INSTD. 125.10 1 850,000.00 IMAJOR DAMAGESI TS 110 1 

TITINUAPA ICABANAS 06/08/87 DESTROYED I - 1 1,200,000.00 IMAJOR DAMAGESI I 
CNAPELTIQUE ISAN MIGUEL 06/11/80 IRECONSTRUCTED 131.35 99,300.00 MJIoO DMAAGES1 I 

I EL DELIRIO-GRANDE SAN MIGUEL RICA-2 SAN NIGUEL 114/10/88 IRECONSTRUCTED 143.00 1 1,300,000.00 IAJOR DAMAGESI I 
OVER CSMPUL RIVER CHALATENANGO ARCATAO 07/10/50 /O REPAIR 120.40 545,000.00 IMINOR DAMAGESI I 
OVER SAYULAPA RIVER IILOBASCO,CABANAS 08/06/81 RECONSTRUCTED 112.20 1 150,000.00 MAJOR DAMAGESI I 
OVER DRY GORGE ICA-2 USULUTAN 1 25/07/87 ITEMPORARY B.INSTD.112.55 1 900,000.00 MAJOR DAMGES1 05 60 
SAN PEDRO OVER DRY RIVER ICA-7 SAN F. GOTERA 10/01/81 IREPAIRED 153.61 1 165,350.00 IMAJOR DANAGESI I 
SAJITA ANITA ICA-? MORAZAN I 10/C7/80 IREPAIRED 120.00 8,310.00 NIRM ONAGESI I 
OVER LAS CANAS RIVER ICA-4 SAN SALVADOR 1 22/05/82 IREPAIRED 143.00 I 33,500.00 ININOR DAWAGESI I 
LA JOYA OVER TAIULASCO RIVER IOJOS DE AGUA CHALAT. 1 1/02/81 IRECONSTRUCTED 116.20 1 175,000.00 MAJO DIMAESI I 
TIERRA BLANCA ICA-2 USULUTAN 11/06/82 IREPAIRED I - 1 10,000.00 IMINOR DANAI I 
OVER MOTOCNICO RIVER 01 CA-3 CHALATENANGO 1 11/11/86 IRECONSTRUCTED 168.55 1 5,000.00 INIO DAIIANSI I 
SANTO TOMAS SAN NIGUEL 13/01/81 IREPAIRED 125.00 I 4,300.00 ININOR DANAGESI I 
....................... 
 ...................................................................................
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TABLE II.A.8
 

BRIDGES DAKAGED BY THE INSURGENCY page 2/2 
4........................................................................................................................................................................4 

BRIDGE NAME LOCATION I DAMAGE ICURRENT CONDITION ISPAN IREPAIR/REPLACEENTI NOTES BAILEY BIDlGE
I I DATE I I (m) I COST ILENGTHInF,tI 

-......--------... ..----.........--.....................................-.... ----........... ------ ....... I----------- I ----.......-.....
 
OVER LA TRINIDAD GORGE ICA-7 SAN NIGUEL 1 13/08/81 IRECONSTRUCTED 131.35 j 20,(00.00 'NIbORDANAGESI
 

I TOMAYATE No.1 ICA-2 SAN SALVADOR 14/02/82 IREPAIRED I - I 20,000.00 ININOR DANAGESI
 
I OVER JALPONGA RIVER ICA-2 LA PAZ 1 22/07/87 IREPAIRED 131.00 1 20,000.00 INIMOR OAMAGESI
 
I OVER NOTOCHICO RIVER 02 ICA-3 CHALATENANGO 15/03/81 IREPAIRED 112.20 1 19,450.00 INIMIOR DANAGESI
 
I GOLDEN BRIGE ICA-2 SAN VICEkTE-USULATI 15/10/81 ITEMPORARY U.INSTD.1776.3 1 60,000,000.00 IDESTROVD ITS990,TRSZO/TS1IO I 
OVER TOLOAIQUIN RIVER CA-7 NORAZAN 16/08/81 RECONSTRUCTED I - 1 11,000.00 INIMOR DAMAGESI I 

I EL QUERADON ISIRAA LA UNION 1 16/12/81 REPAIRED 113.30 1 2,300.00 INIMOR DANAMESI I 
SAN BUENAVENTURA SAN NIGUEL 17/07/87 RECONSTRUCTED I - 900,000.00 MAJOR DAGESI I

I GUAYATIQUE IJIQUILISCO USULUTAN 1 18/11/82 RECONSTRUCTED I - 55,000.00 INAJOR DANESI I
I OVER EREGUAYQUIN RIVER ICA-2 USUI.VTAN 1 30/03/82 IRECONSTRUCTED 115.45 I 100,000.00 ImAJOR DNGEEI I
I EL COYOLITO IC4-2 USULUTAN 1 21/02/82 RECONSTRUCTED 1 1 230,000.00 IMJO DAAEs
 
NOROLAPA- GRANDE SAN NIMUEL R ICA-2 EL ESPINO 
 1 21/03/81 IDESTROYED 160.70 1 2,750,000.00 IOESTROTED I
 
ZAPOTE OVER AZANIIO RIVER ICA-4 CHALATENANGO 21/04/87 RECONSTRUCTED 121.70 1 9,500.00 ININ DAKAWEI
 
NARINBA OVER SUCIO RIVER ISTAGA CUSCATLAN 1 24/12/81 IRECONSTRUCTED 1 7.00 j 16,000.00 NAJR DAMASESI
 

I SAN ANTONIO ICA-2 LA PAZ 1 12/01/88 ITENPORARY B.INSTD.1413mI 700,000.00 IMAO DANRAESI S 0 
OVER DAY GORGE ICA-1 SAN VICENTE 1 25/05/83 ITEIWV.ART B.INSTD. 130.00 1 700,000.00 ANAGES1 00 120MAOR 

SAN JACINTO NETAPAN, STA.AMA 1 25/07/87 IRECOSTATED 116.00 700,000.00 IMAO DAEII 
 I 
SANTA MARIA ICA-2 USUUTAN 1 26/03/82 RECONSTRUCTED I - I 900,000.00 IMAJO DMAS0 I 
LOMA DEL MACHO ICA-2 USULUTAN 1 26/05/85 IRECONSTRUCTED I - 1 182,000.00 MAJR DANMAGES I
LAS GUARAS ISUCNITOTO,CJSCATLA 1 26/06/83 IRECONSTRUCTED 125.93 1 200,000.00IMAJOR DANAGESI 

I OVER GUAJOYO RIVER ICA-12 STA.ANA 1 27/12/31 RECONSTRUCTED 12-21.01 400,000.00 IN O DAMAGESI 
I LA 5IERPE OVER TAMKLASCO RIVERICHALATENANGO 1 28/03/81 IREPAIRED 115.00 500.00 Int= DAmAGESI
I GASCORAm ICA-1 LA UNION 1 29/04/83 IRECONSTRUCTED I 1,100,000.00 MAJOR DAMAGESI
I PASAOUINA CA-1 LA UNION 1 29/04/83 IRECONSTRUCTED I 700,000.00 MAJO DAiAGEBI
I AMA SALADA ICA-1 LA UNION 1 29/04/83 IRECONSTRUCTE0 124.00 1 800,000.00 MAJOR DANA1ES 

SANTA ROSA INILITAR ROUTE LA UNION 1 29/04/83 1RECONSTRUCTED I 270,000.00 MAJOR DMAWAE1 I 
AGUA CALIENTE INILITAR ROUTE LA UNION 29/04/83 IRECONSTRUCTED I 275.000.00 IMAJOR DAMAGES I 
PALO SECO ICA-2 JIGUILISCO I. 88 ITEPORARY B.INSTD.118.00 I 900,000.00 mAJO DMAGES1 05 70 1 
OVER LAS CANAS RIVER ISOYAPANGO-TONACATE 1 25/11/81 IDESTROTED J55.00 1 3,500,000.00 IDESTROED I I 
JUTILLO ILA PAZ I. 89 DESTROYED 115.00 1 800,000.00 DESTROYED I 
..................................................................................................................................
 

S : DOULE SIiLE 

TS : TRIPLE SINGLE 
TRS: TRIPLE REINFORCED SIMILE 

-DO s DOUBLE OME 

TON: TRIPLE DOUBLE REINFORCED 

http:800,000.00
http:3,500,000.00
http:900,000.00
http:B.INSTD.118.00
http:275.000.00
http:270,000.00
http:800,000.00
http:700,000.00
http:1,100,000.00
http:400,000.00
http:12-21.01
http:182,000.00
http:900,000.00
http:700,000.00
http:700,000.00
http:700,000.00
http:16,000.00
http:9,500.00
http:2,750,000.00
http:230,000.00
http:100,000.00
http:55,000.00
http:900,000.00
http:2,300.00
http:11,000.00
http:60,000,000.00
http:19,450.00
http:20,000.00
http:20,000.00
http:20,(00.00


TABLE !1.A.9
 

AGE OF SOME PAVEMENT STRUCTURES IN THE ROAD NEWTORK 

I.....I I I . 

IHIGHWAYI H I G H WA Y I SEGMENT IPAVEMENTI A 6 E IUSEFL. I ANNUAL ROUTINE 
I I LENGTH II LIFE IMAINTEAWCE COSTI
 
I CODE I S E G N E N T 
 ( Ks. ) WIDTH YEARS YEARS j(COt,3NES / Km.)IIIIII I I 
I.I................................................ I
 

CA-1 ISAN SALVADOR-SANTA AMA-SAN CMISTO.ALI 97.0 1 1 1 20 16.3 61 64,068.00
 
CA-i lSAN SALVADOR-SANTA TECLA 8.2 6.3 
 31 20 90,200.00


I CA-1 ISANTA TECLA-LA CUCHILLA 
 8.0 14.0 16 i15 105,016.92

CA-I LA CUCHILLA-Ka. 35 
 13.0 8.5 16 25 25,000.00 
CA-1 lKn. 35-EL PORTEZUELO 16.5 14.0 12 25 89,105.88


I CA-1 ISAN SALVADOR-SAN NIGUEL-LA UNION 176.0 6.3 46 20 240,246.60
 
1 CA-1 ISAN SALVADOR-ILOPANGO (Btvd) 7.4 14.0 33 20 
 ( D.U.A.
 
I CA-1 ILA UNION-SIRAKA-GOASCORAN 
 41.0 7.3 16 20 30,971.52
 
1 CA-2 ICARRETERA DEL LITORAL 313.0 7.3 26 20 
 54,809.28
 
1 CA-4 ISANTA TECLA-LA LIBERTAD 
 24.0 7.3 16 20 14,318.88

IINTERAMERICANA-ILOBASCO 13.0 1 6.3 1 8 20 72,084.00
SILO6ASCO-SENSUTIEPEQUE 30.6 1 6.3 11 1 20 47,061.60 
INTERAMERICAA-SAN VICENTE 4.0 6.3 1 46 20 1 27,969.48
IINTERAMERICAJUA-MERCEDES LIANA-BERLINI 10.0 6.3 1 26 1 20 51,381.84


I INTERAERICANA-JUCUAPA 4.0 6.3 20
1 42 1 39,587.04
 
1 IINTERAMERICANA-CHINAMECA 4.0 6.3 1 42 1 20 39,587.04
 
1 INTERAMERICANA-LAS PLACITAS 10.0 6.3 I 
 42 20 51,277.".
 
I IZACATECOLUCA-SAN MARCOS LEMPA 
 20.675 7.3 20 132,147.48

I CA-12 ISANTA ANA-METAPAN-ANGUIATU 22.0 7.3 
 0 20 156,432.09
 
1 CA-4 IAPOPA-NEJAPA-QUEZALTEPEOUE 
 12.0 6.5 1 0 20 163,827.16
 
CA-2 ISANTIAGO DE MARIA 
 22.0 6.5 0 20 228,054.77
 

INTERCONNECT IONSE C T 10
 

I CA-I- IEL PORTEZUELO-AHUACAPAN 33.0 6.3 I 20 350,496.96
CA- 8 1 

I CA-i- IEL CONGO-SAN ISIDRO-EL ZUNZA 22.3 6.2 24 15 217,409.76
 
ICA-8 I 
CA-i- ISITIO DEL WINO-OUEZALTEPE0UE-APOPA 24.0 6.5 23 15 52,652.64
 

1 CA-4 I 
I CA-1- SAN SALVADOR-CCWALAPA 32.0 6.3 48 20 26,950.20
 
CA-? 
 I
 
CA-i- JINTERAMERICANA-SANTIAGO DE MARIA-
 31.2 1 6.5 1 33 1 20 264,740.52 1 

ICA-2 IL170RAL I II I I I 
I CA-7- IRUTA MILITAR C DESVIO GOTERA-AGUA 34.0 7.3 22 20 350,114.28 
1CA-1 ISALADA ) 

I IEL CONGO-LAGO DE COATEPEQUE 2.0 6.3 36 20 16,918.08
 
ITRONCAL DEL NORTE-CHALATENANGO 25.0 6.0 16 20 
 5,570.88
IINTERAMERICANA-LAGO DE ILOPANGO 4.5 1 6.3 1 40 1 20 1 52,822.56 I 
ILITORAL-LA HERRADURA 19.0 6.3 35 20 35,079.72
 

t,0.***...o.. ... o o .. .. ......o o ° o o~o.. ....... ..**... ..... .... o.....
oo.o.. ...... . .. .2 
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pavement structures in El Salvador.
 

The average age of primary roads in El Salvador is
 
approximately 27 years and 31 years for secondary roads.
 
Table II.A.9 shows that many of these roads have reached the
 
end of their service life. In the absence of major

rehabilitation/reconstruction dates, no conclusions can be
 
drawn in relation to the rates of deterioration which
 
Salvadoran roads have undergone. However, the network's
 
average age explains the highway design geometrics in Table
 
II.A.6, Figure II.A.3 and Appendix II.A.1.
 

3. £rojects Underway/Planned
 

The project team has reviewed all projects currently

undertaken by the DGC for the next five years. In this
 
process, the Consultants have interviewed transportation
 
officers from the following organizations:
 

- DGC
 

- MOP
 

- AID
 

- The World Bank
 

- Inter-American Development Bank
 

- Central American Bank for Economic Integration
 

Table II.A.10 shows the highway projects that are currently

underway and Table II.A.lI lists the presently planned
 
highway projects. Project names, source of financing and
 
yearly disbursements by project are presented. Figures

II.A.4 and II.A.5 show the location of these projects.
 

A similar description is presented in Tables II.A.12 and
 
II.A.13 for currently-underway and planned bridge projects.
 

There is one important new highway which, while currently

not planned, can have an important impact on the development

of northern El Salvador. This is the Northern Longitudinal

highway (Carretera Longitudinal del Norte). It stretches
 
from Chalatenango in the West to Osicala, Morazan in the
 
East. This project has had approved financing from CABEI
 
since 1980, but work has not yet started.
 

Parra-Meyer Asociados conducted the feasibility study for
 
the proposed highway in 1980. Traffic demand estimates were
 
calculated by means of previously developed models from a
 
Central American Transportation Study. It was estimated that
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TABLE II.A.10
 

HIGHWAY PROJECTS UNDERWAY
 

SROAD j INT'NAL 1 1990 1 1991 1 1992 1 1993 1 1994 1 TOTAL 
PROGRIAM CATAGORY I PROJECT NAME ILENGTHIFIN.SOUMC)I (1) 1() 1 (1) 1 (1) (1) 1(1).. . . . . . . . . . . .. . . .. . ... . . . . . . . ... .. . . . . . . . . . . . . . . . . . I. . . . . . . . . . . .. . . .-..
.......... ..... I . . ... .. .. . ... . . ... . . ... . . ... . . . . . . . . . . I
 

IOGC-302 ROW. INPR/CONSTI. ITERTIARY JANUACHAPAN-TACUA I 17.2 2.622.3 I 7,195.0 4,804.8 14,622.1
 
IDGC-302 RDWY. INPR/CONSTR.ISECONOARY1IERLIN-ALEGRIA-SANTIAGO DE MARIA 11.6 1,964.5 1,888.8 - 3,873.3
 
IDGC-302 ROY. IMPR/CONSTR. ISECONOARYICA:2-SATIAGO DE MARIA I 17.0 4,886.? I - 4,8M6.2 I
 
IDGC-302 ROW. IlPR/CONSTR.ISECONDARYICA:2-EL DELIRIO-SAN MIGUEL-LA UNION 32.0 I i 2,636.3 1,738.9 - U7,37.2 I
 .............. ................................................. i...........................I.......... ..... ..........
 
IDGC-302 ROW. IMPR/CONSTR.I I SUB TOTAL I 77.8 9,493.0 111,692.1 1 6,543.7 1 0.0 1 0.0 2,723.61" . . . .. . ................. ................ . . . . . . . ................... I. ...................
.I . . . . . . . . . . . . . . . ......... ..... ...... I
 
IDGC-303 N.D&V. ZONE ROADS I SUB TOTAL I 26,523.8 145,560.0 15,866.1 I1117,949.9 1
 ................................................................ I... I..................I .......*........,........ .......... I
 
IDGC-304 REGIONAL WAYS ISPECIAL ISANTIAGO DE NARIA-SAN MIGUEL I CAIEI-4 20,561.8 1 - 20,561.& 1
 
IOGC-304 REGIONAL WAYS ISPECIAL ISANSALVADOR-(K 4292)-SAN MARTIN 1 13.0 ICABEZ-4 /45,810.71 - 45,810.7 1
 

.......................... I........................................................... . .. . .........--......... I . . I ....... ......
I. ....... I--------- .. ... I ...... I
 
IDGC-304 REGIONAL WAYS I SIJUTOTAL I 13.0 1 66,372.5 1 0.0 0.0 0.0 1 0.0 6,372.5 I
 
............................... ........... - I..............-........ I.................. ..... . ........... ....... I
I.............. ........................... 


IDGC-305 RURAL ROADS IRURAL ITEJUTEPEOQE-SAN ANTONIO BUENAVISTA-CORRAL VIEJO 1 9.8 IIDUGGSSF-41 2,600.0 1 - - 2,600.0 I
 
IDGC-305 RURAL ROADS 1RURAL IEL REFUGIO-EL CASTILLO-SN JOSE LA CUEVA-NONCAGUA- I I Ii
 
I I JINTERCONEXION STA ANA-SN PAULO TACACHICO 1 19.3 IIDBGG5SF-41 2,700.0 1 - 2,700.0
 ................................................................ I... I..................................................... I
 
DC-305 JRUALROADS I SUB TOTAL 29.1 I 5,300.0 0.0 0.0 0.0 0.0 5,300.01 ................................................................ I... I..................................................... I
 
0C308 RESORT AREA ITERTIARY I(CA:8-EL CONGO)-CERRO VERDE I 10.0 I 2,402.9 - 2,402.9 I
 
.......................... .........................-................................. -----I .... ----------.....-. ... . ..... ......
I ..... ........ . . . . . I
 

IGC-308 RESORT AREA I SUB TOTAL I 10.0 I 2,402.9 0.0 0.0 O.i 0.0 2,402.9 

-------------------....................................................................................................
 I......I-
A L L I A L L T 0 T A L 1129.9 1 A L L 1110,092.2 157,252.1 152,409.8 I 0.0 1 0.0 1219.7m4.1 I
 

(1) In Thousac of Cotones 

I.3j 

http:5,300.01
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TAILE II.A.11
 

P L A * N E D N I G M W A T P 1 O J E C I S
............................................................................................................................................................................. 1/Z.
 

SaOmOI I IITERMATIONAL 1990 1991 1992 IM 19 999 TOTAL 

PROGRAN ICATEGOY I PROJECT NAM ILEUGTNIFINANCE SOURCE (1) (1) (1) (1) (1) (1) 
------.......--
------------------------------------------------ ----- . . . . . . . . .....................
-------------------------- I--------- I ------. I----- ............----- - ....... .
 

IDC-302 NOW. IMw/cVWSTt.TERTIARY IcA:-SA ALIEJO 10.1 1 2,480.6 2,96?.5 - I$.6.1I 
IDC-302 RMWT. INPRIIONSTR.ISECOOARTIEN APOPA-GUAZAPA-AGUILARES 20.0 3,712.7 - 3l. 1. 
OW-30W2 MOM. tNPItCDISTR.ISECORARTsN MIUEL-LA UNIGN 45.0 5,251.5 2-,51.5 

JOC-302 WAUT.INPR/CMSTR. ISECVOART ICA: I-CA:2-CAi& 30.0 I 118,630.7 1I,630.7 37,261.4 
IOGC-302 ROUT. IR/CNSTA. IRURAL IJUATUM-SAN JOSE LA IAMA-EL ARENAL 10.0 - I 311.6 311.6 
IOGC302 MM. INPlO/l1STR.IUCOROAYITI(CA:I-CA2-EL DELIRIO)-SAN NIgUEL 15.3 1.40.1 1,4".1I 211.2 
ID-302 MMUr.INPR/CONSTR. ItEC OARY ICA:12-SAITA ANA-LOS NARANJOS 14.0 - 1,143.0 1,143.0 
IoC-302 IOU. IlNP1RCOUSTS. IPItNARY ICA!2*LA LISEITAD-CA:l2 67.0 1.45.4,- I1,45.4 1.76.?t 5.&.5 
DWC-302 ROWl!. INP/CwSTm. JPRINAMT ICERRO VERDE EXIT-CA:S 8.0 - I."3.7 I4."3. 

.............. I.................. I ............ ...... I............ . ............- I.......... .......... .......... ....................
 
IDOC-302 tiMT. IIWR/CrSTR.I SUN TOTAL 1219.4 1 11,"A .8 I 6,237.0 1 6.004.6 I 20,417.4 1 19,773.7 1 655.. I
 

II ........................ . 1......................... ............................. .... ...... . ......... I ....... I
I I----........... I-..........I I I........ .......... 

IOC-304 REGIOAL WAYS ISPCIAL JI 04000 TO IM.292 JCAI-2 27,700.0 3,976.0 I I - $1,676.0 1
 
IDW-304 REGIONAL WAYS IPIART ILA ACUIDMA-CA:12 42.0 ICAUEI-4 30,000.0 10,000.0 1 10,000.0 1 50,000.0 1
 
IOC-306 REGIONAL UATI JPIPNAAY ISANTA ANA-NETAPAN-ANUJIATU 58.0 IcASEI-4 30,000.0 1 11,250.0 1 11,250.0 I I 52,S50.0
 
OGC-304 REGIONAL WAYS JPRInAMT ILA LIfRTAD-CONALAPA 29.0 I -I12,605.0 12,605.0 25,610.0
 
OGC-304 REGIAL WAYS IPPART ILA CUNILLA-SM SMATE 1 .0 II0.0
 

IOe-3D02tEIONAL WAS ISPECIAL ICA:l2-CA,1 (SANTA ANA) 4.2 ICA-EI-4 15,94S.2 7.,46.9 1 23,414.1 1

-I.................. I.............................................. I... I.............................. I....... I..... ................... I
 

IDC-304 REGIONAL WAYS SUB TOTAL 1177.2 1 1103,45.2 13,694.9 1 21,250.0 I12,005.0 112,65.0 j183,200.1 i
 
I.......................... I-...................................................... I............................................ I . .......... I.......... I....... I.......... I
 
IOG-305 RUAL aIURAL ICAriODS :I-OUEZALTEPECIJE-S FCO-SN AMN LOS PLANES 1 10.1 3,600.0 3,600.0
1 

I0C-305 RMAL OMS IRMAL IA:3-EL CNAPIRNO-CRIO SAN 1i1010o I 8.3 1 1.100.0 1,100.0
 
oGc*-0 RRAL ROADS IRURAL IL.CASITAS-SM ANTON.KASANUAT-L.NORCDUES-GUtAUECIAI 19.4 1 3,100.0 1 3,100.0 1
 
IDC-305 MEAL ROADS I ICONSTRtUCTION OF APtOX. 400 M OF RURAL ROADS 1400.0 l1S ES0019-3 35,000.0 I 76,7S0.0 78,750.0 1 78,750.0 1 78,750.0 1350,000.0 1
 
.............. I .................................................... I................I ............... I.......I .......................
 

UGC-305 RUAL ROADS I S TOTAL 1437.8 1 42,800.0 78,750.0 178,750.0 78,750.0 173,750.0 1357,8O0.O I
 
I........................ I..........................................................- I..... I.................. I........ I........ I...... I....... I...... .I.....
 
IbC*305 RESMT AREA ITERTIART JIM 52 (CA:2-LA NERRADURA)-COSTA DEL SOL I 18.0 ICASEI-j 19,939.8 - I I I 0.0 
.............. I .................................................... I...l.................I...... I........I........I...................I
 
0GC-306 ,ESOI AREA I SUS TOTAL I 18.0 1 19,939.6 0.0 I 0.0 0.0 1 0.0 1 0.0 

..

............................................................................................................... 
 ..................................................
 



TABLE II.A.11
 

PLANNED 
HIGN WAT PROJECTS
................................................................................................................................................................... 

212..

IAT Ow IPROGRM ICATEGORY I I IINTEIIATIOlAL I 1990PROJECT NAM ILENGTN 1991 1992FINANCE ACE 1 1 1993 19rI T 1 TOTAL
1
 
----------------------- -I. .................................... IL........NA............ (1) 1) (1) .. (1) (.) (1) 


0rNEB IfTONALT. FINO PRY SECOATIYSA M LVADOB-LOS PLANES I 9.0 II06530CES/AIO(DPP)l 5,2 0 5,20.0 " 10,460.0 

IOTNERINT -MALY.FIC PRY ISECISOARTISAN SALVADOt.SAN %"oS I 5.0 110.453 1S/AID(OPP)I 1,700.0 1 . - I 3,400.0 

lOTBE. ITNALY. FIN Py 1PRIPEI,Y JILV. DEL EJECITO I 5.0 I145WESAID(OPP)I 2,300.0 2,300.0 4,m.0 
O TERINMTALT. FINC PT ISECAL ICIALApA FEEIY REN/EC J 4.0 lAID I I I - I I I 

loIN IUTALY. IMM Py ISECDMTIlEJCAUM-s . ARIOA - EJAPA I 16.0 lAID I 2,000.0 2,09.O ­

....................................................................... I............I............ ........ I.....I.....I
 
IWSfUO II E'T TOTAL J. 9,200).0 9,200.0 * I I * 13,4..0JO-**-NE ALV . ............ ...... ....
0.....RY.I*I ........... 
 -------..........


I................................. ................. ..........................................................

IO,C.3s2 MU*R SumA IOIFFERE . POJ cTS 20.5 I -2 l 0. 0 I i l 1o.o.04 .1ot - " 
IDG-.312 u. 16o0 UI. ..................................... u..........................I...........I........I........I..... II......... . ........... I
M-TOTAL I 20.5 9,00.0 I I 11,40.0 II 15,.4.0 
................................................................................... 
 .....................................................................................
Ir~c-3lS S.SAL.Au, mIciSAN 5,A.VWC-AO A I 12.0 11TU/AI(0,P)- 4000.0 I 2.ooo.o I ",ooo.oI5,0.0 
DOC-315 S.SAL-A A RCOl IAPOPA-SI JOSE LAS iLOlS I I 400IAtD(0PP)-,I - I.I 
I................................................................. .............................. ----------.................... . ..... . ..........
S..oooPOo ..........JA6.oooSo LASoo~ IEOS 2,00.0I'oit I - I .oo)o
O WC-315S. L-APA I IECISI I O.-ATTALJOS I 12.0- 1IA 4,000.0 26,000.0 6.000.0 
I- - -o-- - - - ------- .Io..... . . . . . . . . . . . .. . .
. . . . .. . . .. . . . . .. . . . . . .. . . - . . . .. . . . . . . .
 

A-------.. .............................................................................................
 

1923.9 I A LL 1195.029.8 1152.81.9 1145.94.81111 972.4 1111.32.yI697.21 y.UI 
(1) In.Th. u. of Coleus ..............................................................................................
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FIGURE r.A. 4 

HIGHWAY PROJECTS UNDERWAY. 
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TABLE II.A.12
 

BRIDGE PROJECTS UNDERUAY
 

.........................................................................................................................................................
 

I I INTNAL 1990 11991 1992 1993 1996 TOTAL 

PROGRAN PROJECT NAME ICHARACTERISTICIFIN.SOURCE (1) (1) 1 (1) 1) 1 (1) 1 (1) 1 

----------------------- -I--..................--------------------- I --------------..............I.....-- -----......--I.----- I------I----------- ...... I 
IDGC-309 OTHER INPROVENENTS ISAN LUIS DE NOSCOO (SAN MIGUEL) IRECONSTRUCTIONI - 3.500.0 - I - 1 3,500.0 1 

1I-----------------------I --------------------------- I........----I......--.....--I.....---I.....---I.....--------- --------- I 
jOGC-309 OTNER INPROVEMENTS SAN ANTONIO (CA:2 KM 63 LA PAZ) REPAIR I - 674.7 1 674.7 674.7 1 674.7 1 674.7 1 3,373.5 1 

1I--------------- -------------------------------- - -------- ------------------....---- ---------------- ------ -------­
IDC-309 OTHER IMPROVEMENTS TOTAL I, .7I .7 674.7 674.7 674.7 674.7 6.873.5 

(1) In Thousands of Cotonas 

bJ 



TABLE II.A.13
 

PLANNED BRIDGE PROJECTS
 

..............................................................................................................................................................
 

I I IINTINAL 1 1990 1 1991 1 1992 1 1993 1 1994 TOTAL I 
PROGRAM PROJECT NAME ICHARACTERISTICIFIN.SOURCEI (1) (1) (1) (1) (1) (1)


I......................eeee °eeei ............. .. - -- ---- ..
..... I......I......I'''''','''-----,-------I----, I-- --..-- ,I...o*eleooeeI..oo... 

IOCC-309 OTHER IMPROVEMENTS IPALO SECO (JIQUILISCO) IREPAIR I - 864.3 864.3 864.3 864.3 1 66.3 1 4,321.5 
IDGC-309 OTHER IMPROVSMENTS GORGE DRY (USULUTAN) IRECONSTRUCTIONI - I 508.2 1 508.2 1 506.2 1 50.2 1 508.2 1 2,541.0 1 
IDGC-309 OTHER IMPROVEMENTS MANUEL J. AlICE (AHUACHAPAN) REPAIR - 366.3 366.3 366.3 366.3 366.3 1 1,831.5 1 
IDGC-309 OTHER IMPROVEMENTS lOVER LOS RANCHOS GORGE (SN VICENTE)IREPAIR I - 240.0 240.0 240.0 240.0 240.0 1,200.0 1 
IDGC-309 OTHER IMPROVEMENTS IEL GRAMAL (LA PALMA CHALATENANGO) IRECONSTRUCTIONI 8&2.6 842.8 842.8 1 842.8 842.8 4,214.0 
IDGC-309 OTHER IMPIROVEMIENTS IJUTILLO (LA PAZ) IRECONSTRICTIONI - 1 850.0 1 850.0 1 850.0 1 850.0 1 850.0 1 4,250.0 1 
IOGC-309 OTHER IMPROVEMENTS ILA MASCOTA (VERAPAZ SN VICENTE) IREPAIR I - 406.7 406.7 406.7 1 406.7 406.7 2,033.5 
IDC-309 OTHER ImnvImNTS OVER SHUTIA R(ATECO ZOL SONSONATE) ICONSTRUCTION I- 1 635.7 - I - - 635.7 
IDGC-309 OTHER IMPROVEMENTS IEL LLAIO (VERAPAZ SON VICENTE) IWIDENING I - 359.6 359.6 359.6 359.6 359.6 1,796.0 
IDGC-309 OTHER IPROVE1ENTS ICALAOZO IB.WIDEN'G I - 304.6 304.6 I 304.6 304.6 304.6 1,523.0 
IDGC-309 OTHER IMPROVENTS ILA HACIENDA(VERAPAZ, SON VICENTE) IU.,IDEN'O I - 319.2 319.2 319.2 319.2 319.2 1,596.0 
IDC-309 OTHER IMPROVMUNTS IJI&UA (CA:210 41,LA PAZ) IPILLAR REPAIR I - 100.8 100.8 1 100.8 1 100.8 1 100.6 1 504.0 1 
I................................------------;.................................................................................... 
JWC-309 OTNER ilMPV NTS I T 0 T A L j 5,162.5 1 S,79.2 I 5,162.5 I S,162.S I 5,162.S 1 26,44.2 

...............................................................................................................................................................
 
(1) In Thouands of Colon 

http:o*eleooeeI..oo


310,000 hectares could be opened to agricultural production.

The area of influence included 11 percent of the Salvadoran
 
population, mainly the rural poor. At that time, the
 
forecasted financial rate of return was 15.5 percent and the
 
economic rate of return was 16.7 percent.
 

There is a need to update this study and evaluate the present

importance of this highway.
 

4. Traffic History and Forecasts
 

a. Traffic History
 

The project team has reviewed all available traffic data from
 
the DGC. The DGC has both permanent and temporary traffic
 
count stations throughout the country, and based on the
 
results from these stations, estimates of present traffic
 
volumes and traffic load distribution as well as historical
 
trends can be established.
 

Table II.A.14 shows the location of the DGC's permanent

traffic count locations and Table II.A.15 shows current and
 
past average daily traffic volumes (ADTs) at those locations.
 
Hourly, daily and monthly variations of traffic volumes are
 
shown in Tables II.A.16 to II.A.18. Peak-hour traffic is
 
about seven percent of ADT, representing a flat traffic
 
distribution. Similar highways in the United States would
 
have a peak hour traffic of ten percent of ADT. Traffic
 
typically peaks on Fridays and Saturdays with the month of
 
December having the highest traffic volumes.
 

Based on an analysis of these tables, design-hour volumes
 
(30th and 50th highest hourly volumes in a year, used for
 
highway geometric design purposes) have been calculated by

the DGC for highways where permanent count stations are
 
located. Table II.A.19 shows the calculated design-hour

volumes as a percent of ADT. The thirtieth highest hourly

volumes in a year are nine to ten percent of ADT. This shows
 
a lack of traffic peaks throughout the year (15 percent is
 
most common in USA).
 

To design a pavement structure, the expected number of
 
equivalent 18,000-pound axles (ESAL) that a roadway will
 
handle during its useful life is estimated. This number is
 
obtained from estimates of current and expected traffic
 
volumes, as well as from estimates of traffic lord
 
distribution. The traffic load categories defined by the
 
DGC are the following:
 

- Passenger vehicles
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TABLE II..A. 14 

DGC PERMANENT TRAFFIC COUNT STATIONS
 

L O C A T I O N 
STATION 

'H I G H W A Y 

12B01 Frontera las Vhnamas 

12BO2 
 erentera la Hachadura 


11Col CA-i Occt.. Peaje Santa Ana 
12C02 Frontera Anguiatu 
13CO3 Carrotera Antigua a Santa Ana 
13CO4 
 Frontera San Cristebal 

12D01 CA-8 Izalco 


LeD02 uA-12 Salida Sonsonate-Acajut1A 


i101 uA-2 Occident* Las Delicias. 


11b,01 Autopista al Aerepuerto 

13__'o__ Santo -Tomis Trcal-de1 Norte 
13F03 "rroncal del Norte 


12Hoi CA-4 vi Poy 

13101 CA-i Orients uoUjtepequ. 

12P01 VA.-1 Oriene l Amatille 

KIM. 

116v6oo
 

126+600
 

60+ooo
 

58 00
 

66+006 

97+000
 

59+000
 

67+000
 

13+200
 

18+000
 

8+500 

.10+000
 

97+000 

22+000
 

210+000
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TABLE II. A. 15
 

CURRENT AND PAST AVERAGE DAILY TRAFFIC VOLUMES
 

STATION 1985 
22 OI.12 301 •_ 

12B02 

1986 

_ _ 

INCREASE 
85-86 

_ _ _ " 

1987 
INCREASE 
86-87 

. 
1988
% 8183 
31 

INCREASE 
87.:88 

11COl 5405 
12UO2 88 
13co3. 15.4 
13C04 
12D01 

57 
3612 

12D02 _ _ 4554 4605 + 1.12 
11Eo1 13516 13941 +3.14 1398. +0.31 14334 +2.50 
11p01 4404 4518 *2.59 4536 +0.4b s553 +22.42 
13F02 2450 1788 -27.02 1932 +8.05 1908 - 1.24 
13F03 
12H01 

8448 8544 + 1.14 
- - -1 

8880 +3",93 10049 +!3.16 

49 
13101 4718 4228 -10."8 4240 +0.28 5052 +19.15 
12P01 61 
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TABLE II. A. 16 

HOURLY VARATIONS OF TRAFFIC VOLUMES AT 
DGC PERMANENT TRAFFIC COUNT STATIONS 

MNDAY - FRIDAY 

STATION HmOR . m tDT 

13C03 
12D01 

12D02 

iIl 

11FOI1 

13F02 

13F03 

13101 

7-8 
.!0-11 

9-10 

,8-9 

9-10 

7-8 

7-8 

8-9 

7.26 
7.68 

"1,70 

7.62 

7.36 

7.52 

7.97 

7.66 

10-11 
.13-14 

13-14 

12-13 

12-13 

13-14 

13-14 
12-13 

6,34 
6.61 

.81 

6.) 

5.e3 

5.67 

5.57 

6. 5i 

12-13 
16-17 

16-17 

16-17 

16-17' 

17-18 

17-18 

15-16 

7.85 
7-13 

7,1 

7.32 

7.72 

7.65 

7.12 

7.17 

SATURDAY 

STATION 

13C03 

12DO1 

12D02 

IlEOl 

lIFOl 

13F02 

13F03 

13101 

A.M. 

H 

9-10 

9-10 

10-11 

10-11 

9-10 

8-9 

7-8 

9-10 

E HOUR 

. L 

7.85 

7.72 

7.81 

7,50 

7.44 

6.92 

7.86 

7.36 

Mi 

HWR 

11-12 

15-16 

13-14 

11-12 

11-12 

12-13 

13-14 

11-12 

Y 

LADT 

6.28 

6.29 

5.95 

7.27 

.557 

6.14 

6,o4 

6.93 

P.M. PEAK HOUR 

14-15 7.77 

17-18 7.90 

16-17 7.02 

12-13 7.60 
15-16 7.82 

17-18 7.04 

16-17 6.64 

15-16 7.54 
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TABLE II. A. 17 

DAILY VARIATIONS OF TRAFFIC VOLUMES (MAXIMUK DAY)
 

AT DGC PERMANENT TRAFFIC COUNT STATION$
 

PEWE STATICN 
MONTH -I-I--­
M_0_NTH_ 12801 1 D2 1303 12COI l M fll1 lW01 13I;2113F03 l3D1 12pI 

JANUAY V - D - Vv D S L V -

FEBRARY S. - S - - - V S ' V V -

MARCH J - D -­ a D L S D -

APRTT L - D - - - L S D Ma V -

MYS - L - - - L D S V v -

D a S s V J -

Y- - i - - - L D S V J -

AUGUST S - - - V V J S L Mi 

V - s - - V ma, S S J s D 

V J D - V Mai V S S ma. Ma s 

J J D Mi L V L S s Mi V J 

n V J i L mi Ma V V b V V mi 

WrAL J J S Mi J Ma L S S V V i 
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TABLE II. A. 18 

MONTHLY VARIATIONS OF TRAFFIC VOLUMES AT 

FRONTERA LAS CHINAMAS (12B01) 

D A Y 

MONTH MONDRY JESDY WEDNESDAY THURSDAY FRDAY SMUAY SUNDAY AM 

JANUARY 210 169 185 207 2,Z 19 192 198 

RURRY 157 166 151 21' 211 zua 205 1.92 
176 194 23 _ 274. 216 13 251 z 1 

APIL 2i8 173 177 20 221 :96 215 .99 
MAY 163 157 I16 17Z 178 122 171 171 

153 189 ,221 229 246 177 199 202 
JULY 289 -. 17 
JULY 194 222:3 Z4) 279 153 15 265 Z77 

SErME 149 Is8'8 1514 2.33 252 191 ______ 2,95 

OCTOR 108 3.1a 19 -17 3.45 2.30 98 116 
NVB 126 110 92 133 128 118 90 113 

ER____ 2413 249 210. 220 257 17.9 200" 222 

7TAL 1915 Z90. 1900* ' 2284 "2229. .1931 -2080 2039"" 

A174 175 173 20P- 203" 177" 189 185 
ADT 94i,05 . 91.59 9.51 -112..43 109.072 " 1O216 

AJ1 
'CA.A.D.T. - 185 



TABLE II.A. 19
 

DESIGN HOUR VOLUME AS A PERCENTAGE OF ADT AT
 
DGC PERMANENT TRAFFIC COUNT STATIONS
 

1 9 a 
STATION 0 i ZVahie 50Q Ai.ly Ve 

11 Fo 9.50 8.70 
13 F01 9.90 9.78 
13 101 9.98 9.60 
11 EOl 8.30 7.70 
13 r02 9.08 8.30 
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- Light-weight trucks
 

- Buses
 

- Heavy-weight trucks, which include:
 

- C2 double-axle trucks 
- C3 three-axle trucks 
- T2S1 double axle truck with single axle semi-trailer 
- C2R2 double axle truck with double axle trailer 
- T2S2 double axle truck with double axle semi-trailer 
- T3S1 three axle truck with single axle semi-trailer 
- T3S2 three axle truck with double axle semi-trailer 
- C3R2 three axle truck with double axle trailer 

Table II.A.20 shows the characteristics of heavy-weight
 
trucks. Salvadoran law allows up to 4,000 kg on single-tired
 
axles, up to 8,000 kg on double-tired single-axles, and up
 
to 14,900 kg on tandem axles. Two-axle vehicles should have
 
a total weight of less than 12,000 kg, three-axle vehicles
 
should be less than 20,000 kg, and truck/trailer combinations
 
should weigh less than 33,800 kg.
 

Using the information on truck characteristics from Table
 
II.A.20, the Consultants estimated the truck load factors
 
that are used to convert the number of trucks into a number
 
of equivalent 18,000-pound axle loads, typically used in
 
pavement structural analysis. When calculating load factors,
 
the Consultants assumed that each axle would carry the
 
maximum legal weight. This is a conservative assumption
 
considering that trucks are not always bearing cargo.
 

Available data on average daily traffic and traffic
 
distribution is presented in Tables II.A.22 and II.A.23.
 
Table II.A.22 shows ADTs and load distributions by highway
 
and Table II.A.23 shows the same information summarized by
 
highway category.
 

Three highway segments (San Salvador - Santa Tecla, Santa 
Tecla - La Cuchilla and San Salvador - San Martin) have ADTs 
higher than 10,000 vehicles per day. San Salvador - Santa 
Tecla is the most travelled segment in the country with an 
ADT of 38,000 vehicles per day. 

Special highways receive an average of about 12,000 vehicles
 
per day. Primary and secondary highways experience average
 
ADTs of approximately 1,800 vehicles per day. Traffic
 
volumes on unpaved roadways do not typically reach 500
 
vehicles per day. Tertiary roads receive about 400 and rural
 
roads approximately 250.
 

There are several highway segments which should be considered
 
for upgrading/improvement due to increased traffic demand.
 
A list of roadway segments with traffic volumes higher than
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TABLE II. A. 20
 

HEAVY TRUCK CHARACTERISTICS.
 

a. sao "I 	 "it: ux* b111 Ani 

#V C~.,iisZEI~ 
4O1 riy agCta &1 J . eptwn ~aA~M ~lf5 vn 

Axis -- iq.iia 4wMMDrWfct4D 5gIVAN w 
Ali&W~hm a 	 i V ~1~ bjs U 1?S ~Kp I.?Si&4 f 

*a~~'I?.6 , 1pw O 4a* b.6riu...oe0m u 00 *11 ~.V. 
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------------------------- -----------

TABLE II.A.21
 

HEAVY TRUCK 
 LOAD FACTORS
 

SINGLE AXLE TANDEM AXLE EQUIVALENT

TRUCK AXLE AXLE 1/ LOAD FACTOR LOAD FACTOR 18 KIP-AXLES
CLASS TYPE WEIGHT (W) (W/18,000)EXP4 (W/33,700)EXP4 PER TRUCK 

C2 SINGLE 8,811 0.0574 
 0.9758
 
SINGLE 17,621 0.9184 -


C3 SINGLE 8,811 0.0574 
 - 0.9569
 
TANDEM 32,819 
 - 0.8995


T3-S2(& OTHERS) SINGLE 8,811 0.0574 ­ 1.8564
 
TANDEM 32,819 
 - 0.8995
 
TANDEM 32,819 
 0.8995 

+----------------------------------------------------

1_/ USING MAXIMUM ALLOWABLE WEIGHT DESPITE OVERLOADED TRUCKS, 
THIS IS A CONSERVATIVE ASSUMPTION SINCE TRUCKS CIRCULATE
 
BOTH (FULL AND EMPTY)
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1988 DAILY TRAFFIC VOLUMES AND LOAD DISTRIBUTION BY HIGHWAY TABL- lI.A.22
(Cont.)
 

LIGHT
 
VEHI- HEAVY-TRUCKS
 

Taffc Cl.%)
Statkn H I G H W A Y 
 Cant ADT F;3cr A.A.D.T.a 
 [PD DISTRIBUTION
 
Niter Dat m 

---- C C3 7'S1C2R2 T2?S2 -­
T3?2 R4SPM 10oT&L 

AUTOPISTA AL AEROPUERTO 4812 38 7 9 83 8 1 1 7 1 16 
AEROPUERTO-ZACATECOLUCA 1553 27 34 12 80 9 1 10 27 
CA-i-SAN VICENTE-TEOOLUCA--C -1 1111 24 44 13 93 5 2 19 

_ MEJICANOS-MARIONA-NEJAPA 1141 21 42 28 99 1 26 

SAN SALVADOR-LOS PLANES DE RNDE OS 2791 46 30 12 97 2 1' 12 

LOS PLANES DE RENDEROS-PANCh]MAU 0 890 34 4o 9 lO 17 
SITI0 DEL NIR0-SAN JUAN OI (:0 - 1145Z 26 42 i1 83 11 _ - 21 

CA-i-EL CONGO-CA.-8 794 18 46113 92 6 2 2. 
CA-4-Lk GARITA-SOYAPANGO 7362 27 40 18 92 6 1 1 15 
UA-8-SANI JULIAN 704 15 i52 6 85 12 3 27 

CA-1-ILOBASCO 3116 15 44 17 97 2 

APOPA-SiTIO DEL NIRO,RAMAL QUE2ALTENQUE 1727 21 138 25 99 1 16 
CA-8-ARMENIA 1210 17 41 36 10{ 6 

CA-8-IZALCO 1198 16 139 i/ 99 1 16 
,SONSONATE-SAN:ANTONIO DEL M(NTEICA-8-NAHUIZALCO 1104 

2087 

24 42 20 10( 

21 47 14 88 12 

14 

18 

SONSO1JATE-NVAHuIrLI400 
______997 116 1198- 24, 1 - - 2 ­

(~ t('',, 

u, 



TABLE IT.A.22 1988 
DAILY TRAFIC VOLUME:S AND LOAD DISTRI.BUTION BY HIGHWAY 
 Page 3/4
(CONT.)
 

LIGHT' 
VEHI-. HEAVY-TRUCKS 
CL 

Statk 
Ntzer 

HIGH W A Y cLOAD 
Cuant ADT Fbcbc A.A.D.T. P-- -

DISTRIBUION 

Cemalapa--acateceluca 1224 14 41 2Z 92 6 z- 23 

cA-4 5580 30 381 5 87 81 5 17 

OA-4 NORTE 7178 21 36 23 89 7 4 20 

San Salvador-Apopa 9654 23 35 24i86 8 6 18 
Apepa-%,uazapa 4702 18 38 2191 7 2 23 

CA-4 SUR 3982 38 40 7 85,9 6 15 
Santa Tecla-Pte La Libertad 3982 4O 7 -5"- _ 66 

UA-8 2138 25 37 13 81 6 13 

La Cuchilla-Sensonate 4316 24 35 10174 6 20 31 

Sensonate-Ahuachapan 1520 21 47 12 92 7 1 20 

.,Ahuachapan-Las Chinamas 579 29 30.16 77 4 19 25 
CA-12 _.___ __ 1701 9 34 1164 6 30o 

Acajutla-Snsenate 3110 18 33 81 63 7 1.4 .4129 .2 42 
Snconate-SantaAna 1115 22 44 12192 5 3 22 

Santa Ana-Metapjn-Anguiatu 

SANTA ANA-AUACHAPANI 

878 

_3557 
17 25141 

27 37 17 

37 

88 

5 5 .5 

1-

57 

7 1 

4 

19 
APOPA-SITIO DEL N190 2594 19 39 1489 28 

0 
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'Statm H IG H WAY 
NILber 

Traffic 

Oixit A DT FbLrr A.A.D.T. 

LIGHT 

VEH_ 

d 

HEAVY TRUCKS 

ODDSRBTO 
DITRBUIO 

CA-8-CALUCO 
____ _____ 

__390 15 47 9 
C2 
96 

C3 2s1 C2R2 
-1 

T2S23s1 TS? R SPE' M1TIL 
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1035 

430 

940 

334 

413 

12 47 22 10 

16 38 15 9 3 

12 37 4 8-14 

21 39 0 10¢( 

22 43 18 1. 

12 34 4 0 

1 

_ 

19 

31 

47 

10 

17 

20 
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587 
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17 1s4 2 
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9 47 18 

2k 29 3z 

9; 5 

96 3 

9 3 

8 7 

91 

9 10 

9 11 
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3 

1 

.5 

4 

3 

.1 .2 
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11 

19 

13 

26 

17 
SANTO TOMAS-COMALAPA, RAMAL A OLWfUILT 401 19 50 17 9 2 1 14 
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TABLE II. A. 23 

1988 AVERAGE DAILY TRAFFIC VOLUMES AND 

LOAD DISTRIBUTION BY HIGIWAY CATEGORY 
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Traffic 
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the desired levels for their functional class is presented
 

in Appendix II.A.4.
 

b. Traffic Forecasts
 

To analyze the adequacy of a certain roadway, forecasts of
 
ADTs, design-hour volumes, and ESALs over the analysis period
 
are necessary. ADT estimates are used to obtain road user
 
costs and carry out economic analysis. Design-hour volume
 
estimates determine the geometric adequacy of a roadway. The
 
expected ESAL, together with current pavement conditions and
 
the existing pavement structure, indicate the need for
 
pavement rehabilitation/reconstruction.
 

The Consultants determined future traffic volumes and load
 
distribution for all projects in this study. Two different
 
methods were considered. The first is based on the
 
historical projections of available traffic data by road
 
category and department. The second considers estimates of
 
future demand based on macroeconomic parameters related to
 
trip generation (i.e., population, auto availability,
 
household income and rural production).
 

(1) Estimation of Annual Growth Factors by Department
 

Historical data on two-way traffic volumes along four highway 
segments are presented in Table II.A.24. The first three 
segments, Ahuachapan - Santa Ana, San Salvador - Santa Tecla 
and San Salvador - Los Planes, lie in areas not significantly
affected by the conflict. San Martin - Cojutepeue, while 
not in a conflict zone, has experienced reduced traffic 
levels because of a reduction of trips to hostile areas in 
the East. 

Traffic volumes along the three segments which have not been
 
influenced by the war have evolved differently during the
 
last decade. Ahuachapan - Santa Ana shows an annual growth

factor of 1.4 percent. San Salvador - Santa Tecla's traffic
 
volumes have grown at an annual rate of 5.7 percent, while
 
traffic volumes on San Salvador - Los Planes have declined
 
53 percent.
 

Traffic growth in both the Ahuachapan - Santa Ana and San 
Salvador - Santa Tecla corridors is due to the population
increase of these areas. The traffic growth rate in 
Ahuachapan - Santa Ana is similar to the nation's population 
growth rate and can be considered about average for El 
Salvador. The high traffic growth rate experienced in San 
Salvador - Santa Tecla is caused by mass immigration into 
this area away from conflict zones. 

The decrease in traffic volumes in the San Salvador - Los 
49 



------------------------------------------------------

TABLE II.A.24
 

HISTORICAL TREND OF TRAFFIC VOLUMES AT
 

TYPICAL SALVADORAN HIGHWAY 

+----------------------------------------------------------------------------------
HIGHWAY SEGMENTS 

-----------------------------------------------------------SALVADOR- MARTIN-Y E 	A R AHUACHAPAN- CAl :S. SALVADOR SAN CAl : SAN 

-SANTA ANA -SANTA TECLA 
(1) 	 (2) 


1966 902 ­
1967 1,224 ­
1968 1,204 ­
1969 1,271 ­
1970 na ­
1971 1,350 ­
1972 1,357 ­
1973 1,514 ­
1974 1,840 ­
1975 2,077 ­
1976 1,987 ­
1977 2,463 ­
1978 2,922 19,539 


(A) 1979 2,961 na 

1980 2,975 16,704 


(B) 1981 3,073 18,444 

1982 3,192 21,275 

1983 3,204 22,749 

1984 3,256 24,151 

1985 3,294 26,202 


(C) 1986 	 3,304 29,501 

1987 3,322 31,166 

1988 na 34,298 


+---------------------------------------------------------------------------------­
(1) 	AHUACHAPAN,SANTA ANA 

(2) 	SAN SALVADOR, LA LIBERTAD 

(3) 	SAN SALVADOR 

(4) 	CUSCATLAN 


-LOS PLANES -COJUTEPEQUE 
1 (3) 	 (4)
 

1,719 	 2,251
 
1,652 	 2,824
 
1,803 	 2j996
 
3,445 	 2,826
 
2,090 	 2,816
 
2,178 	 3,101
 
2,338 	 3,932
 
2,131 	 3,421
 
2,198 	 na
 
4,601 	 5,063
 
2,960 	 na
 
5,846 	 5,648
 
5,880 	 na
 
5,790 	 6,111
 

na 	 4,239
 
2,422 	 4,299
 
2,445 4,331
 

na 4,375
 
2,699 	 4,401
 
2,718 	 4,444
 
2,743 	 4,470
 
2,791 	 5,624
 

(A) CONFLICT BEGINNIG
 
(B) CONFLICT PEAK
 
(C) CONFLICT SECONDARY PEAK
 
na: NOT AVAILABLE
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Planes corridor is due to traffic diversion to the Comalapa

Airport Freeway, and is not related to population shifts.
 

Traffic volumes along the Pan American Highway west of San
 
Martin have declined. The San Martin - Cojutepeque segment

has experienced an eight percent decline in traffic volumes
 
from 1980 to 1988. During a peak in the conflict in 1981
 
the drop in traffic volumes was 31 percent. A drop of this
 
magnitude or even larger is typical of roads in conflict
 
areas.
 

Thus, meaningful traffic projections based on historical data
 
are difficult to obtain. These forecasts could be misleading

in some areas, and the Consultants felt it was necessary to
 
develop projections based on relevant macroeconomic
 
indicators. In this manner, traffic was forecasted consistent
 
with overall macroeconomic and population scenarios developed

by the present study. The parameters considered and the
 
factors obtained to estimate annual growth by department are
 
described below.
 

(a) Population
 

Forecasts of urban and rural population were presented under
 
Section I.D.2. A ratio [TI) of projected year-2000 over base
 
year (1988) population was calculated (from Appendix I.B.1).

Table II.A.25 shows the estimates of T1 wlh is one of the
 
four factors with which traffic growth ra_. is computed.
 

(b) Vehicle Availability Ratios (VARs)
 

Vehicle availability directly influences trip generation.
 
The higher vehicle availability ratio a country has, the more
 
travelled its highways will be. Table II.A.26 analyzes the
 
changes in the VAR over time. From 1980 to 1986, population
 
increased six percent, gross national product first decreased
 
13 percent and then increased six percent, per capita gross

national product first decreased 15 percent and then
 
increased three percent; and according to available data, VAR
 
was constant at approximately 30 vehicles per 1000 people.
 

For the purpose of this study, no changes in VAR has been
 
forecasted for the future. A year-2000 VAR of 30.5 vehicles
 
per 1,000 people is projected. T2 is the ratio of year-2000
 
VAR over the base-year VAR, and is equal to 1.0.
 

(c) Agricultural Production
 

El Salvador has a low VAR and its inter-urban highways

contain a high percentage of trucks. This suggests that most
 
inter-urban trips are related to the transport of goods. In
 
addition, toe economy is largely agricultural, and
 
agricultural production significantly influences traffic
 
volumes along the highways being studied. 
 51 



TABLE II.A.25
 

ANNUAL T RA F F I C GROWTH RATE BY DEPARTANENT
 

.................... 
....................................... ......................................................................
 

P 0 P U L A T 1 0 N T1 VARIATION I T2 IAGRICULTURALI END OF 2000 TRAFFICI ESTIMATED I 

................. ........ ........- I.......... PRODUCTION ICONFLICT I I ANNUAL I 
IDEPARTNENT 1 1988 1 
 2000 12000/1988 1988 2,000 12000/19881 FACTOR 13 IFACTOR T411985 TRAFFICIG1OWTN FACTORI

I I I I I I I I I I I 
I---------I--........ I .......... I-------I--------I---------- I--------- I------------ I--- - ........- I .........-.-------- I 
IANUACHAPAN 1 254,790 341,271 1 1.34 30.5 1 30.5 1 1.00 1 1.267 1.00 1.70 1.05
 
ISANTA ANA 460,627 616,975 j 1.34 1 30.5 1 30.5 1 1.001 1.267 1.00 1 1.70 1.05 1 
ISONSONATE 341,147 456,941 1.34 30.5 30.5 1 1.00 1.267 1.00 1 1.70 1.05
 
ICNALATENANGOI 247.868 1 332,000 1 
 1.34 30.5 1 30.5 1 1.00 1.267 1 1.30 1 2.21 1 1.071
 
LA LISERTAD 1 412,063 551,928.I 
 1.34 1 30.5 1 30.5 1 1.00 1 1.267 1.00 1.70 1.05
 
SAN SALVADORI 1,026,237 1,374,568 j 
 1.34 30.5 1 30.5 1 1.00 1.267 1.00 1.70 I 1.05 1 
ICUSCATLAN j 209,238 1 280,259 j 1.341 30.51 30.51 1.001 1.2671 1.001 1.701 1.051
 
ILA PAZ 261,312 1 350,008 1 1.34 30.5 1 30.5 1 1.00 1.267 1 
 1.00 1.70 1.05 
ICAUANAS 186,782 250,181 1 1.34 1 30.5 1 30.5 1 1.00 1 1.267 1.30 1 2.21 1 1.07'
 
SA VICENTE 207,830 1 278,373 I 1.34 30.5 1 30.5 1 1.00 1-2671 1.00 
 1.70 1.05 I 
IUSULU1AN 1 411,298 550,903 1 1.34 30.5 1 30.5 I 1.00 j .267 1 1.30 I 2.21 1 1.07 1
 
SAN NIGUEL 451,809 605,164 1 1.34 1 30.5 30.5 1 1.00 1.267 1.30 1 2.21 1.07 1
 
INORAZAN 1 202,658 1 271,446 1 
 1.34 30.5 1 30.5 1 1.00 1.267 1 1.30 2.21 1.07 1
 
ILA UNION 324,992 1 435,303 1 1.34 30.5 30.5 1 1.00 1.267 1.30 1 2.21 1 1.07
 
*..................................................................................................................................
 

ITOAL I 4,998,653 1 6,695,320 I 1.34 I 30.5 I 30.5 I 1.00 I 1.267 I 1.13 1 1.92 I 1.06 
*.................................................................................................................................. 

(1) APPLICABLE ONLY TO CONFLICT AREAS
 



------------------------------------------------------------------------------------------- 

TABLE II.A.26
 

YEARLY VARIATION OF THE SALVADORAN
 

V E H I C L E A V A I L A B I L I T Y R A T E
 

( CARS/1 , 000 PEOPLE)
 

YEAR POPULATION I G.N.P. IGNP/Cap. IVEHICLES I V.A.R. I 

1980 4,525,402 3,289.3 727.0 145,680 31.1
 

1981 4,582,638 3,016.8 658.0 148,177 30.9 - 0.643
 

1982 4,624,922 2,847.7 616.0 148,674 31.1 + 0.647
 

1983 4,662,788 2,870.4 616.0 150,079 31.1 0.000
 

1984 4,687,962 2,935.6 626.0 151,664 30.9 - 0.643
 

1985 4,736,462 2,993.6 632.0 155,337 30.5 - 1.294
 

1986 4,813,971 3,013.0 626.0 161,436 29.8 - 2.295
 

------------------------------------------------------------- --------- + 
GNP/Cap. in constant 1962 colones
 
G.N.P. in millions of constant 1962 colones
 

uL 
bJ 
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Coffee and cotton exports have diminished in the recent
 
years. This, coupled with sluggish sugar cane production,
 
prompted the Consultants to analyze overall agricultural
 
production in a search for possible trends. Table II.A.27
 
depicts recent annual Salavdoran agricultural productions
 
disaggregated by crop.
 

Total agricultural production (measured in quintals) has
 
varied from about 21 million to 26.5 million during the last
 
six years, and no particular trend is observed. Despite
 
drops in exports, no significant reduction in overall coffee
 
or sugar cane production has occurred. Cotton production has
 
diminished to one third its previous levels. But (in terms
 
of total volume) cotton is a relatively insignificant crop,
 
even in cotton producing departments, such as Sonsonate, La
 
Paz, Usulatan, and San Miguel.
 

These observations suggest that an agriculturally-based
 
traffic recovery factor is not warranted. For consistency
 
with this study's macroeconomic projections and given the
 
preeminence of agriculture in the gross national product,
 
the Consultants assume that agricultural production will
 
follow the forecasted variations of the gross national
 
product. No growth in agricultural production is expected
 
until 1993 and a 4.5-percent annual increase is assumed for
 
1993-2000 (three percent in volume). Table II.A.25 shows
 
T3, a ratio of expected year-2000 agricultural production
 
over base-year production, as equal to 1.267.
 

(d) End-of-Conflict Traffic Adjustment Factor
 

As described above, traffic has significantly diminished in
 
conflict areas and on roads which lead to conflict areas.
 
Drops of twenty to seventy percent in traffic volumes have
 
been observed, and it is probable that these drops will not
 
totally recover when the conflict is over. Population
 
emigration and production center shifts will not be reversed
 
immediately. Because of this, the Consultants assume that
 
traffic levels will recover only partially over a period of
 
a few years.
 

Table II.A.25 shows T4, the end-of-conflict traffic
 
adjustment factor. A thirty percent increase in traffic
 
volumes is assumed during the period ending in the year 2000.
 
This percentage is only applied to the six Salvadoran
 
Departments most affected by the conflict. These include
 
Cabanas Chalatenango, Usulatan, Morazan, San Miguel and La
 
Union.
 

By multiplying the population growth factor T1, the vehicle
 
availability ratio factor T2, the agricultural production
 
factor T3, and the end-of-conflict traffic adjustment factor
 
T4, overall traffic growth ratios (year-2000 traffic/1988
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TABLE II.A.27
 

YEARLY VAR I AT ION OF THE SALVADORAN
 

AGRICULTURAL PRODUCT I ON (BY CROP)
 

*-------------------------------------------------------------------------------------------------------------------

I C 0 F F E I SUGAR CANE C 0 T T 0 N I G R A I N S T 0 T A L
 

YYEAR I------------------I....-----------I------------------ I...-----------I------------------

I AREA IPRODUCTIONI AREA IPRODUCTIONI AREA lPRODUCTIONI AREA IPROOUCTIONI AREA IPRODUCTIONI
 

11,000 Hal 1,000 qq 11,000 Hal 1,000 qq 11,000 Hal 1,000 qq 11,000 Hal 1,000 qq 1,000 Ni 1,000 qq
 

---------I-------I----- ---I------
------------------I------- I------I ------- I
 
. . . . I I ..I. I I I I I
 
83 - 84 248.2 2,929 53.0 5,326.1 52.5 3,284.6 443.5 11,491.3 797.2 23,031
 

84 - 85 243.9 3,562 57.0 5,817.3 53.3 3,297.0 4.52.1 13,894.4 806.3 26,571
 

85 - 86 234.2 2,580 59.0 5,873.1 39.3 2,014.6 470.1 13,018.0 802.6 23,486
 

86 - 87 234.2 2,700 58.7I 5,375.4, 19.6 1,162.7 472.4 11,614.3 784.9 20,852
 

87 - 88 234.2 3,300 56.6 4,103.7 19.4 1,114.6 504.5 14,021.4 814.7 22,540
 

88 - 89 234.2 2,500 NA NA 18.5 1,084.8 NA NA HA HA
 

......----------------------------------------------------------------------­



traffic) are obtained. An annual growth factor has been
 
calculated for each department from these ratios (see Table
 
II.A.25).
 

(2) Traffic Volume Estimates for the Analyzed Projects
 

Figures II.A.6 and II.A.7 show the location of highway
 
segments which are being analyzed for
 
rehabilitation/reconstruction and improvement. Table II.A.28
 
shows current traffic volumes for each of these segments and
 
lists the project name, road category, ADT and load
 
distribution. When no traffic information is available, the
 
average ADT and load distribution for each roadway category
 
is assumed.
 

Table II.A.29 presents expected ADTs, design-hour volumes
 
(DHVs), and ESALs for the highway projects under study.

Year-2000 ADTs have been estimated based on current ADTs and
 
calculated annual growth factors. DHVs are computed by

multiplying the expected ADTs by 0.10 (highest value in Table
 
II.A.19). ESALs have been obtained by projecting the total
 
number of vehicles over a twelve-year period (1989-2000) and
 
also by taking into account the load factors from Table
 
II.A.21.
 

5. Design Standards
 

There is continual activity in design and construction of
 
highways in El Salvador. The Consultants have found that
 
there is no ordered compilation of norms, be it for geometric

design, structural pavement design, or for the different
 
study phases of soils and construction materials.
 

The DGC has norms for geometric and structural pavement
 
design, using methods such as CBR and Group Indices. In some
 
projects, the old AASHO design procedure is still being used,
 
but recently the new AASHTO design method was selected. 1983
 
AASHTO norms are kept in mind for the design of bridges.
 

The use of the term "norm" implies obligatory use, and
 
uniformity. Serious problems can arise, especially in the
 
use of local materials, when these norms are extrapolated

indiscriminately. In this regard, it is important that the
 
MOP adopt and distribute norms and recommendations for the
 
design of highways and bridges that are consistent with
 
Salvadoran conditions. Each section of the network has a
 
function which should be associated with a norm and design
 
recommendation, a level of service, and a construction,
 
maintenance and rehabilitation cost.
 

Road construction is governed by the MOP's "Specifications
 
for Road and Bridge Construction", Document EG-78. This
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HEAVY TRUCKS %
 

I----------------------------------------------------------------- ILENGTHI ADT IPASSENGERI LIGHT I BUSES I C2 I C3 I T3-S2 ITOTAL I 
!ROAD CATEGORY PROJECT NAME I (km) I CARS % ITRUCKS % I X I % IOTHER %I % I 
I----------. I.-------------------------------------------------------------------....I ------ I- ---------I------- I ---------------------- IISPECIAL ISAN SALVADOR - SANTA TECLA (LIBERTAD EXIT) 4.5 37884 50 33 1 
 9 1 78 1 8 1 14 1 8 
ISPECIAL ISAN SALVADOR - COMALAPA FREEWAY 42.0 4812 38 37 1 9 1 83 1 8 9 1 161 
ISECONDARY CA:I SANTA ANA-EL PORTEZUELO 4.0 4001 27 38 
 18 94 1 3 3 1 17 
ISECONDARY ICA:1 EL PORTEZUELO-KM 73 3.0 815 20 40 
 1 93 3 4 39 
ISECOMPARY CA:I KM73-EL PORVENIR 
 3.0 1035 18 36 
 17 91 5 4 29 
ISECONDARY CA:1 EL PORVENIR-SAN CRISTOBAL 17.0 1000 18 37 16 92 4 4 29 
ISPECIAL ICA:I SITIO DEL NINO-SANTA TECLA 15.0 13427 33 37 10 77 8 1 15 20 
ISECONDARY CA:I SAN SALVADOR-SAN MARTIN (KM 18) 18.0 12173 29 34 1 20 87 7 6 17
 
ISECONDARY CA:1 S.N MARTIN (KM 18)-COJUTEPEOUE (KM 33) 15.0 4895 22 34 24 
 90 6 4 20
 
ISECONDARY I CA:I COJUTEPEOUE-SAN RAFAEL CEDROS 7.0 2483 21 35 20 84 12 4 24 
ISECONDARY I CA:I EAST OF LEMPA RIVER- S.RAFAEL ORIENTE EXIT 40.0 j 2483 j 21 1 35 1 20 1 34 1 12 1 4 1 24 1 
ISECONOARY I CA:1 SAN RAFAEL ORIENTE EXIT -SAN MIGUEL 6.01 56261 321 411 121 901 5 5 15
 
ISECONDARY IA:I SAN MIGUEL-LA UNION EXIT 38.0 1 
 34141 16 441 10 92 3 5 30 
IPRIMARY ICA:2 LA HACHADURA-CA:12 42.0 1066 1 64 35 16 54 4 42 35 
IPRIMARY ICA:2 LA LIBERTAD-CA:12 67.0 1319 1 
 45 39 7 76 11 13 9 
IPRIMARY ICA:2 LA LIBERTAD (KM 32)-SAN DIEGO (KM 37) 5.0 1779 48 34 11 90 3 7 7 
IPRIMARY I CA:2 SAN DIEGO (KM 37)-COMALAPA (KM 61) 24.0 1181 24 43 12 85 7 8 21
 
IPRIMARY ICA:2 ZACATECOLUCA (KM 56)-LEMPA RIVER (KM 83) 27.0 1177 22 40 
 1 75 9 16 37 I 
1PRIMARY CA:2 USULUTAN-SANTA ELENA (KM 114) 3.0 2517 19 46 16 85 7 8 19
 
IPRIMARY CA:2 SANTA ELENA (KM 114)-LA UNION 86.0 
 1869 15 46 14 821 
 8 10 25
 
ISECONDARY CA:4 SAN SALVADOR-APOPA 
 13.0 10049 26 35 23 86 7 7 16 
ISECONDARY ICA:4 Ar-OPA (KM 13)-KM 15 2.0 4702 18 38 21 91 
 7 2 23 
ISECONWA! I CA:4 Km 15-0 17 2.0 3874 15 36 22 85 10 5 271 
ISECONDARY I CA:4 KM 17-KM 20 3.0 3042 15 38 17 87 8 5 30 
ISECONOARY ICA:4 K 20-AGUILARES 14.0 2417 15 39 18 92 6 2 28 
ISECONDARY I CA:4 AGUILARES-SAN IGNACIO 56.0 1885 20 40 18 92 5 3 22 
IPRIMARY I CA:4 SAN IGNACIO-EL POY 6.0 48 12 18 1 81 - 1 19 69 
IPRIMARY I CA:12 SONSONATE K-80 14.0 4605 17 40 9 67 7 26 34 
1PRIMARY I CA:12 KM80-ACAJUTLA 6.0 3145 18 321 8 66 6 28 42Ul -----------------------------------------------------------------------------------------------------------------------------------------------­
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.---------------------------------------------------------------------------------------------------------------------------------------------------------------------

I I EAVY TUCKS % 
I I---------------------------

ILENGTHI ADT 1PASSENGERI LIGHT BUSES C2 I C3 I T3-S2 ITOTAL 
IROAD CATEGORYI PROJECT NAME I (km) I I CARS % ITRUCKS 2 I I % lOTHER %I % 
I ---------- I ------------------------------------------ I--- I------- I------- I------- I-------I ---------------------- I 
ISECONDARY ICA:12 S74SONATE-SANTA ANA 34.0 1308 24 45 11 91 5 4 
 20
 
1PRIMARY I CA:12 SANTA ANA-TEXISTEPEUE 16.0 2025 17 33 
 15 71 8 21 35 
IPRIMARY I CA:12 TEXISTEPEQUE-METAPAN 30.0 878 17 25 14 37 5 58 44 
IPRIARY CA:12 METAPAN-ANGUEATU 12.0 521 11 22 20 28 7 64 47 
IPRIMARY CA:E SONSONATE-IZALCO EXIT 6.0 3612 22 36 10 68 6 26 32
 
1PRIMARY CA:8 IZALCO EXIT-CALUCO EXIT 1.0 4224 
 23 31 9 74 5 21 37
 
[PRIMARY CA:8 CALUCO EXIT-SAN JULIAN EXIT 
 9.0 4189 21 33 9 73 4 23 37
 
IPRIMARY CA:8 SAM JULIAN EXIT-EL CONGO EXIT 4.0 
 4109 23 34 11 67 7 26 32
 
1PRIMARY CA:8 EL CONGO EXIT-ARMENIA EXIT 6.0 4320 23 34 
 11 68 6 26 32
 
IPRIMARY CA:8 ARMENIA EXIT-SACACOYO EXIT 6.0 4170 25 32 9 75 7 
 18 34
 
IPRIMARY CA:8 SACACOYO EXIT-TEPECOYO EXIT 2.0 4627 22 
 31 8 72 10 18 39
 
IPRIMARY CA:8 TEPECOYO EXIT-CA:1 10.0 4869 20 36 8 71 10 19 
 36
 
ITERTIARY IAWACHAPAN-TACUSA 17.2 388 16 
 48 10 91 4 5 26
 
ISECONDARY ISANTA ANA-AHUACHAPAN 34.0 3557 27 37 17 
 88 5 7 19 
IRURAL IJUAYUA-SAN JOSE LA AJADA-EL ARENAL 10.0 265 14 50 9 98 2 27 
ITERTIARY ICERRE VERDE-(EL CONGO-CA:8) 10.0 388 16 48 10 91 4 5 26 
ISECONDARY IEL CONGO-CA:8 FROM CERRO VERDE TO CA:8 3.0 388 20 35 18 82 12 6 27 
IRURAL IEL CONGO-FLOR AMARILLA 12.0 265 14 50 9 98 2 27 
IRURAL FLOR A4ARILLA-PLANES DE LA LAGUNA 12.0 265 14 50 9 98 2 27 
ITERTIARY ISANTA ANA-SAN PABLO TACACHICO 26.0 388 16 48 10 91 4 5 26 
ISECONDARY I APOPA-KM 20 7.0 3408 18 40 12 87 7 6 30 
ISECONDARY iKM 20-NEJAPA 3.0 2562 18 38 14 92 3 5 30 
ISECOWOARY NEJAPA-KM 27 
 4.0 2474 18 38 14 91 
 4 5 30 
ISECOWARY I KM27-OUEZALTEPEQUE EXIT 3.0 2485 19 41 21 91 4 5 191 
ISECONDARY I QUEZALTEPEUE EXIT-SITIt DEL NINO 13.0 1856 21 39 16 88 5 7 24 
IPRIMARY I CA:I-NUEVO CUSCATLAN EXIT 1.0 7487 53 34 2 87 6 7 11 
IPRIMARY I NUEVO CUSCATLAN EXIT-SN. JOSE VILLANUEVA EXIT 9.0 2723 27 42 10 89 8 3 21 
IPRIMARY SN JOSE VILLANUEVA EXIT-EL CIMARRON 8.0 2570 27 43 10 88 9 3 20 
IPRIMARY EL CIMARRON-LA LIBERTAD 5.0 3148 50 35 9 84 10 6 6 

4.---------------------------------------------------------------------------------------------------------------------------------------------------------------------­

0 
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HEAVY TRUCKS %
 
...........------------------


ILENGTHI ADT IPASSENGERI LIGHT BUSES IC2 C3 
 I T3-S2 ITOTAL
 
IROAD CATEGORYV PROJECT NAME I (km) ICARS % ITRUCKSI % I % I % IOTHERI %I---------- I----------------------------------------- ---- I-------------- I--------I--------I-------------------------- IITERTIARY ISANTA TECLA-SN.JUAW LOS PLANES-OUEZALTEPEOUE 17.0 388 16 1 48 
 10 1 91 1 4 I 5 1 26 1 
IRUKAL 
 IEL REFUGIO-EL CASTILLO-!:;i JOSE LA CUEVA-MONCAGUA 9.0 265 14 1 50 1 9 1 98 2 1 ­ 27 
IRURAL lEL COCO-CHALCHUAPA 
 14.0 719 131 511 161 98 21 - 20 
IRURAL ICA:l-EL PORVENIR-(SANTA ANA-AHUACHAPAN) 9.0 265 14 50 1 9 98 2 - 27 
IRURAL ICA:1-SAN ANTONIO PAJONAL 14.0 189 16 421 22 100I- 20 
IRURAL I EL RONCO-OSTUA 8.0 880 12 381 4 62 61 32 46
IRURAL I OSTUA-SAN JERONIMO 8.0 225 10 561 4 100 -I - 30 
ISECONDARY IMEJICANOS-MARIONA-IEJAPA 16.0 1 1141 21 1 42 28 991 I 1 26 
ISECONVARY ISAM SALVADOR-SAMNMARCOS 5.01 91301 391 361 16 96 31 1J 91 
ISECONDARY IAPOPA-SAN JOSE LAS FLORES 9.0 10131 171 371 32 72 22 1 1 141 
ISECONDARY ISAN SALVADOR-LOS PLANES 9.0 2791 1 461 301 12 97 2 11 121
 
ITERTIARY I CA:8 JAYAQUE DETOUR 2.0 11841 12 421 5 83 11 61 411 
ITERTIARY I JAYAQUE DETOUR-TEPECOYO 5.0 370 15 57 1 4 98 2 24 
IRURAL I QUEZALTEPEQUE-SANM ATIAS 19.0 294 15 571 9 100 - 19
IRURAL I SAN MATIAS-SAN JUAN OPICO 5.0 147 5 521 91 100 - 34 
ITERTIARY IA:2-LA HERRADURA (VIA SAN MARCELINO) 18.0 921 21 39 1 13 1 94 6 27
ISECONDARY ILOS PLAES-PANCHIMALCO 7.0 890 341 401 9 1100 - 17 
ISECONDARY IPANCHIMALCO-ROSARIO DE "ORA 4.0 495 131 341 19 100 -1 34 
jTERTIARY ITONACATEPEQUE-SOYAPANGO 112.01 8821 161 421 201 99 1 1 -1 221
ISECONDARY IERLIN-ALEGRIA-SANTIAGO DE MARIA 1 11.6 1885 I 20 1 40 1 18 1 92 1 5 1 3 1 22
ISECONDARY ISANTIAGO DE MARIA-TECAPAN-OZATLAN-CA:2 
 1 17.0 1 649 1 15 45 1 16 94 6 1 - 24 
IRURAL ITEJUTEPEQUE-SAN ANTONIO BUENA VISTA-CORRAL VIEJO 1 9.8 1 265 I 14 50 1 9 98 I 2 - 27I 
IRURAL ICA:12-LAS CASITAS-S ANTONIO MAS-L HORCONES-GUARNECIA 19.4 1 265 I 14 1 50 I 9 1 98 1 2 1 - I 27 1 
IRURAL ITAPALIUACA-CA:2(ANTIGUA COMALAPA) 8.0 1 170 16 1 60 1 - 1 100 1 - I ­ 24
IRURAL I CA:2-SAN PEDRO MASAHIJAT 6.01 265 14 501 91 98 2 27 
IRURAL I SAN PEDRO ASAHUAT-SAN ANTONIO MASAHUAT 3.0 137 15 1755 1 13 100
ITERTIARY ICIUDAD BARR IOS-NOHCAGUA 28.0 388 16 481 10 91 4 5 26 
ISECONDARY ISAN MIGUEL-EL DELIRIO 15.3 2478 23 411 
 1I 91 4 5 22 
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HEAVY TRUCKS %
 

----------------------- I 
--------------------------------------------------------- ILENGTHI 
 ADT IPASSENGERI LIGHT I BUSES I C2 I C3 I T3-S2 ITOTAL I 
IROAD CATEGORYI PROJECT NAME (km) I I CARS % ITRUCKS X % X I . IOTHER XI % I 
I............ I---------------------------------------------------- I-----I---------------I-------- I--------I-----------------------I
 
ISECONDARY SAN MIGUEL-MILITAR ROUTE EXIT 16.0 2825 21 69 
 12 90 6 4 19 
ISECONDARY I MILITAR ROUTE EXIT-PASAQUINA 30.0 1885 20 40 18 92 5 3 22 

ITERTIARY ICA:l-SAN ANTONIO SILVA-SAN ALEJO 10.1 388 16 48 10 91 4 5 26 
IPRIMARY ICA:I JUNCTION-LA UNION 7.0 3414 16 44 10 92 3 5 30 
ISECONDARY IZACATECOLUCA-TECOLUCA-SAN VICENTE 21.0 1111 24 44 13 93 5 2 19 
IRURAL ITACUBA-CONCEPCION DE ATACO 13.0 265 14 50 9 98 2 27 
IRURAL IISTAGUA-ORATORIO DE CONCEPCION-MONTEPEOUE 9.0 265 14 
 50 9 98 2 27 
IRURAL ICHALCHUAPA-LAS CRUCES 8.0 83 18 48 4 100 30 
IRURAL ISAN JOSE EL NARANJO-LAS DELICIAS-CA:2 7.8 265 14 50 9 98 2 27 
IRURAL INAHU:ZALCO-JUAYUA 8.5 1 2651 141 50 91 981 21 271 
IRURAL ICA:3-EL CHAPERNO-CASERIO SAN ISIDRO 8.3 265 14 50 9 98 2 27 
ITERTIARY ISAN PEDRO NONUALCO-JERUZALEN 12.8 388 
 16 48 10 91 4 5 26 
ITERTIARY IS ANTONIO NOTE-STO DOMINGO GUZNAN-S PEDRO PUXTLA 13.0 388 16 48 10 91 4 5 26 
IRURAL IATIQUIZAYA-SAN LORENZO-EL PORTILLO 9.3 358 24 48 9 100 19 
[TERTIARY ISAN JUAN OPICO-S.N PABLO TACACHICO 14.0 
 388 16 48 10 91 4 S 26 
ITERTIARY ICA:2-TEOTEPIOUE-SANTA TECLA 44.0 388 1 16 1 48 1 10 91 1 , I 5 1 26 1 
1RURAL ISAN JULIAN-CUISNAHUAT 10.0 228 10 58 - 1 100 - I - 1 32 
ITERTIARY ICA:2-GUAYMANGO-JUJUTLA-ATACO-AHUACHAPAN 34.0 388 16 48 10 91 4 5 26 
ITERTIARY ICA:12-EL RONCO 7.3 880 12 38 4 62 6 32 46
 
IRURAL ISANTO TONAS-SAN MIGUEL TEPEZONTES-COJUTEPEUE 23.7 137 
 15 62 - 100 - 3 

IRURAL ICA:2-CANTON LA CANOA 18.3 265 14 50 9 98 2 - 27 
IRURAL SAN LORENZO-HACIENDA SAN ARTIAS 6.4 265 14 5,1 9 98 2 - 27 
IRURAL INACIENDA SAN MARTIN-CA:2 15.5 265 14 50 9 98 2 ­ 27
 

IRURAL INAIULINGO-LA CHAPINA COOP. 7.5 
 265 i4 50 9 98 2 - 27 
IRURAL ISAN JOSE EL NARAWJO-(JUJUTLA-ATACO) 24.9 265 14 50 9 98 2 - 27 
IRURAL ICOMALAPA FREEWAY-LAS HOJAS COOP. 19.2 265 14 50 9 98 2 27 
IRURAL ICALUCO - EL CARMEN COOPERATIVE. 9.8 265 14 50 9 98 2 27 
IRURAL IUUAZAPA-COOPERATIVE 21 DE ARZO 11.1 265 14 50 9 98 2 27 
IRURAL IAC. SANTA ELENA-I.(YAYANTIOUE) 10.0 265 14 50 9 98 2 
 27 

............................................................ 
 ..... ........... L
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SI I IHEAVY TRUCKSZ II I . --. . . . ..------------------I 
LENGTHI ADT IPASSENGERI LIGHT BUSES C2 I C3 I T3-S2 ITOTAL
 

IROAD CATEGORYI PROJECT NAME 
 (km) ICARS % ITRUCKS % IX I IOTHER % X I

I ---------- I-----------------------------------------

I 


---- I------- ------- I--------I--------I-------------------------- IIRURAL ICA:2- HAC.CHILANGUERA 6.2 265 14 50 9 98 2 27 
IRURAL ILA CHILATA-SAN MARCOS 16.0 265 14 501 9 98 2 27 
IRURAL ICA:2 -TAMANIQUE 14.5 61 3 46 20 100 - 31 27
 
IRURAL ISAN JULIAN-EL BALSAMAR COOPERATIVE I12.0 265 14 5 
 9 98 7 27 
IRURAL ICA:2 - CARA SUCIA 8.0 265 14 50 9 98 2 27 
IRURAL ICA:2 - SAN BENITO 
 11.0 265 14 50 
 9 98 2 27
 
IRURAL ICA:2 - AGUA FRIA 
 11.0 I 265 14 50 9 98 2 27
 
IRURAL ITACJBA-CONCEPCION DE ATACO 13.0 265 14 
 50 9 98 2 27 
IRURAL ICA:2 - PALO COMBO COOPERATIVE 
 8.0 265 14 50 
 9 98 2 - 27j

IRURAL ICA:2 - BARRA CIEGA COOPERATIVE 8.0 265 14 50 9 98 
 2 - 27 
IRURAL ICA:2 - EL ZARZAL 12.0 265 14 50 9 98 2 - 27 
IRURAL ICA:2 - SIHUAPILAPA 
 12.0 265 141 50 9 98 2 - 27
 
IRURAL ICA:2 - HACIENOA LA CABANA 
 12.01 265 14 50 9 98 2 * 27 
IRURAL ICA:2 - SAN DIONISIO 
 8.0 265 14 
 50 9 98 2 - 27 
IRURAL ICA:2 - SAN JOSE DE LA MONTANA 16.01 265 14 50 9 98 2 27
 
IRURAL ICA:2 - HOJA DE SAL COOPERATIVE 11.0 265 14 50 
 9 98 2 27
 
IRURAL ICA:2 - EL MANGUITO COOPERATIVE 7.0 265 
 141 50 9 98 2 27 
IRURAL IMILITAR ROUTE-MAYUCAQUIN COOPERATIVE 
 9.0 265 14 50 9 98 2 27 
IRURAL ISAN MIGUEL-LA PUERTA 
 9.0 265 14 50 9 98 2 271 
IRURAL ICA:2 - TIERRA BLANCA 
 9.0 265 14 50 9 98 2 27
 
IRURAL ICA:2 - LLANO DE LAS ROSAS 7.0 265 14 50 9 98 2 27
 
1RURAL IPANANERI CANA-CA:2- LA UNION 12.0 265 14 50 9 98 2 27
IRURAL SAN ALEJO-EL TAMARINDO 
 11.0 265 14 50 
 9 98 2 27
 
IRURAL ICA:2 GUALIRQUE COOP. 
 8.0 265 14 50 9 98 2 27
 
IRURAL ILA UNION-YOLOGUAL COOP.-EL FARO 
 9.0 265 141 50 9 98 2 27 

Och 
...
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ESTIMATED HIGHWAY PARAMETERS FOR HIGHWAY PROJECTS UNDER STUDT
 

......................................................................................................
 
0 A 0 Pt A I 1,988 ESTIMATED ,.0O0 2,000 E 5 A L 

IP R 0 J E C T N A E AANNUAL 
CATEGORY I ADT IGROUTH FACTORI ADT I 0NV 1909-2000 

.............................................................-
ISPECIAL ISAN SALVADOR - SANTA TECLA (LIBERTAD EXIT) 
ISPECIAL ISAN SALVADOR - COPALAPA FREEWAY 
ISECONDARY CA:I SANTA ANA-EL PORTEZUELO 

I ....... 
37884 

4812 

4,001 

.......... I 
1.05 

1.05 

1.05 

I....... 
",403 

8,180 
6,802 

I..... 
6,4"0 

ala 
680 

I ............ 
49,275,454 
11,989,550 
9,732,455 

ISECONDARY CA:I EL PORTEZVELO-KM 73 815 1.05 1,386 139 2,026,151 
SECONDARY CA:I 

ISECONOARY CA:I 
ISPECIAL ICA:I 
ISECONOARY I CA:1 
ISECONDARY I CA:I 

KHT3-EL PI.UVENIR 

EL PORVENIt1-SAN CRISTOBAL 
SITIO DEL NINO-SANTA TECLA 
SA, SALVADJR-SAN MARTIN (Km 18) 

SAN MT!N (KM 18)-COJUTEPEQUE (KM 33) 

1,035 

1.000 
13,427 
12,173 

/,895 

1.05 

1.05 
1.05 
1.05 

1.05 

1,760 

1,70I 
22,826 
20,694 

8,322 

176 

170 
2,283 
2,069 

832 

3.17 ,& 

2,15,834 
28,821,206 
31,700,480 

14,946,578 
SECONDARY CA:I COJUTEPEQUE-SAN RAFAEL CEDROS 
ISECONOARY I CA:I EAST OF LEMPA RIVER- S.RAFAEL ORIENTE EXIT 
ISECONDARY I CA:1 SAN RAFAEL ORIENTE EXIT -SAN MIGUEL 
ISECONDARY ICA01 SAN NIGUEL-LA UNION EXIT 
IPRIMARY ICA:2 LA HACHADURA-CA:12 

IPRIMARY ICA:2 LA LIBERTAD-CA:12 

1PRIMARY I CA:2 LA LISERTAD (KM 32)-SAN DIEGO (KM 37) 
IPRIMARY I CA:2 SAN DIEGO (KM 37)-COqALAPA (KM 61) 
IPRIMARY ICA:2 ZACATECOLUCA (KM 56;-LEMPA RIVER (KM 83) 
IPRIARY I CA:2 USULUTAN-SANTA ELENA (KM 114) 
IPRIMARY I CA:2 SANTA ELENA (KM 114)-LA UNION 
ISECONDARY ICA:4 SAN SALVAO)OR-APOPA 

ISECONDARY I CA:4 APOPA CKM 13)-KM 15 
ISECONOARY CA:4 KM 15-KM 17 
ISECOSNARY I CA:4 KMO17-KM 20 
ISECOMARY CA:4 KM 20-AGUILARES 
ISECONDARY CA:4 AGUILARES-SAN IGNACIO 
1PRIMARY I CA:4 SAN IGNACIO-EL POY 
PRIARY I CA:12 SONSONATE K-80 

IPRIMARY I CA:12 KM 80-ACAJUTLA 

1 

2,483 

2,483 

5,626 

3,414 

1,066 

1,319 

1,779 
1,181 

;,177 

2,517 

1,869 
10,049 

4,702 

3,874 

3,042 
2,417 

1,885 

48 

4.605 

3,145 

1.05 

1.07 

1.07 

1.07 
1.05 

1.05 

1.05 
1.05 

1.05 
1.07 
1.07 
1.05 

1.05 I 

1.05 
1.05 

1.05 

1.07 
1.07 

1.05 

1.05 

4,221 

5,487 

12,433 

7,545 

1,812 

2,242 

3,024 
2,008 

2,001 

5,563 
4,130 

17,083 

7,993 

6,586 
5,171 

4,109 

4.166 

106 

7,829 

5,347 

422 

549 

1,243 

754 

181 

224 

302 
201 

200 

556 
413 

1.708 

799 

659 
517 

411 

417 

11 

M8, 

535 

7,432,920 

8,836,916 

12,671,524 

10,685,289 

4,377,661 

1,600,452 

2,415,691 
2,692,828 

3,057,855 
7,334,443 
5,98,932 

27,854,846 

14,037,822 

12,896,203 

9,556,196 

7,380,385 

6,090,701 

272,719 

14,577,328 

11,621,4 
............. 
 -........................-...........-........-....-.......-....-...........................................
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ESTIMATED HIGHWAY PARAMETERS FOR HIGHWAY PROJECTS UNOE$ STUDY 

-

R 0 A 0 1 1,988 ESTIMATED 2,000 2,000 E S A L 

ANNUAL

IP 0 J E C T N A M E 

ADT IGROWTH FACTORI ADT I DV I 19M92000CATEGORY I 
....... m°., .... i I-....-o.-..--.....-.---..
o... °°.°..o .............. .. ............. 

0 -- 1.------- 222---- 2-------071­------ I-----------------------------I...................... I I------- I 

ANA 1,308 1.05 2,224 222 2.754,071ISECONOARY ICA:12 SONSONATE-SANTA 

2,025 1.05 3,43 31A 7,252.365IPRIWaY I CA:12 SANTA ANA-TEXISTEPEOUE 
878 1.05 1,493 149 4,356,913
IPRIMARY CA:12 TEXISTEPEOSE-METAPAN 
521 1.05 886 69 3,010,349IPRINARY CA:12 METAPAN-ANGUIATU 

3,612 1.05 6,140 614 11,194,434IPRIMARY CA:8 SONSONATE-IZALCO EXIT 
4,224 1.05 7,181 718 13,852,347PRIMARY CA:Ll IZALCO EXIT-CALUCO EXIT 

PRIMARY CA:8 CALUCO EXIT-SAN JULIAN EXIT /,e189 1.05 7,121 712 13,900,709 

1.05 6,965 699 13,032,957PRIMARY CA:8 SAN JULIAN EXIT-EL CONGO EXIT 4,109 

IPRIMARY I CA:8 EL CONGO EXIT-ARMENIA EXIT 4.320 1.05 7,3 I 734 13,703,753 

IPRIMARY CA:8 ARMENIA EXIT-SACACOYO EXIT 4,170 1.05 7,089 71)9 12,609,719 

IPRIMARY CA:8 SACACOYO EXIT-TEPECOYO EXIT 4,627 1.05 7,866 787 15,166,57 

PRIMARY CA:8 TEPtCOYO EXIT-CA:1 4,869 1.05 8,27? 828 15,092,866 

TERTIARY IANUACHAPAN-TACUAI 3881 1.05 660 66 929,901
 

SECONDARY ISANTA ANA-AACHAPAN 3,557 1.05 6,047 605 8,943,929
 

IRUIAL IJUAYUA-SAN JOSE LA MAJADA-EL ARENAL 265 1.(105 451 45 612,926
 

ITERTIARY ICERRE VERDE-(EL CONGO-CA:8) 388 1.05 660 66 929,901 

SECONDARY IEL CONGO-CA:8 FROM CERRO VERDE TO CA:8 I 388 1.05 660 66 1,183,69 I 
IRURAL I EL CONGO-FLOR AMARILLA 265 1.05 451 45 612,926 

IRURAL FLOM AMARiLLA-PLANES DE LA LAGUNA 265 1.05 I 451 45 612,926 

ITERTIARY ISANTA ANA-SAN PABLO TACACHICO 388 1.05 660 66 929,901 

3,408 1.05 5,794 579 9,517,594ISECONDARY APOPA-IM 20 

ISECONDARY IK 20-NEJAPA 2.562 1.05 4,355 I 436 7,.92 065 

ISECONDARY NEJAPA-KM 27 2,474 1.05 4,206 I 421 7,233,896 

SECONDARY IKM 27-GUEZALTEPEaUE EXIT 2,485 1.05 4,225 422 6,924,721 

ISECONDARY I QUEZALTEPEQUE EXIT-SITIO DEL NINO 1.856 1.05 3,155 316 5,067,608 

IPRIMARY CA:1-OLD HIGHUAY TO SANTA TECLA 7,.87 1.05 12,728 1,273 7,04,869 

IPRIMARY OLD NIGUAY TO SANTA TECLA-SN. JOSE VILLANUEVA EXITI 2,723 1.05 1 4,629 1 43 1 5,662,06/, 

IPRIMARY ISN JOSE VILLANUEVA EXIT-EL CIMARRON 2,570 1.05 4,369 437 5,194,792 

IPRIMARY I EL CIARRON-LA LIBERTAD 3,148 1.05 5,352 1 535 1 3,615,.435 
....................................... . ....... L .. . ..............-.--. ................. .... .. 

Ln 
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ESTIMATED HIGHWAY PARAMETERS FOR HIGHUAY PROJECTS UNDER STUDY
 

*......................................................................................................................... 

IR 0 A I I 1.88 ESTIMATED 2,000 2,000 E S A L 

I P I 0 J E C T N A M E ANNUAL 

CATEGORY I ADT IGROWTH FACTORI ADT ONV 1 1989-2000 
I..... .......- ........ *........................I... .I. . ....!..I...........I,---- -----.........--- I 

TERTIARY ISANTA TECLA-SN.JUAN LOS PLANES-QUEZALTEPEQUE 3 1.05 660 66 929,901 

IRUNAL IEL REFUGIO-EL CASTILLO-SAN JOSE LA CUEVA-MONCAGUA 265 1.05 451 '5 612,926 

IRUAL IEL COCO-CHALCHUAPA 719 1.05 1,222 122 1,746,615 

IRURAL ICA:I-EL PORVENIR-(SANTA ANA-AHUACHAPAN) 265 1.05 451 45 612,926 

IRURAL ICA:1-SAN ANTONIO PAJONAL 189 1.05 321 32 541.912 

IRURAL EL RONCO-OSTUA 880 1.05 1,496 ISO 3,328,779 

IRURAL I OSTUA-SAN JERONINO 2251 1.05 383 38 476.526 

SECONDARY IIEJ ICANOS-AR I ONA-NEJAPA 1,141 1.05 1,940 194 4.19"o3S4 

ISECONOARY ISAN SALVADOR-SAN MARCOS 9,130 1.05 15,521 1,552 16,564,835 

SECONDARY IAPOPA-SAN JOSE LAS FLORES 1,013 1.05 1,722 172 3,263,80 

SECONDARY ISAR SALVADOR-LOS PLANES 2,791 1.05 4,745 47 4,72n 75 
TERTIARY CA:8 JAYAOUE DETOUR 1,184 1.05 2,013 201 3,473,391 

ITERTIARY I JAYAOUE DETOUR-TEPECOYO 370 I1.05 629 63 656.350 
RURAL IUEZALTEPEQUE-SAN NATIAS I 294 1.05 500 50 57,g669 

IRURAL I SAN MATIAS-SAN JUAN OPICO 147 1.05 250 25 396,062 

TERTIARY ICA:2-LA HERRADURA (VIA SAN NARCELINO) 921 1.05 1.566 157 2,397,773 
[SECONDARY LOS PLANES-PANCHINALCO 890 1.05 1,513 151 1,5'f,626 

ISECONDARY PANCHMALCO-ROSARIO DE "ORA 495 1.05 842 84 1,701,421 

TERTIARY ITOMACATEPEOA-SOYAPAGO 882 1.05 1,499 150 2,499,439 
SECONDARY IBERLIN-ALEGRIA-SANTIAGO DE MARIA I 1.5 1.07 4,166 417 6,096,701 
ISECONDARY ISANTIAGO DE PARIA-TECAPAN-OZATLAN-CA:2 649 1.07 1,434 143 2,047,351 

IRURAL ITEJUTEPEQUE-SAN ANTONIO BUENA VISTA-CORRAL VIEJO 265 1.07 586 59 728,701 
RURAL ICA:12-LAS CASITAS-S ANTONIO MAS-L NORCONES-GUARNECIA 265 1.05 451 45 612,926 

IRURAL ITAPALURACA-.CA:2(ANTIGUA COMALAPA) 170 1.05 289 29 252.963 

UIRIAL CA:2-SAN PEDRO NASANUAT 265 1.05 451 45 612,926 
IRURAL BAN PEDRO NASANUAT-SAN ANTONIO NASAHUAT 137 1.05 233 23 279,736 
ITERTIARY 1ClUIAD SARRIOS-MONCAGUA 388 1.07 857 66 I1,105,549 
SECONDARY SAN MIGJEL-EL DELIRIO 2,478 1.07 5,476 548 7,226,06 
..........................................................................................
 



TABLE II.A.29
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ESTIMATED 	HIGHI.AY PARAMETERS FOR HIGHWAY PROJECTS UNDER STUDY
 
...... ....................... ............................... ................ ................................ 	 . 4.
 

R 0 A 	 1 j 1,988 ESTIMATED 2,000 2.000 E S A L 

I P R 0 J E C T N A M E I ANNUAL I 
CATEGORY 	 I ADT IGROWTH FACTORI ADT I DNV I 199- 0 I ...... I.........................................................................................I
 

SECONDARY I SAN NIGUEL-MILITAR ROUTE EXIT 2,825 1.07 6,243 624 7.215.80 

SECONDARY I kiLITAR ROUTE EXIT-PASAQUINA 1,885 1.07 4,166 417 6.096701I 
TERTIARY ICA:I-SAN ANTONIO SILVA-SAN ALEJO 388 1.07 857 86 1.105,549 

PRIMARY JCA:I JUNCTION-LA UNION 3,41. 1.07 7.545 754 10,685,289 

SECONDARY IZACATECOLUCA-TECOLUCA-SAN VICENTE 1,111 1 1.05 1.869 1 189 2,414,501 
IRURAL ITAC.JSA-CONCEPCION DE ATACO 265 1.05 451 45 612,926 

1RURAL IISTAGLIA-ORATORIO DE CONCEPCION-MONTEPEQUE 265 1.05 451 45 612.926 
mURAL ICKALCHUAPA-LAS CRUCES 83 1.05 1141 14 175,755 
IRURAL SAN JOSE EL NARANJO-LAS DELICIAS-CA:2 265 1 1.05 j 451 j 45 1 612,926 

IRURAL INAUIZALCO-JUATUA 2651 1.05 451 1 45 62,9261 
RURAL CA:3-EL CHAPERNO-CASERIO SAN ISIDRO 265 1.05 j 451 45 612,926 

ITERTIARY SAN PEDRO NONUALCO-JERUZALEN 388 1.05 660 66 929,901 
ITERTIAY S ANTONIO MONTE-STO DOMINGO GUZMAN-S PEDRO PUXTLA 388 1.05 660 66 929,901 

IRURAL IATIQUIZAYA-SAN LORENZO-EL PORTILLO 358 1.05 609 61 666.889 
ITERTIARY SAN JUAN OPICO-SAN PABLO TACACHICO 388 1.05 660 66 929,901 
TERTIARY ICA:2-TEOTEPEOUE-SANTA YECLA 388 1.05 660 66 99,901 

IRUAL ISAN JULIAN-CUISNAHUAT 228 1.05 388 39 "42,058
 
TERTIARY ICA:2-GUAYMANGO-JUJUTLA-ATACO-AUACHAPAN 
 388 1.05 660 66 929.901 
ITERTIARY ICA:12-EL RONCO 880 1.05 1,496 10 3,328.779 
IRURAL ISANTO TOMAS-SAN NIGUEL TEPEZONITES-COJUTEPEQUE 137 1.05 233 23 196,156 
IRURAL ICA:2-CANTON LA CANOA 265 1.07 586 59 n28,701 
RURAL ISAN LOREIZO-NACIENDA SAN ARTIAS 265 1.05 451 45 612,926 

IRURAL IKACIENDA SAN MARTIN-CA:2 265 1.05 451 45 612,926 

IRURAL INAIULINGO-LA CHAPINA COOP. 265 1.05 451 45 612,926 
IRURAL SAN JOSE EL NARANJO-(JUJUTLA-ATACO) 265 1.05 451 45 612,926 
IRURAL ICOMALAPA FREEWAY-LAS NOJAS COOP. 265 1.05 451 45 612,926 
IRURAL ICALUCO - EL CARMEN COOPERATIVE. 265 1.05 451 45 612,926 
RURAL IULUAZAPA-COOPERATIVE 21 DE MARZO 265 1.07 586 59 728,701 

IRURAL INAC. SANTA ELENA- I.(YAYANTIQUE) 265 1.07 56 59 728.701 
............................................................................................................................ 
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ESTIMATED HIGHWAY PARAMETERS FOReHIGHWAY PROJECTS UNDER STUDY 

*......................................................................................................................... 

R 0 A D 1 1,988 ESTIMATED 2,000 2,000 E S A L 

CATEGORY 
I 
I 

P R 0 J E C T N A M f I 
ADT 

ANNUAL 

IGROUTH FACTORI ADT OHV 1989-2000 1 

-..... 
IRURAL 

I.....JI- .......­o..o---.............................-.....-... 
ICA:2 - HAC.CHILAGUERA 

......... 
265 

- ---....... 
1.07 586 

I---------
59 

I------- -
728,701 

I 

1RURAL 

IRURAL 

ILA CHILATA-SAN MARCOS 

ICA:2 -TAMANIQUIE 

265 

61 
1.05 

1.05 

51 

104 

1.5 

10 
612,926 

203,809 

IRURAL ISAN JULIAN-EL EALSAMAR COOPERATIVE 265 1.05 &.51 5 612,926 

IRURAL ICA:2 - CARA SUCIA 265 1.05 451 45 612,926 

RUIRAL :CA:2 - SAN BENITO 265 1.05 451 45 612,926 

RURAL ICA:2 - AGUA FRIA 265 1.05 451 45 612,926 

IRURAL ITACUSA-CONCEPCION DE ATACO 265 1.05 451 45 612.926 

IRURAL ICA:2 - PALO COMBO COOPERATIVE 265 1.05 451 45 612.926 

itift, 
IRURAL 

ICA:2 

ICA:2 

- BARRA CIEGA COOPERATIVE 

- EL ZARZAL 

265 

265 

1.05 

1.05 I 
1.51 

51 

45 

45 

612,926 

612,926 

IRURAL ICA:2 - SIHUAPILAPA 265 1.05 651 45 612,926 

RURAL ICA:Z HACIENDA LA CABANA 265 1.07 586 59 728,701 

IRURAL ICA:2 - SAN DIONISIO 265 1.07 586 59 728,701 

IRURAL ICA:2 - SAN JOSE DE LA MONTANA 265 1.05 451 45 612,926 

IRURAL ICA:2 - HOJA DE SAL COOPERATIVE 265 1.05 451 45 612,926 

IRURAL ICA:2 - EL MANGUITO COOPERATIVE 265 1.07 586 59 728,701 

RURAL IMILITAR ROUTE-MAYUCAQUIN COOPERATIVE 265 1.07 56 59 728,701 

IRURAL ISAN HIGUEL-LA PUERTA 265 1.07 586 59 728,701 

IRURAL ICA:2 - TIERRA BLANCA 265 1.07 586 59 728,701 

IRURAL ICA:2 - LLANO DE LAS ROSAS 265 1.07 586 59 728,701 

IRURAL PANANERICANA-CA:2-LA UNION 265 1.07 586 59 728,701 

RURAL SAN ALEJO-EL TAKARINDO 265 1.07 586 59 728,701 

RURAL ICA:2 GUALPIRQUE COOP. 265 1.07I 586 59 728,701 

IRURAL LA UNION-YOLOGUAL COOP.-EL FARO 265 1.07 586 59 728.701 

..................-....-.....-.............................................................................................. 



takes into consideration the following:
 

- work contracting
 
- earth works
 
- bases and pavements
 
- miscellaneous work
 
- bridge construction.
 

These specifications are normally complemented by the FHWA
 
specifications FP-74. Soil test and construction materials
 
follow AASHTO norms, or their ASTM equivalents.
 

These specifications are adequate but need to be updated,

especially for local access and rural roads since they are
 
oriented towards primary-road work. Considering that most
 
of the Salvadoran network is in the rural or local
 
categories, with low traffic volumes, appropriate

specifications and quality requirements are needed for these
 
roads.
 

Furthermore, the materials necessary for primary roads should
 
have different physical and mechanical properties than those
 
used for tertiary or rural roads, and should be defined in
 
the technical specifications for road construction.
 

Clear quantitative criteria should also be adopted for the
 
acceptance of construction activities. In recent versions
 
of the FHWA General Specifications, the concept of "payment

adjustment factors" has been introduced. These factors allow
 
the owner to pay a lower price for work, which while not
 
meeting all specifications does not badly affect durability

and soundness, without having to replace or remove the work
 
done.
 

Many states have adopted the concept of payment adjust-,,ent
factors with encouraging results. Despite possible

implementation problems, the Consultants recommend further
 
study of this issue, since this system would allow for the
 
usage of local materiils currently not accepted by

specifications.
 

MOP should study the use of non-destructive tests for work
 
acceptance and pavement evaluation. This is vital to define
 
the need for maintenance and rehabilitation.
 

There is a lack of precise definitions for improvement,

reconstruction and rehabilitation. MOP should pay attention
 
to rehabilitation project design standards, given present

network needs. Such aspects as engineering design,

construction procedures, special specifications, work
 
measurement and payment require definition.
 

In the field of roadway maintenance, the Consultants have
 
observed an absence of performance standards for the
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different maintenance activities. There is also a lack of
 
pavement distress inventory procedures and guidelines for
 

provided in the manual, it should be updated to account for
 

selecting maintenance alternatives according to distress 
types. 

The Consultants have 
Maintenance Manual. 

analyzed 
Despite 

the 
some 

Central American Road 
appropriate guidelines 

new technological improvements.
 

6. Costs of Construction/Maintenance
 

A detailed analysis of unit costs of road construction and
 
maintenance activities has been completed. Construction
 
activities have been taken from the current General
 
Specifications for Road and Bridge Construction of the MOP
 
(DGC). DGC and Consultant experiences have been taken into
 
account in thq case of road maintenance. Unit price analysis
 
includes the following principal components:
 

Direct Costs:
 

- eqWipment
 
- labor
 
- performance
 
- materials
 
- transportation
 

Indirect Costs:
 

- overhead and unforeseen expenses
 
- benefits
 
- field supervision.
 

The following paragraphs present the assumptions and criteria 
followed to estimate unit costs. Prices refer to December,
 
1988 when the colon/US dollar exchange rate was 5 to 1.
 

a. Mechanical Eauipment
 

Rental crests of mechanical equipment were defined on the 
basis of local quotes. These costs were correlated with 
others that ha( been defined in the past (DUA-1980) and more 
recently (DGC-1989), by way of the implicit price index of 
the Gross Domestic Product - Public and Private Construction. 
Table II.A.30 shows rental prices for basic mechanical 
equipment adopted in the current project, not including
 
operators or assistants. In our opinion, these prices

adequately represent the costs of renting mechanical
 
equipment in 21 Salvador. 
 70 
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TABLE.II.A.30
 

HOURLY RENT OF MECHANICAL EQUIPMENT
 
(DECEMBER, 1988)
 

MECHANICAL EQUIPMENT 	 + 
HOURLY 

RENTAL(C) 

Truck, 4m3 
 80Dump Truck, 6m3 
 120
 
Tractor with Ripper, 140HP 
 250

Motor Grader, 125Hp 
 200

Loader. 2.3m3 
 225

Water Tanker, 2000gal 
 150
 
Asphalt Tanker, 2000gal 
 180

Tandem Roller, 8-12 Ton 
 120

Vibratory 	Roller, 8-12 Ton 
 200
 
Pneumatic 	Wheel Compactor, 10-16 Ton 
 120
 
Manual Compactor 
 20

Jack-Hammer 
 10

Air Compressor 
 125

Mechanical Sweeper 
 80
 
Aggregate 	Spreader 
 100

Pavement Marking Equip., 50gal 
 50

Petrol Tanker, 50gal 
 50

Concrete Mixer 
 30
 
Concrete Vibrators 
 15

Hot Asphalt Mix Plant 
 1300

Finisher 
 200
 
Water Pump 
 20

Primary Crushing Plant 
 400
 
Secondary 	Crushing Plant 
 500
 

NOTES: 1. 	Operators not included
 
2. Rent was adjusted by means of Price Indices
 

Implicit in GDP, Private & Public Construction
 

SOURCES: 	 Rental Investigation in the local market.
 
Rents adjusted from studies by DUA (1980) &
 
Comalapa Highway (1989)
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b. Labor 

Two salary and social benefit regimes are followed in the
 
Salvadoran construction industry:
 

- Labor Department mediation regulations define payment of
 
personnel in the private sector. Investigations into some
 
private companies show better payment for road-construction
 
personnel.
 

- The MOP (DGC) defines its own basic hourly salaries for
 
workers, according to their occupation and specialization.
 

For the purposes of this study it is appropriate to use
 
first-category worker basic salaries established by the MOP
 
(DGC), for both the government and the private sectors. (see

Table II.A.31). The effect of social benefits on salary unit
 
costs has also been analyzed (Table II.A.32), aiming at
 
defining an effective hourly worker salary (Table II.A.31).

Fringe benefits amount to 80 percent and 120 of the basic
 
hourly salaries for the private sector and government
 
respectively.
 

c. Performance
 

For each construction and maintenance activity considered,
 
a combination of equipment and labor was selected, and was
 
assigned a daily performance standard. Selected equipment,
 
labor, and performance standards represent reasonable levels
 
for field achievement.
 

d. Materials
 

Table II.A.33 shows unit prices for basic construction
 
materials. They include transportation to the work site.
 
Distances were estimated on the basis of the location of
 
material sources and production plants. An analysis of
 
material unit prices shows that 10 percent corresponds to
 
labor and 90 percent corresponds to equipment.
 

Q. Indirect Costs
 

Total direct cost has been used as a basis for determining
 
indirect costs. Indirect costs have been calculated as
 
follows: 72
 



TABLE II.A.31 

NOJALY SALARIES OF LABOR FORCE 

(in Colan.,) 
................................
II II.......................0 IlI 
 . ..... 
 ....... 
 .......
 

10CC UP AT i ON IBASIC NOURLYI FRINGE BENEFITS I 1QMLY SALARY 
ISALARY PER ................... I ................... 
list CATEGORYJ GOV. PRIVATE GOM. IPIVATE 

............................... 
...... ... . ..........- .I.......
..

IAssistant Engineer & Architect 6.56 7.87 5.25 14.43 11.81 
IField SUpervisor/Gen Forame 4.81 5.77 3.85 .10.58 8.66 
iTechnican J ,.95 5.941 3.961 10.891 8.911 
jForewan 
 3.48 4.18 1 2.78 7.66 6.26 1 
jDump Truck Driver 4.62 5.54 3.70 10.16 8.32 
IPick Lp Driver 3.83 /,.60 3.06 8.43 6.89 
lHeavy Vehicle Equipment Operatorl 5.22 .6.26 1 4.18 11.4 9.40 1 
lCrushing Equipment Operator I 4.67 5.60 3.74 10.2? 8.41 
lConcrete-Mixer Operator 
 3.51 4.21 2.81 
 7.72 6.32
 
lAsphalt Spreader j 4.59 5.51 3.67 10.10 8.26
 

IFinisher Operator 5.22 
 6.26 4.18 11.48 9.40
 
jAssistant Operator 
 3.55 I 4.26 2.84 7.81
 

IPainter 
 3.56 I 4.27 2.85 1 7.83 6.41 1Bricktayer 
 3.56 4.27 7.83 1
2.85 6.41
 
ICarpenter 
 3.56 4.27 1 2.85 
 7.83 6.41
 
jWorker 
 3.16 3.79 1 2.53 6.95 
 o 
.................................................... 


...............................
 

SOURCE: Code Table for Occupations & Hourly Salaries, DGC, 1988 
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TABLE.! I.A.32
 
FRINGE BENEFIT IPACT ON SALARY PAYMENT
 

Construction Worker-De,ember, 198
 
....................................................................
 

I GOVERNMENT 
4
 

PRIVATE
I I ENTERPRISE
 

o...................................... 
. ...........
 
IA.N-OUWORKING 
 DAYS INTHE YEAR DAYS 	 DAYS
 

11.Saturdays 	 52 
 26 
12. Sundays 
 52 52
 
13. Vocations 
 25 15 
14. PermittedDas 10 5
 
I5.Sick Leave (ISSS) 20 10
 

ITOTA. 
 159 108
 

IB. WORKING DAYS IN THE YEAR 206 257 

IC. PAY COLONES COILONES 

11.Basic Annual Salary
 
365 * 3.16(colones) " 
7hr 8,073.80
 
365 * 2.60(cotoes) 
 * 7hr - 6,643.00 

12. 	Holidays 

1 	 6.5 I Basic AnruaI Salary 524.80 431.80
 
-I°I. I..
..... 

3. SUB TOTAL (1-2) 	 8,598.60 7,074.80 

14. Social Security 
5.57 	% (3) 
 478.94
 
8.25 	% (3) 583.67 

15. INPEP 4.5 % (3) 386.9 . 

16. 	FSV 5% (3) 
 353.74
 

17. 	 Christmas Bonus
 

500 colones 
 500.00
 
1 	 3.5 % (3) 
 247.62
 

18. 	Severance Pay 
30 days * 18.18 coLones/12 45.45
 

19. 	 Life Insurance PremiuI 
I 	 5 colones -2 " 60.00 

I I.......I...... 
I10.Arvuat Pay 9,964.48 8,365.28 

ID. ANNUAL PAY/ORING DAY - 10/B 1 48.37 32.55 

IG. 	IMPACT OF FRINGE BENEFITS I 
D/22.12 colones 2.19
 
D/18.18 colones 
 1.79
 

ADOPTED 2.20 1.80 74 
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--------------------------------------------------------------------------

--------------------------------------------------------------

TABLE.II.A.33
 

CONSTRUCTION MATERIAL UNIT PRICES
 
(DECEMBER 1988)
 

M A T E R I A L UNIT TRANSPORT PRICE

DISTANCE
 

(IQ) (Colones)
 

Crushed Stone-Gravel No.1 m3 20 60
 
Fine C'shed Stone-Gravel No.2 m3 20 65
 
Sieved Sand m3 20 50
 
Hot Asphalt Mix m3 20 380
 
Granular Base Material m3 20 55
 
Sub-Base Material m3 10 30
 
Fill Material m3 5 20
 
Ballast Material m3 10 30
 
Portland Cement (42.5kg/bag) bag 80 16
 
Liquid Asphalt RC-2 gal. 150 5.64
 
Asphalt Concrete gal. 150 4.14
 
Industrial Kerosene gal. 150 5.70
 
Iron qq 60 155
 
Water m3 10 55
 
Paint gal. 80 60
 

All figures include Transportation costs.
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SECTOR ENT PRIVATE 

OVERHEAD 25 10 
UNFORESEEN EXPENSES 10 10 
PROFITS 0 15 
FIELD SUPERVISION 5 5 

.......... ......... 

TOTAL 40 40 

Indirect costs are defined as 40 percent of direct costs,
 
when the work is carried out by either the private sector
 
(contracted work) or the government (force account work). The
 
indirect cost figure for government work is normative. It
 
relates to efficiently-run force-account work rather than to
 
current operations (which show much higher overhead ratios
 
due to excess personnel). Overhead includes: office rent,
 
equipment mobilization, administrative personnel salaries,
 
communications, transport, furniture, office and laboratory
 
equipment and stationary, plants and workshops, warehouses,
 
financial and legal costs, etc.
 

Field supervision includes: engineers' salaries, survey
 
teams, camps, communications, expenses, transportation
 
equipment, accommodation costs, etc. Unforeseen expenses
 
are taken into account to cover uncertainties.
 

f. Total Costs
 

Unit price analyses for each of the basic activities relevant
 
to this project will be presented separately. A sample
 
worksheet is given in Appendix II.A.5. Summaries of
 
calculated unit prices appear in Table II.A.34. Tables
 
II.A.35 and II.A.36 show quantities and financial costs of
 
necessary maintenance activities, according to the condition
 
of the different types of road. Work quantities adopted by
 
the Consultants are based on their local and international
 
experience.
 

Table II.A.37 presents rehabilitation work quantities and
 
financial costs, according to the condition of the different
 
types of road. For primary and secondary roads in good
 
condition, it is assumed that a seal coat will be applied,
 
although this may be viewed as optional. When they are in
 
fair or poor condition, it is assumed that a re-enforcing
 
hot-mix layer will be applied, four and eight centimeters
 
thick, respectively.
 

Reconstruction has also been considered as an alternative
 
for roads in poor condition. It is assumed that 15
 
centimeters of the base are excavated and replaced, and a
 
resurfacing ,ourse is applied, consisting of five centimeters
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TABLE II.A.34 

DECEMBER, 1968 - UNIT PRICES 

(in Colones) 

.............................................................................
 
A C t I V I Y 
 JUNITI FINANCIAL J ECaIDIC 

I I........... I..................... I
I MTRACTEDIFOtCE ACC. CNTRACTEDIFORCE ACC.I 
........................ 
 .........---------­(in Colones) I (in r-,onno) 

IPlatforl-Uidening Fill I3 1 56.43 56.00 1 62.50 1 62.94IPLatforu-uidening Cut N3 1 55.55 1 63.17 59.09 62.00Ditch Construction Irke 6,360.90 6,531.00 7,001.89 7,106.93
lExisting Graultar Surface Conformation 802 1.90 1.95 2.10 2.13
IMateriat Excavation & Removal 
 m3 
 26.57 28.00 29.91 30.12
Existing Asphalt Nix.Scarification £ RemovaL .3 38.92 39.20 37.97 38.45
IBallast or Sub-Base 
 3 I 74.22 77.00 83.56 83.87
lGranular Base or Sub-Baze 
 83 116.22 116.20 129.98 130.29jPrime Coat 
 1P2 4.27 4.32 4.77 I 4.79Tack Coat 
 0.2 2."4 2.50 2.83 2.85
 
jDoubLe Surface Treatment 
 M2 11.18 11.34 12.42 12.52
 

Coat 02
IHot Aspialt Mix 1Sea6.88 7.00 7.69 7.731.3 579.28 580.91 69.09 650.21 
IPavemenz marking IL/AA ,397.90 1 4,410.00 4,930.89 1 4,936.95

ICrack Seating I 9.80 10.08 10.75 10.94ILocaLized Seat Coating I2 9.82 10.08 10.89 11.01Layer Patching (Mutiple Surface Treatment) 2 24.5022.45 1 
 26.04 26.49 1
jPremix Leveling 
 02 1 84.88 91.00 1 194.23 95.72
IHot Nix Patching 
 I2 1 101.95 105.00 1 11;.67 113.66 1
Ditch Cleaning 
 I2I 1.931 2.31 1 1.81 2.071

ICuLvert Cleaning 
 m2 1 9.05 1 10.73 1 8.70 1 9.72
IGranular Surface Grading 
 I2 1 0.10 0.10 0.11 0.11IBaltast Patching 
 .2 1 23.07 24.09 25.08 1 25.68 ..................................... 


.............
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--- - - - - -

TABLE II.A.35
 

ROUTINE MAINTENANCE WORK QUANTITIES AND FINANCIAL COSTS
 

PRIMARY AND SECONDARY HIGHWAYS
 

(DECEMBER, 1988)
 
...................................................................................................................................
 

ICONODITION ICLASSIFICATION I 
 WOIK QUANTITIES PER KlH
 
-
I I................. - . - ..- - . - . - . - . - . - ..- -. -. - - - - - - - - - - ------- I COST.. KN/..
... ­. .......................
 

- - - - -

I costi /yn
ICRACK ILOCAL'ZOIHOT MIX I PREMIX I LAYER I DITCH ICULVERT IPAWVENTIS"OMDRI 
 I
ISEALING I SEAL IPATCHINGILEVELINGIPATCHINGICLEANINGICLEANINGIMARKING 
IPATCNINGC (Irn Colonee)
I ICOATINGI I 1 (1) I I I I I 
---------- ........ -------- --- --. ­ ------ ........ I......... .......... I
I " I M2 I 12 (2) I M2 (1) K2 I I 1 K. ... I....................... MI2 (3) ICONTRACTEDIFORCE
..... .. .................................... ACC.l
 ........................
.......... 

I 
IGOOD IPrimary 50 

I 
130 

I 
10 

I I 
1I -

I 
1 300 

I 
20 

I 
0.3 

I 
S 

I 
6.295 

I 
6,540 

I 

IIII 
ISecadery 60 155 I " I 

I 
5 12 300 

IIIIIII 
15 0.3 6 6.290 6,560 

IFAIR jPrImary 

ISecondery 
380 
450 

260 
1310 1 

300 
-

50 
601 

1.. -
360 

600 
600 1 

4O 

30 1 
0.6 

0.61 
4O 

451 
48,820 
28.3701 

50,575 

30.0251 

IPOO 

I 
jPrfmery 

ISecondery 
I 

20 

25 
1540 

1650 
1800 

--
I 

1 

I 
I 

70 

85 
I 

1 

1960 
I 

900 

1900 
I 

80 

160 
I 

1 .9 

10.9 
I 

ISo 1105,210 

951 47.770 
I 

108.810 

51.0001 
I 

...................................................................................................................................
 
4
 

NO: (1) Multiple Localized Surface Treatment
 
(2) Average Depth Scm 
(3) Average Depth 15cm 



TABLE II.A.36
 

ROUTINE MAINTENANCE WORK QUANTITIES AND FINANCIAL COSTS
 

TEWTIARY AND RURAL HIGHWAYS
 

DECEMBER 1988
 
........................... ... . ..............................................................................
 

I I WORK OUANTITIES PER K I I
 
ICOOITION ICLASSIFICATION 	 I...........................................................I COST MI/YR 

IALLAST IGRANULARIGRANULARIIALLAST JEARTN IDITCH ICULVERT I 
IPATCHING ISURFACE ISURFACE ILEVELINGILEVELINGICLEANINGICLEANINGI (In Colonis) 
I ICONFORM.IGRADING I I I I I 

-................................ I.......I--- .	 ........ ....
- .. ---...... I...... - ............. 
-2 (1) .2 2 M2 (2) m2 (2) m m CONTRACEDIFORCE ACC. 

I I I...........................................-.....I.............I~o 

G0o0 Tertiary 30 1 3001 600 15 1 -- 5001 141 2,6901 2,9651
 
IRurat .... 1,100 -- 1 100 500 1 13 2,600 2,810
 

IFAIR Tertiary 6 I 60 1,5001 60 -- 7501 281 5,4901 5,9601 

lRural -- I - 1,750 1 250 750 26 1 5.3851 5,6951 

IPOOlt ITertiary 120 1,200 3,000 120 -- 1 1,000 1 42 9.885 10,615 
lRural I -- I -- 13,500 1 -- 1 500 1,000 39 9,685 10,095 

I I 	 I I I I IIIIII 
.................. ........ ................................................................. 
 ................
 
UB: (1) Average Depth 0.15m
 

(2) Average Depth 0.25m
 



TABLE II.A.3i"
 

RENASLILITATION WORK OUIANTITIES AND FINANCIAL COSTS
 

.....................................................................................................................................
 

I I UOK QUANTITIES PER KM I
 

ICLASSIFICATIONICOMI!TION .................................................................................. I COST KIMT*
 

I 	 IGRANJAR IASPHALT 1NATERIALIIALLAST IPRIME ITACK IASPHALT IPAVEIMENTIcu i.WRT I
 
ISUNFACE ISURFACE jEXCAVT. ISUS-UASEICOAT ICOAT INOI MIX IMAKING ICLEANIWOI (In Cotoing)
 

ICOFOIM. IS-CATIONIENOVAL jor BASE jar BASE I I I I I
 

................I..... I--------I........ I........ I....... I....... I........ I........ I........ I.......I................I 
I v2 I I 1 -I 1 m2 - 1 3 I KM I M 1CONTRACTEOIFOMCEACC." 


II ----- ---- ----- ---- --------- ---- ---- ---- I
----	 ---- ---- ---- ---- ----- ---- I.............-- ---

IPRIARY Good I I I - I - I - 17.300(1)1 2 1 20 1 59.2001 60,135 

IFir ,700 1 - 18(2)1 - 1 7,300 1 292 2 40 219,000 220.760 1 

IPoor 4,700 1 - 376(2)1 7,300 584 2 80 1 402,470 405,315 1 

IPoor (0) 4.700 1 365 1 1,095 j1,095(3)j 7,300 I 365 1 2 j 80 431,620 434,620
I I 

ISECOMOARY Good I I - II 16,500(1)1 2 115 53,6501 54485I 
I Fair 3,0001 1 - 1 100(2)1 - 6.500 I 260 1 2 1 30 1 168.6601 189.9751 

1 jPoor 1 3,000 1 1 - 1 200(2)1 - 6.500 I 520 1 2 1 60 346.970 349.055 1 

1 IPoor (R) 1 3,003 1 163 1 975 1 975(3$1 6,500 - 16,500(4) 2 1 60 1 261.030 264.065 

ITERTIARY Fair 1 6,000 1 - I - 1 900(5)1 - I - I I - 1 28 1 7, 450 81.290 I 
IPoor 6,000 1 11,200(5)1 	 42 100,845 104,540 

IRURAL Fair 1 5.0001 1 70(5) - I - I 1 26 1 65,4001 67.7651 

IPoor 1 5,0001 1 11,000(5)1 - I - I 1 39 1 64,0751 87.1601 
.................................................................................................................................
 

us: (1) Seal Coat (Optional) 	 (4) Dotle Surface Treatment 

(2) Sth-Bese Scm thick 	 (5) Jaltat
 

(3) ease 	 (R) Reconstruction 

Co
 0



of hot-asphalt mixture for primary roads or of a double
 
surface treatment for secondary roads. For tertiary and
 
rural roads in fair or poor condition, it is assumed that a
 
ballast layer will be added, 15 and 20 centimeters thick,
 
respectively.
 

Tables II.A.38 to II.A.40 show the criteria adopted to define
 
work quantities for road improvement. Five possible
 
combinations were analyzed. For earth-moving work
 
calculations, a half cut/half fill section was assumed.
 
Consistent with Salvadoran topography, hilly terrain was
 
assumed. In the same way, average pavement structure
 
thicknesses were defined for each type of road. Tables
 
II.A.41 and II.A.42 show improvement costs for each roadway
 
type.
 

Summaries of financial and economic costs of rehabilitation,
 
improvement and maintenance work are presented in Tables
 
II.A.43 to II.A.45.
 

7. Financial Position
 

a. Expenditures
 

As a government ministry, MOP receives a yearly budget from
 
the central government. This comprises of an ordinary budget

administered by the Ministry of Finance and an extraordinary
 
or development budget administered by SETEFE (Ministry of
 
Planning). The extraordinary budget consists mostly of
 
development assistance funds.
 

The following table represents the 1988 preliminary budget

allocations for MOP's two main directorates, DUA and DGC.
 

196 IOP DET ALLOCATION 

(Thousands Cotones) 

DUA DOGC 

Permanent salaries 2,466 2,207 
Other Wages 8.190 61,514 
Suppties and mteriaLs 757 4,579 
Machinery and qulipment 22 0 
Current transfers 21 157 

TOTAL 11,456 68,457
 

Source: 1988, infrastructure Omage Asmseuant 

Table II.A.46 presents DGC's ordinary and extraordinary

budget actual expenses from 1985 to 1987, as well as the
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TABLE II. A. 38 

ROAD IMPROVEMENT 

PLATFORM -WIDENING 

.. / / 

... IMPROVED WIDTH . . 
EXISTING PLAT TOW/ 

(Af) .... 
/ 2.50m. 

CUT VOLUME PER Km. 1OOOAc.( 

FILL VOLUME PERkm. IOOOAf.( 

RURAL ROAD . R 
TERTIARY ROAD . T 
SECONDARY ROAD S 
PRIMARY ROAD • P 

PW IW EA c Af VC Vi 

COMBINATION (m) (m) fm) (m2) (2) (m3) (m3) 

R t T 5.0 6.0 0.50 2.75 1.75 2750 1750 

R to S 5.0 9.50 2.25 12.38 7.88 12380 7880 

' to S 6.0 9.50 1.75 9.63 6.13 9630 6130 

T to P 6.0 12.0 3.00 16.50 10.50 16500 10500 

S to P 9. 5 12.0 1.25 6.88 -4.36 6880 4380 

V; a PLATAFORM - WIDENING FILL 

Ve a PLATAFORM -WIDENING CUT 
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TABLE 11. A. 39 

pVEEN'r STRUCTUP 

NAROVE WIDTH. (IW)l
rEXISTING PLATFORM 7 

GRANULAR BAS2 
SU 0- BASE 

RURAL CLASS . .R 
TERTIARY CLASS. .T 

SECCDARY O.ASS •S 
PRIMARY CLASS. .P 

TYPE OF THICKNESS (cm) IW OLUME (M$/Km) AREA(I
IMPROVEMENT. "ALLAST S-Wa BASE SUFACE (m) BALLAST SL&BASi BASE SURACE 

R o T 30 - - 6.0 1800 .-

R to - 35 15 0 ST 9.5 - 3325 1425 6500 

T lo S - 25 15 D ST 9.5 - 2375 1425 6500 

5 
T to P - 20 25 (2) 12.0 - 2400 3000 7300 

5 750 1800 7300S to P - 1 (2) 12.0 - (3) 

SI ) m2/Km. 

(2) ASPHALT HOT MIX. 

D ST : DOUBLE SURFACE TREATMENT. 
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TABLE 	II.A.40
 

ROAD IMPROVEMEIT - WORK JUANTITIES 

............................................... I...................................................
 

-
,C 0 N S T A U C 1 1 ON 
I ACTIVITY 
I 
I 

I 
IPLatform-Widening Fitt 


lPLatform Widening Cut 


Ditch Construction 


lExist.GranuLar Surface Conform 


Exist.Asphatt Mixture -


IScarification and Removal 


6attast 


ISub-Base 


lease 


IPrime Coat 


IDouble Surface Treatment 


IHot Asphalt Mix 


IPavement Markinm 


lCutverts 


lUIITI 	 TYPE OF IMPROVEMENT 

I 	 --..........................................................
 
I 	 RRAL to IRRAL to ITERTIARY tol TERTIARY I SECONDARY 

TERTIARY I SCONDARY ISECONDARY Ito PRIlARY Ito PRIMARY 

II I I I I 
M3 1,750 7.880 6,130 10,500 4,380 

M3 2,750 12,380 9,630 16,500 6,880 

km 1 1 1 1 1 

m'2 5,000 5,000 6,000 6,000 9,500 

I 
Im3 165 

1 V3 1,800 1 

Im3 I 3,3?5 2,375 2,400 750 

Im31 1,4251 2,375 3,000 1,8001 

1.2 6,500 1 6,500 1 7,300 1 7,300 1 

u2Q 6,500 1 6,500 1 I 1 
1.3 I 1 1 1 365 1 365 1 

It/kml 2 5 2 2 1 2 

I ID36"(13) 2036"2D5) I2D36w(15m) I3036(20m) 11D36"(20m) I 
I II 
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TABLE II.A.41 

FINANCIAL LMIT COSTS OF COITRACTED ROAD INPROVEIENT 
DECEMBER, 198 

(Colones/km) 

C 0 tj S T R U C T I 0 N TYPE OFI I PROVEMENT 
ACT IVI TY ...........................................................
 

I R.L to UAL to ITERTIARY tol TERTIARY I SECONDARY
 
TERTIARY I SEC lOAMY SECONDARY Ito PIMJARY Ito PIRARY
 

IPlatforu-Widening Fitt 98,750 1 AM,670 345,920 592,515 247,165 
IPtatform Widening Cut 152,765 687,710 534,945 916,575 382,185 
IDitch Construction 6,360 .,360 6,360 6,360 6,360 
IExist.GranuLar surface Conform 9,500 9,500 11.400 11,400 18,050 
IExist.Asphatt mixture - I 
IScarification and Removal - 6,420 
IBaLtast 1 133,595 . 
ISub-Base 1 246, MZ 176,270 178,130 55,665 
B8ase 1 165,615 165,615 1 348,660 209,195 1 

IPritu Cit 1 27,755 1 27,755 31,170 31,1701 
IDoubLe Surface Treatment 1 72,670 72,670 1 1 - I 
IHot Asphalt Nix - 1 211,435 211,435 
IPavemkt Marking 8,795 8,795 8,795 8,795 
ICulverts 13,000 22,500 22,500 30,000 10,000 

I -........- I--.........
I----------..............--................................
 
ITOTAL (in Coloes) 
 413,970 1 1,692,355 1 1,372,230 1 2,365,040 I 1,186,440 
................. 
 ......... ..............................................................
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TABLE !I.A.42 

FINANCIAL UNIT MST OF FORCE ACCOUNT ROAD INPROVMENT 

DECEMBER, 19M0 

(Cotones/kn) 

.............................................................................................
4
 

C O N S T R U C T IO N TYPE OF INPROVEMENT 
ACTIVITY 
 ........................................................
 

MII to JRAL to ITERTIARY tol TERTIARY I SECONDARY 
TERTIARY ( SEOWNDARY j SECOXWARY Ito PRIMARY Ito PRIMARY 

IPLatform-Widening FiLL I 9e, O I 441,21W 1 343,280 1 5N,cOW 245,280 
IPtatform Widening Cut 13,250 7n,940 606,690 ;,039,500 433,.0 
Ditch Construction 6,535 6,53! 6,535 6,535 6,535
 
lExist.Granular Surface Conform 9,740 11,690
9,740 11,690 18,510
 
IExist.Asphatt Mixture 
-
IScarification and Removal 
 I 6,470 
jeallast 
 138,600
 

ISub-Base 
 256,025 182,875 184,8G0 57,750
 
1Base 
 165,585 165,585 3U8,660 209,160 
jPrime Coat 
 " 28.060 28,060 31,510 1 31,510
 

IDoubLe Surface Treatment " 73,710 73,710 - I I 
IHot Asphalt Mix I12,065 - 1 212,065 
IPavement Marking 8,820 8,8201 8,820 8,820 
ICuLverts 13,065 22,635 22,635 30,170 10,055 
... ........ .... ...... . . . . . .. . . . . ....... I
 
jTOTAL (in Colones) 
 1 439,190 1 1,792,330 I 1,"19,880 I 2,61,690 I 1,239,595 .............................................................................................
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TABLE II.A.43
 

FINANCIAL & ECONOMIC REHABILITATION IMIT COSTS
 

DECEMER, 198
 
(Colones/km)
 

...................................--............................................
 

FINANCIAL I ECONOMIC 
---------------------... .................... 

ICLASSIFICATION ICONDITION ICONTRACTEDIFORCE ACC.ICONTRACTEDIFORCE ACC.I
 
..-------------------------
I---.---I-------.---...... , ---------........... I 

1PRIMARY IGood 
 1 59,200 1 60,135 1 66,1701 66,495 
IFair 1 219.000 220,760 1 245,980 246,710 1 
IPoor 1 402,470 1 405,315 451,575 1 452,72 I 

I IPoor (R) 431,620 434,620 1 481,105 482,640 

ISECONDARY 	 IGood 1 53,650 54,485 59,975 1 6Z265 
I 	 Fair 188,660 189,975 211,940 1 212,520 1 

Poor 346,970 349.055 1 389,320 1 390,255 1 
Poor (R) 261,030 264,065 290,500 292,030 

ITERTIARY 	 IFair 1 78,450 1 81,290 88,050 88,315 1 

IPoor 1 100,845 104,540 113,240 113,830
 

IRURAL 
 lFair 65,400 67,765 73,395 1 73,305
 

1Poor 1 84,075 87,160 94,400 94,900
 
...................................................................... 
............
 

NB: (R)Reconstruction
 

TABLE II.A.44
 

FINANCIAL & ECONOMIC ROAD IMPROVEMENT UNIT COSTS
 
DECEMBER, 1968
 

(CoLones/km)
 

+......................................................................
 

IMPROVEMENT TYPE ECONOMIC I FINANCIAL
 

------------.............. I.. ............. I 
I ICONTRACTED IFORCE ACC. ICONTRACTED IFORCE ACC.I 
I........................ I......................................... I 
RLirat to Tertiary 1 452,785 455,865 413,970 439,190
 

IRuraL tit Secondary ll,848.685 11,875,705 1,692,355 11,792,330 1 

lTertiary to Secondary 11,499,530 11,517,510 11,372,230 1,449,880
 

ITertiary to Primary 12,552,920 2,588,080 12,365.040 12,461,690
 

Secondary to Primary 11,314,690 11,325,510 11,186,440 11,239,595 1
 
... ...................................... ........................
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TABLE Ii.A.45
 

FIPANCIAL & ECONOMIC ROUTINE 1AINTENANCE UNIT COSTS 

DECEMBER, 198
 

(Colores/keyear) 

Jl0.......... ..........................................................
J
 

I 	 FINANCIAL ECONOMIC 

------ - I 
ICLASSIFICATION jCONDITION ICONTRACTEDIV0RCF ACC.ICONTRACTEDIFORCE ACC.I 

---	 I -*- o---------------


IPRIMARY IGood 6,295 1 6,540 5,400 1 5,540 1 

1 Fair 1 48,820 50,575 50,545 1 50,745 1 

1 IPoor 105,210 108,810 1 110,825 112,930 1 

ISECONDARY Goo 6.290I 6,560 1 5,430 1 5,565 1 

IFair 28,370 30,025 28,690 29,265 

IPoor 47,T70 51,000 63,985 50,330 

ITERTIARY 	 IGood 2.690 2,965 1 2,805 1 2,960 

IFair 5,4,)O 5,960 5,805 6,065 

IPoor 9,85 10,615 10,570 10.960 

JRURAL 	 IGood 2,600 1 2,810 2,715 i 2,855 1 
IFair 5,385 5,695 1 5,705 5.935 1 

IPoor 	 9,685 10,095 10,380 t 10,05
I II 	 II II 

........................
 8...........................................
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--------------

D. G.C. EXP E ND
i T URE S DUR I NG 
1985 1988
 

( INNMLLION COLONES )
 

•.......................................................................
 

I 65 19m6 1987 I 

I SPENT I SPENT I SPENT 


jCENTRAL GOVERMENT
 

IFOR CURRENT EXPENDITURES 63.08 71.97 
 82.35 


IFOR CAPITAL EXPENDITURES
 
I. ...........
....... 
 . . . .
 

ICABEI, NORTHERN LONGITUDINAL HIGHWAY 
 1 0.49 0.67j 0.00 

jCABEI, REGIONAL ROADWAY 
 1 6.95 24.78 0.62 

ICABEI, LA HERRADURA-COSTA DEL SOL 
 1.4 1.98 0.00 

11DB, RURAL ROADS 665/SF 
 I 0..? 1.05 0.85

110B, RURAL RCADS 472/SF 
 0.00 0.00 0.00 

1IDB, S. MARCOS BRIDGE OVER LEMPA R. 
 0.03 0.25 0.02 

IROAD CONSTRUCT ION+IMPROVEHENT 
 13.24 18.10 
 19.15

ITURIST HIGHWAY IMPROVEMENTS 
 0.11 2.84 
 2.53

ISECONDARY ROAD PAVING 
 2.42 6.42 
 0.57 


SUB-TOTAL 
 24.66 56.09 
 23.74 


IEXTRAORDINARY FUNDS
 

lIDS, RURAL ROADS 665/SF 
 9.54 7.30 9.41

ICABEI 
 0.00 0.00 0.00 


SUB-TOTAL 
 9.54 7.30 
 9.41 


IEXTERNAL LOANS
 

ICABEI, NORTHERN LONGITUDIXAL HIGHWAY 
 0.00 0.00 
 0.00 

ICABEI, REGIOAL ROADWAY 
 10.77 13.51 27.74 

ICABEI, LA NERRADURA-COSTA DEL SOL 
 6.83 0.08 0.00 

IIDB, RURAL ROADS 665/SF 
 13.79 18.50 
 15.37 

1IDB. RURAL ROADS 472/SF 0.00 0.00 
 0.00

lID8 
 S. MARCOS BRIDGE OVER LEMPA R. 0.00 0.00 0.00 


SUB-TOTAL 
 31.39 32.09 
 47.11 


TOTAL INCOMES 
 128.67 167.45 162.61 


Page 1/2 

19
 
PLANNED 

88.01
 

0.00
 

0.63
 

0.00
 

0.50
 

0.00
 

0.00
 

26.32
 

3.28
 

7.96
 

38.69
 

0.00
 

23.00
 

25.00
 

9.71
 

20.68
 

0.00
 

30.10
 

0.00
 

0.00
 

60.49
 

212.19
 

.............................................................................
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TABLE 11. A. 46. 

0. G.C. E X P E ND I T UR ES DUR I N G 1985 - 1988 

( IN MILLIN CONLONES )
 

............................................................................................... J?.qge 2/2
 
I 1985 196 1987 I 1968 
I SPENT SPENT SPENT PLANNED 

EXPENDITURES 
°.........
 

ICURRENT 

IMANAGEMENT * CO-ORDINATION 0.08 1 0.09 0.10 0.10 1 
IADMINISTRATION 8.16 1 9.24 10.35 1 11.57 
IPROJECTS 2.03 1 2.61 3.13 1 2.87 
IROAD MAINTENANCE 50.55 66.8158.31 	 71.41
 
ISUPERVISION, 	 EVALUATION * CONTROL 2.26 1.72 1.96 2.06 

SUB-TOTAL 63.08 71.97 82.35 88.01 

fCAPITAL
 

ICABEI, UORTHERN LONGITUDINAL HIGHWAY 	 0.50 0.67 0.00 9.73 
ICAGEI, REGIONAL ROADWAY 	 17.72 38.28 
 26.07 21.30 
ICABEI, LA HERRADURA-COSTA DEL SOL 7.87 2.06 0.00 0.00 
lIDS, RURAL ROADS 665/SF 22.55 26.46 9.11 30.60 

1IDB, RURAL ROADS 472/SF 0.00 0.00 0.00 0.00 
1IDB, S. MARCOS BRIDGE OVER LEMPA R. 0.03 0.25 0.00 0.00 

IROAD CONSTRUCTIONMIMPROVEMENT 	 13.24 19.45
18.10 	 26.32
 
ITURIST HIGHWAY IMPROVEMENTS 0.11 2.84 2.53 3.28
 
ISECONDARY ROAD PAVING 2.42 0.58
6.42 7.95 

SUB-TOTAL 64.44 57.7495.08 	 99.18 

TOTAL EXPENDITURES 	 127.52 167.05 140.09 187.19
 

.................................................................................................
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projected expenses for 1988. Table II.A.47 presents DGC's
 
expenditures since 1980 and Table II.A.48 shows projected

expenditures until 1994. Although the figures in Tables
 
II.A.46 and II.A.47 do not match exactly they help to
 
identify the characteristics of DGC's financial position.
 

- Permanent salaries and other wages represent 
 an
 
overwhelming component (up to 90 percent) of DGC's current
 
expenditures.
 

- DGC systematically overruns its current-expenditure budget,

while not being able to execute budgeted capital
 
investments.
 

- Close to half of DGC's budget depends on foreign

assistance, before taking into account Economic Support

and PL-480 fundings.
 

Table II.A.47 shows that DGC's maintenance expenditures

reached 66 million colones in 1988, but this amount does not
 
mean that 66 million colones were spent in highway

maintenance. Given the excess-personnel burden, most of this
 
money went to salaries.
 

In any event the above figures are very low. According to
 
the Consultants' estimates, routine and periodic maintenance
 
requirements for the Salvadoran network are in the order of
 
C 138,000,000 (for efficient operations). Thus, current
 
maintenance activities would have been minimal 
even if
 
resources had been effectively applied. Roads will keep

steadily deteriorating until their condition justifies an
 
investment project which can be financed from outside
 
sources.
 

Since foreign assistance is mostly available for new
 
investment projects, this could well be the only possible

alternative for MOP. It is, however, very costly to the
 
users, the central government, and development assistance
 
agencies.
 

b. Highway Sector Revenues
 

Proper cost allocation procedures require road users to pay

for maintenance in proportion to their use. The two most
 
straight forward methods used are tolls and gasoline taxes.
 

Tolls are not widespread in El Salvador, and although it is
 
more accurate than gas taxes because it permits vehicle fee
 
assessment according to size, tolls are expensive to manage

and feasible only on highly-travelled roads.
 

Table II.A.49 presents general-fund revenues linked to
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TALE IJ.A.47 

SUM4ARY OF DGC EXPENDITLISS 

CAPITAL EXPENDITURES OPERATIONAL EXPENDITURES 
Force-Acccun: Contracted aintenance Administration TOTAL 

Work 
(Eit,' rna Finance) 

1980 29.4 6.2 39.1 9.3 124.0 
1981 32.9 48.5 37.6 10.1 129.1 
1984 23.4 40.3 37.1 2.7 103.5 
1983 22.7 60.7 38.5 10.8 132.8 
1984 19.8 39.6 42.7 11.5 113.7 
1985 25.6 49.1 45.8 13.0 133.6 
1986 33.7 55.9 55.3 18.1 163.1 
1Q87 35.7 49.6 64.6 19.2 169.2 
1988 33.4 90.7 65.7 21.9 211.8 
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*TABLE II. A. 48
 

DGC BUDGETED EXPENDITURES
 

(Mxsa-ds of OCabIx) 

ROADWAY 

CLASS 1990 1991 
Y E A 

1992 
R_,_,__ 

1993 1994 T 0 T A L 

SPECIAL 4,611 ,841 5,083 5,337 5,603 25,475 

PRIMARY 

SECONDARY 

18,486 

25,221 

19,410 

26,482 

20,360 

27,806 

21,399 

2 9,196 

22,469 

30,659. 

102,144 

139,364 

TERTIARY 19,544 20,521 21,547 22,624 23,755 107,991 

RURAL "A" 12,777 13,416 14,088 14,792 16,029 71,102 

RURAL "B" 

SUBTOTAL 

Ansi.d Irdbmr-t.oosts 

6,590 

87,229 

21,497 

6,870 

91,540 

22,622 

7,213 

96,117 

23,753 

7,574 

100,922 

24,941 

7,953 

106,468 

25,688 

36,200 

482,276 

118,501 

TOTAL 108,726 114,162 119,870 125,863 132,156 600,777 
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TABLE II.A.49 

198 HIGWNAY SECTOR REVENUES 

Estimated 
Income 

Actual 
Incme 

Incoming Taxes 

- Import Tax-Transport aterials 29,975,000 39,985,733.95 

- Consumer Tax-Pttroteum Products 36,848,000 34,375,810.85 

- Vehicte Registration Tax 22.799.900 18.813.122.27 

Taxable Items
 

- License Plates 7,500,000 13,104,646.20 

- Tot fees 
 5,200,000 4,814,756.11 


- License fees 750,000 1,273,861.00 

- Learning fees and other 61,000 238,578.20 

- Traffic fines 2,633,700 1,681,841.93 


TOTAL 
 105,767,600 114,28,350.5 


Source: Centrat Accounting Division, Ministry of Finance 

Difference 

(*)10,010,733.95
 

C-) 2,472,189.15 

t- I-ORA 777 71 

(+)5,604,646.20 

(-) 385,243.89 

(*) 523,861.00 

(*) 177,578.20 

(') 951,858.07 

C) 8,002,128.20
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highway transportation. Gas, registration, license and toll
 
revenues amounted to 114 million colones, 25 million short
 
of DGC's required maintenance expenditures. However, the 1988
 
road revenues of 114 million Colones is roughly equivalent
 
to the 121 million spei.t by DGC.
 

8. Private Engineering/Construction Industry
 

a. Recristjrgg
 

CASALCO, the Salvador Chamber of Construction, is a private

association of persons and companies working in the
 
construction field. It classifies them general
as 

contractors, housing contractors, consultants and suppliers.
 

CASALCO does not rank either consultant or contractor
 
members, and is only recently trying to gather information
 
on member volume of business. This makes it difficult to
 
assess firm strength in this field. At present, CASALCO's
 
division of General Contractors has hired a marketing firm
 
to study the situation of the construction industry in the
 
country.
 

Table II.A.50 shcws a registry of Salvadoran companies which
 
have worked with the DGC. Consultants, supervisors and
 
contractors are included in the list. 
The most experienced

high-quality contractors include D.L. Harrison G.; Agroman

Siman, S.A.; Terra-Pax S.A. and Dreo S.A. These firms are
 
involved mostly with highway construction.
 

Other companies include MOM-CBL (embankments); Raul Mazzona
 
(rural highways) and Terracon, which is associated with D.L.
 
Harrison. COPRESA specializes in bridge

repair/reconstruction. The most important consultants and
 
supervisors, are: Planeamiento y Arquitectura, Consultores
 
de Ingenieria, NHA Compania de Ingenieros, Luis Renato
 
Murcia, Suelos y Materiales, and Rodriguez Melendez.
 

The Ministry of Public Works proposes that a single registry

of contracting firms be developed to avoid the present
 
diversification of registries.
 

b. Business Environmet
 

In large consulting or construction projects open to
 
international bidding, national firms complain of
 
insufficient participation. Salvadoran legislation does not
 
require foreign firms to joint venture with local firms when
 
bidding. Salvadoran firms are too small to pre-qualify for
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TABLE I. A. 50 

DGC - CERTIFIED HIGHWAY FIRMS 

Contract6rs 

MUM-CUL 
Consultants 

Ing. Oscar RaI .Hazorra 

Consultora Ticnica, S.A. Ing. Vega G6uez 
Constructors DFLA, S.A. de C.V. 

Mauricio A. Lars y Asoclados, S.A. de C.V. s tHA t r S.A. 

Rodriguez Helendez 

Coneultores do Ingenlerfa 
Rlvera Rarrouch 
Riseato urcia 
Lula Renato HurcisTRAaASA 

TERRACON, S.A. de C.V. 
Ing. Josi Rodolto Machu n.os dlo chc 
D.L. Harrison Compary 

TECONSSA 
Hidrodesarrollo 

HidodearrlloARCO, 

Sueloo Y HiserialesHCS 

TERRA-PRV, S.A. 
AGRO.4AN, S.A. 

S.A.
PO.SA 
Hlina Cuenca, S.A. de C.V. 

CSD, 
CSYD, Xngenieros Arqutectos 
Plnemiento y Arquteetura 

:OPRESA, S.A. de C.V. 
TERRATRACTO, S.A. 
Ing. Sergo ern~hdez 

Ing. £Efi1io Puente 

Ingenlerfa y TransportnA, S.A. de C.V. Ing. S. 
TEPAVINSA. 

Ins. Francisco L6pez Ouezads 

Ing. Seriio FernAndez 

N.H.A. Companfa de Ingenieros, S.A. 
Ing. Oscar Armando Herrora Pinto 
A.G.P., Ingenieroa Conaultores de Ingenterfa 

Eatrada y Companfa 
Hector Rern6gene3 Pinedl. 



these services, and their participation is limited to that
 
of sub-contractors. Should large projects develop in the
 
future, both lccal consultants and contractors can rapidly

improve their capabilities by participating in joint ventures
 
with experienced foreign firms.
 

Local firms have proposed a "Regulatory Law for the
 
Contracting and Consulting Industry" by which foreign firms
 
would be bound to enter into joint ventures with local firms
 
in order to participate in Salvadoran projects. The ratio
 
of participation still has not been established but a 60/40

foreign/national ratio is often mentioned.
 

In recent years, contractor and supplier work levels have
 
been rising due to the construction that have been carried
 
out in the country. But there has also been a decline in
 
consulting and supecvisory activities, which has brought

greater unemployment in this sector. This unemployment,

although minor, is important because it applies to
 
specialists.
 

During the past ten years, some contractors have kept working

in conflictive areas after reaching special agreements with
 
the insurgent forces. Because equipment and contractor
 
installations away from urban centers are
 

prone to be destroyed, contracting costs have risen
 
appreciably.
 

Contractors can insure 50 percent of their equipment at a
 
job site against damages by guerrilla warfare. The
 
importation of construction equipment carries low tariffs
 
and is duty free for government projects.
 

Although nechanical equipment has suffered from the
 
consequences of the guerrilla attacks, the majority of
 
damages have been repaired, and capacity has even increased
 
by 20 percent. With the exception of suppliers, there is
 
little or no participation by the construction industry in
 
the maintenance of transportation infrastructure. The MOP
 
should study ways to achieve greater private sector
 
participation in these activities since the Consultants
 
believe greater efficiency could be achieved in this manner,
 
as private sector unit costs are less expensive than force
 
account unit costs.
 

House construction is the only construction industry sector
 
considered "strategic" (deserving priority because of
 
defense/security reasons) by the GOES. This has not fostered
 
the development of a stronger transportation construction
 
industry.
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9. Problem Areas
 

The following paragraphs summarize significant problem areas
 
in the Consultants' diagnosis of the transportation sector.
 

a. Road Network in Bad Shape
 

The Salvadoran roadway network is in bad shape. Almost half
 
of the network is in poor condition, needing immediate
 
rehabilitation/reconstruction. An estimated total of
 
C938,000,000 is currently required to bring the network to
 
acceptable standards. Of this amount, C379,000,000
 
corresponds to paved highways and C559,000,000 to unpaved
 
highways (see Tables II.A.51 and 52).
 

The present condition has been caused by years of deferred
 
routine and major road maintenance due to scarcity of
 
resources, deviation of resources to emergency maintenance
 
and lack of access to conflict areas.
 

b. Insufficient Funds
 

There is a severe scarcity of resources for routine and major

maintenance of highways. DGC applies 53 percent of the
 
funds it receives from the government, to routine maintenance
 
activities. The Consultants estimate that twice as much (a

total of C135,000,000 per year, efficiently used) is needed
 
to maintain the network.
 

Road rehabilitation, reconstruction and improvements receive
 
23 percent of DGC's government funds. This represents a
 
small portion of the resources which have been used in this
 
area (and an even smaller portion of the resources which are
 
needed). International financing has been and will continue
 
to be the basis for funding road rehabilitation,
 
reconstruction and improvements.
 

c. Congestion
 

There are several roadway segments which experience undue
 
delays because of increased traffic levels. In those cases,
 
available roadway capacities do not meet current demands and
 
the possibility of upgrading/improvement should be 
considered. 
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TABLE I1. A. 51.
 

SALV 00RAN ROADWAY NETWORK
 

NEEDED RENABI. I TAT ION AND ANNUAL
 

ROUTINE MAINTENANCE COST
 

PAVED ROADS
 

.............................................................................................
 

I I I ROAD I TOTAL I TOTAL i 
I REHAB. COSTIMAINTENANCE IREHABILIATIONI ANNUAL I 

CLASSIFICATION CONDITION LENGTH PER I COST COST MAINTENANCE 

Im kA jkm/Year COST 

I (cotones) (cotoes) (colones) (colons) I 
..................... .............. - ......... ................ I 

ISPECIAL Good 81.74 118,400 12,590 9,678,016 1,029,107 

IFair 1 36.79 438,000 1 97,640 16,114,020 3,592,176 

IPoor 17.71 804,940 1 210,420 14,255,487 3,726,538 

IPRIKARY 	 IGood 115.61 59,200 1 6,295 6,84, 112 727,765 1 
IFair 248.28 219,000 1 48,820 54,373,320 1?,121,030 
IPoor 106.55 402,470 105,210 42,883,179 1 11,210,126 

IPoor (R) 124.26 431,620 105,210 53,633,015 1 3,073,374 

1SECONDARY Good 343.74 53,650 6,290 1 18.441,651 2,162,125 

IFair 343.74 1 188,660 28,370 1 64,849,988 9,751,904 

IPoor 161.'6 346,970 47,770 56,125,867 7,727,275 1 
IPoor (R) 1 161.76 261,030 47,770 42,224,213 1 7,727,275 

----.... ...........--. -.e--- eo...................eO---	 ----- I
- -o- --.--.......... 
ISUG-TOTAL ; 1,741.94 1 I 379,422,868 1 72,848,693 
...............................................................................................4
 

(R) : RECONSTRUCTION 
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TABLE II.A. 52.
 

SALVACOkAN ROADWAY NETWORK
 

NEE DED RENAIL I TAT ION AND ANNUAL
 

ROUTINE MAINTENANCE COST
 

UNPAVED ROADS
 

.................................. 
 .........................................................
 

I I ROAD TOTAL I TOTAL I 
IREKAB. CUSTIMAINTENANCEIREHABILIATIONI ANNUAL 

CLASSIFICATION CONDITION LENGTH PER COST COST MAINTENANCE 

km km ka/Year CrST 

I (cotones) (calones) (caLores) (cotones) 
•................................................................................................................
 

ITERTIARY IGood 479.48 0 2,690 10 1,289,801
 
IFair 1 496.17 78,450 5,490 1 ,924,537 1 2,723,973 1
IPoor I 76C.84 100,845 9,885 1 76,726,910 I 7,520,903 I 

IRURAL IGood 1 588.95 10 
 2,600 0 1 1,531,257 
Fdir 1 990.17 65,400 5,385 1 64,756,798 I 5,332.039

IPoor 4,502.76 84,075 9,685 378,569,539 I 43,609, 230 
..... ----.-------......-------------.......................................................-

ISUB-TOTAL 1 7,81.36 1I 558,977,784 I 62,007,203 

1 ...........------- .....---- ---------........................ .... ................... I. . . . . . .
 
TOTAL 
 1 9,560.30 1 938,400,652 1 134,855,896 

-...........................................................................................
 

(R) : RECONSTRUCTION
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d. Briges 

Bridges constitute an important element of a road network.
 
Without bridges, where necessary, traffic cannot circulate.
 
Many bridges in El Salvador are in poor condition. Because
 
of attacks, lack of inspection and repair, and need for
 
widening, 69 of the 289 bridges in the network require major
 
work.
 

Given the current state of affairs, it may not be wise to
 
invest in permanent reconstruction or widening of bridges.
 
Furthermore, these improvements may not be the most cost­
effective until other more urgent works have been completed
 
after the conflict ends. In the short term, investment
 
should focus on temporary Bailey repairs of destroyed bridges
 
and, perhaps, on doubling one-lane bridges where traffic
 
warrants. A bridge inventory and management system should
 
help to prioritize investments in this area.
 

e. DGC Organization
 

The project team questions DGC's ability to carry out an
 
ambitious reconstruction program. Labor-management conflicts
 
occur often, and there is no professional team in charge of
 
pavement evaluation and management. There are no job
 
descriptions, no job requirements, and no procedure manuals.
 
Improvements are needed in the areas of material and
 
mechanical equipment supply, laboratories, and traffic load
 
control.
 

f. Lack of Maintenance and Rehabilitation Planning
 

DGC lacks an adequate system for road maintenance and
 
rehabilitation planning (an integrated maintenance and
 
pavement management system). There is a need for improving
 
the technical capacity of DGC's maintenance personnel and
 
staff concerned with pavement evaluation, maintenance
 
planning, execution of maintenance activities and the
 
administration of contracts.
 

g. I&c of Norms and Specifications
 

Current norms and specifications represent a constraint to
 
project iwplementation. There are no guidelines for
 
engineering, construction procedures, work measurement and
 
payment of rehabilitation/reconstruction work. Prevailing
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norms for new roadway construction need to be compiled and
 

updated.
 

10. Economic Evaluation
 

a. Method
 

This section identifies the economic benefits generated by
 
a proposed highway improvement/rehabilitation plan (five-year
 
highway plan-1990/1994) comprised of road segments on DGC and
 

are
international agency priority lists. Highway segments 

evaluated in relation to their costs to determine expected
 
economic returns. The economic methodologies are based on
 
the consumer surplus method presented in the introduction to
 
this study (Volume I). This theory, when applied to highway
 
improvement/rehabilitation economic analysis, estimates
 
benefits by means of determining different vehicles operating
 
costs and annual road maintenance costs with and without a
 
project.
 

Three types of benefits can be associated to a highway
 
improvement/rehabilitation project:
 

- vehicle operating cost savings 
- reduced user travel times, with their associated value (not 

included in this analysis) 
- annual road maintenance cost savings 

In the case of new road projects, an increase in economic
 
activity in lands surrounding those roas is associated with
 
the new roads. This type of aconomic benefit is considered
 
to be minimal in the case of highway improvement/rehabili­
tation work.
 

Vehicle operating cost savings are a function of traffic
 
volumes. In general, the following traffic flows should be
 
considered:
 

- Normal traffic, related to current traffic volumes and non­
project related growth 

- Generated or induced traffic, c.g., traffic which only 
takes place because of reduced operating costs (assumed
 
insignificant for rehabilitation/improvement work)
 

- Attracted traffic, e.g., traffic which deviates from
 
alternate routea of modes to the analyzed project (assumed
 
insignificant for rehabilitation/improvement work, given
 
the existing distance among alternate routes)
 

Current and expected traffic volumes and load distribution
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for each segment incltded in the five-year highway plan
 
appear in Tables II.A.28 and II.A.29.
 

The following parameters have been used to perform this
 

economic analysis:
 

- 1988 Colones are used when estimating all cost flows.
 

- Twelve-percent discount rate.
 

- Economic or shadow prices, reflecting the real cost to
 
society of manpower, equipment and materials, net of taxes
 
and foreign exchange bias.
 

- Ten and 15 percent discount rates for sensitivity analysis. 

- Twenty-year analysis period.
 

Based on these assumptions, internal rates of return and net­
benefit-over investment rations have been calculated for each
 
highway segment, each hlghway program, and the overall five­
year improvement/rehabilitation plan. A detailed explanation
 
of the methodology, as well as comments on the results, are
 
presented below.
 

b. Needed work in Highway Sections under Study
 

Table II.A.28 shows all highway sections that were analyzed
 
for possible inclusion in our five-year improvement/
 
rehabilitation plan. Some of these segments are presently
 
designated for improvement (upgrading) by the DGC, and have
 
been analyzed as such. Remaining segments were analyzed as
 
rehabilitation/reconstruction projects unless their traffic
 
levels warranted improvement.
 

Table II.A.53 shows estimated service volumes for each of
 
the road classes considered. Service volumes represent the
 
highest traffic volumes which a road can handle at a specific
 
service level. Service levels measure a road's man
 
coverability as well as the average delay per vehicle from
 
a user's standpoint.
 

Level of service "A" represents free-flow condition where
 
vehicle density is low enough to allow motorists to drive at
 
their desired speed. As traffic increases, users perceive
 
lower service levels. Level of service "E" represents the
 
highest volume which a road can handle (capacity),
 
approaching unstable flow. Level of service "F" corresponds
 
to a stop-and-go situation. Special roads have a capacity
 
of 2,000 vehicles per lane per hour. Two-way capacity for
 
primary roads is 1,600 vehicles per hour, for secondary is
 
roads 1,200, 300 for tertiary roads and 100 for rural roads.
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TABLE II. A. 53.
 

SERVICE VOLUMES FOR THE DIFFERENT ROAD CATEGORIES (1)
 

................................................................................................
 

tI CATEGORY
ROAD 


LEVEL OF I-------------------------------.............................................
 
SERVICE SPECIAL SPECIAL PRIMARY SECONDARY TERTIARY RURAL 

I GL HL I I I I 

A 3600 2400 160 120 21 7
 

B 4800 3200 320 240 57 19
 

C 7200 4800 640 480 105 35
 

D 9600 6400 960 720 156 52
 

E 12000 8000 1600 1200 300 100
 

F (2) (2) (2) (2) (2) (2)
 

IACCEPTABLE LEVELI
 

IOF SERVICE FOR B B C/D(3) C/D(3) D D
 

DESIGN PURPOSE
 

...... ........ .............................
.............
+...................................... 


(1)BASED ON SERVICE LEVEL V/Cs FROM THE 1985 HIGHWAY CAPACITY MANUAL
 

(2)UNSTABLE FLOW
 

(3)B/C IN THE US.
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To decide whether a road segment warrants improvement, the
 
Consultants have compared its expected year-2000 design hour
 
volume (DHV) from Table II.A.29 with the service volumes for
 
its category from Table II.A.53. When a segment's year-2000
 
DMV is higher than tl.e acceptable design service volume for
 
its road category, the segment has been analyzed as an
 
improvement project.
 

(1) Roughness
 

A key factor in determining vehicle operating costs is road
 
roughness. Estimates of road roughness with and without the
 
project over the analysis period are required to estimate
 
cost savings. The Consultants have projected roughness
 
variation by means of appropriate pavement deterioration
 
curves.
 

Pavement deterioration curves estimate future values of an
 
index related to pavement condition, such as a pavement
 
condition index or roughness, as a function of current values
 
of values of that index and time or accumulated axle loads.
 
The Consultants have used different deterioration curves for
 
paved and unpaved roads, as well as correlated current and
 
expected road conditions to specific roughness levels.
 
Appendix II.A.6 show the pavement deterioration curves used
 
in this study.
 

Expected roughness levels with and without project were
 
calculated for each of the analysis years. Table II.A.55
 
shows expected roughness levels for year 1 (end of 1990) and
 
the associated roughness levels for each pavement.
 

(2) Speed
 

Speed is one of the determinants of vehicle operating costs.
 
It is necessary that a segment's average running speed (with
 
and or without the investment) be known for each of the
 
analysis years. Speed is a function of both volume-over­
capacity (V/C) ratios and roughness. The higher V/C a road
 
has, the slower vehicles would operate (lower service
 
levels). The rougher a road is, the less average speed it
 
would have.
 

The Consultants estimated yearly speeds on each of the
 
analyzed highway segments by mean of curves or formulas which
 
relate speed to roughness and V/C. Table II.A.55 shows
 
expected speeds for year 1 (end of 1990). The formulas are
 
shown in Appendix II.A.6.
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(1) Unit Vehicle Operating Costs
 

As mentioned before, the major benefits are the reduction of
 
vehicle operating costs. A World Bank Study demonstrated
 
that vehicle operating costs are a function of type of
 
vehicle, road roughness and average running speed. To obtain
 
estimates of pre-project and post-project vehicle operating
 
costs on a roadway segment, an analyst should multiply pre­
project and post-project unit vehicle operating costs by the
 
segment length and traffic volumes.
 

The Consultants obtained unit vehicle operating cost for
 
three types of vehicles (a medium-size car, a typical
 
Salvadoran bus, and a medium-size truck) and for an
 
exhaustive list of roadway roughness and speeds. These
 
results are presented in Table II.A.54.
 

Unit vehicle operating costs were calculated using the HDM-

III software model, developed by the World Bank. Appendix
 
II.A.6 presents a brief description of the HDM-III model and
 
the assumed inputs for running HDM-III.
 

(2) Vehicle Operating Costs
 

The Consultants selected appropriate yearly unit vehicle
 
operating costs for the do and do-nothing scenarios based on
 
estimated speeds and roughnesses. Multiplying unit vehicle
 
operating cost by expected traffic and by segment length,
 
yearly vehicle operating costs (and differentials) were
 
obtained (see Table II.A.55).
 

(3) Yearly Maintenance Costs
 

In Section II.A.6 annual routine maintenance costs by road
 
class and condition were presented (see Table II.A.45). Road
 
condition is determined from the estimate of roughness which
 
has been calculated for each of the analysis years. Based
 
on the assumed condition/roughness relationships, the
 
Consultants estimated yearly maintenance costs with and
 
without the analyzed investments (see Table II.A.55).
 

(4) Capital Costs
 

Table II.A.43 and II.A.44 present roadway rehabilitation and
 
improvement costs for each road class and condition. Based
 
on the roadway's current condition and required work (see
 
code in Appendix II.A.6), the Consultants have estimated
 
required investment costs (see Table II.A.55).
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TABLE II. A. 54
 

VEHICLE OPERATING COSTS HDM-II1 RESULTS - W1 TIME VALUE OF USER COST 
Speed(km/h) R 0 U G H N E S S (m/km) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
10 3.158 3.206 3.253 3.301 3.348 3.438 3.528 3.618 3.708 3.816 3.923 4.031 4.138 4.246 4.353 4.461 4.568 4.676 4.783 Cars 
20 2.288 2.336 2.383 2.431 2.478 2.568 2.658 2.748 2.838 2.948 3.058 3.168 3.278 3.388 3.498 3.608 3.718 3.828 3.938 Cars 
30 1.418 1.466 1.513 1.561 1.608 1.698 1.788 1.878 1.968 2.081 2.193 2.306 2.418 2.531 2.643 2.756 2.868 2.981 3.093 Cars 
40 1.261 1.309 1.357 1.405 1.453 1.545 1.637 1.729 1.821 1.938 2.056 2.173 2.291 2.408 2.526 2.643 2.761 2.878 2.996 Cars 
50 1.103 1.152 1.201 1.249 1.298 1.392 1.486 1.579 1.673 1.796 1.918 2.040 2.163 2.286 2.408 2.530 2.653 2.776 2.898 Cars 
60 1.056 1.105 1.154 1.202 1.251 1.347 1.444 1.540 1.636 1.763 1.890 2.017 2.144 2.270 2.397 2.524 2.651 2.778 2.905 Cars 
70 1.009 1.058 1.107 1.155 1.204 1.303 1.402 1.500 1.599 1.730 1.862 1.993 2.124 2.255 2.387 2.518 2.649 2.780 2.912 Cars 
80 0.962 1.011 1.060 1.108 1.157 1.258 1.360 1.461 1.562 1.698 1.833 1.969 2.105 2.240 2.376 2.511 2.647 2.783 2.918 Cars 
90 0.868 0.917 0.966 1.014 1.063 1.169 1.276 1.382 1.488 1.632 1.777 1.921 2.066 2.210 2.354 2.499 2.643 2.787 2.932 Cars 
100 0.657 0.705 0.754 0.803 0.852 0.969 1.087 1.204 1.322 1.1,86 1.650 1.814 1.978 2.142 2.306 2.470 2.634 2.798 2.962 Cars 

2 

10 6.108 

3 

6.148 

4 

6.189 

5 6 7 8 

6.229 6.269 6.322 6.374 

9 

6.427 

10 

6.479 

11 

6.547 

12 

6.614 

13 

6.682 

14 

6.749 

15 

6.817 

16 

6.884 

17 

6.952 

18 

7.019 

19 

7.087 

20 

7.154 Buses 
20 4.557 4.599 4.641 4.683 4.725 4.783 4.841 4.899 4.958 5.038 5.118 5.198 5.278 5.358 5.438 5.518 5.598 5.678 5.758 Buses 
30 3.006 3.050 3.094 3.137 3.181 3.245 3.309 3.372 3.436 3.529 3.621 3.714 3.806 3.899 3.991 4.084 4.176 4.269 4.361 Buses 
40 2.830 

50 2.654 

60 2.649 

70 2.643 

2.876 

2.702 

2.698 

2.694 

2.921 

2.749 

2.747 

2.746 

2.967 3.013 3.084 3.156 

2.797 2.844 2.924 3.004 

2.797 2.846 2.932 3.019 

2.797 2.848 2.941 3.033 

3.228 

3.084 

3.105 

3.126 

3.300 

3.164 

3.191 

3.218 

3.410 

3.292 

3.329 

3.366 

3.520 

3.419 

3.466 

3.513 

3.630 

3.547 

3.604 

3.661 

3.740 

3.674 

3.741 

3.808 

3.850 

3.802 

3.879 

3.956 

3.960 

3.929 

4.016 

4.103 

4.070 

4.057 

4.154 

4.251 

4.180 

4.184 

4.291 

4.398 

4.290 

4.312 

4.429 

4.546 

4.400 

4.439 

4.566 

4.693 

Buses 

Buses 

Buses 

Buses 
80 2.638 

90 2.627 

2.691 

2.683 

2.744 

2.740 

2.797 2.850 2.949 3.048 

2.797 2.854 2.965 3.077 

3.146 

3.188 

3.245 

3.299 

3.403 

3.477 

3.560 

3.654 

3.718 

3.832 

3.875 

4.009 

4.033 

4.187 

4.190 

4.364 

4.348 

4.542 

4.505 

4.719 

4.663 

4.897 

4.820 

5.074 

Buses 

Buses 
100 2.602 2.667 2.732 2.798 2.863 3.002 3.142 3.281 3.421 3.643 3.866 4.088 4.311 4.533 4.756 4.978 5.201 5.423 5.646 Buses 

2 

10 4.770 

3 

4.930 

4 

5.090 

5 6 7 8 

5.250 5.410 5.568 5.725 

9 

5.883 

10 

6.040 

11 

6.198 

12 

6.355 

13 

6.513 

14 

6.670 

15 

6.828 

16 

6.985 

17 

7.143 

18 

7.300 

19 

7.458 

20 

7.615 Trucks 
20 3.733 

30 2.695 

3.894 

2.858 

4.055 

3.020 

4.216 4.378 4.539 4.700 

3.183 3.345 3.510 3.675 

4.861 

3.840 

5.023 

4.005 

5.189 

4.180 

5.355 

4.355 

5.521 

4.530 

5.688 

4.705 

5.854 

4.880 

6.020 

5.055 

6.186 

5.230 

6.353 

5.405 

6.519 

5.580 

6.685 

5.755 

Trucks 

Trucks 
40 2.545 2.709 2.874 3.038 3.203 3.371 3.540 3.709 3.878 4.057 4.236 4.416 4.595 4.774 4.954 5.133 5.313 5.492 5.671 Trucks 
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d. Highway Results
 

Estimated cash flow allows for the calculation of economic
 
indicators for project evaluation. Table II.A.56 presents
 
the resulting net present values, internal rates of return
 
and net benefit-over-investment (NB/I) ratios. A 12 percent
 
discount rate was used as a basis. To analyze the
 
sensitivity of these results, the Consultants also calculated
 
NB/Is for 10 and 15 percent discount rates.
 

Table II.A.56 shows irojects that have been grouped into six
 
components or programs. Each component has been divided into
 
improvement and rehabilitation work subcomponents. The
 
recommended five-year plan programs are listed below in
 
descending NB/I order:
 

- Secondary Highways (improvement and rehabilitation; NB/I 
= 13.5) 

- CA:2, Coastal Highway (rehabilitation; NB/I = 11.0)
 

- CA:l, Pan-American Highway (improvement and rehabilitation; 
NB/I = 8.6) 

- Special and Primary Highways (improvement and 
rehabilitation; NB/I = 8.2) 

- Tertiary Roadways (improvement and rehabilitation; NB/I = 
4.4) 

- Rural Roadways (rehabilitation; NB/I = 3.0)
 

Economic indicators are highest when traffic volumes are high 
and original roadway condition is poor. The roadway segments 
which present the highest returns for their investment 
(highest NB/Is and IRR - where 1.0 equals 100 percent) are 
presented below in descending NB/I order. 

- Rehabilitation of CA:I from Sitio del Nino to Santa Tecla 
(15km), NB/I = 47.9, IRR = 4.53 

- Widening to six lanes of the five-kilometer segment of CA:I
 
from San Salvador to Santa Tecla (La Libertad Exit), NB/I
 
= 37.0, IRR = 2.72
 

- Rehabilitation of CA:12 from Sonsonate to km 80, 
NB/I = 34.7, IRP = 3.69 

- Rehabilitation of Apopa - Sitio del Nino, from Apopa to km 
20, NB/I = 31.7, IRR = 4.44 

- Rehabilitation of CA:4 from 17 km to Km 20,
 
NB/I = 28.2, IRR = 3.95
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38140 CLISCATLAN[ITT-SM. JOSE VILLAUXUVA EXIT I 9 74%9M0 ?2151?t 41%.919 8715 9 2691 0 0 97910042 46700?83 43986463 2.120 20.869 23.290 1?.80 

SM JOSE VILLANWVA EXIT fE CIMARRON 8 I 24 9 0 196780 3481701 7337m06 038377 0 0 8107177 38735721 56787883 2.011 19.695 21.978 16.874 

EL IIRAXN-LA L!IFRtAO I I I 241980 19900 21512%9 4070214 5854578 0 0 564611003 26173504 24943604 2.02,O 21.281 23.817 18.15 

CA:8 SOINS06ATE-IZALCO EXIT 1 6 11 F 21110000 13801 4113278 871143114 8893s 10741%7 3671328 112348759 48831480 350314890 0.468 3.539 3.974 3.01! 

EA:8 IZALCO EXIT-CALUCO EXIT I 1 11 F 2100(X10 2300000o 1042988 1733239 1761606 3673,8 7"34%6 24236648 10151454 7'814 4 0.562 4.IL14 4.978 3.73% 

(A:8 CALICO EXIT-SAN JULIAN EIT I 9 It F 25001000 7f3(10O0 95,4977 15558692 15746M3 5051310 6540400 216927620 9890203 70190203 0.560 4.391 4.951 3.721 

CA:8 SAN JUIAN FNIT-ft C EXIT 14 II F 2500000 Q?0nOOO 3673704 656767 6727642 2114689 2810904 917326 38041526 2841526 0.520 4.135 4.671 3.4V, 

CA:8 EL CONGO EXIT-AXlRWIA EXIT 1 6 11 F 253011000 151K00 617%747 i523367 I06 *81 S.78', 10 44985% 146007696 607"7817 46977817 0.558 4.404 4.971 3.71 

(A:8 ANlVIA EXIT-SACACOYOEXIT I 6 11 1 2500000 13800000fo 6067092 10111543 I041487 3$"979 4363169 142315062 59376674 43576474 0.548 4.303 4.855 3.61 

CA:8 SACACCIO EXIT-TFPFCOSO EXIT 1 2 11 F 2100000 4m)(1001 21 01 3831419 39128F38 1261PX8 161485 53814Z0 2?509714 17909714 0.616 4.893 5.520 4.141 

CA:8 1 (PECO(OEXIT-CA:I 1 10 11 F 25 1oo 25500(100 120136690 19948502 21714416 6243S1 8679401 298748672 177904752 9090472 0.643 5.344 6.0 &.501 

(1:1-MJIVO CIUSCAILA*EXIT I 11F 250030(1 7500000 1345978 3070304 3590661 Il1.W32 74SO902 28338183 20221581 17V21581 0.851 8.792 10.226 Y.161 

TOTAL 0/I 193 • ­ 16$.319,240 141.57811?9 236.1t89.184 735.933.062 24.923.563 40.384021 2.929.733.74 1.352.669.969 1.198.330.r29 1.016 8.231 9.18s 7.063 

(I) In colones. (2) IlN 1.0 (100 Percent) 
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ISrIIMlIIN 01 F1111.1 IIVj 

'Iyr t11 PIIJI[( C7611 11"51 1641 
PROJECT AI CAFGOT |fNC0TN WIr f(M0llf6 ("II TOTAL Rlu4I6Il 

(k.)( 

lEUAiI I ?At IONIXEC065I5511ION 
ANlIAMCAPAH-TACISA 3 17 1 6 7,71050 1f l164A%4Mn 4.6(1 


MIN VIRI-(L C6GOCA:8) 3 1 I I16150 6 0%0 9129SA 

SANTAAMA-SAXPAOLO TACACICO 
 3 2t6 qFRI t60 7;199100 .&7%"J. 1 
SANtA lECI.A-Si.JUAU IDS PtAIFS-O.ALfEPFCUm 3 17 4 P 944.00 I4.6,10 7tm.769 

JA1AOLMEDETaIIEPCCO 3 5 1 r 11124n 3.'no 1Q917191 

TONACAI a18soy PACOrAEP 3 17 3 9 66050 I ftM(X1~ 1427941 
711iOAD 4A3I6OS-iCAG|A 3 77 3 p 111241 3i070 411401% 
CA:I-SAi ANTONIOSILVA-SAW AtFJO 3 10 I p ili,4o I1643724 149126 
SAW PE0RO MCIJACO-JMiUALN 3 I1 3 P 1124*O 1449477 1713176 
S ANTONIO OIR-S1OD lilUOWGL71MAN-SPEDROPUILA I It 3 P 11240 1477170 1M0713 
SAN AM OPICO-SAM PALO TACACNICO1 14 3 F P0n 1IM700( 1106114 
CA:?-lEOtfPf7U[-SAIA TECLA 3 44 3 p 11W120 4Q971260 61163796 
CA: 2 GUATIlGO JIJTLA-*ATACO-AUIACUAPA 3 34 I P 11 8?i0n16(1 19114F9 
CA:12-ft 5067O 3 7 3 P 111240 62652 6MR236 

|II0tVT NUiT 

CA: JATAILA oTOURE 3 2 7 P 137773O 2744460 2617571 
CA:7-LA SI*IADWA (VIA SAN 6AR67L66l0) 3 18 ? 6 1377210 747&14O M75391 

............................................... 
............ .....
TOTAL 3 . - S1. .S. %1.167.71l0 

(1)(1) Incolw..Cotoni. .............................................
In ......... ......... 


(2) Multiple l01s. 

14011 I I ,r, 
TTAR MIC.RUA' rt~i FC(WfINIrRIIFIIS FINANCIAI RATInS (1) 

I;t VITAl IFU6TH lIAR t-it" VIA* MIN VIAN TOTAL DISC. IOIAL
 
ArmsIM1|% RFN ftt6 RIWITIS R[iFFIIT flThoTils owFirITS U. P. V. I. R. t. u.i./|, i.i.n. U.S.I6.
 

J[ J) (1) (17%) ( lic) (15%)
 

29614. 0 0 0 I74176?7 106s70 913761" 1.2-7 7.0N- 7.571 6.331 
1722177 0 0 0 1006ll&A 6193060 5312560 1.22? F.O4 7.%7", 6.331 
44771 0 0 0 26213%74 1610700R 1181770M 1.72 7.034 7.571 6.331 
793311 1710 37311 1730 193815 12799761 10694461 1.573 7.664 8.205 6.953 

0 0 0 495477 397452& 341R126 1.210 7.070 7. ?" 6.6W( 

n It 0 0 11069853 5716031 7671735 3.974 8.40S 8.697? -799? 
I) 0 0 0 10I33r508 690199 %1201179 0 99' 7.615 7.706 2.4.M 
0 0 0 0 3728014 79Q066 11146922 0.906 2.615 2.706 2.466 

2704317 0 0 0 1454m? 924%021 7795549 1.314 6378 6.8Z7 5.76? 
717131 0 0 0 14775769 9189475 791735S 1.314 6.318 6.87? S.79? 
2411048 0 0 0 14115001 8670312 7437612 1.777 7.014 7.571 6.331 
7577%%0 0 0 0 S0006607 31779761 16770?1 1.314 6.3M6 6.8?7 5.787 
563543 0 0i 0 3n1 745%7066 70706976 1.314 6.376 6.87? 5.73? 

0 0 0 a 17061639 1366,763 1?662111 7.999 16.SS9 17.116 1.757 

R83173 1177146 14 S927 -T6oR30 2797636? 106700%9 76T7399 (71 3.870 4.281 3.378 
620715O 79771R4 101711.M 12917?9 1 177769073 s5l9655O 34745361 0.299 2.386 2.760 1.963 

............ . .................................. .............................
39.47'.6o 9.107.-59 11.605r.66 l2.60).67l 4527SG5.411 236.276.838 1.794.70 0.921 4.431 1.811 3.934 

. ----------.....................................................
 

http:1.794.70
http:11.605r.66
http:39.47'.6o


IAR~f 11 A.%A 

FSTINAIIM IF FIRST FIVI TIAN 141G.AY PIAM Iff"01011C 
RlsRilPnAWATS 

8TFfIIS - IINAVCIAt RATIOS (1) 
P.9, 61? 

TPf OF PRInjICT roSI% IT? TFAI FIFTH TTAR IfTAF ItH TIAN 20nH TFAW TOTAL DISC. TOTAL 

PIOJECT MANIF CATEGORYLEGTHM1WOR 
(k.) 

EOOIIICU UnII! TfiAt RimfmIIS pFTfIIT stIfIIS efITEITS PINIFIIS SEMTFIIS 3701ITS 
(12%) 

M. P. V. 
(12%) 

I. .1.A 
(3) 

.M.II. 
(12%) 

8.3.1. 
11 1m 

1.3./I. 
(15%) 

RENAMILIfATIoIMEChNSTRMUCTICN 

JIATULA-SAWJOSF LA MAJAOA-E AL£801 1 10o F 7111 7119.o 287.) 411%89 0 0 0 2660912 16597T31 921781 0.421 2.261 2.428 2.043 

EL C7TIGO-F.ORAMARILLA 4 1? . P 94400 1116n0O 690171 -1it7" 0 0 0 4S6012 2681918 151.1118 0.521 2.169 2.S?0 2.110 

FtM AARILLA-PLAMS OF IA ILAI2A 4 17 4 P 94110 1138m 690171 SIM? 0 0 0 1.0%6012 2681918 15,11118 0.521 2.369 2.570 2.170 

Et tFGIO-EL CASTILLO-SAM JOSE tA CUEVA-NCAGUA 4 9 4 P 944070 6f49fo 517679 164.O 0 0 0 04.2009 2012939 1161339 0.521 2.369 2.170 2.179 

CA:I-FL PO(IMIR-(SAWIA ANA-AHTJACAPAN) 4 9 4 F 77191 w1..1 265M4. 366.3n 0 0 0 239.821 14937" 811703 0.423 2.761 2.4178 2.043 

CA:l-SAM ANTIIO PAJONAL 1. 14 4 P 94.0 117160 2699 10$72S1 0 0 0 11386376 7998666 667616 1.874 6.012 6.19 5.614 

OIUA.SAM JERONIMO 6i . F 7119% 1.71AII2.rl A 0 0 0 -174.3 -3169 14371041 91 (0) 2.447 2.172 Z.490 

GIFALT(PmNSPEU- NATIDAS 4 19 & P 944fl0 1930 S614.40 0 0 0 0 14036600 11260285 94666S 2.858 6.278 6.497 .974 

SANNATIAS-SAM JUAN OPCO 4 46 P 944.4.0 .72n0( IV?2712 64.7828 0 0 0 4897006 3215619 274.1619 1.630 6.813 7.?S5 6.228 

T.I(ITPFOK-SAN ANTONIO UENA VISTACOIA VIEJO 4 i 4 P 944n0 97-1 5174.193 471%97 a 0 0 31.8170 21314,99 140170 0.551 2.1175 2.669 2.108 

A12-tLAS CASItAS-S ANTONIOMAS-t NORCMES GLIARACIA & 19 4 P 94.M 1M11160 11157F9 837;83 0 0 0 6557220 4.19001 2107611 0.121 2.169 2.S.f 2.170 

TAPAIKHCACA:2(ANTICUA C7UALAPA) 4 8 4&P 94400 7570 1401454 111.7119 0 0 0 8618017 5701980 1.94.6710 1.808 7.550 8.041 6.902 

CA:2SAW PEONO 4ASAI5AAT & 6 4.F 7319 4..0170 17713 71.911 0 0 0 159651.7 99839 54.69 0.4.2 2.261 2.4.28 2.043 

SAN PEDOONASAIAT-SAM ANTONIOWASAIAT &. & FF 1191 22018 18701's 4.9703 0 0 0 204.1253 1273 103249 1.001 5.689 6.125 5.120 

FACTOAC0870PCIM DE AIED 4 11 6 P 944()n 171.7200 707 1.6106 0 0 0 4.94011 2907578 1680371 0.521 2.569 2.120 2.170 

ISTAgIA-ORATRIOO 0 CNCEPCION-OIEPEWQX 4 9 A P Q.4.0 64960 5 1 1.6.7i 0 0 3O0O9 2012939 1163$39 0.51 2.169 2.520 2.170 

CWAICMUAPALAS CMS 4 a 4 P 94400 711-17) 724%10 170618 0 0 0 3790? 2861o7 21260 0.1494 IW,0 4.066 3.69 

SAM JOSE EL NAIANJO-tAS DELICIAS-CA:2 8 4 P 9q4. 711617f) 4.4.2 116619 0 0 0 2636408 174514.7 1001727 0.21 7.369 2.s20n 2.170 

MANUI7At0-JUATUA 4 9 4 p 94.4.10 8024.00 &".87; 9 %81 0 0 0 273009 1901109 1098709 0.121 2.369 2.520 2.170 

CA:3 [I C1AP030-CASERlO SAN 13I0RO 1. a 4 p 94.4.0 761.120 1.77169 318219 0 0 0 28054.06 1116177 107281%7 0.121 2.369 2.520 2.170 

ATIOUIIATA-SAM LGIMEZO-EL POIIILLtO A 9 4 P 941.00 677020 101004 0 0 0 0 82509 6620236 574.216 3.491 7.S41 7.803 7.176 

SAN JULI11-CJI$AMUAI 4 10 4 P 94.4.00 9.4.no 2874138 0 0 0 0 1OMS96 4.788060 &3e4.0602.251 1.072 1.249 4.826 

SANTOTOMA-SAM MIGUEL1EPEZONTES-COJTEPEaJE 4. 24 & p 94.4.00 2217 ' 311769812 2747,97 0 0 0 2018026O 11669005 1141175 1.458 6.110 6.506 5.586 

78:-CAUTll IA 7306 4 18 4. P 944.00 1727570 10721.91 80636 0 0 0 664.139 4361187 261366? 0.551 2.525 2.689 2.3IN 

SAWtRIUIZO-RACIFUDA SAM MAIIAS 4. 6 & p 94.o 604I.160 16092 77617 0 0 0 216306 141423 827263 O.SI 2.369 2.50 2.170 

KAAIINAA SAN MAXTIU-CA:2 4 16 & p 944.00 14.6 O 8914.73 686 0 0 0 1219016 346727 2003527 0.121 2.369 2.S?0 2.1 m 

MANUINGOLA CWAPIMACOP. 4 8 f P 94.n4 7n0 4.3131 323692 0 0 0 251100 1677649 969449 0.571 2.169 2.520 2.170 

SAM JOSE EL MARANJO-(JUJUILA-ATACO) 4 25 P 94.4( 211%A 14.110R 107467 0 a 0 841626 S69130 328710 0.521 2.369 2.5?0 2.179 

CCMALAPAFEuMEy-AS 30JAS CO. 4 19 1 P 9440n 1817118 114276 8261 0 0 0 6489619 429269 2491m9 0.21 2.369 2.s20 2.170 

CALUCO ELF A1ON COOPFRATIVP. 4 10 4. P 94.4.0 92%170 %&%"1 4.7917 0 0 0 331.10 21918 1266746 0.121 2.369 2.S20 2.170 

'-a
ej




tARI It A.*, f.wq./7 

UItJIUAAPAIPIAFIIW 21 Of "ARID A, l & p 94..no 10478., 6'.1". 35S31%. 0 0 I 403171 265110 15974.70 0.51 ?.%7% 7.q9 7.308 

MAC. SANTA fL[FA-I.(YAYANIIIFI) I. 10 & p 94./.60 94.4. 1n%4827I& 0 0 11307"6 733151 1419163 11.551 7.175 7.mg 7.1 

CA:2 - AC.CIIAIIIFIFA 4. 6 4 P 94.4100 w8.280 1S197 7"9117 0 n 7221057 1477%61 897281 0.551 2.5A5 7.9 2.08 

IA CIIIAIA-SAN NARCOS . 16 4 p 94.1.M) 151n.00 9.1Olin 690%1.2 0 0 0 54.rW016 855r 706815? 0.571 2.169 ?.570 7.170 

CA:? -tANANIIIF . 1% . p 94.4.1M 1145800 1if0,17. 77585 0 0 0 6010916 196017 ?596217 0.657 2.89? 3.0 $ 2.651 

SAN JlIAlA-F SALSNAMA OC(PATIViE 4 12 A P 94.'.n 11 10lRo) 67D1171 %1907 T 0 0 4056112 2683918 1,51118 0.571 7. ,A9 7.570 2.170 

(A:? CAiA SJCIA 4 8 . p .0&n 5201 .460115 1.5%7?1 0 a 0 7704.00 179710 1034.019 0.521 2.369 ?.520 2.1rO 

CA:2 - SAN 31110 4 11 . p 94.L.no 105s.o 62758 471.74.0 0 0 0 1718011 24w6025 1&421A% 0.571 2.369 2.570 7.170 

Ca:? - AGA FliA 4 11 . P 944.4n 3n4.00 61754 47.74.14 0 0 0 3718011 7w7s5 14.71855 0.521 7.369 2.570 2.170 

IAClA-tOWEKtOi 0F ATACO 4. I 4 p 0.4.00 17707r0) 7.74 7 5116(V 0 0 0 4194.013 2MI7 360118 0.521Z .I169 7.5-20 2.170 

CA:? PALIOC O COpATIVE 4 A . P 944.00 7%5700 46011% 34.5271 0 0 0 2704008 11M9210 1034.09 0.571 2.369 7.5s7 7.170 

rA:? FIANNA CIEGA COOPMTIVT 4 8 . rp 9.4.0 755700 460n115 34%.71 0 0 0 2704008 1759270 10140?9 0.571 7. m9 7.5o 2.170 

CA:? FL ZARZAL & 17 & r 944.00 1117800 690171 517917 0 0 0 056017 7611918 151118 0.321 2.369 2.570 2.170 

CA:? % UIMAPILAPA 4 17 4 P 9.4.00 11200 691gi FS 517907 I 0 .01,6017 Z6011918 1551118 0.521 7.169 2.520 2.170 

CA:Z HACIENDA LA CABANA 4 1? 4 P 94c..0 I0 12800 701139 %M7.6 0 0 0 1356943 2859M 1T7795 .IS1 7.575 2.M9 2.308 

CA,2 SAN OIUISIO 4 a 4 71195 517160 711716 5PA977 0 0 0 2116689 1431179 PAY719 0.413 7.4.44 2.677 2. M4 

CA? . SAN JOSE Of A UNTANA 4 16 4. p 94r.o.0 151040 92l1O 69n%4.7 0 0 0 5408OI6 157557 706157 0.%71 .369 2.570 2.170 

A:2 ROJADE SAE CO1MATIVE 4 11 A. P 94.00 IMAM49 6V6%1 4.7474. 0 0 0 3718011 2460258 1462188 O.521 2.369 2.570 2.170 

CA:2 EL IANIJITO COOKIAtIVE 4 7 4 P 944.. 6&46n00i GIn281 356855 0 0 0 2541550 1661 146 1007.14 0.551 2.575 2.689 2.308 

NIIItAII aUj-i(MAnJCAUIlil COOPERATIVE 4 9 4 P 94.4.o0 .9&)0 577504 410Q 0 0 0 3267708 21".846 129524.6 0.551 7.S75 2.6819 2.108 

SAN IlGjUtL'LA PU.1IA 4. 9 4. P 94.&00 8900 577504 41099 QI 0 0 3267708 214.4846 12795246 0.551 2.525 2.689 2.308 

M?:7 -I111A ILANCA 4. 9 4. p 944.40 84.0 577504. .1099 0 0 0 326708 7144L6 129 746 0.551 7.575 7.489 2.301 

CA:2 - IAUl Of LAS il1*S 4 7 4 p 944..00 MA.1(M0 4.10781 3565% 0 1 0 2541550 1668714. 10074.14. 0.S51 7.%25 7.69 2.3011 

PASW4IIilA.CA:2-LA UION 4 17 4 p 944.n40 i117800 70130 5774M. 0 I n 41,693 .78597 177%95 0.551 2.525 2.689 2.308 

SAN ALFJO FL IAI AllOI. G1 P 944.n 1058400 64.4.4777 5234.& 0 I I 3991865 762.109 1585010 0.551 2.525 2.&89 2.308 

CA: GUALPIIGU COOP. 4 4 p 94.4.0n 755700 4.697 184977 0 0 0 7904679 19061530 1151350 0.551 7.%75 2.689 2.305 

LA UION-TntOX L COP.-fL FAIO . 9 4 p 94.4. 849600 57704 4.11099 0 n n 326708 214.846 195746 0.551 2.575 ?.69 7.108 

FL MtOSTLIA 4 8 15 F 4.15970 1111740 59554.56 15?0 .1571 1T20 15720 14.862019 119354.93 8621733 (7) 3.604. 3.729 1.430 

Ft COCOCIALCNUAPA 4 14 5 F 4.11970 579%RO 1.14.4.6 -7660 -746 7mA 266 70312065 1631T7328 1052174. (7) 2.815 2.913 2.679 

t(TAL & 4546 - - - 67107,n400 64.%n1.0%6 29, 7M4,.21 (4..10) (4.180) (721,373) 292.73).94 03.64.920 136.577.370 (2) 3.034 3.05 2.807 

(t) In colow . (2) MlNtiple 111111(3) Il - 1.0 (100 Percen() 

I-A 



- Rehabilitation of CA:12 from km 80 to Acajutla,
 
NB/I = 26.6, IRR = 2.77
 

A projects ranking based on NB/I is typically similar to its
 
IRR-based ranking, though there are exceptions. IRRs are
 
biased towards early capital recovery, and at high-IRR levels
 
(e.g. Higher than 0.50), private cash flows occurring after
 
two or three years do not have significant weight. The
 
project with the highest IRR is the improvement of CA:12-El
 
Ronco (IRR = 8.00).
 

The following projects present the highest total return
 
(highest NPV):
 

- Widening of CA:l from San Salvador to San Martin
 
(NPV = C 1,222,815,672)
 

- Rehabilitation of CA:2 from San Salvador to Apopa
 
(NPV = C 732,658,252)
 

- Rehabilitation of CA:2 from Santa Elena (km 114) to La
 
Union (NPV = C 544,949,135)
 

- Widening of CA:l from San Salvador to Santa Tecla (La 
Libertad Exit) (NPV = C 356,175,606) 

- Rehabilitation of the Comalapa Freeway
 
(NPV = C 349,367,461)
 

The Consultants recormm'nd the implementation of listed
 
projects within the proposed five-year highway plan (see
 
Section II.E for proposed implenAntation schedule). It is
 
proposed that programs be implemented following a descending
 
NB/I order. Within each program, priority projects should
 
also be selected based on NB/I ratios (see Appendix II.A.7).
 

Final feasibility studies and more detailed design are
 
required to implement the five-year plan. Economic
 
indicators are preliminary, and should be used for project
 
and program conceptual definition and prioritization only.
 
Final feasibility studies will show more accurate results.
 
However, it may not be worthwhile to analyze indicators which
 
already present extremely high results.
 

e. Bridres
 

This section reviews the economic benefits of replacing
 
temporary Bailey bridges with permanent concrete bridges.
 
Bailey bridges are temporary by nature and should be replaced
 
with permanent structures at some point in the future. The
 
purpose of this section is to evaluate whether the early
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TA LE I.A.57
 

ANNUAL CONCRETE BRIDGE MAINTENANCE COST - 60m STRUCTURE 
DECEMBER, 1988
 

(In Colones) 

Adpoted span : 20 m 	 COST
 

1. INSPECTION (Annual) 
Pick-Up Truck 	 480
 
Wages 	 490
 
Tools and Scaffold (50% of Wage 	 245
 

Sub-Total 	 1,215 

2. 	 VARIOUS REPAIRS (Annual) 
4-m3 Truck 895 
Paint 	 165
 
Asphalt 	 40
 
Concrete 	 112
 
Wages 	 670
 
Tools and Scaffold (70% of Wages) 	 470 

Sub-Total 	 2,350 

3. 	CONFORMATION OF FILL AND RIVER BED (every 4 years) 
140-HP Tractor 2,800 
Wages 670 

Sub-Total 	 3,470 * .25 % = 870 

Total 	 4,435
 

TOTAL PER METER 	 220
 

TOTAL 	FOR A 60-METER BRIDGE (1) 13,200
 

(1) includes overhead 
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TABLE 11.A.58
 

ANNUAL BAILEY BRIDGE YMAINTENANCE COSTS - 60m STRUCTURE 
DECEMBER, 1988
 
(in Colones)
 

For One lane: 	 Cost 

1. 	 WOODEN FLOOR REPLACEMENT 
Material : 90 parts @40 each, 3 times/yr 10,800 
Equipment: 2 trucks for 2 days, 3 times/yr 11,500 
Labor : 10 workers for 2 days, 3 times/yr 4,700
 

2. ADJUSTMENT AND LUBRICATION OF PARTS
 
Equipment: 1 truck for 1 day, 6 times/yr 5,800
 
Labor : 10 workers for 1 day, 6 times/yr 4,200
 

Sub-Totai 	 37,000
 

Overhead 40 % 	 14,800
 

Total 	Cost, One Lane 51,800
 

Total 	Cost, Two Lanes 103,000
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TABLE II.A.59
 

BRIDGE REHABILITATION/RECONSTRUCTION PLAN
 

1995-2000
 

.........
... ................................................... 


I&RIDGE IL 0CAT 1 O I COST 
I..............................I............ ............. I
 
IWUSCATLAN OVER LEMPA RIVER ICA-1 SAN VIC.USULUTAN 1 30000,O00 
IDON LUIS DE MOSCOSO iCA-1 SAN MIGEL I 5,000,000 

lOVER APANTA RIVER ILA PAZ CA-1 "d CA-2 500,00 

IEL GR.AMAL ICA-4 CHALATENANGO 4,210,000 

lOVER DRY GORGE ICA-2 USULUTAN 2,50,000 

IGOLDEN BRIDGE ICA-2 SAN VIC.USULUTAN 60,000,000 

ISAN ANTONIO ICA-2 LA PAZ 700,000 

IPALO SECO jCA-2 J|OU]LISCO 4,320,000 

IKANUEL J.ARCE IAHUACHAPAN 1,&30,000 

I .................................................. . .................. 
ITOTAL (inColones) I 109,100,000 

25........................... 
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TABLE II.A.60
 

CONSTRUCTION WORKERS REQUIREMENT 

ROAD IMPROVEMENT 

........... 

IMPROVEMENT TYPE I I NUMBER OF TOTALI EXECUTION I NUMBER 

I ICONSTRUCTIONI OF I TINE I OF 

II WORKER/A IWORKERSI (MNTH) IjORKERS- NTN 

................................................................ 


...................I....... .. .... I......I ...... I
 

IRurat to Tertiary 22 21 462 2.0 1 924 1 

ITertiary to Secondary 1 20 420021 6.7 2,814 

ISecordary to Priinry 92 1 21 11.932 1 5.0 1 9.660 

jsecondry, to special 108 1 63 16,8% 1 5.3 136,061 
Primary to Special I .5 1 42 11,890 1 5.7 1 10,773 
Special (4) to Special (6) 5 42 1 210 5.7 1,197 

.......... I11..................................................... I
 

ROAD REHABILITATION
 

............. .......................... ............................. 

CLASSIFICATION CONDITION 104 NUMBER OF I TOTAL I EXECUTION I NUMBER 

I CONSTRUCTIONI OF I TINE I OF 
I IRKER/KM IWORKERSl (MNOT) IWORKERS'NTNI 

.............................. ......... I. ..... ... ...... I......-
SPECIAL IFair 57 40 12,280 0.3 1 684 

JPRIMARY 	 ,Fair 76 o20 1,520 0.3 456 

jPoor 146 24 13,504 0.4 1,402 

IPoor (R) 145 1 16 12,320 0.6 1,392 

ISECONDARY Fair 167 1 20 13,340 0.2 1 6M 

I IPoor 1 68 1 25 11,7001 0.4 1 680 

Poor (R) 68 1 10 1 6801 0.6 1 408 

ITERTIARY Fair 1 79 1 869 0.2 174 

IPoor 171 11 11,181 1 0.2 376 

IRURAL 	 IFair 1 4 10 1 440 1 0.2 8a 

1,160jPoor 1 580 10 15,80 1 0.2 

1...I..... ...................... .......... ...........I 
ITOTAL FOR ALL ROAD WORKS I 1,0. 1I 68,917 
.......... .... .............. ......................................................
 

AVERAGE a 36 w-mVkm
 

I 
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replacement of Bailey bridges after the conflict is over
 
would offer attractive economic returns.
 

Table II.A.57 and II.A.58 show expected annual maintenance
 
costs for a permanent concrete bridge and a temporary Bailey

bridge, in the case of a typical 60-meter structure. It is
 
more expensive to maintain a Bailey structure than a concrete
 
one: the former costs C 103,600 per year, and the latter C
 
13,200 per year.
 

For the purpose of this analysis, vehicle operating costs
 
are assumed to be the same in both cases. Additional costs
 
caused by speed reductions at Bailey bridges are generally
 
negligible when considering the overall cost of an interurban
 
trip. The only cases where additional costs due to increased
 
delay may be significant occur when there is a one-lane
 
Bailey bridge and roadway traffic exceed 3,000 vehicles per
 
day.
 

The useful life of a Bailey bridge is assumed to be 30 years,
 
after which replacement is necessary. Since temporary
 
bridges are already in service, their costs are considered
 
"sunk" and not included in the analysis.
 

Therefore, the cost saving of C 90,400 per year (for up to
 
15 years) could be expected out of replacing temporary
 
bridges with permanent ones. This annual saving does not
 
justify the required investment of C 3,000,000 for a new
 
permanent structure at a twelve percent discount rate (it
 
could justify an investment of about C 620,000). More urgent
 
needs, such as road reconstruction, should be met before
 
replacement of Bailey bridges is warranted.
 

Bridges in roadways with ADTs higher than 3,000 warrant more
 
immediate action. Table II.A.59 show a list of bridge
 
projects to be implemented during 1995-2000. The proposed
 
program includes major repairs and replacement of one-lane
 
Bailey bridges.
 

11. Social Impact
 

A direct social benefit of transportation system improvement
 
program is new employment opportunities. This effect is
 
especially beneficial to lower-income levels of society,
 
providing new jobs to unskilled labor.
 

Table II.A.60 summarizes the manpower requirements needed to
 
implement the proposed five-year road rehabilitation and
 
improvement plan. Irprovement work will generate most of
 
the expected new employment. A total of 1914 field jobs over
 
three years will be created by the proposed five-year plan.
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Table II.A.61 summarizes the required manpower for conducting
 
an effective in-house routine maintenance program. Rural
 
roads generate the greatest quantity of employment, and
 
direct total employment generated from routine maintenance
 
work is expected to be 1,560 jobs.
 

Employment will also be generated by implementing the
 
recommended improvement works in bridges and other modes of
 
transport, but levels of generated employment will be lower
 
than those generated by road work.
 

Transportation improvements are also beneficial to the
 
health, education and production of the population. These
 
indirect benefits are based on the reduction of travel times
 
between homes, and health, education and production centers.
 
Regarding health and education, tertiary and ruiral roads
 
should be given special mention, because they are in very
 
poor condition. This makes transportation between
 
communities and health/education centers very difficult,
 
costing many man-hours, and in some cases lives.
 

12. Project Needs
 

The project team has analyzed and prioritized a set of
 
roadway rehabilitation, reconstruction and improvement

projects. In defining these projects, the Consultants used
 
tentative priority lists provided by different divisions
 
within the DGC and by transportation officers of other local
 
and international organizations. Current pavement conditions
 
and traffic levels were considered.
 

a. 1990-1994
 

Table II.A.56 lists the segments included in the five-year
 
highway rehabilitation/improvement plan project in decreasing

order of their respective net-benefit-over-investment ratio.
 
Traffic levels, current condition; and appropriate curves
 
were taken into account during project selection. This plan

has been organized in six components. A summary of these
 
components is presented below:
 

ROADWAY PROGRAM KM AMOUNT
 

(inmillions of Colones)
 
Pan American Highway (CA:1) 178 383
 
Costal Highway (CA:2) 254 113
 
Special and Primary Highways 193 165
 
Secondary Highways 352 204
 
Tertiary Roadways 270 53
 
Rural Roadways 646 67
 

TOTAL 1.893 km 985
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TAILE II.A.61 

ROAD MAINTENANCE -WORKERS REQUIREMENT 

...........................................--......................................
 

I I IIUMIIR 0FI TOTAL IEXECUTIONI M1NIER 
ICLASSIFICATION CONDITIOI M ICONSTRUCTION 1 OF TI1E OF 
II...............I I 

......... I
I---

I RKER/D-I............ I WORKERS I (I......... 1-......... TN) IWMKIES-TNj
I........... I. . 

ISPECIAL lGood 1 81.741 12 1 961 0.12 1 118 
JFair 1 36.791 16 589 0.6 330 
IPoor 1 17.711 18 319 1.06 345 

PRIMARY jGood 1 115.611 6 694 0.12 a 
IFair 248.28 8 -1,966 0.56 1.112 
IPoor 1 230.811 9 2,077 1.08 2,243 

ISECONDARY IGood 1 343.741 6 2,062 0.12 247 
Fair 1 343.74 1 2,406 0.36 866 

IPoor 323.52 8 2,588 0.56 l,"9 

ITERTIARY lGood 479.48 6 2,877 0.12 345 
IFair 496.17 6 2,977 0.24 714 
IPoor 1 760.8/, 6 4,565 0.32 1,4,611 

IRURAL IGood 588.95 4 2,356 0.16 377 
IFair M990.7 4 3.961 0.2 1,109 
IPoor 14,502.76 1 4 118,011 1 0.4 7.925 

................................................I..................I
 
ITOTAL FOR ALL ROAD WRKS 19,560.31 1 1 18,724 1 
................................................... 
 .............................
 
AVERAGE r 2w-w/km 
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The proposed program upgrades 291 km of roadways (C

639,000,000) and rehabilitates 1,602 km of roadways (C

346,000,000). This will cover all expected road improvement

needs to the year 2000.
 

b. 1995 - 2000
 

The Consultants propose a second five year road
 
rehabilitation program for 1995 - 2000. This program should
 
address rehabilitation needs not included in the first five­
year plan. Total expenditures should amount to 850 million
 
1988 colones (a yearly increase of five percent in
 
rehabilitation work need is expected).
 

C. Pavement and Maintenance Management 

There is a need to develop and implement an integrated

pavement and maintenance management system. The pavement
 
management component should aid rehabilitation work planning

and decision making. The maintenance management sub-system

should address all phases of routine highway maintenance
 
work, such as planning, programming, execution, and control.
 

d. Bridge Management
 

The Consultants recommend the development of a bridge

management system. Due to damages and repairs that bridges

have suffered during these last years, the safety of the
 
bridges is unknown. The load capacity and remaining life of
 
the bridges should be defined, and bridge locations, spans,

costs and water sheds should be recorded as well as
 
inspection and maintenance activities should be specified
 
and executed.
 

e. MOP Management Study
 

A management study of the MOP is necessary. It should
 
address or define the following issues:
 

- Reasonableness of current personnel levels at the different 
departments of MOP and DGC; 'recommendations to their
 
possible reduction.
 

- Job descriptions and requirements.
 

- Procedure manuals.
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f. SDecifications and Norms
 

A study should be performed to review and update current road
 
construction specifications. As part of this study, norms
 
for rehabilitation/reconstruction work should be proposed.
 

g. Technical Assistance
 

Finally, the Consultants believe in the need for technical
 
assistance in the areas of pavement management, contract
 
administration, and performance of routine and major
 
maintenance activities.
 

B. OTHER MODES
 

1. The Autonomous Executive Commission for Ports "CEPA"
 

a. OrQanization
 

CEPA is an autonomous public service institution that falls
 
under the Ministry of the Economy. It is responsible for the
 
operation, administration and maintenance of the Port of
 
Acajutla, the International Airport of El Salvador(AIES) and
 
the National Railway of El Salvador (FENADESAL) - maritime,
 
air and rail transportation. The port of Cutuco is considered
 
an extension of the railway system, and is managed in close
 
coordination with FENADESAL under CEPA.
 

CEPA is headed by a Board of Directors that consists of a
 
President and six Directors who are appointed as follows:
 

- The President of the Board of Directors is appointed by
the President of the nation. 

- Four Directors are named by the ministries of Economy, 
Finance, Defense and Public Works. 

- Two Directors are named by the Ministry of the Economy from
 
nominations: one by agricultural and industrial
 
associations, and the other by commercial associations.
 

There are also six substitute Directors, appointed in the
 
same way as Directors.
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CEPA has the following functions and attributes:
 

- Planning, construction, maintenance, improvement and
 
expansion of port, airport and railway structures, and
 
other complementary installations.
 

- Maritime navigational aids, and meteorological and
 
oceanographic installations.
 

- Acquisition, maintenance and improvement of port, airport

and railway equipment.
 

- Direction of anchorage, provision of pilot services 
for
 
docking and undocking, and direction of auxiliary boats,
 
tugs and barges used to serve ships.
 

- Loading and unloading ship cargo and rail cargo.
 

- Receiving, handling, warehousing and controlling export,

import, and local products in port and railway

installations.
 

-
Tariff policy and labor policy in the port, airport and
 
rail systems of the country.
 

- Custody of goods deposited at the ports and railway

stations.
 

The organization of CEPA is summarized in the Figure II.B.l.
 
Administration and maintenance of the International Airport

of El Salvador (AIES) is CEPA's responsibility. Close
 
connections are maintained with the General Directorate for
 
Civil Aeronautics (Ministry of Economy) regarding legislation

that controls commercial airline operations.
 

FENADESAL is in charge of the national rail system, and its
 
administration is the responsibility of CEPA. For
 
administration purposes, CEPA considers the Port of Cutuco
 
to be a rail terminal.
 

On the other hand the port of Acajutla carries out functions
 
necessary for embarking, warehousing and disembarking goods

CEPA, is responsible for its administration and operation.
 

A Technical Assistance and Project Management Division
 
performs planning functions in coordination with the
 
operating divisions.
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b. Human Resources
 

Except for the International Airport of El Salvador, CEPA
 
has reduced its number of employees during the last five
 
years. This is largely due to a personnel austerity policy.

Specialized staff needed to maintain public service functions
 
were not affected by these measures. Staffing figures are
 
presented in the following table:
 

Arm wid 
 1964 1965 1966 1967 1968
 

Centrat Office 160 157 157 147 154
 
Port of Acajutia 1,570 1,515 1,418 1,414 1,441
 
AIES 313 290 316 312 354
 
FENADESAL & Cutuco 
 1,333 1,301 1,216 1,152 1,100
 

.......................................
 
TOTAL 	 3,376 3,263 3,107 3,025 3,049
 

........................................
 

CEPA maintains a training program for several levels of
 
personnel. It relies on internal training programs, with
 
the collaboration of external institutions and trainers.
 
The airport sector has the collaboration of the International
 
Civil Aviation Organization (OACI), and the Federal Aviation
 
Authority of the United States. 
The port sector 	has received
 
programs and grants from the International Maritime
 
Organization (OMI), the Central American Maritime Transport

Commission (COCATRAN) 
and the Latin American Maritime
 
Transport Commission. FENADESAL has received help from the
 
Central American Economic Integration Secretariat (SIECA) and
 
from the Latin American Railway Association (ALAF).
 

In spite of the above, CEPA lacks professional personnel.

Only 83 professionals work for CEPA, 2.7 percent of total
 
employees. The relative number of professionals amounts to:
 
20.8 percent in the Central Office, 1.7 percent in Acajutla,

5.9 percent in AIES, and 0.5 percent in FENADESAL. There are 
also frequent labor conflicts and strikes at Acajutla.
 

c. Financial Situation
 

CEPA divides its accounting into two groups:
 

- the Port of Acajutla and the International Airport (AIES)
 

- the railway (FENADESAL) and the Port of Cutuco, which CEPA 
manages for the GOES. 
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(1) Acajutla Port-International Airport
 

Table II.B.1 shows the balance sheets for Acajutla and AIES
 
from 1985 to 1988.
 

CEPA's assets have not been revalued after the 1986
 
devaluation. Instead, CEPA accounted for the change in debt
 
value as an "exchange loss", and considered it as an asset.
 
This accounting procedure avoided writing the loss in the
 
1986 financial statement or partially compensating the loss
 
through an asset revaluation, to be depreciated in following
 
years. As a result, CEPA's income statement show smaller
 
losses than those actually incurred.
 

Most of CEPA's losses are related to airport operations,

which has heavy financial expenses. This is partially

explained by the fact that the airport was designed before
 
the conflict a higher-than-current traffic levels.
 

Acajutla's operating margin decreased from 17 in 1985 to 10
 
in 1988. This is due to lack of tariff adjustments. As all
 
public autonomous organizations, CEPA has little control over
 
its budget. Tariff adjustments are requested by CEPA, but
 
usually involve a long political process resulting in a lower
 
adjustment many years later. For instance, the last
 
adjustment presented in 1984 was authorized in October 1987,
 
but with lower rates.
 

Also CEPA is sometimes obliged to provide services free of
 
charge to other governmental institutions such as the
 
National Commission for displaced people-CONADES.
 

In conclusion, CEPA should increase its revenue base by:
 

- readjusting tariffs and/or costs in the port section; and
 

- negotiating some transfer from the government, to
 
compensate CEPA for conflict-related traffic losses.
 

(2) FENADESAL
 

The Consultants have summarized the financial activities of
 
the railway, including Cutuco Port in Table II.B.2. During

this period FENADESAL have increased from C12.5 millions, in
 
1985, to C19.2 millions in 1988, approximately 85 of these
 
losses attributed to the railroad. Revenues have been
 
constant, but do not even cover 50 of operating expenses.

This situation, along with an inadequate tariff system, has
 
created a financial crisis for Fenadesal. The state has
 
subsidized the railroad a cumulative total about
of C134
 
million over this period.
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TABLE II.B.1
 

1985 - 88 SUI4ARIZED ACAJUTLA-AIES BALANCE SHEETS
 
(inthousands of Cotones) 

Item 1985 1986 1987 1988 

Assets 

Current 35,363 ",610 57,275 60,481 
Long Term 
Others 

201,974 
2,370 

193,458 
150,424 

178,674 
149,431 

170,965 
152,498 

Total Assets 239,707 390,492 385,380 383,944 

Liabilities 

Current 85,239 109,970 126,761 135,997 
Long Term 129,245 257,441 254,863 246,065 

Subtotal Liabilities 214,484 367,411 381,624 382,062 

Equity 25,223 23,081 3,756 1,882 

Total Equity and Liabilities 239,707 390,492 385,380 383,944 

STATEMENT OF PROFIT AND LOSS 

Profit/Loss 

Acajutta 

Airport 

Others 

4,368 

(8,250) 

(229) 

(195) 

(6,647) 

390 

(194) 

(17,467) 

(393) 

3,690 

(9,967) 

(246) 

SOURCE: CEPA 

Note: ExcLuding Government Subsidies 

4,368 Profit 
(8,250) Loss 
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1AULE 11. U.L 

FENADESAL BALANCE SHEET EVOLUTION 

(Including Port of Cutuco) 

(Thousand Colones) 

Item 1985 1986 1987 1988 

Assets 

Current 6,091 7,246 15,923 10,843 
Long Term 55,113 59,323 58,876 60,263 
Others 1,680 1,356 1,358 2,893 

Total Assets 62,884 67,925 76,157 73,999 

Liabilities 

Current 1,957 2,269 3,139 2,714 

Subtotal Liabilities 1,957 2,269 3,139 2,714 

Equity 60,927 65,656 73,018 7,285 

Total Equity and LiabiLities 62,884 67,925 76,157 73,999 

STATEMENT OF PROFIT AND LOSS 

Income 8,194 8,067 9,716 8,850 
Expenditures 20,707 24,217 27,958 28,168 

Profit(Loss) 

Railways (10,978) (13,742) (15,905) (16,773) 
Cutuco Port (1,535) (2,408) (2,337) (2,545) 

Total (12,513) (16,150) (18,242) (19,318) 

SOURCE: FENADESAL 
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2. Railways
 

The Salvadoran Railway System (Ferrocarriles Nacionales de
 
El Salvador - FENADESAL) began operations in 1975, as two
 
railway companies, the Salvador Railways Company and the
 
International Railways of Central America (IRCA), were merged

by the Salvadoran Government. A brief history of these
 
companies is presented below.
 

In 1882, two 	railway lines were established, one between
 
Acajutla and Sonsonate, and the other between Sonsonate and
 
Santa Ana. Construction of the railway segment between Santa
 
Ana and San Salvador began in 1894. In December of that
 
year, the Salvador Railways Company Limited took over the
 
railway lines, and operated those lines until October 22,

1962 when it was nationalized by the Salvadoran Government.
 

From 1965 to 1975, this railway (called Ferrocarril de El
 
Salvador - FES) was administered by CEPA.
 

IRCA was established in 1908. It built and operated the
 
following railway segments:
 

Cutuco - San Miguel (1912)

San Miguel - San Salvador (1920)

San Salvador - Texis Junction - Santa Lucia (1927)

Santa Lucia - Ahuachapan (1927)

Texis Junction- .uatemalan Border (1929)
 

This firm's operations were taken over by the Government
 
after IRCA declared bankruptcy in 1971.
 

a. Inventory of Facilities
 

(1) Physical 	Inventory
 

The total length of the railway is 602 km of single-track

rail. The system is divided into three districts which
 
comprise the three main lines (see Figure II.B.2):
 

- District 1: 	San Salvador - L& Union (Cutuco docks), with 
253 km of track. 

- District 2: 	San Salvador - La Virgen (Guatemalan Border
 
via Metapan), 	with 206 km of track (including

the Texis Junction-Santa Lucia(Santa Ana) -
Ahuachapan branch)
 

- District 3: 	San Salvador - Acajutla (port warehouses),

with 143 km of 	track (including the Sitio del
 
Nino-Santa Ana branch)
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Geometric and physical-track standards are similar in the
 
three districts. Standards presently used by FENADESAL are
 
shown in Table II.B.3.
 

The total numbers of locomotives, coaches and other
 
components of the rolling stock available for work and in
 
need of repair are summarized in Table II.B.4.
 

(2) Current Condition
 

The railway system has been the transportation mode most
 
affected by the conflict. The total amount of damages caused
 
by guerrillas to FENADESAL between 1979 and 1988 has been
 
estimated at 179 million Colones. The frequency of these
 
attacks has increased in recent years (although their cost
 
has diminished due to safety measures).
 

This conflict, coupled with years of deferred preventive
 
maintenance, has caused the present condition of the tracks
 
and rolling stock to deteriorate. Operating budgets only
 
provide for corrective maintenance to damaged segments of
 
track due to derailments or attacks.
 

Prevailing track condition limits speed 35 km per hour, and
 
FENADESAL estimates that approximately 50 percent of the
 
network track is in satisfactory condition. At temporarily­
repaired bridges, trains travel at walking speed, and
 
derailments occur often due to the poor track condition.
 

Bridges, including the costly bridge over the Lempa river,
 
have undergone several attacks. A summary of damages to
 
track, stations and bridges is presented in Table II.B.5.
 
Table II.B.6 details the current status of attacked bridges.

Rolling stock, particularly locomotives, has been a common
 
target. Table II.B.7 describes the current condition of
 
wagons and coaches, and a summary of the repair needs of
 
other elements of the rolling stock is presented in Table
 
II.B.8.
 

b. Projects Underway/Planned
 

The only project currently being conducted by FENADESAL is
 
the repair of a container-handling crane in the Acajutla
 
Port.
 

FENADESAL has both short-and long-term plans. To keep the
 
railway functional while the conflict continues, repairs of
 
direct damages caused by the insurgency will continue to have
 
first priority. Availability of rolling stock and current
 
track conditions, probably meet the reduced requirements of
 
present railway traffic. A series of spares and maintenance
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TAKE 11.9.3 

PHYSICAL AND GEOMETRIC DESIGN TRACK STANDARDS 

1. The gouge Is31 (914 m) 

2. Fifty percent of the track is in poor condition. 

3. RaiLs of 54, 60 and 75 pounds/yard are used. 

4I. The route hat no ballast. 

5. Untreated hardwood crossties are used, of 66x8*x7' 

6. Track switches used for tines and yards are rudbers 7 a.d 8. 

7. Wheet guides 10', 12' and 15 are used. 

8. The track isfastened with nails.
 

9. The maxiun degree of curvature is 18 degrees. 

10. The maxinn grade is3.5 percent.
 

11. Bridge structural capacity aLlows Locomtives 15-60 COOPER to circulate. 

12. Maximm train speed is from 30 to 40 ku/hr. 
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TABLE I. 1. 4.
 

1988 ROLLING STOCK INVENTORY
 

I 
 I D ISTRICTS 
UNIT DESCRIPTI0N ISNGI ....................... 

I I I3 2 3
 
............................... 
 .................. I
 

5 IStem Locainotives 2 0 3 
14 lieset (train) locootives 10 2 2 
4 IDieset (yard) tocaniotives 4 0 0 
422 II so 215 141 66 
10 ICaboos" 8 2 0 
120 IPLatform 92 2 26
 

19 Gondolss 9 0 10 
1 IPlatform 0 1 0 
7 Ni wagcns I - 5 0 2 

15 1Tank w*bos 6 0 9 
1 Refrigerated wagon 0 0 1 

12 ILivestock wagons 10 2 0 
9 Equipment and miL coaches 7 0 2 
6 IPassener coaches I 1 1 
5 Passenger coaches 2 0 3 

31 Passenger toaches 23 0 7 1 
8 IFtoatin equipment 13 0 0 
2 Garbage waows 2 0 0 

25 Dormatoc cars 16 9 0 
7 Cranes 4 0 3 

1 2 ITurning cars (turntables) 2 0 0 
1 30 IMotor cars to inspect 21 5 & 
1 Ithe Line (1) 

8 otor cars to serve passengers 0 0 8 I 
15 lWork eqluipmnt 13 0 2 1 
I IRight of ay burning equpment 1 0 0 I 
1 IT" car for oil and water I1 0 0 

1 20 IFork tift 1 16 0 4 
1 28 Office adinistration equipment - 25 0 3 
1 5 INiscetaneas equipment 1 4 0 0 
1 7 Various equipment (eQutint 5 2 0 0 

Ithat will be written off) I 
. I.... ................... I....... ....................... 


8451 1 7 1 517 165 156 
........................................................ 
(1) 21 Vehicles in a regular state of service 
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TABLE II. B. 5
 

bAMAGES TO BRIDGESTRACKS AND STATIONS 
(IN THOUSANDS COLONES) 

YEAR I BRIDGES I TRACK ISTATIONS I TOTAL 

1979 - 0 
1980 650 25 675 
1981 - 154 154 
1982 299 - 10 309 
1983 1023 18 15 1056 
1984 44 138 - 182 
1985 - 41 - 41 
1986 39 - 39 
1987 50 73 - 123 

TOTAL 2066 309 204 2579
 

GRAND TOTAL 2579
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TABLE II. B. 6
 

BRIDGES DAMAGED BY THE CONFLICT
 

BRIDGE BRIDGE jATTACK COST CURRENT
 
NAME SPAN (M) DATE (COLONES) STATUS
 

RIO SUCIO. Dist.2 3 x 18 05/12/80 650,000 Substituted
 
CHILCUYO. Dist.2 24 04/04/82 56,000 Repaired
 
Km. 71. Dist.1 10 13/11/82 47,115 Reconstructed
 
Km. 118 Dist.1 13 06/08/82 15,298 Repaired
 
Km. 350 Dist.2 36 26/08/82 25,886 Repaired
 
Km. 134 Dist.1 25/01/83 10,420 Repaired
 
Km. 122 Dist.. 16 25/12/84 39,196 Repaired
 
EL BURRO Dist.1 3*19,15,21 19/08/83 386,757 Replaced
 
Km. 93 Dist.1 45 26/05/83 177,084 Repaired
 
Km. 61 Dist.l 3*12,62,19 03/09/83 100,048 Repaired
 
Km.302 46 26/07/87 50,000 Repaired
 

T 0 T A L 1,557,804 1
 
4---------------------------------------------------------­



TABLE 11. 8. 7
 

AVA I LA8 1 L I TY OF ACAtS ND AGONS
1 


..............................................
 

TYPE OF tNMER OFIC A P A C I T YJAVAILABLEINOT AVAILALE
 
CA/WAGON UNITS I I I
 

CLOSEDAGON 3 30.00 L I X
 
CLOSED WAGON 26 40,000 Lbs I x
 
CLOSED AGONI 104 O0,O00 Lbs I .
 
CLOSED WAGON 241 0,OOI LI I
 
CLOSED AGON 35 5,000 Li X
 
CLOSED WAGON 13 60,000 Lba x
 

PLATFORMS 1 16,000 Lbs x
 
PLATFORNS 3 40.000 Lbs X
 
PLATFORMS 93 0,00 LIM X
 
PLATFORMS 8 50,000 Lbs X
 
PLATFORMS 1 50,000 Lbs X
 
PLATFORMS 23 80,oooI LI X
 

MIXED WAGON 5 40,000 Lbs X
 
MIXEDW AGON 2 O,000 LbsIX
 

TANKS /0 7,585 Lbs X
 
TANKS 1 7,563 Lbt X
 
TANKS 1 5,393 Lbs X
 
TANKS I 4,073 Lts X
 
TANKS 1 4,243 Lbs X
 
TANKS 1 4-281 Lb, X
 
TANKS 1 4,539 Lbs X
 

TANKS 3 4,539 Lbs X
 
TANKS 1 4,539 Lbs I
 
TANKS 1 4.726 Lbe X
 

LVSTCK.WAGON 3 40,O00 Lb X
 
LVSTCK.WAGON 5 4OO00 Lbe IX
 
LVSTCK.WAGON 1 50,000 LbI X
 
LVSTCX.WAGONI 3 50,000 Lbe X
 
SPCL. WAGON 1 50,000 Lbs I X
 

COACHES 25 60 Pass X
 
COACHES 17 60 Put% x
 

MOTOR CARS 3 42 Pass X
 
MOTOR CARS 5 42 Pass X
 

..............................................
 

SOACE : FENADESAL 1988 
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TABLE Ii. 3. 8 

1988 ROLLING STOCX CONDITION 

......................*...........
....................

I DISTRICT NO. I DISTIICT NO. 2 I DISTRICT NO. 3 1 

EQUIP1ENT I................ ................ I TOTAL 
10 20 3050O 1020 300 SO 1 20 30SO 

---- . . . ..-----------------------------.----- ----........................... I.-
ISteam locomtives 2 0 0 0 0 0 0 0 0 0 0 0 2 

Dieselocomtives 3 3 3 0 0 0 0 0 0 0 0 0 9 

ICargo vans 35 7 14 3 1 0 0 0 2 1 1 0 

lTurntabtes 
 1 0 1 1 0 0 0 0 0 0 1 1 5 

ICoaches 3 1 3 7 0 0 0 0 3 0 0 0 17 

IFork lifts 2 1 0 3 0 0 0 0 2 0 0 1 9
 

lOthers 21 13 7 15 1 4 0 0 3 O 0 3 67 
1I................... I..................................................... 
ITOTAL 167 25 28 29 1 2 4 0 0 1 10 1 2 1 173 
.......................................................... 

AVAILABILITT OF EOUIPMEWT 

DISTRICT NO. 1 DISTRICT NO. 2 DISTRICT NO. 3 TOTAL
 

... 
 ............................................
 

Total equipmnt 
located in each 
district 517 165 156 838 

Unavailable equipment (1) 149 6 18 173 

EOUIPMENT IN OPRATION 368 159 135 665 

*.......... ....... ..........
. ... ............... 


KEY TO THE CWCE OF PHYSICAL STATE 

10 - Nino repairs
 
20 - Major repairs - tack of wlts, plugs, etc.
 
30 - Major repairs - partially disantled 
SO - Unserviceable 
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activities are needed inl the short term. The amounts of aid
 
in local and foreign currency to cover the costs of these
 
elements are presented in Tables II.B.9 and II.B.IO.
 

When the conflict is over and as traffic begins to increase
 
improvements and repairs to both track and rolling stock will
 
be necessary. FENADESAL has two long-term projects. One is
 
the construction of a 4.50-km track segment at Santa Ana
 
which would connect the District 2 and 3 lines. This new
 
segment, coupled with track improvements and cargo transfer
 
capabilities at the Guatemalan border, would allow FENADESAL
 
to run trains to the Atlantic. The name of this project is
 
Sitio del Nino-Texis Junction-Guatemalan Border (or Santa
 
Ana-Santa Lucia-Guatemalan border). Its financing is being

sought from CABEI and the EEC. Table II.B.11 shows the
 
principal characteristics of the project.
 

A second project is the extension of the District-1 line from
 
Cutuco to Pueblo Viejo. This extension starts at the
 
FENADESAL yards at Cutuco, passes through an area reserved
 
for an industrial park, a fishing complex and ends at the
 
Salvador - Alaska sawmill. It will link the public port of
 
Cutuco to the private port of Punta Gorda. A description 

of the project characterlistics and costs is presented in 
Table II.B.12. 

c. Traffic History
 

Table II.B.13 shows yearly and monthly variations of cargo

and passenger traffic. During the period from 1975 - 1979,
 
FENADESAL carried an increasing amount of cargo and
 
passengers. Traffic increased from 50,000 ton-kilometers and
 
22,000 passenger-kilometers in 1975, to 80,000 ton-kilometers
 
and 30,000 passenger-kilometers in 1979. Its share of the
 
transport market for important Salvadoran exports and imports
 
also rose steadily during this period.
 
In 1979, due to the conflict, the railway system experienced
 
a sharp decline in operations. In 1988, FENADESAL provided

45 percent of the ton-kilometers and served only 19 percent
 
of the passengers it serviced in 1979.
 

Table II.B.14 breaks cargo traffic into three categories :
 
export, import,and local traffic. Approximately 50 percent

of the cargo conveyed by FENADESAL is local (cement, grains,
 
fertilizer, cotton, and others). Imports account for 30
 
percent of cargo traffic (oil products, steel, chemical
 
products, processed food, machinery, and others). Exports

comprise the remaining 20 percent (mainly coffee, cotton and
 
honey).
 

Goods transported in 1988 are presented in Tables II.B.15
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TABLE 11.8.9
 

AID PROGRAM IN LOCAL CURRENCY
 

I I YEARS 

DETAILS .............................................. 
1 2 I 3 I 5 

-----------------------------...........---...............-----......--­
1. PURCHASE OR PRODUCTION OF CONCRETE I 

CROSS-TIES (SO,00 UNT.) 600,000 600,000 600,000 600,000 600,000 

...................................... . ...... . ... ........... ......... --. ---......
 
12. 	CUTUCO PIER CONCRETE STRUCTURE 

REPAIR (300 K2) 	 250,000 250,000 250,000
 

.......-............ . ....... 
I3. RAILWAY-MAINTENANCE (500 K.) 330,000 330,000 330,000 400,000 400,000 
-........ ...... .I...... . ....... ---.---- . .......... 	 I
 

1 .... --.- ---..............................--......-.- ....--...- .-.........-------
14. 	STEEL BRIDGE STRUCTURE 

MAINTENANCE (100 M.) " 180,000 180.000 

............................ .. ..........- ....... ----------- --....-..---- -.-...-. 
T 0 T A L a 5,900,000 1,180,000 1,180,000 1,180.000 1,180,000 1,180,000 

..................................... *.... ............................................................ 

SOURCE : RAIL AND STRUCTURES DEPARTENT-APRIL/89 
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I 

TABLE II. S. 1(0
 

A I D PROGRAM I N FORE I GN CURRENCY
 

4........................................................................................................................................................4
 

I I COST cUSS) I YEARS I 
OUANTITY D E S C R I P T I 0 V .............. I.........................................................I 
I IITARY TOTALi 1 I 3 1 I S5 

............ ............................................................ I.......----- I....----........... ......- I 
I 3 IPORTABLE WELDING EWUIPMENT 4,000 12.000 4.000 I 000 I
I...... I............................................I.........I.......................................... I
 
I 6 IMAAL WTER PIPS 1.000 6.000 4,000 I 2.000
I..... I....................................I..........I.........I..........................................
 

60 ITAMPER*NOTOR CAR WIHEELS -'00 36,000 I 18,000 j 18,000 

-......... I............................................... ... ......... . I ........................................... 
1 80 ICAR WHEELS 500 40,000, I 20,000 20,000 

........... ...................................................... .......... 
20 IMYDRAULIC RAIL SENDERS 2,000 /40,000 I 12,000 j 18,000 10.000 

..... .......................... ...... ....... I.........................................
 
I 1000OIRAIL NAILS I 105 1105,000I1 25.200 1 25,200 1 54,600 1 

I...............I ....-.......
......... I......................................... --------- --....... .......................... 

16 IPLASTIC FORK-LIFT TIRES I 800 12,800 6,400 6,400 

2 IFORK-LIFT RIMS I 1.0001 2,000 1 2.0001 

I... . I -----------------------------------------.-- ------ -------- ----............I........I-..... -­ .... -----------.. ....... 

50 110 TONS RAIL JACS I 700 35.000 14,000 14,000 7,000 
I.....I........................************........ ...•........... *...I.......I........I*..**....I 

6 18,000 PMINDS CHAIN PULLEY 1,500 9,uO0 4.500 4,500 

1 5,400IRAIL PADLOCKS AND TAMPER MOTOR CAR SPARESI 32.200 1 26,800 
o o * * l el * e o * *
 eIIS OOOe e ee O0e.......... I......... ......... Im....... I..................I.......II*****
.........l 

IT o T A L I 330.0001 6.900 66,9001 65.200 66,0001 67,000 
4
....................................................................................................................................


SOURCE : RAIL AND STRUCTURES DEPARTENT-APRIL/89 



-------------------------------

TABLE II. B. 11
 

PRINCIPAL CHARACTERISTICS OF THE SITIO DEL NINO-TEXIS JUNCTION 
GUATEMALAN BORDER PROJECT
 

1. CORREDOR SITIO DEL NINO-TEXIS JUNCTION
 

1.1 Distance: 60 km
 
1.2 Gauge: 914 mm
 

Materials C5,970,000 

Labor for embankment work 
Labor for drainage work 
Labor for laying and leveling of track 
Unforeseen expenses 

C4,600,000 
C 900,000 
C1,300,000 
C1,277,000 

TOTAL C14,047,000 

2. Stretch between Texis Junction and the Guatemalan Border
 

2.2 Distance: 53 kms
 
2.2 Gauge: 91 mm.
 
2.3 Conditioning costs
 

Material 
 C2,200,000

Labor for embankment work 
 C 30,000

Labor for drainage work 
 C 120,000

Labor for laying and leveling of track C 600,000
 

SUB-TOTAL C2,950,000
 

TOTAL C16,997,000
 

NOTE:
 
FENADESAL will obtain the land required for the route, and its
 
cost has not been taken into consideration.
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*RULr I&. W. Il 

PRINCIPAL CHARACTERISTICS OF THE 

CUTUCO-PUEILO VIEJO EXTENSIN PROJECT 

C C 
NUMBER UNIT QUANTITY UNIT PRICE TOTAL PRICE 

~.-. . . .. et ........e . ......... ............ .............. 

I Right-of-way i2 30,000 5.00 150,000.00 

2 Earth excavation-stone .3 37,500 80.00 3,000,000.00 

3 Earth excavation-ditches m3 1.000 25.00 25,000.00 

4 Rcck excavation m.3 800 100.00 80,000.00 

5 Compacted fill M3 21,600 20.00 432,000.00 

6 Rock piting m3 3,600 50.00 180,000.00 

7 Material trarprtation M3 21,600 10.00 216,000.00 

a Raits Tn 248 4,000.00 992,000.00 

9 Crossties Un 5,232 20.00 104,640.00 

10 Other track materials S.G. 0 0.00 142,860.00 

11 Ballast M3 1,500 60.00 90,000.00 

12 Laying the line km 3 35,000.00 105,000.00 

13 Concrete structures S.G. 0 0.00 200,000.00 
.°o..°........ 

C5,717.500.GO 

Unforeseen expenses 572,500.00 
........... 

TOTAL C6,290.000.00 

NOTES: - The project covers a distance of 3 kn. 

- The estimated right-of-way is 10 meters 



TABLE It.1. 13 

TRAFFIC TRANSPORTED BY FENADESALYEARLY AND MONTHLY VARIATIONS OF CARGO ANO PASSENGER 
...................--..........................................................................
 

1 PASSENGER (1,000)
I CARGO (1,000 TO.) (1) 1 

YEA/ ................................................... 
SOLID OIL I PASSENGER" TRAIN-MONTH TOW I TOTAL 

,KILONETES CARGO ICARGO ILIVESTOCIPRGOUCTS I KILOMETERS IPASSENGESIKILOCTERSI 

.. .. ..... ..... I... ........ I. ----I...........I..... 
10.3 31,936 	 1,744.0 1,727.01967 72,426.7 496.3 	 433.3 52.7 
9.2 27,136 1,500.0 	 1,480.01968 60,505.5 423.0 	 396.9 16.9 

10.3 26.3 26,391 	 1,472.0 1.5.01969 57,825.8 395.6 	 359.0 
32.932 1,572.0 1,596.01970 63,840.6 494.5 	 446.4 9.3 38.8 

472.9 10.7 19.2 	 30.206 1,555.0 1,480.01971 52,368.7 502.8 

10.7 30,540 1,661.0 	 1,473.01972 52,049.8 524.5 	 504.6 9.2 
7.2 31,742 1,747.0 1,418.01973 53,801.7 508.9 	 498.6 3.1 

485.2 2.1 3.2 	 33,458 1,928.0 1,351.01974 51,075.5 490.5 
1.7 1.5 22,654 1,510.0 1,103.01975 52,424.7 402.2 	 399.0 

2.0 26,182 1,794.0 1,229.01976 45,872.2 460.9 	 456.6 2.3 

1.5 1.4 30,137 1,980.0 1,215.0
1977 56,041.7 518.6 	 515.7 


5.3 10.4 30,872 1,966.0 1,348.0
1978 75,7T3,.9 586.9 	 571.2 


9.1 30,008 2,011.0 1,332.0
1979 80,209.0 589.5 	 573.' 7.3 

5.0 26,985 1,696.0 	 1,122.01980 55,143.3 450.4 	 436.Y 8.7 
332.6 2.0 6.1I 14,050 905.0 730.0

1961 30,861.1, 341.5 

0.4 5,868 381.0 596.0
1982 31,491.1 311.0 310.2 0.4 

3,825 247.0 350.0
1913 32,438.8 36".5 	 362.6 0.5 1.4 

290.0 447.01984 25,428.3 31'..4 	 313.9 0.1 0.4 4,671 

0.0 0.0 4,749 	 308.0 432.01965 25,442.0 324.1 	 324.1 
WA WA 4,9% 322.0 485.0

1986 24,454.2 321.4 	 NA 
KA NA 364.0 NA1987 139,536.2 353.3 NA NA 

NA NA 6,030 390.0 NA
1988 36,151.5 319.9 	 NA 

IJANUARY 
IFE UARY 

IIARCH 

3,987.71 
3,831.81 

13,359.21 

36.4 1 
30.71 
29.61 

A 
-
-

I 

I 

NA 

-

I 

I 
1 

NA 6031 
5521 
4761 

38.91 
35.61 
30.7 1 

NA 

I 
I 

IAPRIL 13,560:8 

INAY 12,771.91 
IJUNE 12,784.91 

IJULY 1,q38.2 
IAUGUST 12,180.61 
IEPTE4BERI 1,886.91 

46.21 
39.21 
23.51 
16.31 
16.91 

14.91 

-
-

-
-

I 
I 
I 

I 

-
-

-

1 
1 

-

-
-

5511 

3851 
445 
4611 
5171 

454 

1 

35.61 

24.91 
28.7 
30.3 1 
33.41 

29.3 1 

1 
-
-

I 
I 

IOCTOBER I2,770.31 21.81 - - 5441 35.11 -

NOVEIER1 2,613.4 119.21 - I I 5251 33.91 -

IDCWSER1 

I I 
4,415.71 

I 
25.1 

I 
1 -

I 
I 

I I 
5171 

I 
33.41 

I 
-

I 
.....................................................................
......... 


(1) EXCLUDING CRUDE OIL 
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TABLE II. B. 14
 

YEARLY VARIATIONS OF CARGO TRAFPIC (TONS) 

YEAR IMPORTS EXPORTS WCALI TOTAL 

1976 150,252 136,272 174,373 460,897 
1977 164,523 137,841 216,257 518,621 
1978 150,042 157,698 279,208 586,948 
1979 143,050 126,208 320,239 589,497 
1980 93,589 114,683 242,132 450,404 
1981 96,486 88,173 156,859 341,518 
1982 64,702 80,620 181,813 327,135 
1983 94,826 102,662 165,865 363,353 
1984 93,558 60,087 160,805 314,450 
1985 120,170 67,221 136,781 324,172 
1986 114,685 47,462 159,849 321,996 
1987 102,293 60,078 190,973 353,344 

--------------------------------------------------­
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---------------------- ------------------------- ----------

------------------- -------------------------------------------------

------------------- -------------------------------------------------

---------------- --------------------------------------------------

------------------- ---------------------------------- --------

- --------------- -------------------------------------------------

---------------------------------------- --------
---------------------------------------------------------------------

TABLE II. B. 15
 

1988 EXPORT AND IMPORT GOODS
 

TRANSPORTED BY FENADESAL 

+----------------------------------------------------------------------------------
PRODUCT IPORT OF ORIGIN/DESTINATIONj I T E M I TONNAGE 

COFFEE CUTUCO EXPORT 7i30l 
BORRA CUTUCO EXPORT 523 

TOTAL I 17,823 
--------------- ------------------------------------------
CEREALS CUTUCO IMPORT 6,901 
POWDER MILK CUTUCO IMPORT 746 
FERTILIZER CUTUCO IMPORT 39,297 
COTTON SEED OIL CUTUCO IMPORT 409 
SOY OIL CUTUCO IMPORT 394 
FOOD CUTUCO IMPORT 591 

TOTAL I i 48,338 

COFFEE ACAJUTLA EXPORT 28,802
 
HONEY ACAJUTLA EXPORT 61
 
AJONJOLI ACAJUTLA EXPORT 476
 
COIT ON ACAJ-UTLA EXPORT 450
 

TOTAL 1 I 29,789 

FOOD ACAJUTLA IMPORT 221 
CEREALS ACAJUTLA IMPORT 6,448 
IRON AND DERIVED ACAJUTLA IMPORT 34,555 
POWDER MILK ACAJUTLA IMPORT 1,631 
INDUSTRIAL SODA ACAJUTLA IMPORT 1,146 
PAPER ACAJUTLA IMPORT 223 
COOKING OIL ACAJUTLA IMPORT 410 
CHEMICAL PRUDUCTS ACAJUTLA IMPORT 355 
IRONWORKS ACAJUTLA IMPORT 438 
ELECTRONI C ACAJUTLA IMPORT 441 
RESINS (RAW MAT.) ACAJUTLA IMPORT 207 
MACHINERY ACAJUTLA IMPORT 194
 
MISCELLANEOUS ACAJUTLA IMPORT 1,270
 

TOTAL 1 147539
 

GRAND TOTAL I 143,489 
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and II.B.16. Exports and imports are shown in Table II.B.15,
classified by type of cargo and port of origin/destination.

Table II.B.16 lists the amount, type, of local cargo traffic,

for each of the three railway districts.
 

FENADESAL expects to transport 407,218 tons of cargo this
year, which represents a 28 percent increase over the 1988
level. This estimate is based on 
an assumed increase in
cement traffic. Passenger traffic should increase 3 percent

to 401,300 passengers.
 

Local cargo traffic generates 56 percent of income. 
Exports
account 
for 12 percent of the revenues, coffee the only
significant commodity. Imports 
total 18 percent of the
income, passenger fares 3 percent, and miscellaneous sources
 
11 percent.
 

There is no train schedule. FENADESAL currently 
runs two
trains per day, Mondays through Saturdays, and one train on
Sundays from San Salvador to Cutuco (District 1). Three
trains per day, Mondays through Saturdays and one or two on
Sundays operate from Metapan to San Salvador (District 2:.
In District 3, two trains per day run 
from Acajutla to San
 
Salvador.
 

d. Costs of Operations/Maintenance
 

Railway operations, maintenance and rehabilitation costs are
defined below. Table II.B.17 and Figure II.B.3 allow the
calculation of ideal annual railway maintenance costs, as a
function of cargo. 
Table II.B.18 shows maintenance costs for
 a railway section in poor condition, The real maintenance

unit cost - C55,660 per kilometer - is thus 2.5 times the
ideal value. 
 Table II.B.19 shows rehabilitation costs for
 a railway section, of C234,115 per kilometer.
 

Tables II.B.20 and II.B.21 
show transportation costs for
typical cargoes in Districts 2 and 3, assuming maximum-load
trips for existing locomotives. FENADESAL lacks 
a proper
costing system. The establishment of a costing system should
improve planning and decision-making. Table II.B.22 shows
the historical fluctuation of transportation costs,
indicating an increase of over 100 percent in the last nine
 
years.
 

e. Problem Areas
 

(1) Low Traffic Volumes
 

FENADESAL's major problem is 
its low traffic volumes. In
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--------------------------------------------------------

-------------------------------------------------------------

TABLE II. B. 16 

1988 	LOCAL TRAFFIC BY DISTRICT
 

+ 	 ...-- - - - - - - - - -- -
ITEM IDISTRICT 1 IDISTRICT 2 IDISTRICT 3 IT 0 T A L 

CEMENT 25,754 123,802 236 149,792
 
FERTILIZER 24,285 14,721 39,006
 
FLOUR 1,446 1,446
 
IRONWORKS 305 305
 
IRON 583 383 966
 
MISCELLANEOUS 3,279 113 1,433 4,825
 
AJONJOLI 902 902
 

GRAND TOTAL 55,652 123,915 17,675 197,242
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TABLE 11.5.17 

IDEAL TRACK MAINTENANCE MST PER KM 
(At Costs in Colones) 

CDST/KM/YR 
Not Ton per Year 
 300, 000 0 

Ties - 1Syr life, 1750 ties/be., C60./tie 7,000 9,330(1) 
lil repulr/rspLacixmt C0,500/rali 3 ralts/km/yr 4,500
 

Suitch repair 30 yr life, C96,000/lwftch or C3,200 wiltch/yser(2) 320
 

Grade crossing 15 yr life C25,600/crosslng or C1,700/crossina/yr
0.6 crossing/km 

1,020 

Weed ControL 3 times/year 

130 130
 

Surfacing ard Maintenance I mmn/2 km a C1,280/moth 7,680 1,535(3)
 

Telegraph Maintenance 12 men/C1,535/month * 1.2 (mterials)-6DOkm 445 445 
Bridges C130/meter/yr averge 8m long, 0.3 bidges/&u 345 

Ballast 5 cubic meters/km/, Material cost C2S, 
Transportation CISlcubic meter to toed, total C41/cublc m. 200 

...... 
 ......

TOTAL COST C(Colones)/rlyear 21,64.0 11,440 

1. Includes Cost of Installation 
2. 1 switch/lO Km of track 
3. Minim( Maintenance 
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TABLE 1I.B.18
 

1988 TRACK MAINTENANCE UNIT COST. 

SECTION: TEXIS JUNCTION - GUATEMALAN BORDER 

Distance 53 km
 
Gauge 914 mm
 

MATERIALS 

Unit Cost Total Cost
 
Quantity Unit (C) (C)
 

30,000 Crossties 60 1,800,000
 
400 Rail nails 875 350,000
 
50 Rail bolts 1,000 50,000
 

SUB-TOTAL 2,200,000
 

LABOR
 

Embankment works 30,000
 
Drainage works 120,000
 
Track alignment and leveling 600,000
 

SUB-TOTAL 750,000 

TOTAL 2,950,000
 

TOTAL COST PER K: C55,660 
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TABLE 11.B.19
 

1988 TRACK REHABILITATION UNIT COST
 

SECTION: SITIO DEL NIO 
- TEXIS JUNCTION SECTION 

.Distance: 60 Km
 
Gauge: 
 914 am
 

MATERIALS
 

Unit Cost Total Cost
Quantity 
 Unit (C) 
 (C)
 
63,750 
 Crossties 
 60 3,825,000


75 rails
900 1,500 1,350,000

rail nails
680 875 595,000
200 rail bolts 1,000 
 200,000
 

SUB-TOTAL 

5,970,000
 

LABOR
 

Embankment works 4,600,000Drainage works 

900,000
Track laying and leveling 
 1,300,000
 

SUB TOTAL 
6,800,000 

Unforeseen expenses 
 1,277,000
 

TOTAL 
14,047,000 

TOTAL COST PER KM: C234,115
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-------------------------------------------------

-----------------------------------------------------------------------

TABLE II.B.20
 

IDEAL CARGO TRANSPORTATION COSTS
 
December, 1988
 
(in colones)
 

+---------------------- ---------------------------------------------------
MOVEMENT OF CEMENT BETWEE14 1 TRIP/ 2 TRIPS/ 3 TRIPS/ 
METAPAN & SAN SALVADOR DAY DAY DAY 

Locomotive (1) 	 2,000 2,100 2,200 

Wagons (2) 11 wagons/set , 3 sets 
@C.175,000 Col - C.50/day 	 1,650 1,650 1,650
 

Fuel-6 hrs & 800hp at
 
.75 full load, @ C.5. US /gallon 1,000 2,000 3,000
 

Crew 4 man/month 	 300 600 900
 

SUB 	TOTAL 4,950 6,350 7,750
 

Track Cost
 
(135 Km * Graph I cost) 7,550 8,825 10,350
 

Operating & Track Cost 12,500 15,175 18,100
 
Overhead 35%, 30% and 25% 4,375 4,550 4,525
 

SUB 	TOTAL 16,875 19,725 22,625
 

Total Net Tons/year (3) 	 120,000 240,000 360,000
 

Cost/Ton 42.19 24.65 18.85
 
Cost/ton Km 0.313 0.183 0.140
 

Present Truck Cost - 8 ton trucks C 0.30/ton-Km (incl. Delivery) 
Present Railway Charge C 0.14/ton-Km 
Present Railway Cost approx. C 0.40/ton-Km 

(1) 	 Based on new C.5 mill. locomotive, 20yr life, 300 days/yr,
 
amortization and maintenance
 

(2) Each train 10,40 ton wagon & 1 spare for maintenance &
 
repair, 20yr life amortization and maintenance
 

(3) 	300 tons one way, empty return 
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-------------------------------------------------------------------

---------------------------------------------------------

------------------------ --------- ---------

------------------------ --------- ---------

------------------------ --------- ---------

TABLE II.B.21
 
IDEAL CONTAINERIZED TRANSPORTATION COSTS
 

December, 1988
 
(in colones)
 

MOVEMENT OF CONTAINERS BETWEEN 

SAN SALVADOR & ACAJUTLA 


Locomotive (1) 

Wagons (2) 16 @ C 200,000 or
 
C 60/day/wagon 


Fuel- 800hp @ 4hrs/round trip at
 
.75 full load @ C 5. US /gallon 


Crew 4 man/month 


SUB TOTAL TRIP 


Track Cost
 
(103 Km * Graph I cost) 


Operating & Track Cost 

Overhead 35%, 30% and 25% 


TOTAL COST PER DAY 


Total Net Tons/year (3) 


Cost/Ton 

Cost/ton Km 


Cost/22 Ton Container 

Delivery Cost 

T'fer CostL-Cl,750,000 Cont. Cranes 


TOTAL TRANSPORTATION/DELIVERY COST 


Truck Charge 


1 TRIP/ 2 TRIPS/ 3 TRIPS/ 
DAY DAY DAY 

2,000 2,100 2,200
 

960 960 2,880
 

665 1,330 1,995
 

300 600 900
 

3,925 4,990 7,975
 

5,775 6,725 7,900
 

9,700 11,715 15,875
 
3,395 3,515 3,970
 

13,095 15,230 19,845 

135,000 270,000 405,000 

29.10 16.90 14.70 
0.283 0.164 0.143 

645.81 373.89 328.57 
160.00 160.00 160.00 
83.94 41.97 27.98 

889.75 575.86 516.55 

628.11 
--------------------------------------------------------------------- + 

(1) Based on new C.5 mill. locomative, 20yr life, 300 days/yr,
 
amortization and maintenance
 

(2) Each train would require 15 wagons, 1 as a spare, 20yr life
 
300 days/yr amortization and maintenance
 

(3) Assumed 300 tons of freight import & 150 tons export on
 
return trip
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TABLE 11.B.22
 

HISTORICAL FLUCTUATION OF CARGO TRANSPORTATION COSTS
 

Year Expenses 

(millions of 
cozones) 

1980 17.1 
1981 16.2 
1982 15.2 
1983 15.4 
1984 15.1 
1985 17.4 
1986 20.6 
1987 24.2 
1988 24.2 

Ton-km 


(millions of 

colones)
 

55.1 

30.9 

31.5 

32.4 

25.4 

25.4 

24.5 

39.5 

36.2 


Transportation
 
costs
 

(C/ton-Km)
 

0.31
 
0.52
 
0.50
 
0.48
 
0.59
 
0.69
 
0.84
 
0.61
 
0.67
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1988, it transported 320,000 tons of cargo and 390,000
 
passengers in 1988, or approximately 55 and 19 percent of
 
pre-conflict traffic levels. Several factors have
 
contributed to this decrease and subsequent loss of market
 
share:
 

- Reduced production of traditional railway cargoes.
 

- Reduced safety due to guerrilla attacks.
 

- Reduced reliability due to poor condition of equipment and
 
track.
 

- Indirect government subsidy to the highway alternative via
 
gas subsidies and low registration and title fees.
 

Though District 1 (San Salvador-La Union) handled roughly

the same traffic as the other lines in 1988, its economic
 
prospects are worse. A 1986 study estimated that 350,000
 
tons per year would be needed to recover operating costs.
 
This amounts to three and a half times the present traffic.
 

(2) Financial Problems
 

The railway's income has diminished, due to reduced traffic
 
levels and constant tariffs. However, operating costs have
 
risen in the last years. Due to increases in salaries and
 
administration costs, higher operating costs for deferred
 
track maintenance, aggravated by extensive active and passive

security measures. As a result, operating losses have
 
reached to roughly half of operating costs, requiring 
an
 
increase in the amounts of subsidy.
 

(3) Long-Term Planning
 

There is a lack of a strategic long-term plan for the
 
railroad. In addition to the two investment projects in the
 
pipeline Santa Ana-Santa Lucia-Guatemalan Border and Cutuco-

Pueblo Viejo, the strengthening the container-handling

capabilities is under consideration. The Consultants believe
 
no investment should take place until a multimodal national
 
transportation plan gives perspective to these projects.
 

(4) Maintenance
 

Track infrastructure is still functional for current traffic
 
levels, though it needs to be improved as it has past its
 
service life. Prevailing maintenance is only corrective,
 
causing a series of derailments and low operating speeds.

Rolling stock is also in poor shape.
 

Maintenance costs are very high in District 2 (San Salvador
 
-Metapan). This is due principally to serious slope

stability problems. The Santa Ana-Santa Lucia project would
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allow District-2 traffic (including cement cargo) to be run
 
via the existing District-3 branch to Santa Ana, avoiding the
 
slope stability problem areas.
 

(5) Traffic to the Atlantic
 

There is a need for an agreement with the Guatemalan Railways
 
to allow traffic to reach the Atlantic Ocean. Since the
 
nationalization of their respective railways, Guatemala and
 
El Salvador have not allowed traffic between the two
 
countries. Traffic to San Pedro de Castilla would begin only

after an agreement is reached.
 

(6) Organization
 

There is a need for more professional staff and technical
 
assistance in different areas, as well as for the
 
establishment of a planning department, a central dispatching
 
office and a marketing department. FENADESAL also lacks a
 
costing system.
 

f. Economic Evaluation
 

This section presents an economic analysis of FENADESAL's
 
most significant planned project: the linkage of District­
2 and District-3 lines at Santa Ana, coupled with track
 
rehabilitation from Sitio del Nino to the Guatemalan Border
 
(see Table II.B.11).
 

The principal advantages of this project are summarized
 
below:
 

- It would foster trade with Guatemala and facilitate trade
 
with Europe and East U.S. via Santo Tomas de Castilla on
 
the Atlantic. Providing a reliable and less expensive

alternative to highway traffic, it is expected to capture
 
a significant market share of the San Salvador-Castilla
 
traffic as well as the Acajutla-Castilla traffic. The
 
overall track distance between these two ports will be
 
reduced by the proposed connection, reducing railway, and
 
transportation costs for inter-oceanic traffic (dry channel
 
concept).
 

- Track rehabilitation along Districts 2 and 3 should also
 
benefit local traffic. A more reliable service would be
 
offered to the cement plants. However, the proposed new
 
route via Santa Ana - District 3 - Sition del Nino will be
 
longer and more circuitous for cement traffic than the
 
current route.
 

- With the new route, existing severe slope stability problem
will be avoided along current District-2 track (by the Las 
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Canas river. Over the last few years, the 15 kilometer
 
track segment parallel to the Las Canas River has been
 
eroded, forcing FENADESAL to constantly realign the track
 
and modify the approach to the existing bridge over the Las
 
Canas River.
 

- The proposed connection would allow FENADESAL to close a
 
93-kilometer segment of District 2's track from Texis
 
Junction to Soyapango (See Figure II.B.2). In this manner,
 
FENADESAL will significantly save on track maintenance
 
cost. In addition, maintenance personnel could be
 
concentrated along District 3's track to offer better
 
service levels in the future.
 

- FENADESAL could sell District 2's right-of-way along the 
93-kilometer segment to be closed, obtaining about 
C20,000,000 . The proposed project could be self-financed 
in this way. 

- Rail service's reliability should increase as trains begin
 
to run along a safer corridor. Cement traffic is currently
 
directed along District 2's track from Soyapango to Texis
 
Junction, through conflictive areas; this segment suffered
 
44 guerrilla attacks from 1980 to 1988. With the planned
 
interconnection, trains would be run along District 3's
 
track on safer lands, enabling FENADESAL to cut down on
 
expensive security measures.
 

- This new route could help FENADESAL obtain new clients 
since it is located within a coffee-growing area, as 
opposed to the currer.c alignment which has virtually no 
crops or other products. 

There is, however, one main draw-back to the proposed
 
connection: because of increased grades and degrees of
 
curvature (longer equivalent track mileage), it will be more
 
expensive to operate trains along the Castilla-Metapan-San
 
Salvador corridor. The Acajutla-Castilla corridor will. be
 
less expensive to operate, since track mileage between the
 
two ports is significantly reduced, though equivalent track
 
milage, for this corridor is reduced by a less significant
 
amount. Since traffic along the former corridor is expected
 
to be much higher than along the lr*ter one, overall train
 
operations would be more expensive.
 

Table II.B.23 presents a preliminary comparison of the
 
proposed and existing routes for San Salvador-Mepatan (and
 
Atlantic Ocean) traffic. It would cost C8.48 per ton more
 
to transport freight via Santa Pna than along the existing
 
route. Considering track maintenance and investment savings,

it would be less expensive to operate trains along the new
 
route if traffic were less than 200,000 tons per years. This
 
threshold is unlikely to be achieved within the next few
 
years (but could be achieved within our planning horizon).
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TABL! 11.8.23 

COST COMPARISON OF EXISTING AND PROPOSED RUTES
 
FROM SAN SALVADOR TO HETAPAN (AND TNE ATLANTIC)
 

Proposed Route Existing Route 
(via Santa Ana, (via Los Cars 
District 3) River, Dist.2) 

1) Length (kim) (1) 	 141.75 136.3 
2) Length (mites) 	 68.1 84.7
 
3) Total gradient (ft) k111 1024
 
4) Equivalent track Length for gradient (2) 133.6 64.8
 
5) Degrees of central-angle curvature 323 2040
 
6) Equivalent track tlth of curvature (3) 6.2 3.9
 
7) Total eqjtvaltnt track miles (2 4,6) 227.9 153.4
 
8) Difference in tra:k mites 3.4 (5.4)
 
9) Difference Inequivalent miles 74.5 (119.2 Ia)
 

10) Maimau gradint 3Z 2% 
11) lAxiiA load for 800-NP tocomotive (tos) 300 400 
17) Additional fu)L cost (0.11/ton K) C 8.48/ton (4) 
13) Track-ka that can be closed 92.9 
14) Track maintenwce cost savIngs '3,O00C/km (5) 1,208,000 C/year 
15) Traffic that wilt negate ojintenance savings 

(tons/year)(14/12) 	 142,400
 
16) Construction cost in Colones (6) 17.0 million 20.9 million 
17) Salvage vaLue/R-O-W sate cost (7) 
18) Net cost difference (17-20.9) 3.9 million 
19) Equivalent arnual cost at 12% 468,000/year 
20) Traffic that wit negate investment (tons/year) 55,200 
21) Total traffic that will make river-tine less expensive 197,600 

(tons/year) (15.20) 

(1) Includes 4.75 rm for connection 
(2) 	Assuming 25 14PH operation, 6 lb/ton resistance on tangent level track or 15.8 ft. rise equals one 

mite. 
(3)528 degrees of central-angle curvature equals one mile of tangent track. 
(4) 	 The equivalent miles difference is assumed to be primarily in fuel cost; there is additional track 

maintenance cost because curves and grzdients are more expensive to maintain, but since tor'-ge is 
relatively Low this has been ignored. 

(5) 	Maintenance cost savings from maintaining only one route as opposed to two routes. 
(6) 	 Santa Ana cornection would cost C17.0 million which would be offset by a C20.9 million investment 

required to overcome an erosl)n problt in the Las Cans liver line. 
(7) 	R.O.W sate prices and salvage costs are n'ot Included in the analysis since the two alternate 

aligrments are similar in length amid sssL.c:d to be similar in tend value. If we built the 
proposed connection, we could sell the river's segment; and if we kept the present route, we could 
sell the ,anta Ana segment. 

Source: 1986 Damage Assessment Rport and ConsuLtaits' Estimates. 
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In summary, this project presents several interesting

advantages and opportunities to help FENADESAL. But, since
 
unit cargo costs for the Castilla-Metapan-San Salvador
 
corridor should be higher than present costs in the long-run,

it could be inappropriate to operate the proposed route
 
(especially after the war is over).
 

Before recommending any investments, the Consultants suggest

further analysis of this issue with more precisely estimated
 
future cargo levels (e.g., a national transportation study).
 

g. Project Needs
 

(1) National Transport Study
 

There is a need for a national transportation study, and only

within the frame cf such a study, can the feasibility of (and

geo-political need for) the railway system be assessed. 
This
 
plan should address the following issues related to railways:
 

- economic feasibility of the railway system
 

- value of the railway system as an alternative mode to 
highways 

- importance of the railway system as an integrating and 
developing Sector for Eastern El Salvador
 

- definition of the need for an efficient port alternative
 
to Acajutla at Cutuco or Punta Gorda or neither. (This

will influence the future role of District 1 and its
 
tentative extension to Pueblo Viejo)
 

- types of cargo by corridor in which the railway should 
concentrate. (This should help to evaluate the need for
 
increased container-handling equipment and a possible

extension to the proposed container yard at Acajutla.
 

- level of acceptable subsidy, if any (typically not more
 
than 30 percent of operating expenses).
 

(2) Manageme;ft Study
 

The Consultants reLommend a management study of FENADESAL. 
The structure of a proposed marketing department should be
 
defined. A variable costing system should be developed.

The proposed study should analyze whether it is appropriate

to establish a planning department and central train
 
dispatching. After this study, it is recommended that
 
technical assistance be provided in the areas of marketing,
 
manpower planning, operations and forecasting.
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The proposed linkage of Districts 2 and 3, coupled with cargo

transfer capabilities at the Guatemalan border, could benefit
 
the economic performance of the railway system. Running

trains to the Atlantic will benefit the railways whether
 
FENADESAL runs trains via Santa Ana or not. This could be
 
achieved whether Salvadoran or Guatemalan trains are used.
 
No capital investment should take place until the proposed

national transportation plan defines, the future role of the
 
railway system.
 

3. Marine Ports
 

The analysis will concentrate on the current economic
 
performance and capabilities of Acajutla and Cutuco, with
 
special emphasis placed on the benefits to be derived from
 
the rehabilitation/replacement of their assets.
 

a. Inventory of Facilities
 

The infrastructure of the port of Acajutla presents a series
 
of damaged areas principally caused by strong winds, wave
 
action and water salinity. The electrical system has been
 
already affected by the continuous voltage changes, and the
 
port lacks sufficient cranes to move containers. This is
 
further complicated by the fact that the railway line does
 
not enter the dock areas.
 
A description of the ports of Acajutla and Cutuco is
 
presented in the following paragraphs.
 

(1) Port of Acajutla
 

The port of Acajutla is located on the Pacific coast in the
 
Western zone of the country, to the southwest of the capital,

San Salvador, at a distance of 85 km by highway, and 103 km
 
by railway.
 

It fulfills vital functions for the loading, storage and
 
unloading of goods. It has the following facilities:
 

(a) Piers
 

Acajutla is a direct docking port and has three piers and
 
space for eight ships, distributed in the following way (see
 
Figure II.B.4):
 

169 



PORT OF ACAJUTLA._
 

I-. ADMINISTRATIVE OFFICE. 
2- WORKSHOPS. 
3- CEPA WAREHOUSES -genero cargo.
4- CEPA WAREHOUSES -bulk cargo. 

5- PRIVATE WAREHOUSES -bulk cargo. 
6- PRIVATE WAREHOUSES -genmol cargo.
7- PRIVATE SILOS -groin, 
8- PRIVATE TANKS -liquds. 
9- PRIVATE INDUSTRIES.11- AUTOMBILE YARD. 

12 
13 

2" SPORTS AREA. 
3- HARBOR SCALES. 
14- IRON YARD. 

A-B-C- PIERS IER POJECT. 14 
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----------------------------------------
PIER FUNCTION CAPACITY 	 NAMES
 

"A" Pier and Jetty 2 	 A-i
 
A-2
 

"B" Pier 4 	 B-3
 
B-4
 
B-5
 

"C" Pier and Jetty 2 	
B-6
 
C-7
 
C-8
 

Pier "A" has two berths, and handle: general cargo, solid
 
and liquid bulk. The jetty has a length of 310 meters and
 
a width of 37 meters.
 

Pier "B" has 4 berths and handles mostly solid bulk and some
 
general cargo. The jetty is 370 meters long and 28 meters
 
wide. Pier coverage is 4.8m above sea-level. 152-meter-long

and nine-meter draft ships can berth at platform "B". Depths
 
at low tide are 10 meters in berths B-3, B-5, and B-6 and 12m
 
in B-4.
 

Pier "C" is designed to better existing installations,

improve operational efficiency and provide the port with a
 
berth for tankers up to 40,000 tons. It extends out in the
 
same direction as pier "A" to a distance of 35 meters in the
 
first section, deflecting 30 degrees in the second section
 
for 270 meters. It has a length, measured at the axle, of
 
307 meters. It is approximately 21.5 meters wide.
 

It has two berths which can mobilize general cargo, bulk and
 
containers. It can handle two 12 meter-draft and 128 meter­
long ships in berths C-7 and C-8, or one 205 meter-long and
 
12 meter-draft ship.
 

(b) Storage Areas
 

Storage facilities consists of warehouses, yards for general
 
cargo and vehicles, and one container yard which includes an
 
area with 24 outlets for refrigerated containers.
 
Characteristics of these installations 	are listed in 
 Table
 
II.B.24.
 

(c) Equipment
 

The port's cargo movement equipment, are described below:
 

To assist ship movements:
 

1 1,800-HP tug
 
1 1,200-HP tug
 
1 800-HP tug
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---------------------------------------------------- 

TABLE 11.3.24
 

STORAGE AREAS AT THE PORT OF ACAJUTLA 

INSTALLATION a) Dimensions (m) CARGO
 
b) Area (m2)
 
c) Volume (tons of cargo) 

-

Warehouse #1 


Warehouse #2 


Warehouse #3 


Warehouse #4 


Transit 

Warehouse 


Yard for general 

cargo 


Yard for vehicles 


General warehouse 


Modules 


Warehouse for bulk 


Container yard 


a) 150 * 40 * 6.5 EXPORTS 
b) 6.000 

a) 135 * 40 * 6.5 IMPORTS 
b) 5.4C0 

a) 150 * 40 * 6.5 IMPORTS 
b) 6.000 

a) 120 * 40 * 6.5 IMPORTS 
b) 4,800 

a) 250 * 18 * 4.6 IMPORTS AND 
b) 4.500 

b) 24.500 

b) 36.000 


a) 30 * 78 

b) 2,840
 
c) 12,000
 

b) 10.372 


b) 5.200 
c) 18.000 

b) 29.700 

EXPORTS
 

IMPORTS AND
 
EXPORTS
 

IMPORTS AND
 
EXPORTS
 

* 21 EXPORTS 

IMPORTS AND
 
EXPORTS
 

IMPORTS
 

IMPORTS AND
 
EXPORTS
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To handle solid bulk:
 

One crane with a 240 ton-per-hour capacity handles exports

and a 150 ton-per-hour crane imports. These products are
 
transported via conveyor belts to CEPA or private warehouses.
 
Productivity varies according to product density.
 

To handle containers in the yards:
 

Two container-handling cranes with a maximum capacity of 35
 
tons, are able to elevato and lower containers to three
 
different levels.
 

Miscellaneous Equipment:
 

Clamp-type loaders for container handling

6,000-,11,000-, and 20,000-pounds fork lifts
 
Tractors
 
Front-end loaders
 
Caterpillar tractors
 
Pulleys
 
Two cranes, of 60- and 30-ton capacities
 

(d) Current Condition
 

The steel cells which constitute the structure of Pier "A"
 
are badly deteriorated and in need of urgent repair. Berth
 
fenders at Pier "B" are also in poor condition.
 

The warehouse roofs are very deteriorated, causing leaks
 
during the rainy season which in turn affects the merchandise
 
stored therein. Other storage places are in good condition.
 
In general terms, this port's equipment is obsolete and in
 
bad disrepair, resulting in high maintenance expense.
 

(2) Port of Cutuco
 

The Port of Cutuco is located in the Gulf of Fonseca, in
 
Eastern El Salvador. Its distance from San Salvador is 252
 
km by rail and 185 km by road. Its functions include the
 
loading, storage and unloading of goods. Its facilities are
 
aescribed below.
 

(a) Piers
 

Cutuco has one pier with two berths. The northern berth is
 
152 meters long and has a 7.6 meter-wide unloading bay with
 
two railway tracks. The southeii berth is 174 meters long
 
and 6.1 meters wide, with only one railway track.
 

(b) Storage Areas
 

A transit warehouse 15.24m wide and 1.46.3m long, provides
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2,230 m2 of storage space. Apart from this, Cutuco has open
 
storage space of 482,824m2 and covered spaces with 23,940 m2,

distributed among five warehouses for exports and one for
 
imports. In addition, Cutuco has a yard for 256 railway
 
wagons or coaches. There are two oil tanks with an
 
approximate capacity of 20,000 barrels each.
 

c) Equipment
 

Cutuco has eight fork-lifts with a capacity ranging from
 
4,000 to 6,000 pounds. There is also a 120-HP tug.
 

(d) Current Condition
 

The port of Cutuco was built at the beginning of this century

with a few repairs having been made during its operation. The
 
state of its pier and other installations is poor.
 

b. Projects Underway/Planned
 

infrastructure 


(1) Port of Acajutla 

(a) Projects Underway. 

There are no projects currently underway as such. Only 
maintenance work, such as anticorrosive
 

painting of metal structures, is being done.
 

The replacement of wooden defenses for the berthing of boats
 
is also being undertaken. This is done with local wood,
 
which only lasts for a short time. In addition, roofs have
 
been waterproofed, and there has been some replacement of
 
railway lines.
 

(b) Planned projects.
 

The principal planned projects are described below:
 

((1)) Repair Pier "A"
 

This is being studied by the German firm Reynolds, with
 
technical assistance and finance from KfW of Germany. The
 
study is about to begin and will last approximately one year.

Construction work will also be financed by KfW.
 

A preliminary report prepared by a German consulting firm,
 
recommends KfW finance for this project. The upproximate
 
cost of this project is US$15.mJllion.
 

((2)) Enlargement of container are,s
 

This project has been planned for future storage demands.
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It includes a pier for the unloading of containers, which
 
will notably reduce the current transport of 1.8 km from Pier
 
"C". An extension to the railway line from the warehouse
 
area would couple with new container facilities. Preliminary

design and cost estimates of US$56 million were obtained in
 
1982.
 

((3)) Replacement/Acquisition of Operational Equipment
 

The port needs to replace between 80 and 90 of its operating

equipment. US$3.16 million is the cost of this project. At
 
present, steps are being taken to obtain finance from the
 
governments of Japan and Germany.
 

CEPA is in the process of changing the port's radio
 
communication system at a cost of US$1200.
 

To facilitate unloading, improvements are planned for the
 
crane systems on Piers "C" and "B". In the case of Pier "C",

acquisition of a multipurpose crane for moving containers,

bulk cargo and other cargo is being considered. There are
 
also plans for the acquisition of containers, and other
 
works, the cost of which exceeds US$11 million. German
 
government financing could be available for this project.
 

((4)) Warehouse roof improvements
 

The German government has apparently developed a study for
 
improving the 
US$600,000. 

warehouse roofs, with an estimated cost of 

(2) Port of Cutuco 

As previously explained, the pier on this port is in very
bad condition. if a decision is made to improve operations,
 
a total remodelling of the pier is necessary.
 

c. Traffic History
 

(1) Port of Acajutla
 

Acajutla is the most important port in El Salvador, as most
 
exports and imports are transported from here. Over 55
 
percent of all exports were shipped from Acajutla in 1985.
 
It mobilizes approximately 14 times as much cargo and seven 
times as many ships as the second most important port -
Cutuco. 

Table II.B.25 shows a summary of 1988 port activities at
 
Acajutla. A total of 1,055,280 tons were handled. Bulk cargo
 
was the most significant with 554,000 tons. Other cargo

categories comprise 370,000 tona of general cargo, 109,000
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TABLE I1.i.25 

SUNNAIY OF 1988 POET ACTIVITIES AT ACAJUTLA 

........................................................................
 

I SNIP CLASS I 
........... ---.. "I.-----.-.. ..-..----.-


GENERAL fULKSHIP TANK NIXED I TOTAL 

I.................................................................................
 
I. PRODUCTION 

CARGO INTONS. 370547 554521 109443 20769 1055280
 
IMPORTS INTONS 4266662 109443 875389
62820 1646 

EXPORTS IN TONS 103885 717011 - I 305 179m11
 
GOT 2431503 604215 171553 320037 3527306
 

NOT %W% 393181 112530 18060 2118109
 
i.............. i------ I........
i................. I I...........I....... I ................ 


I. TRAFFIC
 
NUMBER OF SHIPS BERTHED 265 47 23 28 363
 
HOURS INPORT (ANCHOR-SAIL) 12324 10663 2686 677 26350
 

HOURS INPIER (DOCKING-UNDOCKING) 1024.3 8661 2167 550 21621
 

HOURS EFFECTIVELY WORKED 6471 5366 1891 358 14086
 

HOURS NOT WORKED (INACTIVITY * DELAYS*) 3M 3295 276 192 7535
 

HOURS BETWEEN ANCHORING AND DOCKING 1703 1779 396 122 4000
 

HOURS BETWEEN LNDOCKING AND RE-DOCKING 188 182 118 4N
 

HOURS BETWEEN UNDOCKING AND SAIL 190 1 5 5 241
 

................................... ............... ................................
 
I1. INDICATORS
 

AVERAGE TONS /SHIP 1398 11758 4n78 742 2907
 

AVERAGE GR7 / SHIP 9175 12856 7459 11430 9717
 

AVERAGE NRT/ SHIP 5403 8366 4893 6450 5835
 
AVERAGE DAILY ARRIVALS 0.7 0.1 0.1 0.1 1.0
 

AVERAGE HOURS-SHIP IN PORT I ,6.5 226.9 116.8 24.2 72.6
 

AVERAGE HOURS-SHIP IN PIER 38.7 184.3 94.2 19.7 59.6
 

AVERAGE HOURS-SHIP EFFECTIVELY WORKED 24.4 114.2 82.2 12.8 38.8
 

AVERAGE HOURS-SHIP NOT WORKED 14.3 70.1 12.0 6.9 20.8
 

AVERAGE HOURS-SHIP ANCHORING-DOCKING 6.4. 37.8 17.2 4.3 11.0
 

AVERAGE HOURS SHIP UWDOCKING-RE-DOCKING 0.7 3.9 5.2 1.3
 

AVERAGE HOURS SHIP UNDOCKING-SAIL 0.7 0.9 0.2 0.2 0.7
 

............................................- ........ I.........-----I------I.....
 
IV.PERFORMANCE
 

TONS-HOUR SHIP IN PORT 30.1 52.0 40.7 30.7 40.0
 

TONS-HOUR SHIP INPIER 36.2 64.0 50.5 37.8 48.8
 

TONS-HOUR PER-SHIP EFFECTIVELY WORKED 57.3 103.3 59.9 58.0 74.9
 

I......I ---...... I........
................................ ....... --- -----...
 
V. RATIOS 

HOURS DOCKED AS X PORT STAY 83 81 81 81 82
 
IHOUS ANCHORING-DOCKING AS Z PORT STAY 1I 17 18 151
 
HOUIRS UM ING-REDOCING AS %PORT STAY 1 2 4 2
 

HOURS UNDOCKINGSAIL AS % PORT STAY 2 I 1
 

HOURS EFFECTIVELY WORKED AS % PIER 4TAY 63 62 87 65 65
 
HOURS NOT WORKED AS Z PIER STAY 37 38 13 35 35
 

............................................................................................................ 4
 

* DELAYS APPEARED OUING OPERATIONS 

176 



tons of liquid bulk and 21,000 tons of mixed cargo. Exports

amounted to 180,000 tons and imports to 875,000 tons.
 

Acajutla harbored 363 ships with a total registered gross

tonnage of 3,527,308 tons in 1988. Ships stayed an average

of 72.6 hours within the port and 59.6 hours at the piers.

An average of 48.8 tons per berthed ship-hour and of 40.0
 
tons per harbored ship-hour were handled.
 

The following paragraphs present more detailed information
 
on cargo and ships handled by Acajutla.
 

(a) Cargo Traffic
 

Table II.B.26 shows the yearly imports and exports through

Acajutla, by cargo type. Figure II.B.5 depicts the yearly

fluctuation of exports and imports. Imports have remained
 
stable during the last ten years at an average level of
 
850,000 tons (with the exception of 1982 in which imports
 
were 500,000 tons). On the other hand, exports have
 
decreased significantly to approximately 39 percent of their
 
1979 (pre-conflict) level.
 

A list of exported and imported goods is presented in Table
 
II.B.27. Prominent imports (by order of weight) 
are
 
fertilizers, grains, soy flour and iron. Coffee is the only

significant export (76 percent of all exports by weight).
 

Countries which trade with El Salvador via Acajutla are
 
recorded in Table II.B.28. The US is the most important

tradjig partner, receiving 32 percent of exports and shipping

61. percent of imports. Germany and the Soviet Union are
 
meaningful importers of Salvadoran products, accounting for
 
29 and 23 percent of export tonnage.
 
Table II.B.29 shows container movements at Acajutla during
 

1986-1988.
 

(b) Ship Movement
 

Table II.B.30 presents a monthly total of incoming ships
 
as well as the number of ships simultaneously berthed during

the year. The first half of the year receives more ships

than the second half (56 and 44 percent respectively). Port
 
activities peak during March-June, during which all berths
 
are occupied simultaneously for several days. Sixty-one

percent of the time, two to four berths are operating

simultaneously; 20 percent of the time, five or more berths;
 
and 19 percent of the time, one or less.
 

Table II.B.31 shows pier activities during 1988. Pier "B"
 
presents the highest performance, having handled 578,857 tons
 
of cargo. This is explained by the presence of a large crane
 
and conveyor belts on that pier.
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TABLE 11.0.26
 

COMPARATIVE CARGO MOVEMENTS FOR 197911988
 

CLASS I FI ED 5T MOVEMENT AND CLASS OF CARGO
 

I00UcEPT (TONS) 1979 1 1960 1981 1 1962 1983 1 1964 196 1966 1967 196 

I-------------
IIMPORTSIIIII 

I-------I---------- ---------------- I--------------I--- ----
IIIII I....-------I.......------I------------ -----­

11U0tP 0 IIt SI IT II 

IGENERAL CARGO 252.006 219.962 195,313 158,626 203,874 224,378 207,233 232,270 240,361 227.900 

BLK CARGO 569,522 577,200 526,590 333,646 567,695 522,567 611,337 616,118 605.908 571,262 

ILIQUID WUK CARO 32.367 1 22,289 1 32,271 1 25,411 44,069 48,145 1 v 54,284 1 74,835 64,295 76,227 

I--...........--....................................I ..-----------.....------------------'-------- - .
II -- .......-------

IS-TOTAL 853,897 1 819.451 1 754,174 517,683 1 815,638 795,090 872,854 923.223 910,564 675,319 
1I----------- ----------- I---------I---------I-------I --------- -------- ----------- IEXPORTSIIIII IIIII 
Iitt uIsmuumumuauuisul1 IlI I I I I I I 

GENERAL CARGO 161.564 179,035 141,418 126,69? 235.,93 154,181 130.830 93,374 115,227 I101,736 

INLK CUM 269.423 106,373 104,974 83.966 9,203 85,380 130,519 99,240 37,787 78,105 

LIGUID LKK CAAO 30,452 j UM,7'8 19,999 23,824 757 12,842 14,926 6,062 * 

I.........------------- I ---------- I ---------- I ------- I---------- I---------- I---------- I--------- - ------------------- I 
ISM-TOTAL 461,439 1 285,406 264,150 1 230,652 1 348.620 1 240,318 1 274,191 207,542 159,096 179,691 
I.........-------------I.---------I-----------........---......------- I I .------------------ I----------- ------- ---------

ITOTAL 1 1,315,336 1,106,859 1,018,324 I 748.335 1 1,16,258 1,035,408 1,147,045 1,130,765 j1,0694,60 1,05S,m 

.------------------------------------------------------------------------------------------------------------------------------------------­



1.4 -

1.3-

YEARLY 

FIGURE 1l.B.5 
C.ARGO MOVEMENTS AT ACAJUTLA 

1.2 -

1.1, 

1A 

Lw 0.9 

1
Z t,0c 

0.8 

0.7 -0 

z 
0.6 

0.5 

-

0.50 

0.4 

0 .3 -

d 
,4 , 

0.2­

0.1 
04 

)0 

1979 1980 1981 

V7Z IMPORTS 

1982 1983 1984 

YEAR 

EXPORTS 

1985 1986 1987 

TOTAL 

1988 



TAU 11.0.27 

198 EXPORT AND IWIRTS FII/TO ACAJUTLA By CARGO 

Page 1/2

-oo*---------..-........ ----...--......... +.......Io........o....ag 	 1/
 

C 0 N C E P T INPORTS EXPORT TOTAL
 
............................... 
 .............. ............... ................. 

ToINSI Z TOM g 2 TO1 Z 
..... I.. ...... I.... ........ I.......
 

GEIERAL CA GO 

GROCERIES 	 12,9&? 1.44 529 0.29 13,476 l.8 
IAJOIJOLI I 5.746 3.19i 5.746 0.54 
ICOTTON 583 0.32 583 0.06 
IALSAN 53 0.03 53 0.01 

IEMPTY REELS 24 0.01 24 0.O023 
ICOFFEE 76,956 42.78 '76,956 7.29 
ICOTTON FIBER 1,016 0.56 1,016 0.10 
IONEY 705 0.39 75 0.07 
IOTHER FOS I 0.02' I 0.0042 
jFERTILIZER IN GENERAL 2881 0.03 288 0.03 
IOILS, VEG. &AN. FAT 1,369 1 0.6 1.369 0.13 
JANIKAL FOOD 14l0.0016 1 14 0.0013 
ICLAY ARTICLES & SIMILARS 5,036 0.58 5.036 0.48 
IPAPER 	& PRINTED KAT. 1.653 0.19 1,653 0.16 

ICENEW 0.07 627 0.0.627 

ICEREALS IN BAGS 29,737 3.40 29,737 2.82 
ILOADED CONTAINER * 11,531 1.32 4,750 2.64 16.281 1.54 
IEMPTY CONTAINER * 2,027 0.23 6,994 S.00 11.021 1.04 
IPERSONAL EFFECTS 196 128 10.02 1 0.07 314 0.03I 
IEQUIP ET IN GENERAL 851 0.10 1 1 1 851 0.01 
IHARDUARE 4,0031 0.461 71 0.04 4073 1 0.391 
IFLOUR IN BAGS 956 10.111 1 956 0.09 
ILLIBRICANTS 295 1 0.03 1 295 0.03 
ITIRES 1, ad 0.17 1,4 0.14 
IWOC 285 1 0.03 2851 0.031
 
ACHINERY 4.728 0.54 
 1 35 0.02 4,763 0.45 1 

ICOSTRUCTIOl MATERIALS 3 1 0.00 1 3 0.0003 1 
JPLASTIC AT. & ARTIFICIAL FIERI 999 0.11 1 1 1 999 1 0.09 

INERALS 3,026 1 0.35 1 3.026 1 0.29 1 
IPAPER REELS 	 18,4001 2.10 1 18,400 1.74 1 
IMUICTICIDE 407 1 0.03 1 407 1 0.04 1 
IRwPto1P mCs 69,,'79 7.97 69.779 6.61 
IMUSTRIAL IIWPLIES 1 1,107 0.13 1,107 0.10 

IPWODUCTS FOR THE IWUSTRY 20,653 2.36 201 0.11 20.854 I.I 
ICNEWICAL PSIUD4CTS 10,661 1.22 74 0.04 10,735 1.02 
SPARES 3.75 1 0.43 1 1 3.754 0.36 
IRESINES 	 11,376 1 0.16 1 
 1 1,376 1 0.13 

.....................................................................................
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TABLE 11.1.27 

19M EXMT AM IWMTS FR/TO ACAJUTLA BY CARGO
 

Page 2/2 

C a rNE P T I NPOR T S EXPORT TOTAL
 

.................
. ....................... 
 ... ...........

I 10311s 2 1 0 m11 TO0NSs II 

I I...I..................----
G E I E IAL CAEIO I 

ITETILES, LEATER MTICLEt 1,029 0.12 258 0.14 1,287 0.12 
IELECTRIC MATERIALS 2.0711 0.24 2,2073 0.20 
IVEHICLES 5,546 
 0.63 I I I S,546 0.53 1 
IGLASS 2,170 0.25 2,170 0.21
 
IOTHER PROUCTS 8,911 1.02 1,620 
 0.90 10,531 1.00 

BULK CAIGO 


IFERT. & RAW KATERIAL FOR FERT. 235,102 26.86 235,102 22.28 
ISCOILM CARBONATE 16,377 1.87 16,377 1.55 
ICEREALS 210,1"1 24.01 1 210,144 1 19.91
 
1CORN FLOM 2,610 1 0.30 1 2,610 1 0.25 1 
ISOY FLOUR 101,262 11.57 1 101,262 9.60 
1SGM 1 78,105 43.42 78,105 7.40 
IOTHERS 5,767 1 0.66 1 5,767 1 0.55 
II II III

LIQUID CARGOI I III
I L1 0 U 1 CI I 
lOIL 7,354 0.84 1 7,354 0.701 
ICOTTON SEED OIL 19,368 1 2.21 I 19,368 1.84 
IFAT 32,655 3.73 1 1 32,655 1 3.09 1 
IBUTANE 12,481 1 1.43 1 1 12,481 1.18 
IOTHERS 4,36 1 0.50 1 1 4,369 0.41 

1..............................I ..... I . I ..... I. ..... ...... I
 
ITOTAL 1 875,389 I 100 179,891 I 100 1,055,280 1 100 
*................................................................................. 

REFFER ONLY WT TUCwItAIMCDTn LFlfT r 
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TABLE II.B.28
 

1988 EXPORTS AND IMPORTS FROM/TO ACAJUTLA BY COUNTRtY 

+----------------------------------------------------------------------
COUNTRY EXPORT IMPORTS 

TONS % TONS 
 %
 

UNITED STATES OF ANERICA 57,171 31.78 537,309 61.38
 
GERMANY 52,461 29.16 18,555 2.12
 
SOVIET UNION 40,613 22.58 4,059 0.46
 
JAPAN 13,212 7.34 12,100 1.38
 
CANADA 4,855 2.70 35,710 4.08
 
NETHERLANDS 3,000 1.67 25,890 2.96
 
UNITED KINGDOM 1,348 0.75 4,060 0.46
 
BELGIUM (1) 63,182 7.22
 
VENEZUELA (1) 37,939 4.33
 
NORWAY (1) 15,074 1.72
 
RUMANIA (1) 13,775 1.57
 
PHILLIPINES (1) 13,005 1.49
 
ECUADOR (1) 12,076 1.38
 
MEXICO (1) 10,970 1.25
 
TAIWAN (1) 8,089 0.92
 
CHILE (1) 8,026 0.92
 
SOUTH KOREA (1) 7,136 0.82
 
COSTA RICA (1) 5,407 0.62
 
PUERTO RICO (1) 4,576 0.52
 
BRAZIL (1) 4,420 0.50
 
FRANCE (1) 4,046 0.46
 
DUTCH WEST INDIES (1) 3,261 0.37
 
LIBYA (1) 3,012 0.34
 
PERU (1) 2,509 0.29
 
OTHERS 7,231 4.02 21,203 2.42
 

TOTAL 179,891 100 875,389 100
 
+-------------------------------------------------------------------­
(1) INCLUDED UNDER "OTHERS"
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T A B L E II. B. 

ACAJUT LA CONTAINER 

40-FOOT CONTAINERSJ 

LOADED EMPY I TOT 

1986 IMPORTS 1,035 170 1,205 


1986 EXPORTS 402 624 1,026 


1986 TOTAL 2,231 


1987 IMPORTS 1,409 138 1,547 


1987 EXPORTS 432 851 1,283 


1987 TOTAL 2,830 


1988 IMPORTS 1,673 132 1,805 


1988 EXPORTS 341 1,554 1,895 


1988 TOTAL 3,700 


29 

MOVEMENTS 

20-FOOT CONTAINERS 

WADED I EMPTY ATOTL 

2,145 1,344 3,489 

1,726 1,482 3,208 

6,697 

2,454 1,312 3,766
 

2,015 1,709 3,724
 

7,490
 

2,616 643 3,259
 

1,599 1,583 3,182
 

6,441
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TALE 11.l.30
 

1980 SNIP NOVE ENTS AT ACAJUTLA POrT
 

......................... I.........................................................
 

I U OF AT I
NU1IER SNIPS PIER I 
TOTAL .......................................................INo. Of I 

NO TN 0 1 1 2 I 3 I 4 I 5 I 6 I 7 IlMomI l 
DAYS ..................................................... SIPS 

DAYS IN TN I I 

JAUARY 31 2 5 8 9 6 1 35 

IFEI3RIY 1 9 1 2 1 I 71 7 1 T 2 1 1 3 

1MARCH 311 1 41 5 1 1 1 , 1 1 361 

IAPRIL 301 21 3 2 3 1 81 4 35 1 

IMAY 31 1 1 21 6 1 5 I 1 4 5I 21 3.21 

IJUNE 301 1 7 1I 1 4 1 81 5 1 4 33 

JULY 311 1i 61 71 101 'I 3 I
 
III I I I I II I II
 

IAUGUST 1 31 I 21 61 161 3 'I1 I12 

ISEPTEMER 1 301 4I 71 31 91 'I 31 1 1 291 

OCTOBER I 31 1 1 4 131 7 1 1 1 2 1 291 

INOVLKSER 30 1 5 I 91 71 51 31 1 251 

IDECEMER 311 6 1 10 1 101 4 1 1 1 231 
I.........I ....................................... .............. I
 

TOTAL 1 3661 191 491 741 e91 0l 411 211 31 6 
........................................................ ...... 
 ...........
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TABLE 11.8.31
 

1988 ACT I VI T I ES AT ACAJUTLA
 

*--------------------------------------------------------------------------------------------------------------------

I PIE - It PIER ",e,, I PIER C I
 
Mo TH I
--------------------------------- i---------------------------------- I-------------------------------

I Me S JIN NT T I N.E.V. I-.S.P. I No S IWEIGHT T I H.E.W. IN.S.F. I S 3 lEINT T I N.E.V. IN.S.P. I 

TOTAL 167.e 1 278,111 1 5,020 7,124 100.8 578,857 5.798 9,626 94.3 190,312 1 3,266 4,871 

IJANMURY 12 25,1331 4881 610 101 26,1891 351 1 5201 131 6,561 1 1"1 2321 

IFEMUARY 161 28,2461 395 1 5371 101 50,4361 3391 5901 71 4,9671 1351 36 1 

I I I I I I I I I I I I I I 
MARCH 1 16.41 14,9881 3381 5001 7.41 98.8461 6241 9891 12.21 11,1111 2561 3341 

APRIL 1.51 42,6501 6221 7641 101 80,9131 8021 1,234 10 1 9,5641 3501 4221 

mAr 13 23,796 528 7811 12.9 39,599 484 945 6.11 13,971 261 4071 

JANE 211 34,0681 6041 O801 7.5j 58,4331 713 1,1931 4.5 I V7,2961 3761 6361 

JALY 1 11 17,2121 360 555 11 20,9971 379 6251 61 26,7621 277 445 

AIGUST 131 12,8751 323! 5771 51 33,8441 3861 861 1 71 12,771 1651 3261 

ISEPTEEIK I 121 17.5991 3361 5271 71 39,2991 154 1 34'I 101 16,1311 2231 3261 

IOCTOBER 161 25.1551 4141 5381 11.41 ,T0 1.2051 33.5301 5301 601I92 1.61 

UINO'IR 112.51 15,4281 3111 491 5.6 158,8751 7101 9671 6.91 16,4121 3461 4361 

IoCcvER 101 20,59 3011 4061 31 6,726 641 1331 101 9.216 2 5 2811 

No S a UNER OF SHIPS; ,EIGRT T a METRIC TONS ; Nf.E.W. a *iLJS EFECTIVELY WORKED ; N.S.P. a NOtn STAY AT PIER 

.n 



Ships experienced 9,761 hours of delay at Acajutla last year.

Most of the delay (52 percent) took place during the March-

June peak period. Equipment failures and operating problems
 
were the cause for 42 percent of the total delay.
 

(2) Port of Cutuco
 

Cutuco is the second most important port in El Salvador. It
 
serves as an alternate port for Acajutla.
 

Table II.B.32 shows Cutuco's activities for 1983-1988.
 
Berthed ships and the total cargo handled have been
 
decreasing with time. Last year, there were 76,700 tons of
 
cargo, of which 64,600 tons were imports and 12,100 tons were
 
exports.
 

d. Problem Areas
 

(.) Pier A
 

The Consultants' visit to the Port of Acajutla confirmed that
 
the most important immediate problem is the poor condition
 
of Pier A's infrastructure. The steel cells at this pier

show a high degree of corrosion. In the mid term, this could
 
seriously affect Pier A's structural stability, precluding
 
port operations.
 

(2) Cargo handling
 

Acajutla has a cargo-handling capability problem. Though

this can be partially traced to lack of adequate equipment,
 
the port's general configuration is more important.
 

Acajutla's piers are laid out in "fingers" not adapted to
 
modern shipping requirements. Containerized cargo is
 
becoming prominent in general cargo traffic, and this
 
phenomenon will continue to grow. Given the existing

configuration, the handling of containers on pier "C" will
 
prove very costly.
 

The proposed new pier does not seem, at first glance, an
 
adequate solution either. The resulting configuration would
 
still not be adapted to modern port technology. A deep back­
up area is required directly behind the berth, to allow for
 
optimal use of expensive heavy equipment. In addition, there
 
is some question as to the waves and swells that would be
 
created by the new pier.
 

CEPA should urgently look at a number of alternatives. The
 
Consultants propose some preliminary ideas in the following
 
section.
 

186 



------------------------------------------------------------------------------------------------------------------

TALE 11.8.32
 

CUTUCO PORT ACTIVITIES FOR 1983 1988 Page 1/2 
...... *. .........*........... ... ............ ... ........... .. .......................... *...m e.... ...............
 

'
 

A C T I V I T V 1983 1964 1985 1986 1967 I 1968 

SHIP ARRIVALS TOTAL 73 57 80 55 n.m 36 

LINER SHIPS 73 57 80 55 n.a 27
 
TANK BOATS 9
 

-... .....------........................ I -................................. I- -------- I..... -----.......
 
MERCHANT SHIPS DOCKED
 

HNllER Of SHIPS DOCKED 73 57 s0 55 n.o 36 
G. 2. T. (IN THOUSANOS) 506.0 377.3 646.2 412.9 - 271.2 
N. R. T. (IN THOUSANDS) 305.5 299.1 389.7 258.6 179.2 

.0...*.... °...... ..... eo....°............... ................... .I. e.e..I....... wee 

TOTAL WEIGHT MOBILIZED
 

(IN TCOJSANO3 OF TONS) 135.4 87.5 112.? 86.8 1 7.6 76.7 
... ............................................. I....I....i...I.... 

I " P 0 R T S 81.8 60.1 76.8 70.6 61.1 64.6 
(IN THOUSANDS O TONS)
 

GENERAL CARGO 1.1 7.4 3.3 3.9 7.1 4.7
 
PLK CARGO 69.4 42.9 64.0 53.7 36.3 39.3
 

LIQUiD ULK CARGO 11.3 9.8 9.5 13.0 19.7 20.6 ............................... .......... ,...........i.......... ...... I'........ I
,..........I 
.E X P 0 T 53.6 27.41 36.1 16.21 16.5 12.1 

S(IN THJSAMiS OF TONS) I I 
GENERAL CARGO 53.6 27.4 36.1 16.2 I 16.5 12.1 



TAOLE 11.8.32
 

CUT UCO PORT ACT IVITI ES FOR 1983 - 198 8 

........ ...................................... . ........... Jag.?12
 

A Z T I V I 1Y 1983 1984 1966 t1967 1986 1 

I ~ I NI INDICATORSIIIIII 

AVERAE TOS HOOILIZED/INIP (IN THOUSANDS) 

AVERAGE CRT / SHIP (IN TNOUSANIDS) 

AVERAGE NR / SHIP (IN THOUSANDS) 

AVERAGE DAILY ARRIVALS 

AVERAGE NOURS-SHIP IN PORT 

AVERAGE HOURS-SHIP IN PIE* 

AVERAGE HOURS-SHIP EFFECTIVELY WORKED 

AVERAGE HNUJS-SHIP NOT WOKED 

AVERAGE HOURS SHIP-ANCHOltfl-0OCKiNG 

AVERAGE MURES SHIP UINIOCKINO-RE-DOCKING 

AVERAGE IWJRS SHIP UNDOCKING-SAIL 

1.90 

6.90 

4.20 
0.20 

75.14 

60.17 
30.02 

30.14 

6.47 

0.41 

8.09 

1.50 

6.60 

4.00 

0.20 

53.32 
48.19 

30.26 
17.53 

4.59 

0.02 

0.11 

1.40 

8.10 

4.90 

0.20 

44.53 

40.31 I 
25.45 
14.47 

4.04 

0.04 

0.14 

1.60 

7.50 

4.70 
0.20 

46.50 
43.40 

27.50 

15.50 

2.50 

0.01 

0.10 

nu 

-

* 

-

-

-

2.10 

7.50 

5 
0.10 

63.01 

58.61 

39.14 

19.17 

4.14 

0.03 

0.19 

P E1FO 

TONS-HO SNIP IN PORT 

TOIIS-OU SNIP IN PIER 

ANCE I 

I 
24.7 

30.8 

28.7 

31.8 

41.4 

34.8 

33.6 

36.2 
n.e 

-

33.80 

36.33 
TONS-HOUR PER-SHIP EFFECTIVELY WORKED 448.8 50.5 54.8 56.8 - 54.40 

RATIOSIIIIIII 

IHOW DOCKED AS I PORT STAY 

!URSEFFECTIVELY WORKED AS X PORT STAY 

NOMS EFFECTIVELY WORKED AS X PIER STAY 

NOUS NOT WORKED AS % PIER STAY 

81 
51 

63 

37 

90 

57 

63 

37 

90 

57 

64 

36 

93 

59 

64 
36 

n.a 

-

-

-

93 
62 

67 
33 

IOMS AMCNORiG-OCKINS AS I PORT STAY 1 9 1 0 -

UM UNDCING-REDOCKING AS % PORT 
NURS UNDOCKING-SAIL AS % PORT STAY 

STAY NA 0 
01 0 

-

-
0 
0 



(3) Cutuco
 

Cutuco's main problem is very low traffic volumes. Its
 
deteriorated infrastructure, added to its greater distance
 
to import-export centers, contribute to low traffic demand.
 
Its vicinity to the private sector Port of Punta Gorda
 
further reduces demand.
 

e. Economic Evaluation
 

Cargo handling efficiency needs to be improved at Acajutla.

This will become worse as traffic, and particularly container
 
traffic increases. Lack of adequate equipment has been part

of the problem, but in our view, the port's configuration is
 
the major obstacle.
 

Because Acajutla does not have dedicated berths, it is
 
difficult to conduct a detailed port throughput analysis.

In order to obtain some preliminary indices, the Consultants
 
relied on discussions with port authorities and their
 
observations during a field visit.
 

Acajutla has eight berths, but port configuration and the 
size of calling ships reduce the effective number of berths
 
to seven. For the purpose of this analysis, we will assume
 
that two are solid-bulk berths, one is a liquid-bulk berth,
 
and the other four are general-cargo berths.
 

As shown in Table II.B.26, Acajutla handled 650,000 tons of
 
solid bulk, 76,000 tons of liquid bulk, and 330,000 tons of
 
general cargo in 1988. This represents the following:
 

PORT OF ACAJUTLA - URENT THROUGHPUT 

Type of Cargo Tons/berth/year
 

Solfd Bulk 325,000
 
Liquid Bulk 76,000
 
GerraL Cargo 82,500
 

Table II.B.30 shows an average occupancy of three berths in
 
1988. Assuming position arrivals and first-come first-served
 
queuing discipline, ships (considerinci all kinds) wait an
 
average of one percent of their service time, which is very

low. An economical and generally accepted waiting
 
time/service time ratio is 0.25.
 

To plan the port's berthing needs, the Consultants have
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forecasted traffic growth and compared expected volumes with
 
practical berth capacities. Considering that traffic follows
 
GDP growth , and assuming increased containerization, traffic 
would reach the following values:
 

FORECASTED PORT TRAFFIC
 

('000 tons)
 

Type of Cargo 18 2000 2010 

Solid Bulk 649 92t, 1441 
Liquid Bulk 76 10 169 
GeneraL Cargo (1) 230 Z83 366 
Containern (2) 100 189 366 

(1) Not including containers
 
(2) Containerization rate: 1988 - 30; 2000 - 40 and 2010 -50 

A conservative estimate of berth capacities for well laid­
out ports is indicated below:
 

BERTH PRACTICAL CAPACITY(1)
 

Type of Cargo Tc.is/berth/year
 
............. 
 ...............
 
Sol.id Bulk (2) 750,000
 

Liquid Bulk (2) 750,000
 
General Cargo (3) 180,000
 
Containers 750,000
 

Source: ISA Consultant experience 

(1) For modern port configurations. With AcajutLa's present
 
lay-out, a practical capacity of about 250,000 tons could
 
be achieved for bulk and containers. This reduced capacity,
 
coupled with the need for acceptable ship queueing times,
 
determines that more berths will be needed in the future,
 
with the port's presont configuration.
 

(2) Includes necessary time to cleen the installations following
 
a charge of product.
 

(3) Assumes 25 of the cargo is either containerized or pelletized.
 

Keeping the 0.25 waiting time/service time ratio as an
 
objective, (see Table II.B.33) the following configuration
 
would meet Acajutla's port requirements for our planning
 
horizon:
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TABLE II.B.33
 

BERTH OCCUPANCY RATES AND NUMBER OF BERTHS IN PORT 

TYPE OF BERTH
 

No of Berths General Cargo Bulk or Container
 

1 .30 .37
 
2 .45 .56
 
3 .57 .67
 
4 .65 .74 
5 .70 .77 
6 .73 .79 
7 .76 .81
 
8 .78 .83
 
9 .81 .84 

10 .82 .85
 

Ratio Waiting Time/
 
Service Time (1) .25 .20
 

Arrival Service
 
Formula Poisson Erlang
 

(1) The above occupancy ratios relate to delays generally
 
accepted for the types of ships calling at Acajutla.
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Type of Cargo 1988 2000 
.............. .... .... 

Solid Bulk 2 3 
Liqid Bulk 
General Carlo 

3 
3 

3 
3 

Contai4i rs 1 1 

TOTAL 6 7
 

It appears from the above that Acajutla will have to enlarge
 
its installations in the near future. Recommended criteria
 
for such an expansion are as follows:
 

- Minimize construction cost
 
- Avoid interference and pollution by separating bulk from
 
general cargo
 

- Provide as much back-up area for containers as possible
 
- Avoid long piers with poor access
 
- Remove warehouses on piers, unless needed for fruit
 

As Figure II.B.4 shows, proposed improvement do not
 
correspond to the above criteria. The proposed 56-million
 
dollar container pier, is being very expensive (probably

about 25 million dollars, and does not meet many of these
 
criteria.
 

Figure II.B.6 shows a preliminary port concept which achieves
 
the objectives stated above. The key to the proposed concept

is ample container-handling space directly behind the berth
 
and separation of bulk from general cargo. Table II.B.34
 
shows rough estimates of container-handling savings which
 
could be obtained from an improved pier lay-out.
 

The conceptual lay-out presented would be one way to provide

sufficient capacity with a relatively low investment. In the
 
mean time, existing deficient cargo-handling equipment should
 
be repaired or replaced. No important investments in new
 
equipment, such as a container-handling crane is warranted.
 
This type of equipment cannot increase the port's capacity
 
as the bottleneck is not the loading/unloading of the ships,

but the transfer of cargo to and from storage.
 

f. Project Needs
 

(1) Pier A
 

Repair of Pier A's infrastructure should have the highest

priority. In 1988, the German Government offered to finance
 
the project, by way of KfW, and hoped work would start at the
 
beginning of 1991. Necessary works are estimated to cost
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FIGU II. B. 6 

OF ,ACAJUTLA.ALTERNATIVE LAY-OUT FOR PORT 

4 

CONTAINERCOST 
STORAGE. 

C 

MULTIPUR POSE 
BERTHS WITH 

BACK-UP ARE. 
(SIZE DETEPMINED). BY 

FIIJ. OR SRiDWE 
FOR DIRECT ACCESS TO 

193 



TAK 11..134 

M CWTAIIF PIE CFIiG9D TICS 

Cost Savings in Container NandLing (198 USS) 

ASSUIPT IUNS: 	 Poge 1/2 
°.........
 

O Two-k. distance from pier to yard 

" Thirty-ka/h aped for c tainer-hadtin trucks 

* Additional ten-minute handling tim per containar by conts insr-hrtLing forklifts with 
current tay-out, bec&a. of duplication of mruuvers (containers are mved from pier to ruck 
and from truck to yard, as opposed to only frcu pier to ymrd) 

" 3?/h operatlng cost for cntainer-handLing trucks 

" 	100S/h operating cost for container-hardling fork-Lifts (obtained from amortizing the 
equipment over 1250 hours per year) 

" 500$/h operating cost for Acajutta's Mwerage size ship 	(11,000 GRT), when at port 
(Scurce: US Corp of Engineers, Lloyds of London, Varine Managemnt System) 

" An average of 200 containers per general-cargo ship 

" An average of 10 tons of cargo per container 

" ALL increases in ship operating costs are transferred by tiners to El Salvador 

" Only one *ffective container berth exists today, the other ger.ral cargo berths are for 
break-buik cargo
 

1. 	 Average ruiber of containers per year (1988-2000) x 100000t %189.0t a 14,500 
10t/cont 10 t/cont 

2. Average rmber of container ships per year ' 14,500/200 1 a 73 ships 
ship
 

3. Truck operating cost savings a Uks 32 * 14,500 a 31,000) 
30 km/h h 	 yr 

4. Fork-Lift operating cost savings a 10 min. * 1h * 100 S 14,500 a 242,000 
60 min. ii 	 yr 
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pae Z/2 

S. Ship operating cost savings: 

At pler : 200 bo 10Oin h. -L" 4_.. (1)•9 L__ 
ship box 60 min ship ship 

9h_ *500S 73sh2UI32 ,000..S
 
ship h yeor yr
 

Additional Waiting Period 

U/present configuration 	 73 * h3I. a 2109 ! 
year ship yr
 

berth occparcy ratio a IM a 0.33
 

7200 

queueing tiae-service time ratio - 0.5 (2) 

delay a 0.5 * 33 h 16 h
 
ship ship
 

W/inproved configuration 73 	 shis 24 h a 1752 h 
year ship yr 

berth occupancy ratio a 1752 	 0.24 
7200
 

qjeueine time-service time ratio a 0.33 (3) 

delay 	 a 0.33 * 24 h 8 h 
ship ship 

Additional waiting period 	 a 16 - 8 - 8h/ship 

8 h " o * 73 sho a292,000 S 
ship h year yr
 

6. Total saving costs at container berth(s) a 	 89,000 S/yr (3) 

Notes: 

(1) Current nuttber of hours effectively worked per ship, assumed acceptable for comparison 
purposes. 

(2) From queueing time-service time ratio tables. See Jansson, Owen and Shneerson, Dan, nPort 
Econoaicso, NIT press, CAwbridge, NMassachussets, 1962. 

(3) This figure could justify an i.,estmnt of 7.5 million dollars at a 12 percent rate of 
return. Aditional benefits ere also obtained becaIse of improved efficiency at break-bulk 
and bulk cargo handling which are not considered in this analysis. 
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approximately C75 million, and to last 60 months. In the
 
short term, emergency measures are needed to the visibly­
deteriorated cells.
 

(2) Container handling
 

As container transport increases, the operations at Acajutla
 
will become more expensive, due to the existing pier lay-out.
 
There is a need for a new lay-out, with better container­
handling capabilities, and a port study is needed to analyze
 
current pier infrastructure and propose adequate solutions
 
for expected traffic levels.
 

In the short term, to improve cargo-handling efficiency with
 
the current port lay-out, new operating equipment and
 
rehabilitation of some existing equipment are needed. No
 
major investment, such as a container-handling crane is
 
warranted. CEPA feasibility studies show that on the order
 
of C15.8 million would be required to implement this project
 
in twelve 
available. 

months. Japanese and German financing is 

Appendix II.B.1 shows a list 

improvements currently needed at 

of 

Acaj

minor 

utla. 

projects and 

(3) Cutuco 

The Consultants have recommended a national transportation
 
study. On marine ports, such a study should address:
 

- the economic feasibility of Cutuco
 

- the potential need for an alternative port to Acajutla,
 
because of possible earthquakes, security reasons, or as
 
an overflow port to some Acajutla traffic during peak
 
periods
 

- the relationship between Punta Gorda and Cutuco
 

- the potential need for a modern port to help revitalize
 
Eastern El Salvador.
 

Until the national transportation study is completed, the
 
Consultants recommend no further investment at Cutuco. The
 
issues mentioned above might commercially could justify one
 
modern port in the East, but certainly not two (Cutuco and
 
Punta Gorda).
 

4. Airports
 

The International Airport of El Salvador (Aeropuerto
 
Internacional de El Salvador -AIES- or Comalapa) is situated
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in the central zone of the country, in the Department of La
 
Paz. It is 48 km to the Southeast of San Salvador, reached
 
by a modern highway. It was completed in 1978.
 

A second airport services the San Salvador area, Ilopango

International Airport (designated for small plane usage). It
 
lies about 10 km to the east of downtown San Salvador, within
 
the metropolitan area. Its usage is predominantly general

aviation and military, and is addressed in this study as an
 
alternate airport to Comalapa.
 

a. Inventory of Facilities
 

(1) AIES (Comalapa)
 

(a) Installations
 

The airport has a modern passenger terminal with the capacity
 
to serve 7 airplanes simultaneously. It has a cargo terminal
 
on the West, with three airplane parking platforms. A fire­
fighter station is located on the East side. The main runway

is 3,200 meters long and 45 meters wide. There is also a
 
secondary runway, currently 800 meters long. The airport
 
lies about 30 meters above sea level (Figure II.B.7).
 

The 1979 airport master plan called for the future expansion

of the airport platform facilities. New passenger and cargo

positions were envisioned. Prevailing traffic levels do not
 
warrar new airplane positions at the moment. As traffic
 
increases. one or two new passenger plane parking platforms

and one cargo-plane parking platform may be needed by the
 
year 2000.
 

(b) Storage Areas
 

((l)) Import Warehouses
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W'house Use 

No. 


1. Cargo difficult to handle 

2. Frozen Cargo 

3. Refrigerated Cargo 

4. Small packets (weight 1kg) 

5. Valuables, drugs, arms etc 

6. Valuables, drugs, arms etc 

7. Unregistered general cargo 

8. Registered general cargo 


TOTALS 


((2)) Export Warehouses
 

Use 
Storage 
Passageways 

: 

: 

TOTAL 

((3)) Deposit Area
 

Storage Passageways TOTAL
 
(m2) (m2) (m2)
 

750.0 120.0 870.C
 
19.0 8.7 27.1
 
26.0 10.2 36.2
 
10.0 9.8 19.E
 
5.5 3.5 9.C
 
7.5 4.5 12.C
 

869.0 2165.0 3064.C
 
172.5 562.5 735.C
 

1849.5 2884.2 4733.
 

All export cargo
 
1,563.0
 

152.0
 

1,715.0
 

The deposit area receives import and export cargo, with an
 

870-square meter roofed area.
 

(c) Equipment
 

Each airline owns or rents equipment for handling goods. For
 
handling cargo imports, cargo CEPA has the following
 
equipment:
 

- Fork-lifts with 2,000- and 3,000-kg capacities;
 
- a fixed weighbridge with a 5,000-kg capacity;
 
- mobile weighbridges with 50-, 500- and 1,000-kg capacities; 
- hydraulic fork-lifts with a 1000-kg capacity; and four 
moving platforms.
 

(d) Current Condition
 

Airplane parking platforms, runways and taxiways present
 
serious distresses, as do signs of fatigue, with localized
 
damage reaching severe proportions, illustrating a lack of
 
maintenance.
 

The electrical and navigational aid systems have been badly
 
affected by voltage changes.
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(2) Ilopango
 

Ilopango's main runway is 2,240 meters long and 45 meters
 
wide, with an orientation 15/33. It is located 614 meters
 
above sea level. There are four taxiways with widths varying

from 15 to 25 meters and lengths of 100 to 1,000 meters. A
 
1,600-meter secondary runway is presently not been used.
 

The airport's design aircraft is a Boeing 707, although the
 
airport has supported DC-10s during part of its 24 years of
 
operation. The runway was designed for 75,000 kg per

aircraft wheel. The runway's original pavement structure
 
had a 2.5-inch asphalt layer over a granular base. It has
 
been reinforced twice with a 3-inch layer in 1974 and a 2.5­
inch layer in 1976/1977.
 

b. Prolects Underway/Planned
 

(1) AIES 
Projects currently being implemented, and those planned,
 

include the following:
 

(a) Additional Emergency Generator
 

The airport currently has two 750-Kw generators which supply
electric power to the terminals and airlines for lighting,
and another 375 - Kw generator to supply power for radar, 
telecommunications, and lighting the runway. 

Another generator is needed to operate all the systems,

especially to operate the air-conditioning system in the
 
terminal and the cold rooms that serve export products. It
 
will have a capacity of 800 Kw and it is expected to be
 
installed in early 1990. Its estimated cost is US$400,000,
 
to be financed by AID.
 

(b) Additional Fork-Lift
 

The airport recently acquired a fork-lift to improve its
 
service to airlines, and it is planning to get another fork­
lift at an approximate cost of US$18,000.
 

(c) Mechanical Sweeper
 

The terminal area has a mechanical sweeper for cleaning

outside the building, which is badly deteriorated and in
 
constant need of repair. Another sweeper is budgeted for
 
1990, with an approximate cost of US$21,000.
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(d) Replacement of the Telephone System
 

The 1986 earthquake, seriously damaged the telephone system.

It received temporary repairs which barely maintained ito 20
 
trunk lines and 200 extensions, however, steps are being

taken to acquire a new system designed to double present

capacity, at an approximate cost of US$70,000. This project

will be opened to public bidding.
 

(e) Security System
 

The airport needs an improved security system, particularly

in light of the current state of conflict. Steps are being

taken to acquire new x-ray machines for access to the
 
terminal (passengers and luggage) and to the transit area,
 
and for control of baggage going planes.
 

AID has promised a donation of two x-ray machines, but has
 
only provided one tntil now. The cost of the project is
 
approximately US$41,240.
 

(f) Repair of Signal Generator and Transceiver
 

Repairs to the signal generator and transceiver are being

considered to improve the system in the tower. Costs have
 
not been updated. However, this project forms part of
 
navigation aids, installed when the airport was built nearly

eleven years ago. They are reaching the end of their useful
 
lives. The original equipment is Japanese. New American
 
equipment are recommended to facilitate procurement of spare

parts. The cost, estimated by AID, for this navigational
 
system is US$10,900
 

(g) Enlarging the Refrigerated Storage Area for Exports
 

The enlargement of the cold room that serves export products
 
is at a conceptual stage.
 

(h) TACA Passenger Terminal
 

The airline Transportes Aereos Centroamericanos (TACA) is
 
planning to build its own terminal, which would leave space

free in the current terminal for the future incorporation of
 
new airlines.
 

(i) Expansion of the Secondary Runway
 

Airport management has considered a possible expansion of
 
the secondary runway to 2,600 meters. It could then serve
 
as an alternate runway for commercial aircraft.
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(2) Ilopango
 

Erosion control is needed to stabilize the gorge located to
 
the South of the main runway. The first phase of this
 
project has recently been finished and the second phase is
 
in need of financing (US$1,000,000). The main runway also
 
needs rehabilitation, for an estimated amount of
 
US$1,400.000.
 

Other projects which have been identified by the General
 
Directorate for Civil Aviation are:
 

- Repair/replacement of the field light electric system
 
(US$100,000).
 

- Improvements to control tower equipment: communication 
equipment, navigational aid equipment, and miscellaneous 
(US$30,000)o 

- Improvements to the weather information system (US$20,000). 

- Acquisition of maintenance equipment: a caterpillar, a
 
front loader, 2 pick-ups and a dump truck (US$260,000).
 

- Safety equipment: two fire-trucks, and others
 
(US$200,000).
 

c. Traffic History
 

(1) AIES 

This section summarizes available information on
 
international passenger, cargo and aircraft traffic at the
 
AIES. Table II.B.35 lists annual passenger and cargo flows
 
as well as the numbers of commercial flights, since 1980
 
(first full year of operations).
 

Passenger movements were 70 percent higher in 1988 than in
 
1980. Last year, approximately 430,000 passengers arrived
 
or departed. Cargo traffic increased 30 percent from 1980
 
to 1988, when 13,129 tons were transported. Commercial
 
flights increased 17 percent during the same period, to a
 
1988-level of 5,715 flights.
 

Despite these increases, traffic has not reached projected
 
levels when the airport was built. These projections were
 
based on traffic volumes at Ilopango in the 1970s, which are
 
similar to the 1988 traffic levels at AIES. For example,
 
average annual international traffic at Ilopango during 1976­
1979 included 327,097 passengers, 18,323 tons of cargo and
 
5,837 flights.
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TABLE II.B.35
 

LAPA )
SI TERAT I ON A L TR AF F I C AT A.I.E.S. ( CONA 


....................------ .....................................................................
 

J DEPARTURES
I ARRIVALS 

YEARI N ER j.................................. ............... . .......... 
AND OF PASSENGERS C A R G 0 (Torn) PASSENGERS C A R G 0 (TOs) 

I 


. -................... 

I I TOTAL IAVE I TOTAL AVERAGE TOTAL IAVERAGEI TOTAL IA"WE 
I I ILTI IDAILYI IDAILTI IDA'F I 

IN 0 N T H FLIGHTS I................... . ........... 


~ I 

1982 5,342 123,"7 338 4.585 13 120,961 3311 2,659 7 

1983 5,064 129,488 355 5,255 14 139,820 383 3,677 10 

1984 5,181l 1",576 396 6,363 17 164,654 451 4,796 13 

1985 5,630 161,368 "42 6,174 17 171,666 470 4,428 12 

1966 5.435 167,186 458 5,676 16 168,457 46? 3,160 9 

1987 5,764 180,469 494 6,784 19 165,828 454 4,747 13 

1988 5,715 220,897 605 6,869 19 211,875 580 6,260 17 

JANUARY1 624 15,963 515 630 20 21,129 682 343 11 

IFEBRUARY 1 559 12,481 446 536 19 14,035 501 390 14 

IMARCH I 5 15,898 513 467 15 13,811 446 47.. 15 

IAPRIL 521 16,182 539 547 18 17,209 574 420 14 

IPAY 532 16,117 520 597 19 16,385 529 507 16 

IJUNE 1 517 118,2041 6071 '951 17 115,3581 512 5041 171 

IJULY I 627 24,433 788 566 18 21,397 690 522 17 

IAUUST 1 583 23,000 742 561 18 23,119 746 514 17 

ISEPTEMBERI 

IOCT08R 1 
5761 13,894 1 

566 115,9211 
463 

5141 
550 

56 
18 

18 
16,8W 

15,231 
562 

491 
557 

607 
19 

20 

INOVEMBER 594 16,T75 559 626 21 1,818 627 633 21 

IDECEMBER 785 32,029 1,033 749 24 18,521 597 737 25 

...................... ............................................
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Table II.B.36 lists the airlines which utilize AIES, aircraft
 

types, routes. weekly arrivals and departures.
 

(a) Passenger Traffic
 

A complete record of 1988 passenger departures/arrivals by

origin or destination is shown in Table II.B.37. Miami and
 
Los Angeles are the two most common points of arrival/

departure, accounting for approximately 54 percent of the
 
passenger traffic. Monthly variations in passenger movements
 
are presented in Table II.B.38. As expected, traffic peaks

in January and August because of winter and summer vacations.
 

(b) Cargo Traffic
 

AIES transports approximately one percent (by weight) of the
 
total Salvadoran exports. Table II.B.39 lists products

shipped from Comalapa. Monthly cargo traffic volumes 
are
 
shown in Table II.B.40. Ports of export/import are presented

in Table II.B.41. Miami is the most significant

origin/destination, receiving 73 percent of the exports and
 
shipping 53 percent of the imports.
 

(c) Aircraft Traffic
 

Table II.B.42 shows monthly landings and take-offs during

1988, by operation type, namely commercial (international),
 
cargo, domestic and air-taxi traffic. Commercial traffic
 
accounted for 81 percent of the flights in 1988, which were
 
7,066. Last year, cargo traffic originated 10 percent of all
 
landings and take-offs; taxi traffic, 8 percent; and domestic
 
traffic, 1 percent.
 

Monthly landing-aircraft loads are shown in Table II.B.43.
 
A total of about 425,000 tons landed on the Comalapa main
 
runway in 1988.
 

(2) Ilopango
 

In terms of number of take-offs/landings, usage at Ilopango

is approximately 50 percent civilian and 50 percent military.

International operations represent only seven percent of the
 
airport's traffic. Table II.B.44 summarizes traffic
 
statistics for Ilopango for 1986-1990.
 

Ilopango serviced a total of 81,154 passengers in 1988, about
 
19 of the people served by Comalapa. Considering only

international passengers, Ilopango served 14,437 passengers,

approximately 3 percent of Comalapa's traffic.
 

The total number of civilian flights at Ilopango was 13,605

in 1988 (Comalapa operated 7,066). The average number of
 
passengers per civilian take-off or landing was 2.98,
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AIRLINE AIRCRA0 TYPE 

TACA n 7E7 
B 737 200 
B 737 300 

PANAM EA 300 


SAHSA B 727-100 


COPA B 727-100 


LACSA B 727-200 


EASTERN B 737 

CONTDMTAL B 737 


AVIATECA B 727 


EMERALD DC 9 


AERIAL T.C DC 6 

TABLE II.B.36
 

AIRLINES OPERATING AT CQMALAPA
 

AIRLINES OPERATING AT CC3AIAPA 

R UT E 

Los Angeles-Guatemala-El Salvador 

El Salvador-Belize-Miami 

Honduras-El Salvador-Honduras 

El Salvador-Guatemala-Mfxico -Viceversa 

San Francisco-El Salvador-San Francisco 

Panaml-San Jose-El Salvador-Viceversa 

El Salvador-Belize-Houston-Vicevcrsa 

El Salvador-Belize-New Orleans-Viceversa 


San Francisco-Los Angeles-Guatemala-El
 
Salvador-Viceversa 


Guatemala-El Salvador-Honduras-Viceversa 


Guatemala-El Salvador-Managua-San Iosg­
Panami-Viceversa 


San Jose-Mixico- Los Angeles-Viceversa 


Miami-Honduras-El Salvador-Viceversa 


Los Angeles-Guatemala-Houston,Viceversa 


Guatemala-El Salvador-Guatemala 


Houston-Belize-El Salvador 


El Salvador - Houston 

Miami-Belize-El Salvador 


El Salvador-Guatemala-miami 

Page 1/2
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14
 
14
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14
 
12
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14
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14
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14
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TABLE II.B.3E
 

AIRLINES OPERATING AT CCQ. .-ALPA 

ey 

AIRLINE URCRAFT TYPE R 0 U T E kRIVALS & 

AESA D 8 El Salvador-Miami-El Salvador Irregular 

MAXES B 707 El Salvador-Miami-El Salvador Iregular 

TAES 0 707 

DC 6 B El Salvador-Miami-El Salvador Irregular 

AEROPUMA B 727 El Salvador-Miami-El Salvador Irregular 

BC 6-B 
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---------------------------- -------------------

TABLE II.B.37
 

PASSENGERS ARRIVALS AND DEPARTURES
 

BY ORIGIN AND DESTINATION
 

ORIGIN 1PASSENGERS IPASSENGERS
 
AND
 

DESTINATION ARRIVED DEPARTURED
 
=====- ---------------------------


MIAMI 61,503 27.84 62,106 29.31 

LOS ANGELES 57,939 26.23 52,575 24.81 

GUATEMALA 22,974 10.40 20,031 9.46 

TEGUCIGALPA 15,208 6.89 13,689 6.47 

SAN JOSE 11,648 5.27 11,197 5.29 

MEXICO 10,480 4.74 15,092 7.12 

SAN FRANCISCO 8,999 4.07 9,033 4.26 

HOUSTON 13,601 6.16 11,638 5.49 

PANAMA 6,997 317 5,676 2.68 

NEW ORLEANS 5,695 2.58 5,065 2.39 

MANAGUA 4,348 1.97. 3,820 1.80 

BELIZE 1,505 0.68 1,248 0.59 

SAN JUAN - - 87 0.04 

CARACAS - - 143 0.07 

BARRANQUILLA - - 23 0.01 

MARACAIBO - - 24 0.01 

CANCUN 428 0.20 

TOTAL 1 220,897 193.115 I 211,875 184.090.
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TABLE II.B.38
 

MONTHLY IN TRANSIT PASSENGERS TRAFFIC 

+ 

MONTH 


JANUARY 


FEBRUARY 


MARCH 


APRIL 


MAY 


JUNE 


JULY 


AUGUST 


SEPTEMBEF 


OCTOBER 


NOVEMBER 


DECEMBER 


NUMBER
 

OF
 

I PASSENGERS 

14,927 


10,002 


8,502 


8,267 


6,732 


8,373 


10,389 


11,814 


9,242 

8,044 

9,397 

9,312 

T T A L 115,0011 


12.98
 

8.70
 

7.39
 

7.19
 

5.85
 

7.28
 

9.03
 

10.27
 

8.04 

7.00 

8.17 

8.10 

100 
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TABLE II.B.39
 

PRODUCTS EXPORTED VIA COXALfAl
 

1. Fabrics
 
2. Clothing Articles
 
3. Cakes
 
4. Horchata
 
5. Areca Seeds
 
6. Zukini
 
7. Handicrafts
 
8. Plants
 
9. Flowers
 
10. Green Beans
 
11. Frozen Fruit
 
13. Pineapple
 
14. Savory Bananas
 
15. Birds
 
16. Frozen Shrimp
 
17. Fresh Fish
 
18. Newspapers
 
19. Other Perishable Goods
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--------------------------------------------------------------

TABLE II.B.40
 

MONTHLY TRAFFIC OF IMPORT AND EXPORT CARGO (Kg.) 

+--------------------------------------------------------------------

MON T H IMPORTS %EXPORTS 

JANUARY 629,791 9.17 347,845 5.56 

FEBRUARY 535,500 7.80 390,447 6.24 

MARCH 467,383 6.80 472,313 7.55 

APRIL 546,967 7.96 420,267 6.71 

MAY 596,788 8.69 506,608 8.09 

JUNE 495,200 7.21 503,518 8.04 

JULY 565,698 8.24 521,841 8.34 

AUGUST 561,197 8.17 513,531 8.20 

SEPTEMBER 549,609 8.00 556,637 8.89 

OCTOBER 545,565 7.94 607,035 9.70 

NOVEMBER 626,410 9.12 632,526 10.11 

DECEMBER 748,535 10.90 786,958 12.57 

T 0 T A L 6,868,643 I 100 6o259,526 I 100 
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------------------------------------------ -------

TABLE II.B.41
 

IMPORT AND EXPORT CARGO BY ORIGIN AND DESTINATION
 

+----------------------------------------------------------+
 
IMPORT EXPORT 
ORIGIN D1ESTINY 

(Kg) I (Kg) 

MIAMI 3,614,898 52.63 4,561,563 72.87 
LOS ANGELES 767,115 11.17 446,381 7.13 
NEW ORLEANS 735,198 10.70 551,497 8.81
 
PANAMA 632,025 9.20 140,416 2.24
 
GUATEMALA 292,917 4.27 174,895 2.79
 
MEXICO 280,890 4.09 22,490 0.36
 
TEGUCIGALPA 131,801 1.92 132,683 2.12
 
SAN JOSE 126,309 1.E4 126,434 2.02 
SAN PEDRO SULA 30,453 0.44 - -

SAN ANDRES 24,902 0.36 
MADRID 15,774 0.23 - -
HOUSTON 13,652 0.20 26,727 0.43 
SAN FRANCISCO 9,658 0.14 19,684 0.31 
KENNEDY (N.Y.) 5,408 0.08 280 0.01 
MANAGUA 3,769 0.06 41,773 0.67 
CARACAS 2,462 0.04 105 -

BOGOTA 813 0.01 - -
BELIZE 750 0.01 14,064 0.22 
CARTAGENA 414 - - -
BARRANQUIA 221 --

MEDELLIN 163 -- -
SAN JOSE 110 - 157 0.01 

-
FRAND FORT 2 - -

VARIOUS 178,939 2.61 - -

MARACAIBO 377 0.01
 

TOTAL 161868,6431 100 16,259,526 100
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TABLE II.B.42 

MFNTHLY AIRCRAFT TRAFFIC BY OPERA-TION TYPE 

_" 

MONfHLY AIRCRAFT TRAFFIC BY OPERATION TLWE gi.) 

T 0 T A L 

January 

Februal), 

March 

April 

May 

June 

July 

August 

September 

October 

November 

Decaute 

_ _andings. 

514 

424 

446 

436 

442 

442 

492 

491 

452 

453 

479 

643 

ake Offs Landings Take Offs -Landings Take Offs [andinqs 
515 C5 66 4 4 39 

425 77 77 1 1 57 

445 69 71 .14 14 52 

439 44 44 3 .3 35 

439 37 35 6 6 52 

444 52 53 4 4 16 

492 63 63 6 6 66 

491 59 57 2 2 33 

452 54 54 3 3 67 

454 57 57 5 5 50 

478 72 70 2 2 44 

642 69 71 3 3 69 

Take .Offs 

39 

56 

53 

35 

52 

16 

66 

33 

67 

50 

44 

69 

622 

559 

581 

51S 

537 

514 

627 

585 

576 

565 

597 

784 

" 

Tnkg%-fq 
624 

559 

583 

521 

532 

517 

627 

583 

576 

566 

594 

785 

TOT £ L 5.714 5.716 718 718 53 53 5 580 7.065 7.067 

I. 

(l)Civilian Traffic Only. 



-----------------------------------------------------

----------- ----------------------------

----------------------------------- ------

TABLE II.B.43
 

MONTHLY LANDING - AIRCRAFT LOAD AT A.I.E.S
 

MONTH TONS
 

JANUARY 37,729 8.89
 

FEBRUARY 29,857 7.03
 

MARCH 32,589 7.68
 

APRIL 31,434 7.40
 

MAY 32,405 7.63
 

JUNE 30,886 7.28
 

JULY 36,754 8.66
 

AUGUST 37,347 8.80
 

SEPTEMBER 34,535 8.13
 

OCTOBER 35,404 8.34
 

NOVEMBER 36,914 8.70
 

DECEMBER 48,621 11.46
 

T 0 T A L 424,475 100 
2 
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TABLE II.B.44 

I LOPANGO INTERNATIONAL 

PASSENGER AND AIRCRAFT 

+-------------------------------------------------------------------------------------------------

AIRPORT 

TRAFFIC 

Tx Y P E ARRIVING DEPARTING CIVILIAN MILITARY 
YEAR O F CIVILIAN CIVILIAN 

OPERATION PASSENGERS PASSENGERS FLIGHTS FLIGHTS 
-------------------------------- ----------- ------­

1986 DOMESTIC 71,863 73,234 22,119 13,790 

1986 INTERNATIONAL 4,833 4,930 1,788 617 

1987 DOMESTIC 58,014 59,772 16,958 12,309 

1987 INTERNATIONAL 5,424 5,364 1,577 619 

1988 DOMESTIC 33,093 33,624 12,146 12,633 

1968 INTERNATIONAL 7,322 7,115 1,459 569 

1989 DOMESTIC 37,447 39,110 15,546 14,173 

1989 INTERNATIONAL 9,206 9,103 1,713 666 

1990 DOMESTIC 41,192 43,021 16,324 14,898 

1990 INTERNATIONAL 10,127 10,013 1,799 733 
-------------------------------------------------------------------

FOR 1990 ARE PROJECTIONS 



indicating the predominant use of small private planes.
 

There were 13,202 military flights in 1988. Although this
 
number is similar to the civilian total for the airport, it
 
does not show its real relative importance. Heavier aircraft
 
loads for military traffic should be taken into account when
 
allocating the costs of needed maintenance/rehabilitation
 
work.
 

Civilian cargo traffic is not significant at Ilopango, and
 
an adjacent free-trade zone ships cargo mainly via Comalapa.
 

d. Problem Areas
 

(1) Runways
 

AIES's runway, taxiway and apron infrastructures show signs

of isolated cracking, raveling and potholes. Although the
 
current appearance of the runways is good, the observed
 
damages constitute symptoms of fatigue and oxidation,
 
indicating faster pavement deterioration in the future. This
 
situation will result in higher maintenance costs, and a
 
greater risk to take-offs and landings.
 

(2) Aeronavigation Systems
 

Aeronavigation radio-control systems have deteriorated, and
 
the back-up electricity-generation system is currently
 
insufficient.
 

Another problem of consequence concerns air cargo operations.
 
There is a lack of warehouse space, which is made worse by

stringent customs inspection requirements and users who do
 
not remove their cargo promptly.
 

Ilopango's infrastructure, pavement structures, and terminal
 
structures are badly deteriorated. The short distance
 
between Ilopango and AIES, which is located almost at sea
 
level, has prevented Ilopango from being competitive for
 
cargo transport purposes.
 

e. Economic Evaluation
 

The runway problem is detailed in Figure II.B.8. Curve "A"
 
shows a desirable pavement condition variation, or level of
 
service variation, over time. As time passes, the level of
 
service, or pavement condition, becomes lower because of an
 
increased number of pavement distresses.
 

Curve "A" indicates some basic aspects of pavement
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deterioration, especially points 1 and 2, which indicate the
 
start of accelerated deterioration (the segment of curve "A"
 
with maximum gradient) and the end of the design period,
 
respectively. The curve shows that before reaching point 1,
 
a pavement structure deteriorates relatively slowly; after
 
this point, the deterioration accelerates considerably.
 
Point 2 shows the pavement condition at the end of its design
 
period (pavement condition index = 40). After this point,
 
the pavement deteriorates following the curve drawn with a
 
dotted line.
 

Based on runway observations, the Consultants estimate that
 
the pavement will follow a deterioration curve similar to
 
curve "B", in figure II.B.8. Pavement deterioration should
 
accelerate in the short term, reaching a pavement condition
 
index of 40 (end of design life) earlier than planned
 
(accelerated loss of infrastructure capital). Also, pavement
 
maintenance costs should increase as pavement condition
 
becomes worse.
 

As a result, pavement rehabilitation work will be needed
 
before 1992. This is due to increased risks for aircrafts,
 
and greater runway and airliner maintenance costs, which
 
result from poor pavement condition. A project-level study
 
is needed to determine pavement overlay thickness
 
requirements for the runways, taxiways and aprons.
 

Passenger-plane aprons need special attention since they
 
present extensive block cracking, indicative of severe
 
fatigue. Since planes operate at low speed in these areas,
 
operating costs and users' risks have not increased, despite
 
insufficient maintenance. Aprons have been seal coated,
 
temporarily preventing raveling, but water has not been
 
prevented from entering the lower layers, and thereby
 
weakening the structure. Necessary corrective measures
 
should be taken to avoid the need for deep reconstruction.
 

The estimated costs of pavement infrastructure
 
rehabilitation/reconstruction work are presented below:
 

Dca r, 1968 - in Cotones 

Type of Work Cost
 
.--..............-................... .... ...................
 

Runways Overtay 5,230,000 
Taxiways Overtay 4,290,000
 
Passenger plane aprons Reconstruction 6,000,000
 
Other aprons Joint Seating 100,000
 
................................................................
 

TOTAL ... 15,620,000
 
................................................................
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f. Project Needs
 

(1) Runways
 

Comalapa's pavement structures require rehabilitation,
 
especially passenger-airplane aprons and the main runway.
 
Rehabilitation work to be carried out cost approximately

C15,000,000. A detailed project-level design study should
 
be performed to define overlay thicknesses by means of non­
destructive tests (such as Benkelman Beam deflection
 
readings),
 

(2) Equipment
 

Improvements to the aeronavigation radio control system are
 
necessary (C600,000) and similarly, the power generation
 
system should be re-enforced (purchase of a new second
 
generator is estimated at C2,000,000). Appendix II.B.2
 
outlines other project needs for AIES.
 

(3) Ilopango
 

Ilopango should continue to be a domestic civilian and
 
military airport. To facilitate these operations,
 
rehabilitation/repair work should take place, however,
 
aircraft loads for military traffic should be taken into
 
account when allocating the costs of needed maintenance work.
 
The Consultants recommend no specific improvement at the
 
moment.
 

C. INTERMODAL RELATIONSHIPS
 

Investment priorities and pace of investment in the
 
transportation sector should be defined in light of socio­
economic return and national development objectives. There
 
is a need for coordinating the different projects among
 
transportation modes.
 

The ISA team studied the intermodal and multimodal interfaces
 
and tradeoffs between the road and rail systems, the key
 
relationship between modes in El Salvador. For the three
 
railway corridors described, a comparison of overall
 
transportation costs of several commodities is analyzed to
 
identify the most economical means of transportation. Such
 
an analysis should help analyze the feasibility of the
 
Salvadoran railway system.
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1. Traffic Volumes by Mode
 

1988 total modal traffic levels in El Salvador are presented
 
in Table II.C.I.
 

Highways constitute the most significant transportation

mode, transporting approximately 98 percent of all cargo and
 
99 percent of all passengers (99.4 percent of all ton­
kilometers and virtually all passenger-kilometers). Marine
 
ports handle approximately two percent of the cargo, and the
 
railways 0.5 percent of the cargo. Railway system and the
 
airports each served about half a percent of the passengers
 
last year.
 

2. Railway/HiQhway Prospects by Corridor
 

The proportion of traffic using road and rail varies with
 
the corridor. One mode is more appropriate than the other
 
in serving specific needs. For example, truck is more
 
appropriate for collection and distribution trips, while rail
 
provides a better line-haul capability. Rail provides very
 
limited access and usually requires truck usage for
 
collection/distribution. Figure II.C.l shows rail and road.
 

Several factors influence a shipper's choice of
 
transportation mode for a specific cargo. One of the most
 
important factors is the difference in actual and received
 
costs between truck and rail traffic. Other important
 
factors include mode availability (truck-ownership and to
 
accessibility rail), differences in travel time, and comfort
 
or convenience (storage availability close to railway
 
terminals).
 

Taxation in the highway sector is based on revenue
 
generation, without consideration to its impacts on modal
 
choice between road and rail, gasoline consumption, or even
 
construction and maintenance of highway infrastructure.
 

Table II.C.2 compares rail and truck transportation costs
 
for products transported in each of the three rail corridors
 
and presents model splits by cargo. Tariffs are used to
 
establish a range for possible rail tariff changes, and
 
identify the products on which each mode should concentrate.
 
In the following paragraphs, inferences are drawn on future
 
cargo market shares and expected rail profitabilities.
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TABLE I1.C.1
 

1988 TOTAL PASSENGER AND CARGO TRAFFIC IN EL SALVADOR BY NGOE (1)
 

(in thousands)
 

Transportation Cargo Traffic Passenger Traffic 

Node Tons Ton-kilometers Passengers Passenger ­
(2) (3) ka
 

....................................................................... ........................... omlo~oe
 

Nighways (4) 62,058 6,205.826 107,938 10,793,807 

Railways 320 36,152 390 6,030 

Narine Ports (5) 1,132 

Airports (6) 13 51(7) 

TOTAL 63,523 6,241,978 108,842 10,799,837
 

(1) Interurban traffic only
 

(2) Assuimes an average load of 10 tons per heavy truck and 3 tons per light truck. 

(3) Assumes an average of 1.5 passengers per car, 35 passengers per bus and 0 passengers per truck 

(4) Assumes average ADT's and load distributions for paved roads from TabLe II.A.23, 200 vehicles
 
per d&y, for tertiary roads, and 50 vehicles per day for rural roads. An average trip distanc 
of 100 km fcr passenger and cargu traffic is also assumed. 

(5) Considers traffic at Acajutla and Cutuco only.
 

(6) Considers traffic at AlES and Ilopango only.
 

(7) Includes arriving and departing passengers.
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TABLE II. C. 2 

CONPAR I SON OF 
TRUCK 'AND RAIL TRANSPORTATION
 

COSTS FOR SELECTED PRODUCTS
 

.......... 
 . ...........................................................................................
 

TRUCK TRAFFIC I 
 RAIL TRAFFIC
 
PRoDUCT 
 ----............... I..................................
 

P ER ORIGIN DESTINATION TARIFF I MARKET I TARIFF ICOLLECTION/ I MARGIN I MARKET 
0 1 S T R I C T 
 I(C/Ton-KM)l SNORE I(C/Ton-K)IDISTRIBUTION i(C/Ton-KaI SHORE

I %I I I I COST 1 (2) C )
I I I ICC/Ton-rKm))l I 

IDISTRICT No 1
 

ICOFFEE (3) VARIOUS CUTUCO 0.64 0 0.14 0.24 0.07 100 
ICOFFEE (3) VARIOUS CUTUCO 0.72 0 0.16 0.16 0.10 100 
IGRAINS (3) CUTUCO VARIOUS 0.44 0 0.13 0.17 0.02 100 
ICOTTON OIL (3) CUTUCO VARIOUS 0.41 89 0.14 0.15 0.09 11 
ITALLOWJ (3) CUTUCO VARIOUS 1 0.45 100 0.14 0.15 0.12 0 

IDISTRICT No 2 

ICEMENT METAPAN SAN SALVADOR 1 0.30 1 0 0.14 0.11 1 0.05 20
 

IDISTRICT No 3
 

ICOFFEE VARIOUS ACAJUTLA 0.64 71 0.14 0.24 0.07 29 
ICOTTON I VARIOUS ACAJUTLA 0.72 71 0.16 0.17 0.10 29 
IHONEY VARIOUS ACAJUTLA 0.41 71 0.19 0.08 0.02 29 
IBALSAN VARIOUS ACAJUTLA 0.41 71 0.19 0.08 0.02 29 
IMILK & FOOD ACAJUTLA VARIOUS 0.47 81 0.15 0.17 0.05 19 
GRAINS ACAJUTLA VARIOUS 0.4" 81 0.13 0.17 0.03 19 
ISrEEL PRODUCTS ACAJUTLA VARIOUS 0.41 81 0.12 0.12 0.12 19 
ICHEMICAL PROD-BARRELSI ACAJUTLA VARIOUS 1 0.41 81 1 0.14 0.15 1 0.09 19 
ICHEMICAL PROD-BAGS ACAJUTLA VARIOUS 1 0.45 1 81 1 0.14 1 0.15 I 0.12 I 19 
IPAPER ACAJUTLA VARIOUS 1 0.44 81 0.14 1 0.15 1 0.11 1 191 ...................................... 
 ..........................................................................
 
(1) COLLECTION/DISTRIBUTION COSTS TRHOUGH BEING FIXED COSTS, ARE APPLIED TO THE AVERAGE TRIP LENGTH TO OBTAIN 

COSTS PER TON-KILOMETER
 
(2) MARGIN FOR POSSIBLE TARIFF INCREASES. THE THREE COLUMNS UNDER RAIL TRAFFIC 00 NOT ADO LP TO THE COLUWNS 

UNDER TRUCK TPAFFIC BECAMSE RAIL DISTANCES FOR SUd4E ARE THANORIGIN/DESTINATIONS LONGER HIGHIAY DISTANCES. 
(3) ASSUMING DISTRICT 31S AVERAGE TARIFFS PER TON-KILOMETER 

;OUCE : FENADESAL AND 1966 DAMAGE ASSESSMENT REPORT 
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a. District 1 (San Salvador-La Union)
 

Though District 1 is currently handling as much t~affic as
 
any of the other two lines (about 100,000 tons per year),

its traffic and profitability prospects are the least
 
brilliant. Given the fact that is the system's longest line,

its maintenance and operation costs for similar traffic
 
levels are higher. With current traffic levels, the
 
Consultants do not believe thesa costs are recovered for
 
coffee, cotton, grains nor cotton oil. Nor will they be,

should tariffs be increased by the allowable marketing

margins shown in Table II.C.2.
 

Overall traffic along the San Salvador-La Union corridor is
 
not expected to increase significantly in the next few years

(at least until the end of the war). Eastern El Salvador is
 
depressed and badly affected by the war. In particular,

import/export traffic via Cutuco should not noticeably

increase since it is expected that Acajutla will continue to
 
be the country's main marine port, handling most of the
 
expected traffic.
 

The Consultants foresee little chance of increasing rail
 
market share in this corridor. The railway is 27 percent

longer than the highway alternative and less reliable.
 
Exports and imports to and from Cutuco, in addition to the
 
local distribution of cement should continue to constitute
 
most of the traffic.
 

In 1986, Development Associates established that District 1
 
should transport at least 350,000 tons per year to be
 
considered economically viable. With current traffic levels
 
of about 100,000 tons per year and little prospects for
 
improvement, the line has limited possibilities of becoming

viable. Given its geo-political importance, further
 
decisions on this line's future should not be taken until a
 
national transportation study is made. District 1 provides
 
a link to the Salvadoran East, and could help revitalize the
 
region together with an improved Cutuco or Punta Gorda.
 

b. District 2 (San Salvador-Metavan-Guatemalan Border)
 

District 2 transports 123,000 tons per year. Cement is
 
virtually the only cargo, representing a 20 percent market
 
share of the cement traffic. This occurs even as current
 
railway fares (about CO.14/ton-km) added to truck train-to­
door service in San Salvador (about CO.11/ton-km) are
 
approximately 17 percent less than truck fares. Only

increased reliability and train frequency could allow the
 
railway to increase its market share and reduce its fare
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differential.
 

Today, rail cement revenues do not cover operating and
 
maintenance costs. As Table II.B.20 shows, three efficiently­
run full loaded cement trains per day (360,000 tons per year)

should make District 2 profitable based only on cement
 
traffic, with a small increase in fares which would still
 
keep the railway competitive with trucks (e.g., increasing

fares from CO.14/ton-km to CO.16 or 0.17/ton-km). But this
 
represents 60 percent of the cement market, which is unlikely
 
to be obtained.
 

In summation, cement is and will continue to be the most
 
significant cargo transported on District 2, but it does not
 
and will not by itself make this line profitable. Capturing
 
some market share of the Santo Tomas de Castilla/Puerto

Barrios-San Salvador traffic is needed to assure this line's
 
viability.
 

Santo Tomas de Castilla presently handles 150,000 tons of
 
Salvadoran exports and imports (no data is available 
for
 
Puerto Barrios). Assuming this traffic will follow GNP
 
growth, capturing a small portion of the Atlantic traffic
 
(e.g., 20 percent), coupled with increasing cement traffic
 
-levels, could make District 2 profitable.
 

The railway is ideally suited for the 400-kilometer distance
 
to the Atlantic and could offer the added advantage of
 
travelling in bond through Guatemala. The railway could
 
easily achieve the above-mentioned market share at
 
competitive yet profitable fares.
 

As explained in Section II.B.2.G, the proposed Santa Ana-

Santa Lucia-Metapan-Guatemalan border project could help

reduce operating costs in District 2. In this case, break­
even traffic levels could be somewhat less than those stated.
 

c. District 3 (San Salvador-Acajutla)
 

In 1988, the railway carried 16 percent of the exports and
 
five percent of the imports to/from Acajutla. This
 
represents an overall market share of about seven 
percent

for Acajutla-based traffic (22 percent if we consider only

general cargo traffic).
 

As Table II.B.21 shows the railway could remain competitive

with an annual cargo of about 270,000 tons. To do this, it
 
should increase its market share to/from Acajutla to about
 
25 percent of the port's current traffic. The government

could choose to subsidize the railway in this corridor to
 
avoid congestion along the highways between Acajutla and the
 
capital. Break-even traffic levels with a 20-to-30 percent
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subsidy level, would be around 180,000 tons per year.
 

Assuming estimated year-2000 Acajutla traffic, the railway

will need a market share of about 12 percent to achieve the
 
stated goal of 180,000 tons per year. This can ba achieved
 
by means of a more aggressive marketing policy.
 

D. SECTOR PROJECT RECOMMENDATIONS
 

This section summarizes ISA's recommendations for the
 
transportation sector. The Consultants have completed an
 
analysis for each of the transportation modes, and have
 
performed an intermodal study. Based on these studies, a
 
specific set of sector recommendations is provided.
 

1. Investment Needs
 

Table II.D.1 lists the proposed capital project needs, with
 
their current financing status. In the case of highway

projects, Table II.D.1 deals with proposed programs as
 
opposed to individual segments. A total of 1.9 billion
 
colones is proposed to be spent in the highway sector, of
 
which about C241 million is already funded. About 50 percent

of the total, should be spent during 1989-1994 and the rest
 
spent during 1995-2000.
 

Ports require a total investment of 96 million colones for
 
work to be executed before 1994. Current financing is
 
available by 6 million colones, although German financing

for Pier A's reconstruction is very likely.
 

The ISA team recommends an investment of C15 million in the
 
international airport's pavement rehabilitation. This
 
project should take place within the 1989-1994 fiver-year

period, preferably before 1992. It does not have available
 
financing. Electric and navigational aid equipment should
 
be purchased, for a total amount of C2 million. Other
 
proposed airport projects amount to C2.2 million.
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TABLE 11.0.1
 

SUMARY OF TRANSPORTATION INVESTMENTS NEEDS
 
1 990"2000
 

(in thouannds of Colones) 

*......................................................................................................................... 

I I 19 -­2000 IM -200 I 
NODE / PROJECT I............................. I 

I I FUNDED TO 2E FUNDED TOBE FUNDED 
TOTAL 

I HIGHWAYS 

I1.- FIVE - YEAR REHAB. / IMPROVEMENT PLAN 

PAW-AMERICAN HIGHWAY 

COASTAL HIGHWAY 

SP',CIAL AND PRIMARY HIGHWAYS 

SECONDARY HIGHWAYS 

TERTIARY HIGHWAYS 

RURAL ROADS 

I 
0.00 

50,000 

87,914 

87,740 

19,940 

0.00 

383,960 

62,500 

76,425 

116,054 

33,545 

67,108 

V.0 
0.00 

0.00 

0.00 

0.00 

0.00 

383,960 

112,50 

164,339 

203,794 

53,485 

67,108 

2.- SIX - YEAR REHABILITATION PLAN 0.00 0.00 850,000 8.0,000 

13.- SIX - YEAR BRIDGE RECONSTRUCTION PLAN 0.00 0.00 1C9,000 109,000 

ISUB-TOTAL HIGHWAYS 

I ~PORTSI 
P...R .. S 

245,594 739,592 

III 

959,000 1 1,944,186 

l1.- REPAIR OF ACAJUTLA'S PIER "A" 0.00 75,000 0.00 75,000 

12.- REPAIR OF DAMAGED CARGO-HANDLING EQUIP. 15.800 0.00 0.00 15,6800 

13.- OTHERS (APPENDIX 11. B. 4.) 0.00 I5,000 500 5,500 

ISUB'TOTAL PORTS 

A R P 0RII AIRPORTSIII 
............... 

I 
15.80 80,000 500 96,300 

P1.- AIESIS PAVEMENT STRUCTURE REHABILITATION 0.00 15,000 0.00 15,000 

12.- PURCHASE OF ELECTRICAL 
AID EQUIPMENT 

AND NAVEGATIONAL 
2,000 600 0.00 2,600 

13.- OTHERS (APPEDIX 11.1. A.) 205 1,000 1,000 2,205 

ISUB-TOTAL AIRPORTS 2,205 16,600 1,000 19,805 

---------------------......................... I........ ........... I.......I........I 
ITOTAL ALL NODES 1 263,599 836,192 1 960,500 
........................................................................................................... 

2,060,291 
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E. PROJECT IMPLBMZNTATION 

1. Highways
 

The consultants recommend that the following activities be
 
performed to improve the efficiency of DGC-performed routine
 
maintenance work.
 

- Establish an adequate reporting system for work execution
 
and control (this should later be an integral part of the
 
proposed maintenance management system).
 

- Purchase small pieces of versatile highway equipment, such
 
as three-cubic-meter pavement mixers, and hand carried
 
asphalt sprayers.
 

To carry out the proposed five-year highway

improvement/rehabilitation program (Figure II.E.1), the
 
following activities should be performed:
 

- Prepare project-level designs for highway segments in the 
five-year plan. Rehabilitation work should be estimated 
by means of pavement structure evaluation with non­
destructive testing devices, such as Benkelman beams.
 

- Adopt term 2 of reference for rehabilitation contracting. 

- Update road construction and develop road rehabilitation
 
technical specifications.
 

- Analyze slope stability problems, establish monitoring
 
systems to define whether to modify or maintain existing
 
center line alignments.
 

To carry out both routine maintenance work and to implement

the five-year major maintenance/improvement plan, the
 
following activities should be performed:
 

- Improve quality control by means of enhanced field
 
supervision and improved existing soil and material labs
 

- Define sources of construction materials, as they relate
 
to the different maintenance units.
 

- Use asphalt emulsions to minimize the use of liquid asphalt

(RC-2), reducing the need for imported asphalt.
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To implement the proposed pier infrastructure repair at
 
Acajutla, a detailed study of structural requirements should
 
be carried out. A German firm has been selected for this
 
purpose.
 

A design study should define the required thicknesses for 
AIES's pavement structure rehabilitation. Airport

maintenance personnel should receive training in the area of
 
pavement evaluation and maintenance.
 

To monitor better the performance of AIES and Ilopango
 
pavement structures, airline operations need to be classified
 
by aircraft type and a runway pavement condition number need
 
to be estimated.
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APPENDIX II. A. 1
 

GEOMETRIC DESIGN CHARACTERISTICS
 

AND
 

TYPICAL CROSS SECTIONS FOR
 

DIFFERENT ROAD CATEGORIES
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CURRENT ROADWAY DESIGN STANDARDS
 

o E' S IG N S T A N DA R D S
 

SPECIAL CATEGORY
 

DESIGN CRITERIUM LEVEL 'ROLLING MOUNTAINOUS 

TERRA1IN TE RRAIN TERRAIN 

DESIGN SPEE D 90 k/h. 70. k/h. 50 k/h. 

MAXIMUM GRADE' 3z % 6% 7% 

MINIMUM RADIUS 327. 46m 191.07 m 127. 45 m 

MINIMUM DISTANCE 
BETWEEN HORIZONTAL CURVES 60.0m 60.00m 60.00 m 

MINIUM SIGHT 160.OOm 130. OOm 100.00 m. 
DISTANCE 

ROADWAY WIDTH 30.60m 30.60m 30.60 m. 

PAVEMENT WIDTH 7. 30m. 7. 30m 7. 3Om, 

SHOULDER WIDTH EXTERNAL
INTERNAL 

3.00
l.OOm 

BRIDGE 

LANEWIDTH 8.50m. 8.50m. .50m. 

MEDIAN 8. O0 m 8. OOm. G. O0m. 

RIGHT OF WAY 
50.O0 nm 5 0.OO n. 50.OOm. 

HORIZONTALO 
CLEARENCE I O.OOm 10.00m. I0.00M. 

DESIGN BRIDGE 
LOAD H 20-S 16 H20-S 16 H20-S 16 

PAVEMENT TYPE ASPHALT CONCRETE 

SHOULDER TYPE" DOUBLE SURFACE TREATMENT 

GENERAL DIRECTORATE OF ROADWAYS 232 



DESIGN TANDARDS. 
TYPICAL CRFOSS-SECTIONS. 

CLASSIFICATI N ; HIGHWAYS 

13,00o 7, .4.oo 4.0011.21 7.301T T I: T 1" 

0-3%#- 3%0NV 3%-# 

6_"Af CIEPJARKA.J! 

(DECREE N., 4014 

AttfGHH' OF 

TYPICAL 

OF 

WAY AREA 30.00 u 

CRCSS-SECTION 
EMBANKMENT. 

" 4I0 730 1014.00 4 .000 1 3 

76\1 L3.O: 15.30 15.30 3,001670 
VARIABLE CLEARANCE AREA RIGHT OF WAY 'AREA 50.00 . VARIABLE CLEARANCE AREA. 

(DECREE N401 
(DECREE N940) 

NOTE:- ANY TYPE OF CONSTRUCTION !S STRICTLY 
TYPICAL 

OF 
CROSS-SECTION 
CUT 

PROHIBITED IN THE RIGHT OF WAY AREA. 
-PERMANENT CONSTRUCTION IS STRICTLY 

w 
PROHIBITED IN THE CLEARANCE AREA (DECREE Na40) 

(,J 
wALL NO TOW$CAUa,.

IMENSION3 iM UlTW.rf. 



D E 5 I G N S T A N DA R D S 

CLASSIFICATION : PRIMARY 
(A.A.D. T. ;* 2000) 

DESIGN CRITERIUM LEVEL ROLLING MOUNTAINOUS 
TERRAIN TERRAIN TERRAIN 

DESIGN SPEED 70k/h.90 k/h. 50k/h. 

MAXIMUM GRADE 5% 6% 7% 

MINIMUM RADIUS 250.00m 200.00 m. 80. 00 m. 

MINIMUM DISTANCE 60.00m. 60.00m. 60.OOm.BETWEEN HORIZONTAL CURVES 

MINIMUM SIGHT 
DISTANCE 160.00m. 130.00m. 100.0 Om. 

ROADWAY WIDTH 12.0O0m. 12.00 m. 12.00m. 

PAVEMENT WIDTH 7.30m. 7.30m. 7.30m. 

SHOULDER WIDTH 2.35m. 2.35 m. 2.35 m. 

BRIDGE 

LANE WIDTH 7.90m 7.9Dm. 7.90m. 

RIGHT. OF WAY 30.OOm. 30.00 m. 30.00 m. 

HORIZONTAL CLEARANCE I 0.00m. I1Q00 n. 10.00 m. 

DESIGN BRIDGE LOAD H 20-S 16 H 20 - S 16 H20 S 16-

DOUBLE SURFACE. DOUBLE SURFACE DOUBLE SURFACEPAVEMENT TYPE OR ASPHALT OR ASPHALT OR ASPHALT

CONCRETE CONCRETE CONCRETE
 

COMPACTED COMPACTED COMPACTEDSHOULDER TYPE SELECTED SELECTED I SELECTED
 
I MATERIAL MATERIAL MATERIAL. 

GENERAL DIRECTORATE OF ROADWAYS 
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I 

DESIGN STANDARDS.
 
TYPICAL CROSS SECTIONS.
 

CLASS IF I CAT If N: PRIMARY. 

2.35 1o 73 12.35 I 

4 RIGHT OF WAY AREA -. CLEARANICE AREA IO.00m.CLEARANCE AREA IO.OOm. 

TYPICAL CROS -SECTION 
OF CUT
 

NOTE: -ANY TYPE OF CONSTRUCT-ON IS STRICTLY
 
PROHIBITED IN THE RIGHT OF WAY ARE,.
 

-PERMANENT CONSTRUCTION IS STRICTLY
 
PROHIBITED IN THE CLEARANCE AREA. (DECREE No. 40.)
 

CERCE AREA *.00m. IRIGHT OF AY AREA 30,00.m CLERANCE AREA 0.Ofm 

TYPICAL CR (SS-SECTION 

OF EMBANKMENT.
 
1%) 

Lniul 

ALL DIMEJ3IONS IN METERS. 
NOT TO SCALE 



D E S I G N S T A N DA R D S
 

CLASSIFICATION :SECONDARY
 
(A.A.DT. 500-2000)
 

DESIGN CRITERIUM 

DESIGN SPEED 

MAXIMUM GRADE 

MINIMUM RAnlIUS 

MINIMUM DISTANCE 

BETWEEN HORIZONTAL CURVES 
MINIMUM SIGHTDISNC 

DISTANCE 

ROADWAY WIDTH 

PAVEMENT WIDTH 

SHOULDER WIDTH 

BRIDGE 
LANE .WIDTH 

RIGHT OF WAY 

HORIZONTAL CLEARANCE 

DESIGN BRIDGE LOAD 

SHOULDER TYPE 

LEVEL 
TERRAIN 

80 k/h. 

S /0 

150.00 m. 

6 0.00rn. 

130.OOm. 

9. 50m. 

6. 50m. 

I. 5Or. 

7. 40mr. 

20.OOm. 

I 0. OOm. 

H 15- S 12 

ROLLI,4 

TERRAIN 


70 k/h. 

6% 


100.00 m. 

60. Om. 

I 00.OOm. 

9. 50m. 

6. 50M. 

I..50tn, 


7.40 m. 

20.00 m. 

1 0.00 m. 

H 15 - S 12 

P SINGLE SURFAE. SINGLE SURFACETREATIWNT TREATMENT 

COMPACTED COMPACTED 

SELECTED SELECTED 
MATERIAL MATERIAL 

GENERAL DIRECTORATE OF 

MOUNTAINOUS 
TERRAIN 

SO k/h. 

6 % 

60. 00 m. 

6 0.00 m. 

90.O0 m. 

9.50 m. 

6.50m. 

1.50m.
 

7. 40M. 

20. 00 m. 

I 0.OOi. 

H i5 - S 12 

SINGLE SURFAf,2
TREATMENT
 

C0MIKCTED 
SELECTED
 
MATERIAL 
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DESIGN STANUAIU-5.
 
TYPICAL CROSS-SECTIOS.
 

CLASIFICATION:. SECONDARY. 

-I 1.50 r 
TYPIAL 

9. ho./ 

.Co~SSCION, 
6.150s / 3 3" Lr 1.50 T .I/ 

'0.00ARE RIGHT OF WAY AREA 20.00

I TYPICAL CRO S-SECTION 

OF CU 
NOTES:-ANy TYPE OF CONSTRUCTION IS STRICTLY 

PROHIBITED IN THE RIGHT OF WAY AREA. 

-PERMANENT CONSTRUCTION IS STRICTLY.PROHIBITED IN THE CLEARANCE AREA. (DECREE No. 40.) 

TS. 

0. OT7 

1.50 JL6.150 , 1.50 , 

O_ _ __O.O _ _ _ 

15 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ 

VAN,VI.I 
O.P S 

- TYPICAL CRO!S -SECTI 0N/ 
OF EMBANKMENT. 

t%3 

ALL 
NOT 

IMENSION IN METERS. 
T"0 3CALE. 



D E S G N S T A N D A R D S 

CLASSIFICATION: MODIFIED TERTIARY ROADS 
(A.A.D.T. 100- 500) 

LEVEL ROLUNG MOUNTALNOUSDESI GN CRITERIUM TERRAIN TERRAIN TERRAIN. 

DESIGN SPEED 60 k/h. 50 k/h. 40 kA. 

MAXIMUM GRADE 6% 8% 100% 

MINIMUM RADIUS 150.00m. 100.00 m. 40.00m
 

MINIMUN DISTANCE
 50. 00m. 50.00m. 50.-00m. 
BETWEEN HORIZONTAL CURVES
 

MINIMUN SIGHT
 IDISTANCE 130. 0m. 100.00 m. 80.00m. 

ROADWAY WIDTH 8. 00m. 8. 00m. 8.00 m. 

PAVEMENT WIDTH 6.0Om. 6.00 m. 6. 00 m. 

SHOULDER WIDTH 1. 00m. 1. 00 m. 1.,00 m. 

BRIDGE 
LANE WIDTH 7.40m. 7.40m. 7.4Cm. 

RIGHT OF WAY 20.00m. 2e.O0m. 2 0.00m. 

HORIZONTAL CLEARANE I 0.00m 10 ,00 m. 10.0 0 m. 

DESIGN BRIDGE LOAD H 15 - S 12 H 15- S12 HI5 - S12. 

SINGLE ,,FAGS SINQ..E S,*,F/". SIt9iL.E SUAFACE 
PAVEMENT TYPE TREATMENT TREATMENT TREATMENT 

COMPACTED COMPACTED I COMPACTED 

SHOULDER TYPE SELECTED SELECTED SELECTED 
MATERIAL MATERIAL MATERIAL 

GENERAL DIRECTORATE OF ROAr)WAYS 
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DESIGN STANDARDS 
TYPICAL CROSS SECTIONS 

CLASSIFICATION: MODIFIED TERTIARY 

1
'% ' "-3%

8.00

3-- ',1.00i 6.000 

!CLIARANCEARMA RIGHT OP WAY AR~EA 20.00 UT3. cLuARONICE AREA
10.00 NI I TYPICAL CROSS- SECTION 10.00 MT3. 

OF CUT 

NOTES -ANY TYPE OF CONSTRUCTION IS STRICTLY 
PROHIBITED IN THE RIGHT OF WAY AREA.
 

-PERMANENT CONSTRUCTION IS STRICTLY
 
PROHIBITED IN THE CLEARANCE AREA. (DECREE 
 No.40) 

8.00 . 
.0oo 6.00 

../ 

A C~ A Z Jj6
T 
 RIG HT O F.W A Yr A FICA 2 0 .0 0 IdTS.
 Lt R f* A E ,10. 00 Mrs. Ioo .. . m* rEATYPICAL CROSS-SECTION 

OF EMBANKMENT. 

ALL DIMENSIONS IN MIETERS. 
NOT TO SCALE. 



D E S I G N S T A N DARD S 

CLASSIFICATION% TERCIARY ROADS 
(A.A.D.T. 100-500) 

DESIGN CRITERIUM 

DESIGN SPEED 

MAXIMUN GRADE 

MINIMUM RADIUS 

MINIMUM DISTANCE 

BETWEEN HORIZONTAL CURVES 

MINIMUM SIGHT 
DISTANCE 

ROADWAY WIDTH 

BRIDGE 
LANE WIDTH 

RIGIHT OF WAY
 
AREA WIDTH
 

H4ORZONTAL CLEARANCE 


DESIGN BRIDGE LOAD 


TYPE OF SURFAC E 


LEVEL 
TERRAIN 

60 k/h. 

6% 

150.OOm. 

50.00m. 

120.ODm. 

6.00 m. 

6 50 m.
65m 

20.OOm. 


4.O0 m. 


H 15 - S 12 


COMPACTED

SELECTED 

MATERIAL 


ROLLIN 
TERRAIN 

50 k/h. 

8% 

IO0.OOm. 

50 .00r. 


I 0 .O0m. 


6.00 m. 

6.50 m. 

20.O0 m. 

4.OOm. 

H 15 --S 12 

COMPACTED
SELECTED 
MATER A L 


MONTAINOUS 
TERRAI N 

40 k/h. 

10% 

40.OOm. 

50.Oom. 

80.OOm. 

6. OO m. 

6. 5UIn. 

2 0.0 Om.
 

4.00m.
 

115- S 12
 

COMPACTED
 
SELECTED
 
MATERIAL
 

GENEBAL DIRECTORATE OF ROADWAYS
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DESIGN STANDARDS 
TYPICAL CROSS- SECTIONS. 

CLASIFICATION NTERTIARY. 

4 2 

"' ! ,~-,3o !,.4 Isom./ 

4.00o.T3. ! TYPICAL CROSS-SECTION 4. 0. 

OF CUT 
NOTES - ANY TYPE OF CONSTRUCTION IS STRICTLY 

PROHMTEA IN THE RIGHT OF WAY AREA.
 
- PERMANENT .0NSTRUCTION IS STRICTLY
 

PROHIB!TED IN THE CLEARANCE AREA.(LECREETNo.40)
 
- DISTANCES IN METERS. 

T --3 % 3% -4 

L50 

TYPICALCR~OSS SECTION 
OF EMBANKMENT. 

J ALL D"EIN3ONS IN METERS. 
I-= NOT TO SCALE 

http:AREA.(LECREETNo.40
http:4.00o.T3


D E S I G 


DESIGN CRITERIUM 

DESIGN SPEED 

MAXIMUM GRADE 


MINIMUN RADIUS 


MINIMUM SIGHT
 
DISTANCE 


ROADWAY WIDTH 


BRIDGE
 
LANE WIDTH 


RIGHT OF WAY 


HORIZON TAL CLEARANCE 

DESIGN BRIDGE LOAD 

TYPE OF SURFACE 

N 

CLASSIFICATION: 
(A.A.D.T. <100) 

LEVEL 

TERRAIN 


50k/h. 

6% 

67.00m. 

9. 	OQDm. 

5.0Cm. 

3.0Cm. 

15.0Om. 

4.00 m. 

H 15.44 

GRAV .L -
BALLAST 

S 

RURAL 

T A N 


ROLLI NG 
TERRAI N 

40 4/h. 

e% 

53.00m 

60.00m. 

5. 00m. 

3.O0m. 

15.00m. 

4.00 m. 

H 15.44 

GRAVEL 
BALLAST . 

DAR D S
 

MOUNTAINOUS 
TERRAIN 

30 k/h. 

12 % 

20.00m. 

45.0 0 m. 

5.00 m. 

3.00 m. 

15.00m. 

4.00 m. 

H 15.44 

GRAVEL
 

BALLAST 

GENERAL DIRECTORATE OF ROADWAYS 
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TYPICAL CROSS-SECTIONS. 
CLASSIFICATION- RURAL. 

k •~5)o L 2 t 

CLEARANCE AREA. RIGHT OF W Y AREA 15.00 MAS. _CLEARANCE AREA 

TYPICAL CRO S- SECTION 

OF CUT 

NOTE: -ANY CONSTRUCTON IS STRICTLY PROHIBITED 
IN THE ROAD WAY AREA. 

-PERMANENT CONSTRUCTION IS STRICTLY 
PROHIBITED IN THE CLEARANCE AREA. 

(DECREE No.40). 

/ 

4.SALICE RZ - -A. _J 
[ 4.00 UT 

La TYPICAL CR SS-SECTION 
t OF EMBANKMENT. 

ALL 1IUENS1ONS 
NJOT TO 3r.A E 

IN METER3 



D E- S I G N S T A N D A R D S 

CLASS I FI CATION: 'LOCAL ACCESS 

LE VEL ROLLING MOUNTAINOUS
DESIGN CRITERIUM TERRAIN TERRAIN TER RAI N 

DESIGN SPEED 5o kA. 40k/h. 30k/h. 

MAXIMUM GRADE 7% 10% 15% 

MINIMUM DISTANCE
 
BETWEEN HORIZONTAL CURVES 67.00 r. 52.00 .
 22.00m. 

MINIMUM SIGHT
 
DISTANCE 90.OOm. 
 60.00m. 46. 00m. 

ROAD WAY WIDTH 5. O0 m 5.00 m. 5.00 m. 

BRIDGE 
LANE WIDTH 3. DTr. 3.00 m. 3.00 m. 

RIGHT OF WAY I5.O0m. 15.00m. 15On. 

DESIGN BAIDGE LOAD H IS. 44 H 15. 44 15. l 

TYPE OF SURFACE. RE-SAU. CED rE-SURFACED RE-SURFACED 
I EAR T H EARTH 

NOTE THE MAXIMUM GRADE CAN NOT BE LONGER THAN 200mO AS IT MUST 
BE FALLOWED BY A RUN ;OFF NO LESS THAN 300m LONG, WITH A 
MAXMUM GRADE OF 5%. 
THERE %.OULDBE A MINIMUM FLUNG OF 0.6Om. AT THE EN7RANCE 
TO CULVERTS. 
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TYPICAL CROSS-SECTIONS 

CLASSIFICATION: LOCAL ACCESS. 

TRANSVERSE SECTION OF EMBANKMENT. 

5.00 
4 50 L 2.50 

I.50 1.50 

1! 

RIGHT OF WAY AREA 15.00 m. 

TRANSVERSE SECTION OF EMBANKMENT AND CUT 

2 
-4 .50 5.00 2.50 : 4 

245 

RIGHT OF WAY AREA 1500m.NO 

NOT TO SCALE 
ALL DIMNI ONS IN METIERS. 



TYPICAL CROSS- SECTIONS 
CLASSIFICATION, LOCAL ACCESS. 

- } 2-50 2.50 

0.75 

RIGHT OF WAY AREA 15.00m. 

TRANSVERSE SECTION OF BALCONY CUT 

2.50 502 

0.50 42F5l 

o.,o "F ,.!',5I 

RIGHT Of WAY AREA 15.COm. - 246 

1OOT TO SCALE 
ALL DIMENSIONS IN METERS 



APPENDIX II . A. 2
 

CURRENT CONDITION
 

OF THE
 

SALVADORAN ROADWAY NETWORK 
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APPENDIX 11. A. 2
 

CURRENT CONDITION OF THE SALVADORAN ROADWAY NETWORK
 

DEPARTMENT 
ROAD CLASS 

Length 
TERTiARY 

Good Fair Poor Length 
RUAL A 

Good Fair Poor Length 
RURAL B 

Good Fair Poor Length 
TOTAL UNPAVED RMOS 

Good Fair Poor 
(K) CX) X) X) (Kms) X) (X) X) (Kms) (A) X) X) (rms) MX) CM) () 

IANUACHAPAN 150.35 30 30 40 130.00 10 15 75 352.00 5 15 80 632.35 15 20 65 

SANTA AMiA 52.14 40 40 20 165.80 15 15 70 360.00 10 15 75 577.94 22 24 54 

ISONSONATE 88.73 30 30 40 86.80 10 20 70 193.40 10 15 75 368.98 17 22 61 

LA LIERTAD 183.70 30 35 35 89.40 15 20 65 172.70 10 10 80 445.80 18 22 60 

SAN SALVADOR 62.15 25 40 35 92.40 10 20 70 255.10 5 15 80 409.65 13 25 62 

ICNALATENANGO 180.%6 35 30 35 171.80 20 21 60 367." 15 10 75 719.86 23 20 57 

ICUSCATLAM 

II 
83.65 30 30 40 79.,.0 20 30 50 377.33 5 30 65 540.38 18 30 52 

ICAMANAS 117.66 40 40 20 82.90 15 15 70 373.30 10 20 70 573.86 22 25 53 

ILA PAZ 109.20 35 35 30 130.60 20 15 65 494.60 15 15 70 73S.40 23 22 55 

SAN VICEIITE 154.40 30 40 30 76.60 15 15 70 227.30 15 15 70 458.30 20 23 57 

IUSULUTAN 164.30 15 10 75 194.00 15 15 70 384.70 2 20 78 743.00 11 15 74 

ISAN MIGUEL 

II 
110.30 20 20 60 321.79 100 10 30 270.20 5 10 C5 702.29 12 3 75 

IOILAZAN 

II 
125.50 15 15 70 22.90 10 10 80 230.85 5 10 85 379.25 10 12 78 

ILA UNION 53.441 20 20 60 62.20 10 20 70 316.30 5 15 80 531.90 12 18 70 

ITOTAL 

:g.II 
1736.49 28 30 42 1706.59 14 17 69 4374.88 8 16 76 7817.96 17 21 62 



APPENDIX !I. A. 2 

CURRENT CONDITION OF THE SALVADORAN ROADWAY NETWORK 

ROAD CLASS SPECIAL PRIIARY SECONDARY TOTAL PAiED ROADS I 
DEPARTMENT Length Good Fair Poor Length Good Fair Poor Length Good Fair Poor Length Good Fair Poor 

(Kms) (X) 

I 
(Z) CM) (Kms) MX) MX) X) (Kms) CX) CX) (X) (Km) CX) CX) X) I 

I 

IANUACHAPAN 39.16 25 50 25 41.2 25 35 40 80.36 25 43 32 

ISAdANA 24.79 50 45 5 59.9 40 30 30 104.26 35 40 25 188.95 42 38 20 

ISONSONATE 87.8 30 40 30 81.34 30 50 20 169.14 30 45 25 

ILA LIBERTAD 35.00 25 40 35 104.00 20 45 35 38.00 30 35 35 177.00 25 40 35 

SAN SALb WOR 38.4 40 40 20 118.10 25 35 40 156.50 32 38 30 

ICNALATENbGO 37.00 10 30 60 60.64 A0 30 30 97.64 25 30 46 

IDUSCATLAN 

II 
2.00 100 49.70 30 50 20 51.70 65 25 10 

ICABARNAS 42.52 40 30 30 42.52 40 30 30 

ILA PAZ 20.05 45 35 20 36.00 35 30 35 85.42 30 30 40 141.47 37 32 31 

SAN VICENTE 

II 
16.00 100 0 0 31.40 35 40 25 49.35 45 30 25 96.75 60 23 17 

IUSULUTAN 

1 
SA MIGUEL 

1 
IORAZAN 

1 
ILA UNION 

42.00 

42.34 

14.00 

101.10 

25 

30 

10 

40 

60 

40 

40 

30 

25 

30 

50 

30 

103.60 

135.97 

58.20 

42.70 

50 

40 

30 

30 

10 

30 

40 

30 

40 

30 

30 

40 

145.60 

175.31 

72.20 

143.80 

37 

35 

20 

35 

30 

35 

40 

30 

33 

1 
30 

I 
40! 

1 
35 

' I 

ITOTAL 136.24 
 60 27 13 594.70 27 39 34 1,011.00 34 34 32 1,741.94 36 34 

I3
 

30 

http:1,741.94
http:1,011.00
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CURRENT CONDITION OF
 

SELECTED HIGHWAY PROJECTS
 

250 



PROJECT NME 

CA: 1 

- Sitio del Niflo- Nueva San Salvador 


- San Salvador-San Rafael Cedros 


- Oriente del Rio Lempa- San Miguel 


n La Uni6n 
- San Miguel-Bifurcaci
6


- San Crist6bel-Santa fna 


CA- 2
 

- La Hachadura- CA; 12 

- CA; L2- La Libertad 

- La Libertad- Comalapa 

- Zacatecoluca- Rfo Lempa 

-Usulutgn- La Un16n 

CA; 4- Troncal del Norte
 

9 San Salvador- Apopa 


- Apopa- Aguilares 
-eJut
Aguilares-


Tejutla-Citalg (Frontera con
 
Honduras) 


CA : 12
 

Acajutla-Sonsonate 


ROADWAY 

CLASS 


Special 


SECONDARY 


SECONDARY 


SECONDARY 

SECONDARY 


PRIMARY 

PRIMARY 


PRIMARY 


SECONDARY 


PRIMARY 


SPECIAL AND
 
PRIMARY
SEODARY 


PRIMARY 


PRIMARY 


LENGI 
( KM ) 

22.00 


31.50 

24.10i 

20.00 


23.00 

31.50 


45,00 

81.50 


27.40 

29.00 


87.96 


10.00
19.00
 

31.00 


32.00 


17.90 


OAWrAY 

x 


X 

X (under 

const.) 


CONDITION 

FAR 

x
 

x 

x
 

x
 

x
 

X
 
km.
 

x
 

x
 

x
 

x
 

x
 

x
 

x
 

x
 



PROJEC NAMECLASS 
PROJECS( 


- Sonsonate Santa Ana 

- Santa Ana- Metap n 

- Metapgn- Anguiatd 

CA: 8
 

con CA:1
- Sonsonate- Empalme 

Otras Vias. 

-. Ahuachapfn- Tacuba (Ahuachap~n) 

- Santa Ana-Ahuachap~n (Santa Ana, 

Ahuachapfn)
Juay a-Sn Jose La Majada- El Arenal
 -

(sonsonate) 

- Cerro Verde-Empalme con ruta El Congo­

CA$8 ( Sta. Ana, Sonsonate) NQ 17 

- Ruta El Congo-Valle Nuevo; Empalme 

a Cerro,Verde (CA:8 Sonsonate) 

--El Congo-Oclupse Arriba-Planes de La
 

Lagilna (Sta Ana) N2 171 


Sta. Ana-San Pablo Tacachico (Sta.
-

Ana, La Libertad) 


ROADWAY 

SECONDARY 


PRIMARY 


PRIMARY 


PRIMARY 


TERTIARY 


SECONDARY 


SECONDARY 


RURAL A 


RURAL B 


TERTIARY 


LENGTH 

KM ) 

37.30 

47.90 

59.90 

ROADWAY CONDITION 

GOOD FAIR POOR 

x 

x 

x 

41.90 x 

17.20 

30.70 

10.60 

11.00 

x 

x 

x 

x 

7.00 x 

30.80 x 



PROJECT NAME 


- Apopa-uezaltepequ-Sitio del Nifi 

(La Libertad-San Salvador) 

CA:2- La Libertad ( La Librtad)
-


Nueva San Salvador-Quezaltepeque ( 
( La Libertad ) 

- El Refugio-El Castillo-San Jos4 

La cueva-Moncagua 

- Intercones, con sta. Ana-San Pablo 
Tacbchico (Sta* Ana) 

- El coco-Chalchuapa (Sta. Ana) 

CA:l El Porvenir- Sta. Ana/Ahuacha­

-


-

pan ( Santa Ana ) 


- CA:l- San Antonio Pajonal (Santa 


Ana) 

-- El Ronco-Ostua-San Jer6nimo 


Santa Ana) 


- Mejicanos- Mariona-Nejapa (San 

SalVador) 


- San Salvador-San Marcos (San 

Salaudor)
 

- Apopa-San Jos4 Las Flores- (San
 

Salvador)
 
San Salvador-Los Planes ( San 

Salvador) 


- CA;8-Tepecoyo ( La Libertad) 

Opico
-'Quezaltepeque-San Juan 

La Liberted) 
- Empalme CA:2- La Herradura ( por 

San Marcelino),( La Paz)NQ 14 

U' 

ROADWAY 


CLASS 

SECCNDARY 

TERTIARY AND
 
RURAL B 


TERTIARV 


RURAL A 


RURAL A 


RURALA 


KRAL B
 

SEC"DARY 

SE RY 


S 
SECONDARY 


TERTIARY 

RURAL A.ANp
 
RURAL B 


TERTIARY 


LENGTH 

(KM) GOOD 

ROADWAY COtNDITION 

FAIR POOR 

25.00 
x 

11.70+13.30 
x 

20.80 
114.80 

5.00 

114.20 

x 
x 

15-00 

10.50 

3.5 

x 

7.94 

6.00 
x 

13.00 

19.00 x X 



PROJECT NAME ROADWAY LENGI 
ROADWAY CONDITION 

GOOD FAIR POOR 

CLASS (1) 

- Lo Planes-Panchimalco- Rosario de Mora 
( San Salvador) 

- Tonacatepeque-Soyapango ( San Salvador) 

- Berlfn-Alegrfa- Santiago de Maria 
( Usulutgn) 

- Santiago de Marfa-Tetapgn- Ozatl~n Usul. 
( Usulutan) 

SECONDARY 

TERTIARY 

SECONDARY 

SECONDARY 

5+4 

11.00 

11.60 

26.00 

x 

x 
fX 

x 

- Tejutepeque-San Antonio Buena Vista -
Corral Viedo ( Cabaflas) N 44 " 

- CA:12-Las Casitas-San Antonio Masahuat-

RURAL B 5.00 x. 

Los Horcones-Guarnecia(Santa Ana) RURAL B 16,00 x 

- San Antonio Masahuat- CA:2 (La Paz) N2 36 

- Ciudad Barrios-Moncagua ( San Miguel) 
- San Miguel6 El Delirio (Sn. Miguel) 

RURAL A 

TERTIARY AND 
RURAL A 
SECONDARY153 

15.00 

12.70 14.80-26.50 
15.30 

x 

x 
x 

- Ruts Militar Son Miguel-Santa Rosa 
de Lima-Pasaquina (1orazAn-la Uni6n) 

P4,98 
PRIMARY 

x 

- Empalme CA:- San Antonio Silva- San 
Alejo ( San Miguel)- La Uni6n) S.M.NQ85 
L.U. N2 149 L.U. N2 17, L.U. NQ 22, 
LvU. N2 39 y N2 77 

RURAL B 9.00 x 

- Empalme CA;L- La Unidn ( La Uni6n) 

- CA:2-San Dionisio ( Usulut6n) N9 32 

PRIMARY 
RURAL A 

8.00 
9.00 

x 
x 

uL
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DGC-RECOMENDED HIGHWAY
 

IMPROVEMENT PROJECTS 

255 



DGC-RECCMM4ENDED HIGH1WAY IMPROVEMT PROJECTS
 
(BASED ON TRAFFIC COUNTS) 

A DT IGHT% HEAVY TRUCK% 

ROAD CLASS -- LOAD DISTRIBUTION, 
3rsU) - -- - - -

.., 135 1 26 191 19 C2 C MT T2S2 T3SI T32 C2 ESFE TOTAL 

TO SPECIAL______ 

Ilepange-San Martfin 6820 6902 6965 7024. 7103 21 35 5 91 5 1 9 19 

San Martin-CoJutepeque 4485 4396 4308 4 Z41 4895 22 34 '4 90 6 4 20 

Cojutepeque-San Rafael Cedros 1948 1983 2003 2056 2483 21 35 P0 84 12 4 24 

San Salvador-Apepa 8392 8410 8590 8999 9654 23 35 M 86 8 6 18 

La Cuchilla-Sonsenate 3852 3910 h082 4135 4316 24 35 LO 74 6 20 31 

Aoajutla-Sensonate 27 2963 303 2973 3110 18 33 8 63 7 .4 .14 29 .2 41 

TO PRTMARY 
Santa Ana-Ahuachap~n 3162 3246 3"52 3277 3557 27 P7 17 8815 7 19 

I 

CA-4 La Oarita-Soyapange 7181 7257 7277 7362 27 40 8 92 6 1 1 15 

Apepa-Siti. del Nifl. 204E 2137 24541 2244 2594 19 39 I4 895 6 28 

San Salvador-Lov Planes do R. 2699 2718 27-43 2791 46 30 12 97 2 1 12 
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APPENDIX II A. 5
 

UNIT PRICE ANALYSIS
 

CHART
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Unit Price Analysis
 

Activity No. I Description: Granuiar Baae Unit: M3 

(A)Mechanical Ecjipment No. of
Items 

Hours 
Worked 

H-ury
Cost F 

Cost € 

Motor Grader,_125 Hp 
Static Tandem Roller, 8-12 Tori 

1 
1 

7 
7 

200 
120 

1400 
840 

TOTAL (A) 2240 2688 

(B)Labor (Force Acount) No. of Hours .urlysLandMovig__________Operato Persons Worked Oauarj F E 
Land Moving Eguioment Operator 2 7 11.48 151
 
Operator's Chief 2 7 7.81 
 109 
Field Chief 1 7 10.58 74 
Controller 1 7 7. 6 54 
Construction Worker 6 7 6.95 292 

TOTAL (B) 690 605.3 

(C) Daily Performance: 350 M3 JDLYTALCOST (A)+(B) 2930 3293.3] 

C 
(D) Unit Cost without Materials (A)+(B) . ...(C)- 8 , 9.41 

Measuring Consumption Unit Cost 
(E) Materials for Produclion Unit Unit Cost F E 

Granular Bass., M3 1,25 55 69 
Water k_ _ 0.115 50 6 

TOTAL (E) 75 90 

(F)Direct Unit Cost (D)+ (E) 83 99.41 
(G) Overhead % x (F)
(H) Unforeseen Expenses %x (F) 
(I)Benefits %x(F) 

_(J) Supervision %x (F)
(K)ToW (G+ H + I + J) 40%x(F) 33.2 30.88 

(N)Unit Price 116.2 130.29 
(0) Observations: 1 US$ - 5 colones 

E-EcnoicJ Dsm cmber1988 
NB: F- F ial E- EonoicDecemb26 
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APPENDIX II .A. 6
 

FORMULAS AND ASSUMPTIONS 

FOR ECONOMIC EVALUATION
 

261 



APPENDIX IU.&.6
 

1. Inputs to the HDM-III model
 

To estimate unit vehicle operating costs, the Consultants
 
assumed default values presented by the model, except for
 
the following inputs (ordered by input screen):
 

a. Sl;$ren # 1 

- Surface type: 1 and 0, depending on road type. No
 
significant variation in vehicle operating costs were
 
observed between these two; the Consultants used the
 
average of these two sets of results for calculations.
 

- Roughness: Roughness levels were input ranging from 2000
 
mm/km to 20,000 mm/km to cover all possible conditions.
 

- Average positive gradient: Given El Salvador's rolling
 

terrain, the Consultants assumed five percent.
 

- Uphill travel proportion: 25 percent
 

- Average negative gradient: One percent
 

- Average horizontal curvature: 270 grades
 

- Elevation: 600 m.
 

- Effective number of lanes: (code): 1
 

b. Screen #2
 

Phree different sets of vehicles were assumed medium size
 
:ar, bus and medium-load truck.
 

z.Screen 4 3
 

- Load carried by trucks: 15,000 Kg 

- Fuel consumption adjustment factor. This is a dimension­
less parameter which was obtained calibrating the model's 
fuel consumption forecasts to achieve the following values: 
10 km/i for cars, 4 km/i for trucks and 15 km/1 for buses. 

- Desired speed: Values from 10 to 100 km/h were assumed to 
cover all possible road conditions. 
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- Average annual utilization (km): 18,500 km/year for cars,
 
37,000/year for buses and 39,000 km/year for trucks.
 

Average annual utilization (hours): this value was
 
calculated dividing average annual utilization in km by
 
the desired speed.
 

- Average vehicle service life: 10 years for cars and 12
 
years for buses and trucks.
 

- Use constant service life: the Consultants used 1,
 
indicating vehicle service life is constant and equal to
 
the specified value, regardless of operating speed.
 

- Average life in kilometers by vehicle type: annual
 
kilometers multiplied by service life.
 

- Average number of passengers per vehicle: 1.5 for
 
passengers, 35 for buses and 0 for trucks.
 

e. Screen # 6
 

- Vehicle cost: C80,000 for cars, C270,000 for buses and
 
C200,000 for trucks.
 

- Fuel cost: The Consultants assumed international fuel 
prices: C1.44/liter for cars, and C1.30/liter for buses 
and trucks. 

- Lubricant cost: C11.62/liter
 

- New tire cost: C250. for cars, Cl,200 for buses and C1,400
 
for trucks.
 

- Crew time cost: C13.9S per hour for buses and C9.32 per
 
hour for trucks.
 

- Passenger delay cost: The Consultants assume no passenger
delay cost. Previous runs with delay costs of C4.65 per
hour for car passengers, and Cl.03 per hour for bus 
passengers gave results not significantly different to the 
ones used. 

- Maintenance labor cost: C7.98 per hour for cars and C13.3
 
per hour for buses and trucks.
 

- Cargo delay cost: the Consultants assumed this to be zero
 
for conservative purposes.
 

- Annual interest rate: twelve percent.
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A brief description of the HDM-II model and its capabilities
 

is presented below.
 

f. The HDM III Model
 

The Highway Design and Maintenance Standards Model (HDM) was
 
developed by the World Bank, in particular to meet the needs
 
of highway administrations in developing countries. The
 
model simulates life-cycle conditions and costs and provides
 
economic decision criteria for multiple road design and
 
maintenance alternatives for any road, group of roads, or
 
road network. The model can be used for both paved and
 
unpaved roads.
 

With HDM the user can compare cost estimates and economic
 
evaluations of different constriction and maintenance
 
options, including time staging strategies.
 

The HDM model can be used to examine such questions as:
 

- What is the economic benefit of spending a dollar on
 
maintenance as compared to spending it on new roads, or
 
alternatively of improving the alignments of existing
 
roads?
 

- How much should be spent on paved roads and how much to
 
maintain and upgrade earth and gravel roads?
 

- To determine at what traffic level to upgrade unpaved roads
 
to paved roads and when is the optimum time to apply an
 
asphalt concrete overlay to a surface dressed paved road.
 

- What is the effect of deferring maintenance of a road or
 
road network?
 

- What maintenance policy or combination of maintenance
 
policies yields the lowest overall economic costs (Total
 
Transport Costs = Construction Cost + Maintenance Cost +
 
Vehicle Operating Costs (VOCs)) for a specified level of
 
maintenance funding?
 

The model can be used as a planning, budgeting and
 
programming tool by a Ministzy of Public Works and is
 
particularly useful in that the output of the model can be
 
used to justify requests to government and external donor
 
agencies to fund individual projects and to provide adequate
 
funding for maintenance.
 

A version of HDM-III is specifically adapted for use on
 
micro"-computers, HDM-PC, Version 2.0, which includes the core
 
HDM-III model, data input facilities, interfacing facilities
 
with LOTUS 123 and a modified version of the Expenditure
 
Budgeting Model (EBM).
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HDM-III comprises a number of modules as follows:
 

- Construction Cost Module
 
- Road Deterioration Module
 
- Traffic Module
 
- Vehicle Operating Cost Module
 
- Expenditure Budgeting Module (EBM)
 

The first four modules are vsed interactively to develop
 
traffic levels, construction costs, maintenance costs and
 
road user costs, these costs are then summed and discounted
 
to arrive at the total transport costs for the road under
 
review for any length of analysis period up to 30 years.
 

Economic benefits are then determined by comparing the total
 
cost streams for various maintenance and construction
 
alternatives with a base case (the null alternative), usually
 
representing minimal routine maintenance.
 

The model demonstrates clearly the benefits derived from
 
maintenance and allows the optimization of maintenance
 
strategies. This is of particular importance to El Salvador
 
at the present time where a number of major roads need
 
rehabilitation.
 

The Expenditure Budgeting Model is an extremely useful module
 
with which limited resources can be optimally utilize, e.g.,
 
for limited funds, the maintenance strategy which makes best
 
use of the monies available can be determined.
 

2. pavement Deterioration Curves
 

The following deterioration curves were assumed:
 

Do nothing alternative - paved roads
 

R = Ro + 0.8 * t
 

R = roughness in years in m/km
 

Ro = initial (current) roughness in m/km
 

t = time in years
 

Do nothing alternative-unpaved roads with ADT's <250
 

R = Ro + 2 * t
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Do nothing alternative-unpaved roads with ADT's >250
 

R = Ro + 3.33 * t
 

Rehabilitation/improvement alternative - paved roads
 

R = 2 + 0.253 * (t) 1.5
 

Rehabilitation/improvement alternative-unpaved roads with
 
ADT's <250
 

R = 4 + 0.8944 * (t) 1.5
 

Rehabilitation/improvement alternative-unpaved roads with
 
ADT's >250
 

R = 4 + 1.9245 * (t) 1.5
 

3. Rouahness/Pavement Condition Relationship
 

The following roughness levels were assumed for roads in
 
different conditions:
 

Paved roads-excellent condition (just

rehabilitated/improved): 2,000 mm/km

Paved roads-good condition: 4,000 mm/km
 
Paved roads-fair condition: 6,000 mm/km

Paved roads-poor condition: 10,000 mm/km

Paved roads-Complete failure: 14,000 mm/km
 

Unpaved roads-excellent condition(just

rehabilitated/improved): 4,000 mm/km

Unpaved roads-good condition: 6,000 mm/km
 

Unpaved roads-fair condition: 10,000 mm/km

Unpaved rovids-poor condition: 14,000 mm/km

Unpaved roads-.omplete failure: 20,000 mm/km
 

4. Speed curves
 

A segment's average running speed is estimated based on
 
volume-over-capacity ratios and predominant roughness levels.
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The formula used to calculate speeds is presented below:
 

V = Vo * (1-0.55 AT.f * 0,08) 1.25 * (1 - (R-a)
 
C 32
 

V = Speed in year t 

Vo Free-flow speed for road cFtegory: 100 km/h for
 
special roads, 50 km/h for primary roads, 75 km/h

for secondary roads, 60 km/h for tertiary roads and
 
50 km/h for rural roads.
 

ADT = Road's average daily traffic in year t 

C = Road's capacity which is a function of road class. 

R = Road's roughness in m/km 

5. Work-type code
 

All possible rehabilitation and improvement combinations were
 
analyzed. For calculation purposes the different types of
 
work were coded. These codes are presented below:
 

Type of Work Code
 

Rehabilitation
 

Special Roads 0
 
Primary Roads 1
 
Secondary Roads 2
 
Tertiary Roads 3
 
Rural 4
 

Improvement
 

Rural to Tertiary 5
 
Rural to Secondary 6
 
Tertiary to Secondary 7
 
Tertiary to Primary 8
 
Secondary to Primary 9
 
Secondary to Special 10
 
Primary to Special 11
 
Special (4 lanes) to
 
Special (6 lanes) 12
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APPENDIX II .A. 7
 

PROPOSED 1990 - 94 FIVE-YEAR PLAN
 
FINANCIAL RATIOS
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lo. mi 

41.IS3 

19.343 
8.87 

CA:)I 

CA:I 

TL PCRVSNIR-SANCalSICBAL 

ft PrUltflLO-111 73 

2 

7 

17 

3 2 F 

7 ?1.19n 

?T191.0 

3(79m( 

11331)7 

317749 

5722 

667 7 

1069738 

67924176 

tf0207;7 

0 

0 

0 

0 

?1721630 

ll2207;"! 

347115797 

';'72W 

3%17817 

47R1)) 

1.09 

1.019 

9.497 

It.170 

10. 0 

9.475 

.tss 

7.3m6 

Ca:l 
CA:I 

CA:I 

SA SALVIOR - S.ITAIFCLA(tIKIITAD 

SANSLVAiD-SJh "lWta (In 18) 

SAN RAFAEL ORIETE EXIT -SAW NIGUEL 

EXIT) 0 
2 

5 

ls 
6 

12 F 
10 F 

10In7 

?1t 0(tOO 
3500000 
3%10(10 

990(101 
63(000 
2 (MINIM1 

4398305 
69071970 

S213120 

51790414 71.45750A 137Ml5 

2007371427317739 1886976i3 
?&31416 1811W7843 31674911 

10311243 

235850304 

541O6W 

1156i90l15 
38454285s 

606558877 

3605606 
168T5672 

184081787 

S567wrA 
-2772815672 
1630 1787 

2.718 

1.4%8 
0 863 

36.977 
20.410 
8.766 

'3.,10 
23.748 
10.74 

m.w, 

16.%80 
7.06­

CA:l SAOUGUIEL-tA UNIONEXI 2 38 9 F 11 ,N.A0 41)1.T70 7US91106 60103.6) 61400360 -1779920 171146607 11,"7109 36 ,16•7608 320)[1 (2) 14.112 9.430 6.622 

c7:l 

CA:l 
-m Mafta (1 18)COJUTEPEOL *..d33) 
UTS!Cf LIWA tNIVW- S.RAFAELORIFUTEEXIT 

2 

2 
15 

4th 
10 F 

10 p 
35041000 525)001ll 

Wo330(104) 1400)(1000 
14809600 

4709903 
79977U.9 

73.931. 
)7lrO638 

5.9t24904 
876.0913 

14&673 
79031973 

23140677 
613 838A 

8659s40R7 
193057613 

39374469 
14&532813 

533,44649 
0.412 
0.408 

3.15 

2.672 

4.375 
3.135 

.07. 

Z.1.) 

CA,) 

UA:) 

5*704. INA-fl. POR8SSZIAIO 

COJft4PtD(N-SAl RAFAELCED0S 
2 

2 
1. 
7 

to r 
10 F 

3S00000 

3%0100 
1400(100 

24300000 
32P"330 
3752311 

6;99598 
6429778 

61)76156 

61604?5 
11)81411 

1611977 
M3576 

2230485 
96953) 

83868492 
37330491 
36162526 

?3330491 
1)226 

0.346 
0.198 

2.666 
1.476 

3.013 
1.659 

2.2s) 

1.24 

............................................................................................... 
TOTA78 - - . 

................................... ....................... 
363.96n.00 243.090.9193 49.656.581 W .700,569 266.574.363 

...................... .......................... 
707,663,8219,345.76.065 3.309.2s,211 

......................................... 
2.918.276.611 0.184 8.600 9.901 7.096 

.................................................................... ............................... ................................................................ ................... 

(I) In colOw. 
(7) multiple IR . 

tFa_-j



APPEDIX II.A.7 
RECOIPDErD FIVE-rAR HIGHWAYPLAN FICmIMC EIINEFITS - rUANOIAL RAIIOS (1) 

SPECIAL AND PRIMARY POAOUAYS Pop 4/r 

TTP OF PIOJECT COSTS FIRST TEAR fLFIN TEAR 1[31N TEAR ISTN YEAR TEAR TOTAL DISC. TOTALMeI3I3 

PROJECT XF CATEGORYLENTO WW COITIIOI WIT TOTAL BENEFITS BENEFITS BEEFIS BENETFIIS BE3itEs BEFITS BENEPITS B. P. V. I. U. 1. 11.111. 3./I. Eli.. 

(i.) (12%? (12) (2) (12') (102) (11) 

MAUIILI TATIDi'ECOSTM IO10 
03:?2 SONS0-Alt Z a 14 I r 245980 3443720 11 "195 24CI0604 21353011 0 0 244583260 119395M'0 115952110 3.693 34.671 38.493 29.9n­
CA:12 IM 80-AC ILA 1 6 I r 245980 14 5880 3754767 74863.6 7850942 0 0 82332432 3W2W T 31310607 2.771 26.6111 29.64 22.8-

IL 036RO3-t LIISCBl 1 S 1 F .su580 1220900 2151259 4&TO214 83457 0 56467M03 ?61 3SO0 2494360L 2.020 21.2f.1 23.61? 1.15? 
IMV1 CJSCAILAM EXIT-SR. JOSE 2It|AM1NVa EXIT I 9 I F 249S80 2213320 ILIU919 8753513 9626391 0 0 9791006 462002 43966463 2.12q 20.9 23.290 IY.qV* 

SR JOSE ViLLAWEVA fXIT-it ClIM3*1 1 a 1 P 245980 1967PA.0 31431701 733787 838327 0 0 2102 77 37s5r23 3787883. 2.011 11.63 21.971 16.17 
56 .ALIPT01 - COMLAPA FITEUAT 0 42 0 F 491960 20462320 31.654957 71"6922? 7132.73 0 0 7697662S5 37001971 319367461 1.949 !?.908 19.928 IS.4 
CA:12 SANTAAU-TE[ISTEPIU.M 1 16 1 P 466340 7461440 14r)"914 233"591 1314861 0 0 29?9249 106503 10104683 2.OP 14.543 15.96" 1?.53 
CA:12 IEZISWTPEI. -RZTAPAN 1 30 1 P 466340 13990200 11I7169? 218, &B 10910367 0 0 1671532%0 100353196 863616 .. 096 ?.173 7.834 6.113 
C0:12 381(P.P-AiWIAU I 12 I P 466S40 559600 37759 S711754 2596959 0 0 481520 26216123 20620043 0.763 4.68s 5.118 4.36 
:A:4 51. IGIACIO-EL POT I 6 I p '66340 219800 772276 am40 159869 0 0 6732333 404.938 12C684 0.234 1. 46 1.5s3 1.-300 

CA:T-WJ)V CUJSCATEAIEXIT I 11 2300000 2300000 154097 30?9S0 3390661 118632 7430902 62233803 0211 1921581 0.851 6. 92 10.226 7.167 
C3:8 TFPTCOIV11IT-C3:T 1 10 1*1 23001810 23000000) 12036690 19"48302 23714116 6743861 661940 2964372 12~5472 9990472 0.643 S.44.4 6.0WA 4.5=0 
M:8 SACAC O .IIT-TETCO, EXIT I 2 I P 230(10 4601000 2316501 3831419 391238 1261048 1634783 53641420 225097M4 1709714 0.616 4.693 4.14s8.S20 

CA:3 IZALCO EXIT-CAL.IDD E..I I I1,50(1 II i 0 2300000 10428 1733239 1761606 567568 734376 24236648 101$1454 784 0.56 4.414 4.96 3.79 
M:S EL CONGOP.IT-MIA .IT 1 6 11 r 230000 13800000 6175747 10321567 10663812 3478IO 4496ss 1460026 60TO7767 4697761' 0.3s8 4.406 4.971 3.,J7 

C3:8 CAL1P EXIT-SA RIAN.3 EXIT 1 9 11 r 2300000 'O;&'ODDO 93549.7 155-692 1374666 5031310 6540600 216922620 906902Cs 70190203 0.560 4.391 4.*61 3.720
CA:8 3U183A tXIT-SACAtOIO EXIT I 6 11 P 2"AMI100 I3300)O0 6067D.;? 10111343 1034147 33~6969 4363169 1423. 56 59376674 45376674 0.54 4.303 4.85S 3.643 
C:6 50 ,Plk!A3 EXIT-E; CO0 EXIT 4 ItI 230000 92(0010 3675204 6S65767 6727642 2184089 2830904 917S326 3a061526 Z8M1S26 0.%?0 4.133 4.671 3.495 
LA:8 S][ZMATE-IZALCO EXIT s0006 11 r 230000 138 4913275 878431& 8879558 1074815 31671328 112348759 48 31480 3r0ll4 O.&8 3.539 3.974 3.013 

........................................................... 
 ..................................................................................................... 
 ....................................................................................
 
TOTAL 0/1 319 - ­ 160."S.520 128.680.697 232.178.S19 214.375.051 24.923.563 40.384. 21 2.6M3.150.4%. 1.233.224.139 1.072.378.619 0.9S 7.665 E.MS 6.74 

........................... ........................................................................................................................................... ..............................................?32r.3 
(1) In cIones. (2) 1" - 1.0 (100 Oecent) 

hJ 



FSItMATICII OF FI|lIFIVI YLA* wItFAv iAtm tr1ic IfoafflS - FINMIA RATIOS(1) 

T011INY PrAMATI Pew Sly 

(T07 or PllJt(Ci C(11 FIRST TIAlR FIFIN VIAl fill" vIii I ViiliIf* tl vin TOTAL DiSC. OTAL 

PROCIAIME CA1FEOIY LAIFGIN WX CWIUIIItNI I9(T TnTAl RIffriiS tf[irlls 01111IlW BIffIlTS R101111S REVFI S 19FfIS I. P. V. I. R. It. 0.3.1.111.11. N.B./I. 

(k.) (12%) (1in) (3) (17;1) 1(11) C!I) 

W 6AI18,tAIOII£1COST rTT 108 

CA:12-fI. C 3 3 P 11740 V 5? 6V751S6 0 0 0 0 17063839 13W88763 1862311 ?.9" 16.159 1r.136 r.s? 

I08IACATEPK011-IvAPANOD 3 17 F FOTSO 105&660 .94;.lm 0 U 0 0 11060133 TSIS ,873731 3.924 8.4(71 G.69? Y.9197 

. IDCI-3.JLMI LOS PtAWES-CIWZALTIPfIUN 3 17 P 04.01 (60480 2.A02?69 903001 3210 3710 3730 19381855 12?99261 106%4461 1.sTl ?.Ae. 1..0 6 953 

1wi±'t-£14,al•l-JUBA 3 17 3 F 8p1.5 l4.4.1%1 1"(4.654 7WI&S4 a a IT13417 10652098 9131638 1.722 7.034 ?.$71 6.331 

S1A9A-1 PU0JUILOTACALICO 3 Z& 3 F 8nn 22891 24.&16O WWI.74l 0 0 0 ?6.135%.4 1610.0" 1317710 1. 2? 7.034 7.171 6.531 

71396 VtI-(:I. CONW-CA:8) 3 to 3 1 38050 8n0.00 9129S& 1772177 0 0 aO ID I&44 6193CM %317382 1.72 7.6u34 T.S71 6.331 

-SAI AM rVICO-SAM PAS1O TACACII)I 3 14 3 r PM05 123770n 1106114 241148 0 0 0 11001 1670312 7437612 1.77 7.034 7.171 6.331 

SAAI! 0EaUR-TEFC01,1O 3 5 3 p 11P40 16670 1"1791 0 0 0 0 49i47 3q974.326 34(36 3.Z30 7.070 ?.26" 6.680 

CA: 2-GMAT1IMI- JUJUILA •6ACO-ANUACAAPAIi . 3. 3 r 113?4.0 180160 4.917(79 58S r)$ 0 0 0 38"36010 2&S15708 207?928 1.114 6.373 6.82? s.787 

SU1 11041 jLU.O-IIM9U1J2tE 3 13 3 r 11324.0SAD 14.447 IR 178 2204387 0 0 0 14,'MY 97?4071 77IA93 1.314 A.3111 6.W7 S.7Is? 

S ANTONIO I1TE-SO D0(1;D GUZMANS P9D0 rt(TLA 1 13 3 r 113740 47717n !.*213 227&W1 0 0 0 14775769 938"75 7911S 1.314 6.178 6.87? S.787 

CA:21TEOT1PTOUE-SA!A 1771.1 3 44 3 F. 111740 4"2%630 63s63796 T.7718 0 a 0 5000860? 31m29761 M797201 1.114 6.31's 6.27? S.787 

CA:I-SAIlkN7081O SIIVA-SA11ALIJO 3 l0 3 P 11174.0 114174, 14l70& 0 0 0 0 3780114 .Q906 1846927 0. 9" 2.615 2.76 ?.4w 

CIUDAD RICIdOS1-N0ICAGUM 3 78 3 P I(%24.o 3170770 &i4.114. 0 0 0 0 10333M8 &29080 5120179 0.998 2.615 .06 7.488 

CA:8 JAYAOI[ 0TaEA I 2 ? p 1372130 274.4460 617021 W33 1177146 14.3 2 106010 2297667 10620069 7871199 (2) 3.870 4.283 3.31b 

CA-2-tA 9IR1-1A (VIA SAm8R-7C11.10) 3 1 7 1 1177230 24700140 70M7391 67070 79721F. 101714$-- 12912221 17726073 3 5S10 34.4%-65 0.299 2.3m 2.700 1.961 

TOTAL 3 210 •S3.&8.168 53.167.610 39.ye.70.8 9.102.S9 11.600,646 12.@0,621 45?..411 736.278.811 179,0.?70 0.921 4.418 4.811 3.934 

(13 In cotores. (2) ilitipte 1R3s (3) ­ 1.0 (100 Perce1.) 

-.J 



wP"WI 
v 

II.A.7 

ESIINATIOU Of FIRSt FIVE TEAR wI'rAv rL% FI'INIC IFIIS - 111ACIAt 51100 (1) 

SATAI WnWOAOS Peg- 61? 

TYPOOf POJfECT C(OSTS FIRST YEAR FlFIN YEAR tENTW YEAR 151 VEAS 2) VEAl TO*IAL DMS. tOTAL 

P80.I0 ow CA5EV umots Wl CE80III UIITl TOMAL BENEFITIS l5F1 5 BE1EFITS IENEFITS BENEFITS IEEFITS IUIFITS S. P. V. I. R. 2. 0.1./.11...1.1.6.1. 

(k) (172) (1) (3) (125) (102) (151) 

IrfauIL IICIMAM0I3MISICt Ica 

IAPAtKMCA-CAI2(A4I~UM COlAPA) 4 a 1 P 94.o0 75520 t40*f.4 T108 0 0 0 8688037 570190 4A,96700 I.Me 7.350 8.061 6.902 

AIIO1AA-SII tMlUZO-Et VOIIIO 4 9 s. p o•A4co 877970 3101004 ' 0 0 0 8559 6620236 5742316 ;.91 7.541 7.803 T.176 

yAl PAIA3-SA JUAW PIO L 5 4 P 94400 &7700 792717 647828 0 0 0 U89706 371619 274619 1.630 6.813 ?.255 6.226 

OIAZALEPEUA-13M HAIAS 4 19 4 p 94o00 'ti360 56146O 0 0 0 0 140O36O0 1136025 9466685 2.E8 6.27U 6.697 5.974 

S1TO TPIRS-SAI NlGM1L I[PUtEUS-CJ.EPEIGIE 4 27• • P 941.00 2272570 3376982 27479? 0 0 0 200860 13669005 1141US 1.458 6.110 6.506 5.56 

CA:l .Afl A1170910 PAJ0M 4 14 • p 944M0 132t1o 269f692 103725S 0 0 0 1)1i6376 799F8466 661 66 1.874 6.052 6.319 3.616 

SAM PEDO UNICYJ0T-SAIANTONIO I80SA T 4 3 4 1 7319$ 72201M 17133s 349701 1 0 0 2041M3 125734 1032549 1.003 5.689 6.i25 5.120 

SA JUt IAN-CUISMJ111.JI 4 10 4 P 94400 944000O 2;71 11 0 0 0 0 596W.9S 418060 38440360 2.251 5.072 5.A9 4.826 

EVALCU.MPA-LASC1UX1F • a L p 94400 7r50 472410 570618 0 ( 0 6379057 88500 21290 0.0;4 3.8270 4.066 3.495 

CA:2 *AMOLIFj 4 15 & P 94400 13600 1002374 M788 1) 0 0 6010936 3945017 259617 0.657 ?.897 3.083 a 651 

C:2 - ,C.C111I.A15tU 4 6 4 P 94400 18570 SA39 296357 a 0 0 2251087 1477%,1 002281 0.551 2.52S 21.689 2.308 

II'. SANTA SEIKA-I.(EITATIOU) 4 to 4 P 94400 944p10 S86116 481222 0 0 0 363088 2383163 !439163 0.551 .5?5 2.689 2.36 

CA:2 - I120A 0LAWC 4 9 4 p 94400 849600 '754O& 13099 0 0 0 3267708 ?144846 1"246 0.551 2.525 .. 69 2.3" 

CA:,' ILA.) Of US1 O 1 4 7 4 p 94400 660800 410781 33685 0 0 0 2S61550 1668214 1007614 0.%551 1.525 2.689 Z. 303 

t UtI'.-TOLOUJAL COCI.-L FLA0 4 9 4 P 94400 541*0) 577134 411099 0 0 0 326708 2144846 1295246 0.5%1 2.525 2.689 2.308 

188 11t.L-IA P.5l8 4 9 4 p 94400 849600 52204 &13099 0 0 0 3267708 2144846 1295246 0.551 2.S2, 2.689 2.308 

C(.7 - 547.43D3 LA C*8U58 4 12 4 p 94400 11170 703339 574" 0 0 0 341%6943 29795 126995 0.553 2.525 2. ,w 2.308 

PAiAI8SICrA-CA:'.LI 138 6 12 4 P 94400 tIS'6oo 701S0 577466 0 C 0 6356943 2859795 172695 0.551 2.525 2.69 2.30 

lMITAD RMIT[-WYM,,WIN CO1PEAIVE 4 9 A P 94400 843600 577F4 33099 0 0 0 367705 21448•6 12"246 ..551 3.S25 2.089 2.301 

CA:e GMPItIIS COW. 4 8 4 P 94.00 M35200 46&9 384977 0 0 '3 29o46z9 1906530 1151350 0.551 2.52 2.689 2.306 

CA2-C 8I0 L.1 CAmO 4 is 4 P 94400 1727520 1072'41 880836 0 0 0 6644339 4361187 2633m7 0 551 2.525 2.669 2.306 

SAN UEJO-I[L 1T."111I010 4 11 4 p 94400 1018400 644727 5293[4 0 00 3990865 26277 1583079 0.55) 2.52 2.689 2.308 

CA:2 -II 01110O O Q86ATIVE & 7 4 p 94400 6684 410281 W1ss55 0 0 zu"so15 1669214 11)(1414 0.551 2.525 2.689 2.3011 

TFTE[P[IJE-SIN ANTONIO5I.[5 VIS1A-€CONAL VIEJO 4 10 4 p ,944n 92"s10T 574193 71597 0 0 0 58170 731599 141037 9 0.551 2.525 2.6809 2.308 

Ll2UA.28A-C=1'."',W 21 Of I6ZO 4 11 4 P 944.00 1078O 65WA88 534136 0 0 0 4030173 2653)0 1597470 0.55 2.5r. 2.609 2.30 

OT)1.-SANl .101MI0 4 8 4 F 7319$ 07160 8472,. 0 0 0 -717143 -33569 143I1 691051 (2) 2.447 2.372 2.480 

CA:? SAN DI i I1I 8 4 F 7 9 57160 21716 3f497 0 0 0 23166 1414879 841719 0.53 2.44 2.627 2.20 

AAIA.IWO-1. CNPIIMMCOO. 4 8 4 p 94400 708000 411158 123692 0 0 0 253500 1677449 969449 0.52) 2.369 2.5m0 2.170 

.J 



APPIo 11.6.7 
Pa"l i
 

-AI/, . ft.C86H .II¢OQPTIU&AIW. 
 I.€o 	 10 & P 94.00 92120 %6361 42295 0 0 0 351710 ?19k 1244 0.521 2.369 2.520 2.170CA:? PALO C GCD AIIWvf 	 4 A P 911.00 75520 &4D60S 5S271 0 0 0 2701008 2196 12070 0.521 2.369 2.560 ?.11
 
CA:? •i416A CIbA C lA3IW 
 • 6 & P 94400 95520 460115 3%271 0 r 0 06008 17192?9 347 0.521 2.369 2.520&Ai JON t tlICIAS-CA:2 	 ?.1I0. Ih6AM-I*tZS. 8 6 4 P 9400 760 &6 336039 0 0 0 763640m 171454F 100122 0.521 2.39UACnPlm 	 2.520 2.170fAC3 PIE*IACO & 33 A P 94400 122200 74766? S6106" 0 0 0 4394011 290737 166037 0.$21 2.369 ?.5?0 2.1701MCIfMASAMMARSI-CA:2 4 16 4 P 94.400 146120 9911.73 6693 0 0 0 5239Cl6 3466727 2003577 0.S?1 2.369 2.52-0 2.170 
CA:2 CARAILXIA 20106 1124.0 120 4615 3571000 	 3 203S010 0.Sz3 2.369 2.520 2.171CA:t2-LAS ¢AS!13S-1 h 1O0 iS-L IQII S-aaGUMClA 
 & 39 & P 94400 1831360 1115779 283 0 0 0 6557720 4339001IIIAUM*08AIIO 9! C06LPCI0-I mU 	 2501'41 0.SI 2.369 2.520 2.176 9 4 7 94400 649600 S176?9 3,S3 0 0 0 30120O9 2012939 1163139 0.521 2.369 2.520 2.170LACIL|A&?A-SAI.Ah01 & 16 P 94400 1S10.00 920230 6904 0 0 0 5&08016 3578557 0.521SAiMJ ftItWLU.,-(JU.JL-f71=) 20157 2.369 2.S20 2.l7m4 2S A P 96400 235OS60 1432106 1074657 0 0 0 8.1622S 5369153 3216370 0,521 2.369 2.520 2.170W LstO O.0-SCIESCA SAM $WTI1A%: 	 A 6 LP 9400 60160 16609?2 7617 0 0 0 2163296 133123 27763 0.521 2.369 2.520 .17M 
ft I1fUGIGILCASItOSAR J"%&LA CIVA-KICWU 4 9 A P 941.0 549600 i176219 00.81.0 0 0 130206 012939 11613 9 0.51 2.369 2.520 2.170 
CA:2 	 - SAW E tA NOA5A A 16 A P 941.00 1511&00 920230 690542 0 0 0 5409916 357657 1133;9 0.521 2.369 2.20M 2.170


A0Ua-CM IM CE *TI00 
 4 13 L P 94400 W227200 71.7687 %61066 0 0 0 4.94013 2907176? 166031 0.521 2.3619 2.320 2.1n0 
CUU4.PA *LAS I0.968 ' . 19U38 f. vP 94400 18121 0 110627. 828651 0 019 	 0 6419619 42%6,69 248119JiZMtCO-JOlTUA 	 0.111 2.369 2.%20 2.1709 1 P 9447o 8021.00 48372 366851 0 0 0 28309 1901109 109670 0.,52f 2.%49 2..20 2.170CA:2 - MOJADC Ut 1PUA-IV 4 11 & P 941.O 10600 632658 47718 0 0 0 316011 1 112115 0.52v 2._49 2.52CA:? - |1 	 2.171A 12 I P 94400 1132600 6%171 517 0 0

It CW -FL4 A ILLA 
 0 &0512 283916 ISlIl1 0.521 2.369 2.520 2.1710• 12 1 P 91.400 1112a0 69011 519907 0 a 0 1.36012 "663918 1551118 0.5'.I 2.369CA:2 - SAM 546110 	 2.520 2.3701. 11 4 P 940.20 301 00 632658 47048 0 0 0 373011 21.16258 3421856 0.521 2.369 2.50 2.1I0563 jUfAjS-|l.E66L8l~l IPIII.L 17 A P 94400 11120 69033 519n07 0 0S1ItUh.. 	 2.17CA:2 - Plp 12 	 0 &o06012 216918 1551118 0.521 2.39 2.5201 P 9.400 1117W0 6913 5110?907 0 0 4056012 2SSa11A 	 2 369 2.52026918 0.521 2.1 0
IFLOUV Li IA-PLNSiW LALAQUi 4 12 4 P 94400 11!,.." 690173 5107 0 0 0 4056012 ?A63918 SS1118 0.,21 2.369 2.520 2.1m0CA:? - 82e6 PlEA & 11 4 P 94400 63265 776 0 0 316013 240258 


CA:3ft&A -OM889 3AMAE 


0 26050 1423658 0.521 2.369 2.520 2.170 

Jt LS LAUI Il 111080 & 6 4 P 9400 7852 477360 35;W19 	 0. 'I. LA8AJE(AM I.6 4-A 10 • P 73395 	 0 0 0 280506 85377 107285 2.359 2.520 2.170733950 28;305 431589 0 0 0 2660912 1659731 925761 0.423 2.261 2.428C:1-sL Pm 8fl-&.1A 	 2.063u ) 	 14 9 4 1 73595 660555 5?714 3630 0 0 0 2394821 1193716 633203P8060 63160M1 	 0.23 2.261 2.428 2.0654:2-15l 6 733954 & r 440370 172,503 26953 0 0 0 1596547 9839 555669 0.423 2.261 2.428 ?.043 

iL 3HJ0-0ST..M 44 5 1.3970 3311760 5955456 -IS20 -1520 -1520 -.S?0 1466209 31935493 8233 (2) 3.091L 3.7.9 3.630ft CgOIft'T Pf. 4 11. 3 I 113970 595580 016.446 .2660 2w 26 -2660 203320615 16312 I052174 (2) 2.815 2.913 2.619 

5 .I..... .......... ...........
...	 .......... ........... .......... ........... 
.......... ........... ...-...... ........... .... 
 .. .............. 
................
.... .. ..................... .......... ........... .......... 
........... ..........( I c L O ' (2 lEN * 1 0 ( 00 6-c .. 646tg~ V33).6 64 50 .0 (4.1 0 ) (4.1 0 ) ( 1 323) 292. 10.924 203.634.920 36 527.3 n0 (2 ) 3.0 U 3.205 2. 0 ? 

-clUt(1 2 utpe111 3 2 . ioP-.t 

1.
 
-3 

http:8fl-&.1A


APPENDIX II.. B. 


MARINE PORTS
 

OTHER PROJECTS REQUIREMENTS 
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APPENDIX II.B.1
 

MARINE PORTS
 

OTHER PROJECT REQUIREMENT5
 

1. 	Repair the berth protection system at Pier "B", which
 
has deteriorated because of friction produced by deep­
draft ship. An approximate cost of C2 million Colones
 
is estimated. Financing not yet available.
 

2. 	Repair cargo warehouse roofs, at an estimated cost of C3
 
million Colones.
 

3. 	Improve the werkshop to allow the maintenance of heavy
 
equipment. C450,000 Colones would be required.
 

4. 	Improve maintenance of electrical systems,
 
transportation equipment and buildings.
 

5. 	Complete the maritime signage system, at an estimated
 
cost of C100,000 Colones.
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AIRPORTS
 

OTHER PROJECTS REQUIREMENTS
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APPENDIX I.B.2
 

AIRPORTS
 

OTHER PROJECT kEQUIREMENTS
 

1. 	Improve the airport security system. It is estimated
 
that US$41,000 would be sufficient to purchase and
 
install another metal-detection system.
 

2. 	Improve or replace rescue equipment (US$200,000).
 

3. 	Increase refrigerated warehouse space. Also, more space

is needed for customs facilities and temporary luggage
 
storage. (US$200,000).
 

4. 	Create a monitoring unit to review systematically the
 
state of runway infrastructure, program maintenance and
 
rehabilitation work.
 

5. 	Update the 1979 AIES master plan to determine when
 
additional parking platforms and warehouse space will be
 
needed.
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