
 

ENVIRONMENTAL IMPACT STUDY 
ON THE PROJECT 

“CONSTRUCTION OF A BYPASS 
ROAD IN THE CITY OF SAN 

MIGUEL” 
 

VOLUME I 
 

DOCUMENT 

DGGA 17242 



CONTENTS  

ENVIRONMENTAL IMPACT STUDY (EIS) 

Trunk Road Construction in El Salvador (San Miguel Bypass Road) 

VOLUME I 

I. TITLE AND AUTHORS  . .......................................................................................................    I-1

II. EXECUTIVE SUMMARY   . .................................................................................................    II-1

III.  OVERVIEW    ......................................................................................................................   III-1

III.1 INTRODUCTION  . ............................................................................................................   III-1

III.1.1 Location  . .......................................................................................................................   III-1

III.1.2 Road Expansion Section    . .................................................................................................   III-1

III.1.3 Road Construction Section  . ..........................................................................................   III-1 

III.1.4 Methodology    . ..............................................................................................................   III-2

III.1.4.1 Reference documents and maps  .............................................................................  III-3   

III.1.4.3 Data collection and processing  procedure and method ..........................................   III-4   

III.1.4.3.1. Physical aspects   ........................................................................................  III-4

III.1.4.3.2. Biological Aspects  . ..................................................................................... III-5 

III.1.4.3.3. Social and Economic Aspects   . ..................................................................  III-9 

III.1.4.4 Project road section assessment   ...........................................................................  III-10

III.1.5  Fieldwork Period  . .......................................................................................................  III-10

III.2 PURPOSE AND NEED  . ....................................................................................................  III-11

III.2.1 Regional importance: Puebla-Panama Plan  . ...............................................................  III-11

III.2.2 Five Year Government Plan  . .......................................................................................  III-12

III.2.3 National Plan for Land Use and Development (PNODT)   .........................................  III-13

III.2.4 Traffic study    . ............................................................................................................   III-13

III.2.5 Objectives    .................................................................................................................   III-13

III.2.5.1 Project General Goal   . . ......................................................................................  III-13

III.2.5.2 Project Specific Objectives   . ................................................................................  III-13

III.1.4.2 Field data collection   . .............................................................................................  III-3

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS   1             AUGUST 2012 



III.2.6 Project Benefits . ...................................................................................................   III-13

III.3. BACKGROUND  . ....................................................................................................   III-14

III.3.1Traffic Study  . .......................................................................................................   III-14

IV. PROJECT DESCRIPTION AND ALTERNATIVES. ............................................    IV-1

IV.1 PROJECT ALTERNATIVE ANALYSIS . ..........................................................   IV-1

IV.1.1 Selection of the Route between North and South . ............................................  IV-2

IV.1.2 Route Options Located North of San Miguel . ...................................................  IV-3

IV.1.3.Selected route ....................................................................................................   IV-9

IV.2 LOCATION . ...........................................................................................................  IV-11

IV.2.1 Project Sections . ...............................................................................................  IV-13

V.2.2  Area to be occupied by the project . ...............................................................   IV-13

IV.3 DETAILED DESCRIPTION . ..............................................................................  IV-16

IV.3.1 Intersection points with rivers and roads: 

tunnels, bridges and others    ............................................................................  IV-16  

IV.3.2 Bridges and Structures . ....................................................................................  IV-18
IV.3.3 Crossings with secondary roads  . ...................................................................   IV-23
IV.3.4 Hydraulic Design . ..............................................................................................IV-26 

IV.3.5 Crossings with infrastructure  ..........................................................................  IV-34

IV.3.6 Slope Management  . ........................................................................................  IV-35

IV.3.7 Materials, machinery and equipment  .............................................................   IV-40
IV.3.7.1 oils and other chemicals  . ........................................................................   IV-42

IV.3.8 Michinoeki (Rest Station)  ...............................................................................  IV-42   

IV.3.8.1 Description of the proposed rest station. .....................................................IV-43

IV.3.9 Human Resources  . ........................................................................................... IV-45 

IV.4 WORK SCHEDULE AND PROJECT STAGES   .............................................  IV-45

IV.4.1 Works Implementation Schedule   . ................................................................    IV-45

IV.4.1.1 Works general flow   . .............................................................................    IV-45

IV.4.1.2 Proposed Construction Schedule  ...........................................................    IV-46   

IV.4.2 Construction Stage   .......................................................................................    IV-48

IV.4.2.1 Site Preparation Activities  . ....................................................................   IV-48

IV.4.2.2 Construction Activities  . ..........................................................................  IV-48

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS 2             AUGUST 2012 



IV.4.3 Operational Stage   ....................................................................................................   IV-49 

IV.5 MAIN PROCESSES AND TASKS    ...........................................................................   IV-49

IV.5.1 Paving Works   . ........................................................................................................   IV-49

IV.5.2 Intersections   . ..........................................................................................................   IV-50

IV.5.3 Unforeseen Tasks    . ................................................................................................   IV-50

IV.5.4 Camp Buildings   . ....................................................................................................   IV-50

IV.5.4.1 Adquate management of waste (industrial, ordinary and hazardous)    ............   IV-51

IV.5.4.2 Adequate disposal of excreta at the camp    . ....................................................   IV-52

IV.5.4.3 Closing down of camp    . ..................................................................................   IV-54

IV.5.5 Camps and other temporary facilities   . . ................................................................   IV-54

IV.5.6 Construction and technological system    ................................................................   IV-54

IV.6 WATER SUPPLY, EFFLUENTS, EMISSIONS AND WASTE    . . ........................   IV-55

IV.6.1   Construction Stage    ..............................................................................................   IV-55
IV.6.1.1 Water supply   . .................................................................................................   IV-55
IV.6.1.2 Solid waste management    ...............................................................................   IV-56 

IV.6.1.3 Ordinary Wastewater   . .....................................................................................   IV-59 

IV.6.1.4 Special Wastewater   . ........................................................................................   IV-60
IV.6.1.5 Rainwater drainage    . .......................................................................................   IV-60
IV.6.1.6 Removal of vegetation   . . ................................................................................   IV-60 

IV.6.2 Operating Stage   . ....................................................................................................   IV-60 

IV.6.2.1 Water Supply    .................................................................................................   IV-61
IV.6.2.2 Waste from the operating stage   . . ...................................................................   IV-61
IV.6.2.3 Wastewater from the operating stage   . . .........................................................    IV-61

IV.8 DESIGN CRITERIA   ..................................................................................................   IV-62

IV.8.1 Technical specifications related to road design   . ....................................................   IV-63 

IV.9  EARTHWORKS   . .......................................................................................................   IV-65 

IV.9.1 Aggregate and borrow pits    ....................................................................................   IV-66

IV.9.2 Sand pits   . ...............................................................................................................   IV-68

IV.9.3 Disposal sites for surplus material  . .........................................................................   IV-69

IV.9.4 Use of explosives  . .................................................................................................    IV- 70

IV.9.5 Environmental considerations for borrow pits and disposal sites  . .......................    IV- 71
IV.10 TRAFFIC CONTROL   . ............................................................................................   IV-74

IV.11 RIGHTS OF WAY  . ....................................................................................................   IV-74

IV.11.1 Properties along rights of way   . ...........................................................................   IV-75

IV.12 SIGNAGE   . .................................................................................................................   IV-75
IV.13 TOTAL INVESTMENT    . ........................................................................................   IV-76

IV.14 COMMUNICATION PROCESS   . ...........................................................................   IV-76

IV.14.1 Identifying Stakeholders  . ....................................................................................   IV-76

IV.14.2 Results of the first Public Consultation  ..............................................................    IV-77

IV.3.14 Results of the second Public Consultation  ...........................................................   IV-78

IV.4.14 Results of the Third Public Consultation  . ..........................................................    IV-79

IV.15 IMPACTS ON SITES OF INTEREST  . .......................................................................   IV-82

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS 3             AUGUST 2012 3

IV.7 SOCIAL EFFECTS   . ...................................................................................................   IV-62



V. LEGAL AND ENVIRONMENTAL REGULATORY CONSIDERATIONS 
APPLICABLE TO AN ACTIVITY, WORK OR PROJECT  ...................................................   V-1 
.................................................................................................V.1 NATIONAL LAWS AND REGULATIONS  ..................................................................    V-1

V.1.1 Constitution of the Republic of El Salvador, 1983  . ......................................................    V-1
V.1.2 Environment Act  ............................................................................................................   V-2
V.1.3 Special Regulations on Environmental Quality Standards   . ..........................................   V-3
V.1.4 Wildlife Conservation Act    . ..........................................................................................   V-4
V.1.5 Protected Natural Areas Act    . ........................................................................................   V-4
V.1.6 Forestry Act   . ..................................................................................................................   V-5
V.1.7 Land Transport, Traffic and Road Safety Act   . ..............................................................   V-6
V.1.8 Urban Planning and Construction Act   . .........................................................................   V-6
V.1.9 Urban Planning and Consturction Regulation   ...............................................................   V-7
V.1.10 Law on Expropriation and Occupation of Property by the State  . ................................   V-7
V.1.11 Law on Secondary and Minor Roads  . .........................................................................   V- 8
V.1.12 Special Law on Cultural Heritage Protection and its Regulation  . ...............................   V-8 

V.1.13 Health Code   .................................................................................................................   V-9
V.1.14 Mining Law   ................................................................................................................   V-10 

V.1.15 Criminal Code  .............................................................................................................   V-10 

V.2 CITY ORDINANCES  . .....................................................................................................   V-12
V.2.1 Ordinance for he environmental management of the City of San Miguel  . ...................  V-12

V.3 INTERNATIONAL TREATIES IN FORCE   ...............................................................   V-12

V.3.1 Convention on the International Commission on Environment and Development. .....   V-12

V.3.2 Convention for the conservation of biodiversity and  protection  

of Wilderness Areas in Central America   . .............................................................................   V-13 

V.3.3 Stockholm Convention on Persistent Organic Pollutants   . .........................................   V-13
V.4 AGREEMENT   ...............................................................................................................     V-13

V.4.1 Categorization of Activities, Projects under the Environment Law   . .........................   V-13

V.4.2 Procedure for Declaring and Registering Assets considered National Assets
and Protected Natural Areas not registered in the name of the State, under Art. 9 of
the Law on Protected Areas   . .................................................................................................   V-13

V.5 DOMESTIC AND REFERENCE TECHNICAL STANDARDS TO BE ENFORCED 

BY THE PROJECT   ........................................................................................................   V-14

V.5.1 Salvadoran Standard: NSO 13.49.01:09 Wastewater discharged to a receiving body, 1996  ..   V-14

V.5.2 Salvadoran Standard:  NSO 13.11.03:01 Air Emissions, Mobile Sources, 2003 V-15 ..........   V-15

V.5.3 Salvadoran Standard:  NSO 13.11.02:11 Air Emissions, Stationary Point Sources, (in the process  

of approval)   . .......................................................................................................................   V-16

V.5.4 Noise Standard:  Environmental, Health and Safety General Guidelines of the World Bank..   V-17 

V.5.5  Vibration Standards   . ................................................................................................   V-17

V.5.6  Ordinary wastewater discharge limits according to the US Code of  

Federal Regulations ...............................................................................................................   V-19 

V.5.7  Central American Environmental Policy Manual for the Design, Construction and 

Maintenance of Roads (SIECA)    . .......................................................................................   V-20

V.6 LEGAL IMPACTS    . .......................................................................................................   V-21

VI. DESCRIPTION, CHARACTERIZATION AND QUANTIFICATION OF CURRENT
ENVIRONMENT AND PHYSICAL,  BIOLOGICAL,  AND SOCIOECONOMIC 
ASPECTS OF THE SITE AND DIRECT AND INDIRECT INFLUENCE AREAS.............   VI-1

VI.1 IDENTIFICATION OF DIRECT AND INDIRECT INFLUENCE AREAS 
(AID AND AII).    . ....................................................................................................................    VI-1

VI.1.1 Area of Direct Influence (DIA)   . ................................................................................   VI-1
VI.1.2 Area of indirect influence (IIA)    . ..............................................................................   VI-2

VI.2 IDENTIFICATION OF CURRENT USE OF LAND COMPRISED WITHIN 
THE PROJECT LAYOUT   ....................................................................................................   VI-3

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS II-1             AUGUST 2012 4



VI.3.PHYSICAL ASPECTS  . ..................................................................................................   VI- 4
VI.3.1 Climate  . .....................................................................................................................   VI- 4

VI.3.1.1 Rainfall  . .............................................................................................................   VI- 5
VI.3.1.2 Temperature    . .....................................................................................................   VI-6
VI.3.1.3 Evaporation-transpiration    . ................................................................................   VI-7
VI.3.1.4 Winds    ................................................................................................................   VI-8
VI.3.1.5 Humidity    . ..........................................................................................................   VI-9
VI.3.1.6 Sunlight   . .........................................................................................................   VI- 10

VI.3.2 Air Quality    . .............................................................................................................   VI-10

VI.3.3 Noise    .......................................................................................................................   VI- 13

VI.3.4 Vibration  . .................................................................................................................   VI- 16

VI.3.5 Geomorphology and Relief   . ....................................................................................   VI- 17

VI.3.5.1 Relief and Slope Description    . .........................................................................   VI-17

VI.3.5.1.1 Station 3 -0 +10 +910   . ............................................................................   VI-18

VI.3.5.1.2 Station 3 +910 to 8 +850    . .......................................................................   VI-18

VI.3.5.1.3 Station 8 +800 to 9 +000: 
Rio Grande crossing     ...............................................................................   VI-19

VI.3.5.1.4 Station 9 +000 to 12 +950   . .......................................................................   VI-19
VI.3.5.1.5 Station 9 +100 to 9 +900   . ........................................................................   VI-20

VI.3.5.1.6 Station 13 +750 to 16 +350   . ....................................................................   VI-21

VI.3.5.1.7 Station 16 +350 to 19 +300    ....................................................................   VI-21

VI.3.5.1.8 Station 19 +300 to 25 +0.21.522    . ..........................................................   VI-22
VI.3.5.2 Summary of Slopes and Relief    .........................................................................   VI-22

VI.3.6 Geology   . ...................................................................................................................   VI-24 

VI.3.6.1 Area geomorphology   . ......................................................................................   VI-25
VI.3.6.2 Geology of the assessed area   ............................................................................   VI-26
VI.3.6.3 Geological Description by Sections   . ................................................................   VI-31
VI.3.6.4 Structural Geology    . .........................................................................................   VI-32
VI.3.6.5 General Project Geology   . ................................................................................   VI- 33
VI.3.6.6 Seismicity    . .......................................................................................................  VI-33

VI.3.4 Edaphology    . .............................................................................................................  VI-35
VI.3.4.1Soil Groups  .........................................................................................................   VI-35

VI.3.4.1.1Reddish Clayey Latosols  ............................................................................   VI-35
VI.3.4.1.2 Grumosols  .................................................................................................   VI-37
VI.3.4.1.3 Alluvial Soils   .............................................................................................  VI-38

VI.3.4.1.4 Soil groups per project sections    . .................................................................   VI-38
VI.3.4.2 Soil Classification by Usability   . ......................................................................   VI-39

VI.3.5 Hydrology and limnology   . .......................................................................................   VI-43
VI.3.5.1 Watershed: 

San Miguel Grande River    . ....................................................................................   VI-43
VI.3.5.2 Rivers and stream crossings   . ................................................................................   VI-47
VI.3.5.3 Hydrogeology   . ......................................................................................................   VI-50

VI.3.5.3.1 Impact on wells    .............................................................................................   VI-51 

VI.3.5.4 Water and well quality    ..........................................................................................   VI-52
VI.3.5.4.1 Background    ...................................................................................................   VI-53
VI.3.5.4.2 Design Methodology    . ...................................................................................   VI-53

VI.4 BIOLOGICAL ENVIRONMENT   ...............................................................................   VI-55
VI.4.1 Methodology    . ...........................................................................................................   VI-55
VI.4.2 Life areas    . ................................................................................................................   VI-59
VI.4.3 Conceptual Framework: Definition of a forest   .........................................................   VI-60
VI.4.4 Description of ecosystems found   . ............................................................................   VI-60 

VI.4.5 Flora within the direct influence area  . .......................................................................   VI-61 

VI.4.5.1 Ecological significance of flora species   . ..........................................................   VI-65 

VI.4.5.2 Results of flora by sector   .................................................................................   VI-67 

VI.4.5.2.1  Road expansion section    . .................................................................................... .
......................................................................................................................................   VI-67

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS II-1             AUGUST 2012 5



VI.4.5.2.2 Secondary forest    . ...............................................................................   VI-69

VI.4.5.2.3 Crops and grasslands   . ........................................................................   VI-70  

VI.4.5.2.4 Riparian forest    . ..................................................................................   VI-73

VI.4.5.2.5 Summary of ecosystems found   . ...........................................................   VI-75
VI.4.5.3 Ecologically important species for their diameter at breast height (DBH)   .....   VI-77

VI.4.6 Ethnobotanical importance of species found    . .........................................................   VI-78

VI.4.7 Flora within the indirect influence area    ..................................................................   VI-79

VI.4.8 Fauna within the direct and indirect influence areas   . ..............................................   VI-80

VI.4.8.1 Amphibians   . .....................................................................................................   VI-80

VI.4.8.2 Reptiles    ............................................................................................................   VI-80

VI.4.8.3 Birds   . ...............................................................................................................   VI-81 

VI.4.8.4 Mammals    . .......................................................................................................   VI-82 

VI.4.8.5 Description per zones    . ....................................................................................   VI-83

VI.4.8.5.1 Expansion Section    ...................................................................................   VI-83
VI.4.8.5.2 Secondary forest     . ...................................................................................   VI-84
VI.4.8.5.3 Gallery forest    . .........................................................................................   VI-84 
VI.4.8.5.4 Crops and grasslands    .............................................................................   VI-85 

VI.4.8.6 Fauna species reported by residents living in the area   . ...................................   VI-86 

VI.4.8.7 Bird distribution   ..............................................................................................   VI-87  

VI.4.8.8 Ecological Significance of fauna species   . ......................................................   VI-88 

VI.4.9 Project impact on sectors under analysis   ................................................................   VI-89 

VI.4.10 Areas of biological interest    . ................................................................................   VI-92

VI.4.10.1 Protected natural areas   . ................................................................................   VI-92 

VI.4.11Biological corridors   ...............................................................................................   VI-94  

VI.4.12 Existing vegetation maps ........................................................................................   VI-94  

VI.4.12.1 Trees to be felled and offsetting sites   . ..........................................................   VI-95 

VI.4.12.2 Biomass significance    . ................................................................................   VI-100

VI.4.12.3 Tree density   . ...............................................................................................   VI-100 

VI.5 SOCIO-ECONOMIC, CULTURAL AND AESTHETIC ENVIRONMENT . .......   VI-102 

VI.5.1 Municipalities Impacted by the Project   . ..............................................................   VI-102

VI.5.1.1 Municipality of Moncagua   ...........................................................................   VI-102 

VI.5.1.2 Municipality of Quelepa   ...............................................................................   VI-103 

VI.5.1.3 Municipality of San Miguel    .........................................................................   VI-105 

VI.5.2 Demographics of municipalities impacted by the project   .....................................   VI-109

VI.5.2.1 Population surveyed    . ....................................................................................   VI-110

VI.5.2.2 Kinship   . ........................................................................................................   VI- 111

VI.5.2.3 Age   . ...............................................................................................................   VI-112 

VI.5.2.4 Typical characteristics of households   ... .......................................................   VI-114 

VI.5.2.5 Home ownership    . ..........................................................................................   VI-116

VI.5.2.6 Structures likely to be affected   . ....................................................................   VI-116

VI.5.2.7 Household equipment    . ..................................................................................   VI-128

VI.5.2.8 Religion   . ........................................................................................................   VI-129

VI.5.3 Development Plans    ...............................................................................................   VI-129

VI.5.4 Economic characteristics   . .....................................................................................   VI-130 

VI.5.4.1 Occupation   . ..................................................................................................   VI-130

VI.5.4.2 Income   ..........................................................................................................   VI-131 

VI.5.4.3 Poverty in the project’s influence areas  .........................................................   VI-132

VI.5.5 Economic activities   . .............................................................................................   VI- 133

VI.5.5.1 Production    . ....................................................................................................   VI-133

VI.5.5.2 Technical assistance   . ....................................................................................   VI- 134

VI.5.5.3 Sources of financing   . .....................................................................................   VI-135

VI.5.6 Vulnerable groups and individuals    ......................................................................   VI-136

VI.5.7 Health   . ....................................................................................................................   VI-137

VI.5.7.1 Conditions inside the house    . ........................................................................   VI-138

VI.5.7.2 Domestic animals   . ........................................................................................   VI-139

VI.5.7.3 Health infrastructure    .....................................................................................   VI-139

VI.5.8 Education    . .............................................................................................................   VI-140

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS II-1             AUGUST 2012 6



VI.5.8.1 Educational Infrastructure   . ....................................................................................   VI-141 

VI.5.9 Institutional presence and community organization   . ....................................................   VI-144

VI.5.10  Perception of the project   . ...........................................................................................    VI-145

VI.5.10.1 Project feedback in the area of direct influence of the project   . ..........................   VI-146

VI.5.10.2 Positive aspects perceived by the population in the indirect influence area . .......   VI-147

VI.5.10.3 Negative aspects perceived by the population in the direct influence area...........   VI-148 

VI.5.11Road Network and Transportation   . .............................................................................   VI-150

VI.5.11.1 Means of transportation   ......................................................................................   VI-150

VI.5.11.2 Road network   . ....................................................................................................   VI-151

VI.5.11.3 Crossings   .............................................................................................................   VI-154 

VI.5.11.4 Cattle passes and grazing zones   ..........................................................................   VI-156 

VI.5.12  Current land use   . .......................................................................................................   VI-156 

VI.5.12.1 detailed description of soil uses by section   . .......................................................   VI-157

VI.5.12.1.1 Station 0 +010  to 3 +260    ..........................................................................   VI-157
VI.5.12.1.2 Station 3 +260 to 4 +020    . .........................................................................   VI-158
VI.5.12.1.3 Station  4+020 to 8 +210    . .........................................................................   VI-158
VI.5.12.1.4 Station  8+210 to 8 +400    ............................................................................   VI-159
VI.5.12.1.5 Station  4+550 to 5 +450    . ..........................................................................   VI-160
VI.5.12.1.6 Station  9+300 to 11 +250     . .......................................................................   VI-161
VI.5.12.1.7 Station 11 +250 to 12 +450  . ........................................................................   VI-161
VI.5.12.1.8 Station 12 +450 to 13 +550    . ......................................................................   VI-162
VI.5.12.1.9 Station 13 +550 to 13 +850   . .......................................................................   VI-163
VI.5.12.1.10 Station 13 +850 to 16 +350    ....................................................................   VI-163 
VI.5.12.1.11 Station 16 +350 to 21 +800    . ...................................................................   VI-163 
VI.5.12.1.12 Station  21 +800 to 22 +000   . ...................................................................   VI-164 
VI.5.12.1.13 Station  22 +000 to 25 +022    . ..................................................................   VI-165
VI.5.12.1.14 Station  25 +022    . .....................................................................................   VI-166 

VI.5.12 .2 Summary of land uses along the project path    . .................................................   VI-166 
VI.5.13 Aesthetic evaluation of landscapes in the area     . .........................................................   VI-167

VI.5.13.1 Landscape description and views by Sections    . .................................................   VI-168

VI.5.13.2 Landscape units identified in project area    . .......................................................   VI-169
VI.5.13.3 Elements of visual compatibility   . ......................................................................   VI-171 

VI.5.13.4 Aesthetic/visual perception of the project   ..........................................................   VI-171 

VI.5.13.5 Significant landscapes and visual resources identified   . .....................................   VI-172
VI.5.14 Cultural Values   . ..........................................................................................................   VI-173 

VI.5.14.1 Archaeological Heritage    ....................................................................................   VI-173
VI.5.14.2 Property of paleontological interest    . .................................................................   VI-174
VI.5.14.3 Cultural heritage   . ................................................................................................   VI-175
VI.5.14.4 Other sites of interest    . .......................................................................................   VI-175 

VII. IDENTIFICATION, PRIORITIZATION, PREDICTION AND QUANTIFICATION OF 

POTENTIAL ENVIRONMENTAL IMPACTS, INCLUDING ANY RISK SITUATIONS . ..   VII-1
VII.1 METHODOLOGY    . .......................................................................................................   VII-1
VII.2 BREAK-DOWN OF PROJECT ACTIVITIES  . ...........................................................   VII-1 

VII.3 BREAK-DOWN OF ENVIRONMENTAL FACTORS. ...............................................   VII-3 
VII.4 CONTRASTING ACTIVITIES AND ENVIRONMENTAL FACTORS  . ................  VII-4

VII.4.1 Description and quantification of potential impacts.............................................................. .
..................................................................................................................................................   VII-5VII-5 ASSESSMENT AND PRIORITIZATION OF IMPACTS.........................................   VII-32 

VII.6 RISK ANALYSIS  . ...............................................................................................................   VII-39 

VIII.INTERPRETATION OF THE RESULTS OF THE COST BENEFIT,  

PROFITABILITY AND EFFICIENCY ANALYSIS   ...............................................................   VIII-1

VIII.2 PROJECT BENEFITS   . ...............................................................................................   VIII-1
VIII.2.1 Quantified economic benefits   .................................................................................   VIII-2

VIII.2.2 Method of Comparison With and Without the Project ............................................   VIII-2 

VIII.2.3  Quantification of project benefits   . ........................................................................   VIII-2

VIII-1 DEFINITION OF THE PROJECT TO BE EVALUATED. .....................................   VIII-1

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS II-1             AUGUST 2012 7



VIII.2.3.1 Vehicle operating costs (VOC)   . ....................................................................   VIII-2 
VIII.2.3.2 Travel time Cost (TTC)    . ..............................................................................   VIII-4  

VIII.2.4 Estimated economic benefits   . ...............................................................................   VIII-5 

VIII.3 PROJECT COSTS    . ...................................................................................................   VIII-6  
VIII.3.1 Project Cost Estimation Method    . .........................................................................   VIII-6 

VIII.3.1.1 Economic Investment Costs    . ........................................................................   VIII-6 

VIII.3.1.2 Economic Maintenance Costs  . .......................................................................   VIII-7  
VIII.3.1.3 General  ............................................................................................................   VIII-7 

VIII.3.2 Civil works estimation method   ..............................................................................   VIII-8  
VIII.3.2.1 Road construction cost   . .................................................................................   VIII-8 
VIII.3.2.2 Construction cost   . .........................................................................................   VIII-9  

VIII.3.2.3 Land Acquisition and Resettlement Costs   . ...................................................   VIII-9 

VIII.3.2.4 Environmental Management Cost   . .............................................................   VIII-10 

VIII.3.2.5 Maintenance    . ..............................................................................................   VIII-10 

VIII.3.2.6 Engineering Services   ...................................................................................   VIII-11 

VIII.3.3 Project cost     . .......................................................................................................   VIII-11 

VIII.4 ECONOMIC ASSESSMENT    . ................................................................................   VIII-12 

VIII.4.1 Pre-Conditions for economic and cost-benefit analysis.........................................   VIII-12 

VIII.4.2 Evaluation results   . ..............................................................................................   VIII-12  

VIII.4.3 Sensitivity analysis    . ...........................................................................................   VIII-12  

VIII.5 INDIRECT IMPACTS (QUALITATIVE ANALYSIS) . ........................................   VIII-13 

VIII.5.1 General    ...............................................................................................................   VIII-13 
VIII.5.2 Regional Benefits    . .............................................................................................   VIII-13  
VIII.5.3 Impacts on the domestic and international network   ...........................................   VIII-14 

IX. ENVIRONMENTAL MANAGEMENT PROGRAM (EMP)    . ..........................................   IX-1
IX.1 DETERMINATION OF ENVIRONMENTAL MEASURES    . ..................................   IX-2
IX.2 DESCRIPTION AND SPECIFICATIONS OF ENVIRONMENTAL MEASURES...  IX-5

IX.21.1 Measures to be implemented during site preparation   . ..............................................   IX-6
IX.2.1.1 Re-forestation to compensate for felling   .............................................................   IX-6 

IX.2.1.2 Training to improve crops, soils and agroforestry  . ...........................................   IX-19  

IX.2.1.3 Pedestrian crossings and road safety    . ..............................................................   IX-20 

IX.2.1.4 Temporary drains for site preparation stage   . ...................................................   IX-23 

IX.2.1.5 Minimize impacts to the proposed protected area    ...........................................   IX-25 

IX.2.1.6 Signage of cattle passes   ....................................................................................   IX-26 

IX.2.1.7 Project Social and Environmental Management   . .............................................   IX-28   

IX.2.1.8 Wildlife protection measures in preparation of site  . .........................................   IX-34 

IX.2.1.9 Support to small business owners   . ..................................................................   IX-36 

IX.2.1.10 Management of effluents, wastes and residues in site preparation    . .............   IX-38
IX.2.1.11 Prevention of health impacts during site preparation   . ..................................   IX-40 

IX.2.1.12 Occupational safety measures during site preparation    . .......................................... .
..........................................................................................................................................   IX-42 IX.2.2 Measures during the construction phase   . ................................................................   IX-45 
IX.2.2.1 Compensation for impermeabilization of areas through revegetation  . ............   IX-45  
IX.2.2.2 Dust control   . .....................................................................................................   IX-48  
IX.2.2.3 Slope Management    . ........................................................................................   IX-50 
IX.2.2.4 Collection and reuse of topsoil   . .......................................................................   IX-53  
IX.2.2.5 Noise Reduction Measures    . ...........................................................................   IX-54 
IX.2.2.6 Temporary drainage maintenance during construction   . ..................................   IX-57 
IX.2.2.7 Monitoring, rescue and / or salvage of cultural sites   .......................................   IX-58 
IX.2.2.8 Timetabling, signage and training, in populated areas  . ....................................   IX-60  
IX.2.2.9 Proposed forest, soil and protected zones protection measures   . ......................  IX-62
IX.2.2.10 Prevention of health impacts during construction  ..........................................   IX-64 
IX.2.2.11 Maintenance of temporary roads   ....................................................................   IX-66 
IX.2.2.12 Wastes, residues and affluent management during construction  . ...................   IX-67
IX.2.2.13 Occupational Safety measures during Construction    . .....................................  IX-69
IX.2.2.14 Risk Prevention Plan   . .....................................................................................   IX-72  

IX.2.3 Measures to be implement during the operational phase . .........................................   IX-74 
IX.2.3.1 Maintenance of tree and shrub planting measures .............................................   IX-75 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 8



IX.2.3.2 Integrated vegetation management    . .......................................................   IX-76 
IX.2.3.3 Occupational Safety and wastes and residue management . ......................   IX-77  

IX.3  ENVIRONMENTAL MANAGEMENT PROGRAM SUMMARY TABLES  . ..   IX-82

IX.3.1 SECTION 1: CA1 to CA1 (TO LA UNION)   ......................................................   IX-82
IX.3.1.1 Environmental Management Program Summary  . ........................................   IX-82 

IX.3.1.2 Schedule of Implementation of Environmental Management Program   . .....   IX-90 

IX.3.1.3 Description of Monitoring and Execution summary Table   . .......................   IX-95

IX.3.2 SECTION 2: CA1 (TO LA UNION) TO RN17  .................................................   IX-101  

IX.3.2.1 Environmental Management Program Summary   .......................................   IX-101 

IX.3.2.2 Schedule of Implementation of Environmental Management Program     . .   IX-107 

IX.3.1.3 Summary Table of Monitoring Implementation . .........................................   IX-110  

X. RISK STUDY AND  PREVENTION AND CONTINGENCY PLAN  . ............................   X-1 

X.1 CONCEPTUAL APPROACH  . ....................................................................................   X-1 

X.2 THREATS THAT MIGHT IMPACT THE ROAD SECTION    . .............................   X-2
X.3 NATURAL HAZARDS    . .............................................................................................   X-2  

X.3.1 Seismic hazard   ........................................................................................................   X-2 
X.3.2 Landslide hazard   . ...................................................................................................   X-5  
X.3.3 Erosion processes  .....................................................................................................   X-6  
X.3.4 Volcanic eruption hazard    .......................................................................................   X-6 
X.3.5 Flood hazard    ...........................................................................................................   X-7    
X.3.6 Socio-environmental threats   . ................................................................................   X-12 
X.3.7Anthropogenic threats     ..........................................................................................   X-12 
X.3.8 Threat summary  . ....................................................................................................   X-13 

X.4 VULNERABILITY     . .................................................................................................   X-13 
X.4.1 Location of vulnerable zones   . ...............................................................................   X-15  

X.5 RISK ASSESSMENT    . ...............................................................................................   X-16 
X.6 PROJECT PREVENTION PLAN   . ...........................................................................   X-17
X.7 POTENTIAL ACCIDENTS DURING THE CONST. AND OPER. STAGES .......   X-17 
X.8 CONTINGENCY PROGRAM   ..................................................................................   X-19 

X.8.1 CONTINGENCY PROGRAM DURING THE CONSTRUCTION STAGE  . .....   X-20
X.8.1.1 Prevention plan during construction  . ............................................................   X-20 
X.8.1.2 Emergency plans during construction  . ..........................................................   X-21 

X.8.1.2.1 Plan in case of accident or death of a staff member . ..............................   X-21 
X.8.1.2.2 Fuel leakage or spillage   . .......................................................................   X-23 
X.8.1.2.3 Fire or explosion contingency plan    . ....................................................   X-23 
X.8.1.2.4 Earthquake contingency plan.    ..............................................................   X-24 
X.8.1.2.5 Landslide contingency plan   . ..................................................................   X-24 
X.8.1.2.6 Emergency due to weather conditions   . ..................................................   X-24 

X.8.1.3 Post-event actions during construction  . .........................................................   X-24  
X.8.1.4 Emergency communications   . ........................................................................   X-25 

X.8.2 CONTINGENCY PROGRAM DURING THE OPERATING STAGE    . ...........   X-25 
X.8.2.1 Prevention Plan   . ............................................................................................   X-25 
X.8.2.2 Emergency Plans    . .........................................................................................   X-26 

X.8.2.2.1 Plan in case of accident or death of a staff member  . .............................   X-26 
X.8.2.2.2 Earthquake contingency plan   ................................................................   X-28 
X.8.2.2.3 Landslide contingency plan  . ..................................................................   X-28  

X.8.2.2.5 Post-event actions  . .................................................................................   X-29 
X.8.2.2.6 Emergency communications  ...................................................................   X-29 

X.1 REFERENCES 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 9

X.8.2.3.4 Emergency due to weather conditions   ..................................................   X-29



P3 General blueprint of the Taishihuat river bridge and footbridge elevation and plan view 

P4 Details of drain heads and drainage 

P5 Details of vertical drainage types VD-1, VD-2 and VD-3

P6 Details for vertical drainage and typeVD1, hopper type1

P7 Bypass Typical Section and Viaduct typical section 

X.3   DETAILED  EIA PLANS 

VI-1/12 Topographic, structures and trees 0 +000 - 2 +700 
VI-2/12 Topographic, structures and trees 2 +700 - 4 +900
VI-3/12 Topographic, structures and trees 4 +900 - 7 +400
VI-4/12 Topographic, structures and trees 7 +400 - 9 +800
VI-5/12 Topographic, structures and trees 9 +800 - 12 +000
VI-6/12 Topographic, structures and trees 12 +000 - 13 +800
VI-7/12 Topographic, structures and trees 13 +800 - 15 +000 
VI-8/12 Topographic, structures and trees 15 +000 - 16 +500
VI-9/12 Topographic, structures and trees 16 +500 - 19 +200
VI-10/12 Topographic, structures and trees 19 +200 - 21 +500
VI-11/12 Topographic, structures and trees 21 +500 - 23 +300
VI-12/12 Topographic, structures and trees 23 +300 - 25 +021 

X.4  EIS DETAILED PLANS 
VI-1/19 Project Plan and Side Views and and Environmental Measures Section  0+000 – 1+360 

VI-2/19 Project Plan and Side Views and and Environmental Measures Section  1+360 – 2+740

VI-3/19 Project Plan and Side Views and and Environmental Measures Section   2+740 – 4+120

VI-4/19 Project Plan and Side Views and and Environmental Measures Section  4+120 – 5+510

VI-5/19 Project Plan and Side Views and and Environmental Measures Section 5+510 – 6+890

VI6/19 Project Plan and Side Views and and Environmental Measures Section   6+890 – 8+280

VI-7/19 Project Plan and Side Views and and Environmental Measures Section  8+280 – 9+660 

VI-8/19 Project Plan and Side Views and and Environmental Measures Section  9+660 – 11+040

VI-9/19 Project Plan and Side Views and and Environmental Measures Section 11+040 – 12+430 
VI-10/19 Project Plan and Side Views and and Environmental Measures Section 12+430 – 13+810 

VI-11/19 Project Plan and Side Views and and Environmental Measures Section  13+810 – 15+200 

VI-12/19 Project Plan and Side Views and and Environmental Measures Section 15+200 – 16+580

VI-13/19 Project Plan and Side Views and and Environmental Measures Section 16+580 – 17+960 

VI-14/19 Project Plan and Side Views and and Environmental Measures Section 17+960 – 19+350

VI-15/19 Project Plan and Side Views and and Environmental Measures Section 19+350 – 20+730 

VI-16/19 Project Plan and Side Views and and Environmental Measures Section  20+730 – 21+873

VI-17/19 Project Plan and Side Views and and Environmental Measures Section  21+873 – 23+320 

VI-18/19 Project Plan and Side Views and and Environmental Measures Section  23+320 – 24+750 

           VI-19/19 Project Plan and Side Views and and Environmental Measures Section   24+750 – 25+021 

VOLUME II 

X.2 PROJECT BLUEPRINTS 
Blueprint I ndex 

          P1 General street crossing blueprint EST 5 +255 and typical reinforced earth wall detail 
          P2 General Blueprint of the North and South Rio Grande bridge 

X.3  EIS Blueprints Chapter IV 

IV-1 Political Administrative Division 

IV-2 Quarries, borrow pits and disposal sites Chapter VI 

VI-1 Climate 

VI-2 Air Quality 

VI-3 Noise and Vibration 

VI-4 Geomorphology and relief 

VI-5 Pending 

VI-6 Geological 

VI-7 Hydrology 

VI-8 Hydrogeology 

VI-9 Pedological soil type 

VI-10 Agrological soil class 

VI-11 Ecosystems 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 10



IX-1 Measures during construction stage 

Chapter X 

X-1 Seismic hazard 

X-2 Volcanic Threat 

X-3 Flood Threat 

X-4 Landslide hazard 

X-5 Vulnerability 

X-6 Risk Map 

VOLUME III 

X.4 ANNEXES 

X.4.1 Legal Annexes 

IV.1 Terms of Reference 

IV.2 Registry records of company and consultants 

X.4.2 Technical Annexes 

Chapter III 
III.1 Minutes of Understanding (Plan Puebla-Panama) 

III.2Traffic study  

III.3 MARN Charter lava flow resolution 

III.4 ISTA Certificate of protected area 

Chapter IV 
IV.1 Hydrological Study “Steps on Rio Grande of San Miguel San Miguel BYPASS Project” 

IV.2 Hydraulic Modeling Study “Steps on Rio Grande of San Miguel and Rio Taisihuat” 

IV.3 Hydrologic Study “Secondary Basins, San Miguel BYPASS 

IV.4 Geotechnical Study 

IV.5 Slope Design 

IV.6 Work program 

IV.7 Memory of cut and fill volume calculation 

IV.8 Public consultation reports 

Chapter IX 

VI-12 Protected natural area 

VI-13 Population and households in the project area 

VI-14 Health System and area of influence 

VI-15 Schools and area of influence 

VI-16 Road networks and Transportation 

VI-17 Cattle passes 

VI-18 Soil Usage 

VI-19 Landscape 

VI-20 Archaeology and Cultural Values 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 11



VOLUME IV 

X.4  ANNEXES     

X.4.2   Technical Annexes    

Chapter VI 
VI.1 Air Quality 

VI.2 Noise and Vibration Monitoring 

VI.3 Geological Survey 

VI.4 Hydrology and Hydrogeology 

VI.5 Water quality extract of Rio Grande de San Miguel, MARN 2010. 

VI.6 Water Quality Monitoring Results. 

VI.7 Trees survey per plot 

VI.8 Arboreal Census  

VI.9 Endangered Species 

VI.10 Species with a diameter equal to or greater than 80 cm 

VI.11 Census and Survey Formats 

VI.12 Report of interviews in schools and health units 

VI.13 Photo report in plots 

VI.14 Glossary of Terms used to Describe the Landscape 

VI.15 Resolution of the culture secretariat 

VI.16 Agrological Rating 

Chapter VI 
VII.1 Environmental impact assessment matrix

Chapter IX 

IX.1 Slope works chart 

IX.2 Detailed Footbridge Construction  

IX.3 Resettlement Action Plan 

IX.4 Proposed sites for Compensation 

IX.5 Critical slope sections 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 12



CNR  National Registration Center 

CO  Carbon 

CONST Construction 

C.P.S.  Construction site preparation 

DAP  Diameter at breast height 

EIA  Environmental Impact Study 

FAO  United Nations Organization for Food and Agriculture 

FUNC   Operating 

GPS or GPX  Satellite Positioning System 

IUCN  Larger global environmental network  

LMA  Environmental Act 

MAG  Ministry of Agriculture and Livestock 

MARN  Ministry of Environment and Natural Resources 

MOPTVDU  Ministry of Public Works, Transportation and Housing and Urban Development 

NGOs   Non Governmental Organization 

UN  United Nations 

PAR  Resettlement Action Program 

PCU  Central Processing Unit 

PNODT National Plan for Land Use and Development 

PVC  Product of the polymerization of vinyl chloride monomer to polyvinyl chloride 

RICAM International Network of Mesoamerican Highways 

RN  National Road 

SAGPYA The Secretary of Agriculture, Livestock, Fisheries and Food 

SNET  National Service of Territorial Studies 

SE  Southeast 

SPT  Transaction Processing System 

TIR  Internal Rate of Return 

USDA       Department of Agriculture of the United States 

VAN  Net Present Value 

VCR  Volume capacity ratio 

HIV-AIDS        Human Immunodeficiency Syndrome Virus and Syndrome
VOC       Volatile organic compounds 

WGS    World Geodetic System 

HiVol     High Volume 

NOx  Nitrogen Oxides  

Sox  Sulphur oxides 

Acronyms and Abbreviations 

CAP  Public Administration Contracts 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS AUGUST 2012 13



ENVIRONMENTAL IMPACT STUDY 

CONSTRUCTION OF A BYPASS ROAD IN THE CITY OF 

SAN MIGUEL 

DEPARTMENT OF SAN MIGUEL, EL SALVADOR 

I.1   PROJECT OWNER 

MINISTER OF PUBLIC WORKS TRANSPORTATION, HOUSING 

AND URBAN DEVELOPMENT 

Mr. Gerson Martínez 

1.2   AUTHORS 

ECO INGENIEROS: RPJSEA 001 

NAME 
No.  

RPSA 
SPECIALTY 

AREA OF PERFORMANCE 

WITHIN THIS STUDY 
SIGNATURE 

Arq. Leonora Ferrer

Morán 
0011 

Architect, Master in

Geoenvironmental

Technology, Environmental

Assessment Specialist. 

Coordination, design analysis

and environmental impact

assessment, environmental

risks, landscape, urban design

and land use 

Ing. José Rodolfo

Montúfar Guardado 
0025 

Hydrogeologist Engineer with
specialized environmental
studies. 

Environmental impact
assessments, hydrology and
hydrogeology 

Licda. e Ingeniero

María Ofelia

González 

0522 

Agronomist with a degree in

biology, with experience in

road construction. 

Biological surveys,

assessment of biological and

soil impacts. 

Arq. Estela Jeannete

Cisneros 
0004 

Architect, Master in

Geoenvironmental

Technology, Environmental

Assessment Specialist. 

Environmental impact

assessment, integration of

report 

PARTICIPATING SPECIALISTS AND PARTNERS 

NAME SPECIALTY 
AREA OF PERFORMACE WITHIN 

THIS STUDY 

Wilber Alejandro Jiménez 

Degree in Sociology, specialist in social

issues with experience in Communication

and Development 

Socioeconomic Report for

Environmental Impact Study

and for Resettlement Action

Plan. 

I.     TITLE AND AUTHORS 

ENVIRONMENTAL IMPACT ASSESSMENT  

Construction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS  I-1             AUGUST 2012 



NAME SPECIALTY 
AREA OF PERFORMANCE WITHIN 

THIS STUDY 

Francisco Delgado 

Civil Engineer,  

IT, GIS and knowledge management

Specialist 

Digitization of information and
preparation of thematic maps 

Jose Emilio Tamayo Bachelor of Law Legal Analysis of Project 

Georgina Ferrer Morán Bachelor of Law Contributing Legal Advisor 

Geraldine Ramírez Pineda BA in Biology Field Survey of Wildlife  

Milagro Salinas de Ruiz BA in Biology Field Survey of Wildlife 

Carlos Alberto Elías BA in Biology Field Survey of Flora 

Jose Napoleón Canjura BA in Biology Field Survey of Flora 

Mario Guevara Hydrologist and Hydrogeologist 
Hydrology, Hydrogeology and Water 

Quality 

Roberto R. Umanzor Civil Engineer Logistics support and field research 

Mario Romero 
BA in Chemistry with specialization

in Paleontology 
Geology 

Luis Ernesto Murcia Architect Tabulation of data, AutoCad drawings 

JICA SURVEY TEAM 

NAME SPECIALTY 
AREA OF PERFORMANCE WITHIN 

THIS STUDY 

Masanobu Shimosaka 
Head of JICA Survey Team / Civil
Engineer

Technical design and review of
alternatives. 

Masafumi Ikeno 
Engineer / Degree in
Environmental Issues 

Reviews of environmental and cultural

norms application. 

Aya Yamada 
Degree  in Socia l  Issues Strategic Action Plan for

Resettlement. 

Douglas Sibrián Civil Engineer
Technical design, calculation of
construction quantities 

María Teresa García Architect 
General review and technical assistance
on the field. 

ENVIRONMENTAL IMPACT ASSESSMENT  

C onstruction of Bypass Road in the City of San Miguel 

MINISTRY OF PUBLIC WORKS  I-2             AUGUST 2012 


