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Figure No. IV.15.  Detail of typical pass works over existing streets. 

IV.3.4 Hydraulic Design 

IV.3.4.1 Project Longitudinal Drainage 

The road will have drains on both sides that will drain the water dripping on the pavement into 

existing streams, rivers, canals and waterways. 

The project is still in the feasibility stage so no drains have been designed specific to the project at 

this stage, only some preliminary designs of drainage works and water discharges into rivers and 

streams that cross the project, which are presented in the drainage blueprints P4 to P6. 

Water will be drained into gutters and discharge works reason why they are not expected to erode 

the slopes since they will discharge into existing watercourses. 

The project drawings and blueprints and environmental measures, show the location of various 

types of piping presented in Figure IV-15: SD2, Cl, SD1 and SD3. 

PLAN VIEW
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♦   Collection and Discharge Works 

Blueprint P4 shows the headers to collect rainwater and discharge heads with tier energy 

dissipation built of stone masonry to channel streams crossing the project, according to Table IV. 

13. 

IV.3.4.2 Drainages 

Every crossing of either permanent or non-permanent watercourses, will be channeled, none will be 

diverted. 

At the time of preparing this EIA, the project is at its feasibility phase within which the project justification 

has been developed, as well as the route definition and basic engineering designs. All watercourses, 

permanent or not will be channeled, though none diverted.  

IV.3.4.2.1 Watercourse crossings 

The channeling of permanent and non-permanent streams, which will cross the new road was 

studied, to determine the passage works. The criteria are: 

• At bridges the highway will pass over flood stage. 

• The flood levels are estimated for return periods of 100 years for bridges and arches. 

• Flood levels are estimated for return periods of 50 years for “boxes” and sewers. 

• For permanent watercourses a hydraulic modeling was performed so that the impact of design 

works on river dynamics is as little as possible, so it is not anticipated to have changes in current 

project upstream and downstream conditions. 

• For basins less than 1.5 km the rational formula was used and for watershed greater than 1.5 

km2 the model HEC-HMS was used. 

The annexes listed include all calculations for hydraulic works are included: 

1. Annex IV. 1 HYDROLOGICAL STUDY ON PASS OVER RIO GRANDE SAN 

SAN MIGUEL, SAN MIGUEL PROJECT BY PASS, 

2. Annex IV.2 HYDRAULIC MODELING STUDY PASSAGE ON RIO GRANDE 

DE SAN MIGUEL AND RIVER TAISIHUAT. 

3. Annex IV.3 SMALL BASINS HYDROLOGICAL STUDY, BY PASS SAN MIGUEL. 

Based on the analysis, we have determined the permanent and / or temporary or rapidly growing 

watercourse crossings, which are presented in the following table. Where the ground is drained in  
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Figure No. IV.19.   Area where El Papalón River crosses the viaduct. 

As concluded in the evaluation of small basins we have the following additional 

recommendations: 

Regarding the impact on upstream and downstream waterways, some corrections are to be made 

to the channels, both upstream and downstream with protection works such as level guards, walls, 

buttresses and headers, longitudinal walls, energy dissipation basins, channeling, etc. All works 

cause an impact that is normal regarding earthmoving: excavation, earthworks, disposal of 

material, construction of masonry and concrete. These impacts are minimal when compared with 

all the works to be made throughout the entire project, with the large volumes to consider. 

IV.3.5 Crossings with Infrastructure 

In order to build the various project components it will be necessary to relocate existing utilities 

along the right of way. There are power lines, potable water and drainage along the course of the 

project that might be affected temporarily during the construction of the project. At the 

completion of works they will be left as they are today. 

1 Power transmission lines of 25 kV or less: Pan American Highway (CA-1), road to Agua 

Zarca (SM-10), Alas Campos development, and Joselyn Alas development, Street to 

Hacienda El Milagro, highway to La Union (CA-1), Road to El Delirio (RN17). 

2 Po 

table water pipes along the Pan Americana highway, Alas Campos development, 
Josselyn, Altos de Hato Nuevo, road to La Union and highway to El Delirio. 

3. Unused pipelines that were used to divert water of the San Esteban River for power 
generation. Station 8 +340. 

4. An electrical substation in Lot 8 on the Pan American Highway. 
5. Vaults and piping for storm water crossing the Pan-American highway (CA1) at stations 

0 +620, 1 +490, 2 +040. 

EL PAPALON 

RIVER 

BYPASS 
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6. Gutter in station 7 +600, gutters on both sides of roads: 8 +240 13 +070, 21 +810,24 
+940. 

7. Footbridge of School San Jose, in Quelepa, station 1 +340, owned by the Quelepa City 

Hall. 
8. Telephone lines. 

9. Public services were identified during the consulting services provided and by the 

information provided by the agencies and institutions involved. The relocation works will 

be executed by the respective utility institutions and costs will be covered by the 

Provisional Sum included in construction contracts where required. The lengths and exact 

amounts of the services will be provided by the service providers together with the 

Contractor. 

The list of utilities to be relocated are shown on Table IV. 14. 

TABLE NO. IV.14 SUMMARY OF UTILITIES TO BE RELOCATED 

UTILITIES UNIT AMOUNT 

1. Electricity Poles c/u 14 

2. Telephone lines Poles, including telephone lines c/u 13 

3. Electric energy distribution wells c/u - 

4. Potable water pipes /sewage c/u - 

5 Telephone lines c/u - 

Source: JICA Survey Team  

IV.3.6 Slope Management 

The project will generate cut and fill slopes. The fill slopes will be protected with grass combined 

with a vetiver line to prevent erosion in slopes that can cause landslides at fill slopes. Regarding 

cut slopes in rocky sections, metal screens will be used to prevent rocks from falling on the road, 

and to ensure that the rocks fall on the banks of slopes. Regarding ground cut sections, concrete 

grids with open cells will be used, that will at the same time hold the slope with an inclination up 

to 2 in 1. Slopes will be planted with grass to improve the protection against erosion 

Annex FV.4 shows the geotechnical study on which the design of the proposals for the 

management of slopes was based. 
Three solutions have been proposed regarding slopes: 

♦   Fill slopes 

• Leave them at the ratio of 2H: IV 

• Berms of 7 m high and 3 m wide 

• Drains at the top and bottom, with gutters, and in intermediate berms. 

• Bamboo at the bottom, for soil protection. 

• Black grass as a hedge of protection, but vetiver can also be used. 

• Trees will be planted in the buffer zone of the slopes, only at the foot of slopes. 
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The guidelines for slopes were followed including for solid, high and massive rocks, well-

cemented sediment or welded volcanic deposits (well consolidated lapilli tuffs of the 

Environmental Policy Manual of SIECA, which proposes to stabilize cuts at ¼:1 to ½:1 

(horizontal: vertical), or almost vertical. It further recommends: 

• High altitude excavations should be built using platforms 3-5 meters wide and 5.12 

meters high. 

• The geologist performing the inspection must take into account the local rock structure or 

angles of the dips (bedding planes of the rock) in its recommendations, which usually 

indicate the stable angle of the slope. Excavations on slopes of fractured or weathered 

rock, shall be made on hillsides with cuts of ½:1 to ¾:1. 

• In the case of slopes of broken or loose rock, depending on the severity of the problem, 

we can resort to welded wire mesh of various types, for containment and / or retaining 

walls or a combination thereof, to withstand the fall of blocks on the road. 

IV. 3.6.1 Slopes in areas with a shallow water table 

There are three slopes with cuts over 5 m where according to the geological research they could 

be below the water table level, the slopes are: 

• Station 9+934 to 10+255.3, height 26.56 m, length 321.30 m. 

• Station 10+478 to 11+118, height 32.23 m length 640.00 m. 

• Station 11+286 to 11+447, height 17.61 m, length 161.00 m. 

Gabions with geotextile fabric will be installed  in these sections, as detailed in the following 

figure, performing the corresponding stability study before installation to ensure the stability of 

the cut slope, thanks to better information of the soil / rock layers existing in site. 

CUT SLOPE 

SOIL COMPACTED  
IN 0.1M LAYERS 

SOIL COMPACTED IN  

0.1 M   \ LAYERS 

Figure No. IV.23.    Gabions with geotextile fabric to drain water from slope 

ORIGINAL LEVEL OF 

LAND PLOT 

HEIGHT AND CONFIGURATION  
OF GABIONS MAY VARY DEPENDING 
ON SLOPE HEIGHT 

GEOTEXTILE OPTIONAL DEPENDING 
ON WATERFLOW CONDITIONS 

TO DRAINAGE CANAL 
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IV.3.6.2 Walls 

In those areas where the construction of slopes is not feasible, due to the lack of space available 
or to protect waterways, the problem will be solved by building walls. Walls will be built of 
reinforced soil (type keystone). See blueprint P-l3. 

 

DETAIL OF THE KEYSTONE 

BLOCK STANDARD UNIT 

SCALE  120

Figure No. IV.24.    Detail of a keystone type wall 

The following table shows the location of walls within the project. 

TABLE No. IV.14 WALLS INCLUDED IN THE BYPASS OF SAN MIGUEL 

PROJECT 

STATION HEIGHT (m) LENGTH (m) SIDE 

0+000 1.00 19.00 LEFT 

0+617.36 1.00 81.00 LEFT 

0+904 1.00 121.00 RIGHT 

0+937.4 1.00 63.00 LEFT 

1+998 1.00 44.00 RIGHT 

2+040.9 1.00 53.00 LEFT 

3+237.11 1.00 113.00 LEFT 

3+469.03 1.00 161.00 RIGHT 

20+260 3.00 180.00 LEFT 

20+605 3.00 60.00 RIGHT 

20+680 3.00 60.00 RIGHT 

IV.3.7 Materials, Machinery and Equipment 

The main materials used for the construction of the project are listed below: 
1. Stone: gravel, sand and cement. 
2. Reinforced steel for reinforced concrete and masonry. 
3. Concrete blocks or clay bricks for masonry. 
4. Water: for concrete, mix, cleaning, wetting of materials, etc. 

5. Land suitable for compaction, if required. 
6. Wood: for structures formwork, doors, warehouse. 
7. Metal: bridge structure (angles, bolts, pipes). 
8. Pipes: for waterway passages. 
9. Miscellaneous: labels for signs, paint, plastics, and others.  
10. Explosives: to open cut sections. 

ISOMETRICO: VISTA GENERAL

DE ELEMENTOS DE MURO KEYSTONE 

¡E DE NIVELACIÓN, UNIDAD STANDARD Y

CAPOTE TERMINAL]

ES CALA 120
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IV.3.7.1 Oils and other chemical substances 

As noted in the section on wastes and residues, lubricating oils will be used during site preparation 

stages and construction for maintenance and also lubrication of machinery and equipment. During 

construction paints and waterproofing could be used. 

IV.3.8 Michinoeki (Rest Station) 

In order to improve road safety and reduce traffic accidents caused by long-distance travel and driving 

fatigue, and to increase the comfort of road users, we propose the construction of a rest station along 

the Bypass road of San Miguel. 

A road station, is a combination of a place of rest and refreshment, which offers both the driver and 

passengers who make long-distance trips, a number of public services, such as first aid, parking, 

restaurant, fueling, and other services for the maintenance and / or repair of their vehicles. 

In addition to the facilities mentioned above in the road station, the concept of "Michi-no-Eki" which 

was  developed in Japan, and intends to provide road users, local community services, such as local 

products, utilities, and others. The concept of "Michi-no-Eki" is different from other road services 

worldwide for the following three reasons: 

1. They are designed with the help of the communities and provide much stronger links with local 

communities and road users; 

2. Create business opportunities for local residents, 

3. Are the possible locations for the provision of public services such as multiple health, education and 

training, and cultural activities as well as a regular restaurant and commercial services. 

The JICA Preparatory Survey Team will develop a road station at San Miguel Bypass, following the 

concept of "Michi-no-Eki". 

To build the "Michi-no-Eki" the local governments, stakeholders, local communities, local private 

sectors must be involved in the development and implementation process. 
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The Japanese International Cooperation Agency in El Salvador considerd the approach of the 
service station and incorporated it into the Bypass Project of San Miguel as a first attempt in El 

Salvador to incorporate road complementary infrastructure. 

Nevertheless, by the time of this Feasibility Study, this is a proposal to be developed and 

implemented to determine the scope along with local government entities and the MOP. 

For purposes of the EIA we hereby show the tentative location and dimensions of "Michi-no-

Eki". After defining all the characteristics of the rest station we will proceed to the formal 

statement and the relevant formalities for this project, presented as a separate project, including 

the request of permits: 

• Line and Qualification, 

• VMVDU Construction Permit, 

• Municipal permits of the City Hall of San Miguel, 

• Environmental Permit, 

• Licence for the Works by the Ministry of Culture 

• All other additional permits required 

There will also be works to support the designs and to undertake the necessary measures 

regarding the Rest Station, such as soil studies, budgets, provision of materials, etc. 

Below is a brief description of the proposed elements for the rest station. 

IV.3.8.1 Description of the proposed rest station 

The design of the rest station proposal consists of the following areas: 

1. Parking: 30 spaces have been earmarked for parking for the Tourism sector and 4 for 
buses / trucks. 

2. Fuel service station with an area of 500m
2
. 

3. Break free area of 140m
2
. 

4. Shopping area of 160 m
2
. 

5. Restaurant area of 400 m
2
. 

6. Rest rooms area of 120 m
2
. 

The estimated total area of the rest station will be of 16.000 m2 determined by the dimensions of 
200.00 x 80.00, as shown in the following figure: 
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IV. 3.9 Human Resources 

It is estimated that the project will generate 2,000 direct jobs according to the estimation in the 

feasibility study and more than 1,000 indirect jobs. 

IV.4 WORK SCHEDULE AND PROJECT STAGES 

IV.4.1 Works implementation Schedule 

IV.4.1.1 Works General Flow 

Figure IV.27 shows the general flow of project works. As indicated above, the highest priority 
regarding works is the channeling works at the deep valley in undulating terrain. In particular, the 
places located far from existing access points are critical path items in the Works Schedule. 

Source: JICA Survey Team 

Figure No. IV.27.         Overall Road Construction Flow
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Article 18 dictates the minimum frequency of sampling and analysis, The regulation specifies the frequency 

and type of parameters to be monitored in waters of ordinary type, considering the flows generated, 

indicating them as presented in Table No.IV.20 below. 

TABLE No. IV.20 FREQUENCY OF SAMPLING AND ANALYSIS 
PARAMETERS FLOWRATE M3/DAY 

<50 >50 >100 

Sedimentable Solids, pH and Flowrate Monthly Weekly Daily 

Grease and Oils Annual Semiannual Quarterly 

DBO 5,20 Quarterly Quarterly Quarterly 

Suspended solids Annual Semiannual Quarterly 

Fecal coliforms Quarterly Quarterly Quarterly 

Daily generation of less than 100 m3 of treated water is expected, due to the number of permanent workers and visitors who  
will be in the camp 

Source: Special Regulations for Wastewater 

IV.5.4.3 Closing down of camp 

Upon completion of construction the removal of all types of wastes and residues in the camp site 

location will be verified. If oil contaminated soil is discovered, it should be removed and properly 

disposed of. 

IV. 5.5 Camps and other temporary facilities 

The project is located around the city of San Miguel, so the installation of a construction camp is not 

foreseen. Skilled and unskilled labor is available. There are also many facilities for staff that come 

from San Salvador or other areas within the country. 

If the builder requires the installation of a camp, according to convenience, he or she will obtain 

all permits required: the environmental permit, according to the categorization, the permit of the 
ministry of labor, building permit from the Department of Housing and Urban Development, and 
feasibility of services: water, energy and storm and sanitary sewers. 

IV. 5.6 Construction and technological system  

The proposed road construction method is equal to a normal road drainage structures, except that it 

requires a large volume of earthwork for some sections of the alignment. A conventional 

construction method will be adapted. 

The Road Expansion Section of the CA-1 requires significant attention to maintain existing traffic 

flow during construction. It will require a detailed construction schedule that the Contractor must 
provide prior to the start of works, in order to alternate works and not require additional streets. 

Circulation of traffic must operate within the right of way designed. Short distances should be 
considered for works on the expansion stretch to not stop traffic in any sense, and residents 
should have access to their homes in the area of works. 

The stretch of the Bypass from the start point (Station 3 +680) to the junction with the Rio 

Grande de San Miguel through station  8 +840, does not require a special method of construction 

because the topography is flat.  
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Upon completion of the construction, removal of all kinds of waste and residues at the work site 

must be verified. If the soil has been contaminated with oil, it should be removed and properly 

disposed of. 

IV.8 DESIGN CRITERIA  

The following table shows the design criteria proposed for the project. These criteria were 

established based on the SIECA manual, the Highway Law of the country and the VMOP 

standards. The typical cross section established in the Mesoamerica Project was also considered. 

The U.S. AASHTO manual and the Japanese manuals were also used as reference in cases where 

the other manuals lacked some details.  The AASHTO LRFD will be used to design bridges, as 

indicated by the VMOP. 

TABLE IV.22 DESIGN CRITERIA 

ELEMENTS VMOP PROPOSAL AASHTO 

Classification Special (4 

lanes) 

Rural Road Rural and Urban Artery 

Land Flat 

/Undulating 

Flat 

/Undulating 

Design speed km/h 90 80 60~120 100-120 km/h (flat) 

80~100 km/h (undulating) 

60~80 km/h (mountainous) 

Number of lanes Lanes 4 4 Determined by volume, level of 

service and capacity 

Pumping % 3.0 2.0 1.5 to 2.0 

Highest maximum elevation % - 10.0 4, 6, 8, 10 and 12% 

Minimum curve radius (absolute) m 327 252 

(e=6%) 
210 

(e=10%) 

Minimum horizontal curve length 

Minimum length  

Minimum desirable length  
m - 240 3 times the design speed  

6 times the design speed 

Maximum longitudinal slope 

Flat 
Rolling 

Hilly 
% 3.5 

4  

Minimum K value for convex vertical 

curve 

26 26 

Concave 30 30 

Minimum stopping length 48 0.6 times the design speed 

Roadway width m 3.65 3.60 3.60 

Shoulder width (internal/external) m 3.0/1.0 1.2~1.8/ 

0.5~1.0 

2.5/1.0 

Overtake stopping minimum 

visibility length 

m 130 130 for two-lane roads 

Source: JICA Study Team 

480 

5 
7 

4  
5 
7 
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Source: JICA Study Team (2011) 

Chart No. IV. 1.    Attendant Participation  

IV. 14.3 Results of the second Public Consultation  

The second Consultation was carried out on the Andrés Bello University campus in San Miguel on July

09, 2011, from 9:30 - 11:30 hours, with the participation of 75 guests. Purpose of the Consultation: 

Present the progress made in 4 specific areas: 

1. 

2. 

3. 

4. 

Project justification: Project justification and existing development plans in support of the construction 

Demand forecast: current status of traffic congestion, explanation of the 5 points in which the route has 

been divided, cost-benefit analysis and projection  

Route selection: two routes with common boundaries were proposed and the selected route was shown 

using satellite photos  

Environmental Impact Assessment: The possibility of positive and negative impacts was explained to

the participants and they were also informed that an EIA, an Environmental Management Plan and a 

Resettlement Action Plan will be prepared. 

. 

TABLE IV.28 SUMMARY OF QUESTIONS AND INQUIRIES MADE BY THE POPULATION 

Type of question Number of questions Frequency 

General information about the Project 1 1 

Design  11 13 

Rights of way and RAP  1 1 

Community Participation  7 11 

Social and Economic Component 9 10 

Source: JICA Study Team (2011) 

The following chart shows that the majority of questions/ comments/ suggestions were focused on design

issues, considerations about the path of the road near San Miguel and traffic volume (36%); followed by

community participation. In this regard, some participants expressed their conformity with the invitation to

participate in this stage and other expressed that they were not in agreement with the Project (31%); the

social and economic component is in third place (28%) with petitions for the creation of jobs in the zone

and consideration of the socioeconomic effects; with regard to questions about rights of way and the RAP,

there is a slight increase as compared with the first consultation (8%). It is considered that this percentage 

will substantially increase in  

15% 
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