I.

GENERAL INFORMATION

I.1.

INFORMATION ON THE PROPONENT INSTITUTION

A)

FIRM NAME
Sociedad Operadora del Tren Rápido Interurbano de Guanajuato, S.A. de C.V.

B)

NAME AND POSITION OF THE PERSON IN CHARGE OF THE PROJECT
Architect Javier Hernández Soriano – Attorney and Director General

C)

NATIONALITY
Mexican

D)

MAIN ACTIVITY OF THE FIRM OR INSTITUTION
Promotion, construction, operation, and administration of systems, works, infrastructures, systems
and services for Urban and Interurban Passenger Transport.

E)

SERVICE ADDRESS
State:
City:
Postal code:
Telephone/Fax:

F)

Guanajuato
Guanajuato
Campo Nieto Piña No. 1
36080
(473) 2-40-06

CHAMBER OR ASSOCIATION
Secretariat of Commerce and Industrial Promotion (SECOFI, in Spanish)
File 50398 and Record 2730
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G)

FEDERAL TAXPAYERS’ CODE
OTR950513S63

H)

PERSON IN CHARGE OF PERFORMING THE ENVIRONMENTAL IMPACT ASSESSMENT
Name:
Business name:

Biologist Héctor Lesser Hiriart
ICF Kaiser Servicios Ambientales, S.A. de C.V.

INE, SEMARNAP Record:
IEG Record:

PSIA-I58/95

Federal Taxpayers’ Code:

IKS 940207 MF7

Service Address:

Cascada #108
Colonia Jardines del Pedregal
Delegación Álvaro Obregón
México, D.F.
C.P. 01900
Tel./Fax:
568-01-04

Chamber or Association:

EIA TRIG
157-01
817tren.doc

Page 2

National Chamber of Consultants (CNEC, in
Spanish). Active member No. 1887

1.2

GENERAL INFORMATION ON THE PROJECT

A)

NAME OF THE PROJECT
Guanajuato Interurban Fast Train

B)

NATURE OF THE PROJECT

The project consists of building and installing a two-way interurban fast train in Guanajuato (TRIG,
in Spanish). This train will communicate the major cities of the Industrial Corridor in the state: León, Silao,
Guanajuato, Irapuato, Salamanca, Villagrán, Cortazar, and Celaya. The train line shall have an extension of
151,560 km, including 18 stations. Eight stations will be located next to bus terminals in order to create a
communication network. The other 10 stations will be located in strategic points of the corridor: Guanajuato’s
International Airport, the General Motors plant in Silao, Guanajuato’s downtown, the industrial parks of
Irapuato, Salamanca, and Celaya, as well as the León Convention Center and other increasingly growing
urban areas. The train will have two lines: Line 1 will communicate the cities from León to Celaya and Line
2, the cities from Silao to Guanajuato (Exhibit 1).
On May 13th, 1995, the “Sociedad Operadora del Tren Rápido Interurbano de Guanajuato” was
incorporated at Public Notary No. 26 of Guanajuato City, Gto., by public deed 258 before Mr. José Santiago
Juárez Sánchez (Exhibit 2).
C)

PHYSICAL LOCATION OF THE PROJECT

The project will be executed in the state of Guanajuato, including the following municipalities: León,
Silao, Guanajuato, Irapuato, Salamanca, Villagrán, Cortazar, and Celaya. The train line will be 151,560 km in
length and will communicate the major cities of the state’s Industrial Corridor (Exhibit 1).
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The following is a table showing the geographic coordinates of the cities to be communicated by the light
train.
CITY
León
Silao
Guanajuato
Irapuato
Salamanca
Villagrán
Cortazar
Celaya

D)

NORTH LATITUDE
DEGREES
MINUTES
21
07
20
56
21
01
20
40
20
34
20
31
20
29
20
31

WEST LONGITUDE
DEGREES
MINUTES
101
41
101
26
101
15
101
21
101
12
101
00
100
58
100
49

REQUIRED SURFACE

For the development of the present project a surface of 3’783,981.50 m2 will be required. Surface
distribution is shown in the following table:
LOCATION

LINE

León
Stretch León – Silao
Silao
Stretch Silao – Irapuato
Irapuato
Stretch Irapuato – Salamanca
Salamanca
Stretch Salamanca – Celaya
Celaya
Stretch Celaya – Guanajuato
TOTAL

1
1
1
1
1
1
1
1
1
2
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SURFACE
m2
325,283.90
583,738.00
110,055.40
810,437.30
115,356.00
401,675.20
37,586.50
922,138.60
103,901.50
373,809.10
3’783,981.50

E)

LAND TENURE AND LEGAL SITUATION

The train line crosses urban, rural, commercial, and industrial areas (Exhibit 3). The following table
shows the list of ejidos being affected by the project. Their location is found in Exhibit 4.
Ref. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
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NAME OF THE EJIDO
San Nicolás de González
San Juan de Otates
San Carlos
Loza de los Padres
Los Sauces
San Isidro de los Sauces
Nápoles
El Refugio, Farm with no name, or
San Isidro
El Mezquite
San Miguel del Arenal
Silao (Colonias Nuevo México
included)
Silao (Emiliano Zapata included)
Silao (Noria de Sopeña included)
Paso de Perules
Cerritos
El Capulín
San Marcos
Cervera
Santa Teresa
Los Rodríguez
San Isidro
Silao (La Calaverna included)
La Asunción
El Espejo

P.
X
X
X
X
X
X
X
X

D.P.A.
X
X
X
X
X
X
X
X

X
X

D.P.I.

N.P.

X
X
X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X
X

X

Ref. No.
NAME OF THE EJIDO
P.
D.P.A.
D.P.I.
N.P.
25
San Miguel de Villalobos
X
26
El Llanito
X
27
San Antonio el Rico
X
28
La Calera
X
29
Copal y Marquez
X
30
La Hierbabuena
X
31
Lo de Juárez
X
X
32
Irapuato
X
X
33
Loma Pelada
X
34
La Capilla
X
35
Cerro Blanco
X
X
36
Palo Blanco
X
X
37
La Cal
X
38
Hacienda a Manga
X
39
Las Adjuntas
X
X
40
El Nacimiento
X
41
Sarabia
X
42
Villagrán
X
43
San Nicolás de Parra
X
44
Crespo (First section)
X
X
45
Cd. Celaya (Crespo, Second section)
X
P. Ejido incorporated into PROCEDE (already having Individual Partial Certificate)
D.P.A. Full Approved Possession (already small agrarian private tenure parcels, negotiation identical to
PROCEDE)
D.P.I. Full Established Possession (titling under consideration, negotiation identical to PROCEDE)
N.P. Ejido NON incorporated into PROCEDE
DEFINITIVE INFORMATION VALIDATED BY THE RAN ON AUGUST 25, 1998
F)

ACCESS WAYS

The municipalities of León, Guanajuato, Silao, Guanajuato, Irapuato, Salamanca, Villagrán,
Cortazar, and Celaya, which are the ones involved in the project, are communicated by the divided toll
highway 45 and divided free road.
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León City communicates to Silao by the divided free road 45. This road includes Los Sauces and
Aeropuerto stations, being this their only access way.
General Motors and Santa Teresa stations are found in the stretch Silao-Guanajuato. The access ways
to these are one stretch of the divided toll highway 110 and one stretch of the undivided free road 110, in
addition to the paved one connecting the locality of Marfil to Carboneras.
Between General Motors and Santa Teresa stations, the line forks and arrives to Irapuato City. This
stretch would have as access ways the divided free road 45, the railroad connecting Silao to Irapuato, and the
pave road connecting the locality of Trejo to San Antonio el Rico.
From Irapuato to Salamanca, the line has as main access way the divided free road 45, in addition to
crossing the undivided free road 43. This stretch includes Irapuato Industrial and Salamanca la Luz stations.
The last stretch, from Salamanca to Celaya, comprising Valtierrilla, Villagrán, and Cortazar stations,
has as its main access way the undivided free road 45.
At León City, the main access ways to the project site are Blvd. Juan José Torres Landa, Blvd.
Francisco del Rincón, Blvd. López Mateos, and Blvd. Villa Sur.
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II.

DESCRIPTION OF THE PLANNED ACTIVITY OR WORK

II.1

PROJECT PURPOSE AND RATIONALE

As far as we know, the Guanajuato Interurban Fast Train (TRIG, in Spanish) project, which will
communicate the towns located in the Celaya-San Francisco del Rincón corridor, has been promoted by the
State Government of Guanajuato as one of the most innovative and high-priority projects, since it will
doubtless provide various direct and indirect benefits for the nine municipalities which will be communicated
by such a communication way, as well as for the state of Guanajuato in general, in terms of the harmonious
and sustainable development sought by the government’s plans and actions. Furthermore, we are also aware
that, as a fundamental part of this project, the environmental issues are considered to be a very important topic
in order to protect the environment where the inhabitants of Guanajuato perform their productive activities.
Regarding the environmental policy, in the narrow sense and according to the Environmental
Program 1995-2000 from the Secretariat of Environment, Natural Resources and Fisheries (SEMARNAP, in
Spanish), the ecological arrangement is a planning process aiming to assess and schedule the land use and
handling of natural resources in the country and areas under the jurisdiction of the country, in order to
preserve and restore the ecological balance and protect the environment. Likewise, according to the
SEMARNAP, the ecological arrangement allows to guide the geographical location of productive activities,
as well as the uses of resources and environmental services, which is the foundation of the ecological policy.
In this sense, the SEMARNAP considers that the arrangement must be the basis to determine the density and
land uses, as well as the areas to be preserved and restored.
Ecological arrangement, whether regarding the whole country, one region, state, municipality, or a
particular area, must be considered to be the main instrument of the environmental policy, whether it is
referred to as a first-level instrument or basic regulatory instrument. This is so since it is well known that
environmental impact studies do not take into consideration the cumulative effects of the various works
and/or activities being developed or aimed to be developed in a zone or particular region and thus they barely
consider the cumulative effects on the load capacity of ecosystems.
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Ecological arrangement further allows to take as a basis not political and administrative units, such as
the borders between states or municipalities, but natural units or Environmental Management Territorial Units
(UTGA’s, in Spanish), based for such a purpose on the natural characteristics of ecosystems such as basins,
sub-basins, or hydrological microbasins. These natural units such as basins may be taken together with their
natural and physiogeographic characteristics, in order to incorporate the synergy of the activities being
developed in a certain zone or region or having impact on other natural units. This is the case of aquifer
exploitation in external basins to ensure water supply to metropolitan areas where this resource is lacking and
puts at risk not only the sustainability of both big metropolis but other natural units as well.
Based on the above and considering that the state of Guanajuato is in charge of the ecological
arrangement of its territory since 1998, we must bear in mind that it shall be considered as the environmental
policy instrument in the state and that the TRIG project must be directed in such a sense by the guidelines
outlined by such an arrangement, considering the assessment of the environmental impact to be a second-level
instrument.
With respect to the assessment of the environmental impact assessment (EIA, in Spanish), we must
consider that the project is under the state’s jurisdiction, since the Secretariat of Communications and
Transport does not consider it to be a general communication way, but a project which depends solely on the
state and which will be thus assessed by the state government of Guanajuato itself by means of the Institute of
Ecology. However, we are aware that international financial institutions will partly fund the project.
Therefore, we believe it is convenient to consider the directives that multilateral banks, such as the World
Bank and the Inter-American Development Bank, have established regarding the formulation of
environmental impact studies for works such as the one to be performed in the Celaya-San Francisco del
Rincón corridor in the state of Guanajuato.
Consequently, on its Operative Directive 4.00 from October 1989, the World Bank submits the
guidelines for Environmental Assessments (EA, in Spanish) required for the projects funded by such an
institution. The World Bank defines the EA as a “flexible procedure which varies in scope, depth, and type of
analysis, depending on each project”. From the perspective of the World Bank, the purpose of the EA is
to ensure that the proposals are environmentally valid and allow the sustainable development of
countries, in addition to identifying likely environmental consequences at the beginning of the process,
in order to take steps to be developed during the project design. On the
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other hand, the Inter-American Development Bank, as well as the Asian Development Bank and the World
Bank itself, require the submittal, assessment, and approval of an Environmental impact assessment (EIA; in
Spanish) previously to the approval of the loans corresponding to projects of such an extent.
According to the General Law of Ecological Balance and Environmental Protection (LGEEPA, in
Spanish) published in Mexico in 1988, Environmental Impact Assessments (EIAs, in Spanish) must be
submitted. For such a purpose, on its Article 28, the LGEEPA establishes that the assessment of the
environmental impact is the procedure by means of which the Secretariat – which corresponds to the current
Secretariat of Environment, Natural Resources, and Fisheries (SEMARNAP, in Spanish) – establishes the
conditions for the execution of works and activities that may result in ecological imbalances or exceed the
limits and conditions established in the provisions to protect the environment and preserve and restore
ecosystems, in order to avoid or reduce as much as possible their negative effects on the environment. On the
other hand, Article 5 of the Regulations of the General Law of Ecological Balance and Environmental
Protection regarding Environmental Impact establishes that individuals or entities pretending to execute
works or private or public activities that may result in ecological imbalances shall be properly authorized by
the corresponding authorities regarding environmental impact to perform these activities. Furthermore, Article
9 states that Environmental Impact Assessments may be submitted in General, Intermediate, or Specific
modalities according to the characteristics of the work or activity to be performed, its extent, or the conditions
of the site where the new work or activity is pretended to be executed.
On the other hand, Article 34 of the Ecological Law for the State of Guanajuato establishes that the
execution of public or private works that may result in ecological imbalances or exceed the limits and
conditions stated in the applicable provisions, provided they are not under the jurisdiction of the Federation,
shall be bound, according to the corresponding jurisdiction, to previous authorization from the Secretariat or
the corresponding Municipal Governments, as well as to the compliance with the requirements imposed once
the environmental impact that may arise is assessed, with no prejudice of other authorizations that the
corresponding authorities may grant. On Article 25, it establishes that the Secretariat and the respective
Municipal Governments shall be in charge of assessing the environmental impact referred to in Article 24,
particularly regarding projects, from which the State Public Work is an outstanding one, as well as those that
are not under the jurisdiction of the Federation.
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From the perspective of the academy, according to Bojórquez and Tapia (1998), the process of
assessing the environmental impact is, from the point of view of government agencies, an important planning
tool and a fundamental factor to make decisions. However, such authors also believe that, as has been shown
in Mexico, the Environmental Impact Studies required by the law have not been used for the purposes for
which they were originally conceived in theory and by law. Thus, the public in general and the private
decision makers perceive them to be merely a bureaucratic requirement for projects to be approved.
In the same work referred to above, in which the authors analyze the case of 33 EIAs for highway
projects in Mexico, Bojórquez and Tapia (op. cit.) consider that governments all around the world have
adopted provisions to implement Environmental Impact Studies in order to examine the technical and
environmental options of development projects. They also claim that the main objective of environmental
impact studies is to minimize the negative impacts resulting in environmental conflicts.
Hollick, 1981, fide Bojórquez and Tapia, 1998, define the Environmental Impact Assessment as a
process helping to ensure an appropriate consideration of environmental factors in the decision making for
major projects. On the other hand, the United Nations Economic Commission for Europe (UNECE) points out
that the purpose of environmental impact studies is to take into account the environment in the decisionmaking process by clearly assessing the environmental consequences of a proposed activity before actions are
taken (Gilpin, 1995).
In Mexico, as the head of the environmental sector, the SEMARNAP considers on its Environmental
Program 1995-2000 and within the instruments for the environmental policy, that the Environmental Impact
Assessment (EIA) is a tool to generate environmental information, as well as an analytical process to assess
more comprehensive elements having to do with the social benefits and costs related to development projects.
According to the Environmental Program 1995-2000, this allows to propose technical measures to minimize
the costs and widen the benefits, such that the environmental balance of a project has the most positive
results. It also considers that the EIA is an ideal tool for the environmental regulation of projects and activities
characterized for its low number and high particularity, considerable extent, and great particularity regarding
regions, sectors, or technologies.
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The state of Guanajuato is one of the 6 most populated states in the country, having a population of
4.5 million people. Almost two thirds of this population concentrates in the region referred to as “Industrial
Corridor”, where the major cities of the state are located. This corridor crosses 160 km of Guanajuato’s
territory from east to west and is considered to be an ideal region to promote the industrial development and
decentralization of Mexico City’s metropolitan area into the state of Guanajuato.
The major six cities located in the Guanajuato Corridor include a population of 2.4 million people.
These cities exhibit a growing and diverse economy, specializing in a wide range of activities including
agriculture, agro-industry, leather and footwear industry, manufacturing of cars and car parts, oil and
petrochemical industries, chemical, mining, and metallurgical industries, handicrafts, and tourism, as well as
higher education, scientific and technological research. The growing economy of the State results from these
activities, creating a great demand of interurban transport.
The system of Guanajuato Interurban Fast Train (TRIG) is considered within the frame of the
development plans for the Industrial Corridor to be implemented by the State Government of Guanajuato. In
addition to play a role as the backbone of the exchanges between the various cities in the Corridor, the TRIG
is to best local interests of every city it crosses, without replacing the local transport system.
An important part of the population of the Guanajuato Industrial Corridor is lacking a private vehicle
and thus it must use collective transport. The TRIG will provide the population of these cities with the
likelihood to move to their workplace, school, culture, amusement, and shopping centers in an efficient and
safe manner.
The State of Guanajuato aims to attain clearly defined goals regarding the economic development of
the Industrial Corridor. One of the most important factors to define the location of industries and stores is the
availability of an efficient collective transport system. The TRIG will serve the main concentration points of
industries, thereby facilitating the access of workers from their workplace to their place of origin. On the other
hand, the TRIG will contribute to reduce private cars, which will in turn reduce car traffic, emissions to the
atmosphere, highway maintenance, while favoring freight transport.
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The following are the main cities in the industrial corridor:
POPULATION
EXTRAPOLATION
YEAR 2000
León
1’053,554
1’132,737
Guanajuato
129,276
139,479
Silao
133,431
145,625
Irapuato
418,589
455,575
Salamanca
224,017
235,676
Celaya
359,636
388,503
SOURCE: Prepared by Nathan Associates Inc., September 1997.
(1995)

GROWTH
RATE
7.5%
7.9%
9.1%
8.8%
5.2%
8.0%

The government is interested in preserving the colonial architectural style exhibited by all of these
cities by limiting development opportunities near the downtown of cities. The state government has therefore
adopted a decentralization policy regarding housing, industries, and schools. These development policies are
widely explained in Municipal Plans.
Guanajuato has 41 higher education institutions and 44 scientific and technological research centers,
which are mostly located in the main cities of the Corridor and attract students and researchers from all over
the country. The Corridor also includes 11 out of the 13 industrial parks in the state.
LEÓN City specializes in leather and footwear industries. The latter produces more than 170 million
pairs of shoes per year, accounting for 45% of national production. In 1995, 11.5 million pairs of shoes were
exported to more than 20 countries, mainly to the United States.
GUANAJUATO City was declared Heritage of Mankind by UNESCO in 1988. In addition to being a
tourist destination, the city includes government offices, the University, and several colleges.
SILAO City has shown a great economic development since the opening of the General Motors
plant, which will also generate an important sub-industry. An international airport was recently built in order
to facilitate the exchange with the United States and other countries in Latin America.
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The most outstanding activity in IRAPUATO City is agriculture. This activity has generated an
important development of processing plants for agro-industry.
SALAMANCA City exhibits an important petrochemical industry, including one of the most
important PEMEX refinery in the country.
CELAYA City is an important commercial and manufacturing center in the region.
The main objective of the present project is to build and install a two-way interurban fast train in
Guanajuato. This train will communicate the major cities of the Industrial Corridor in the state: León, Silao,
Guanajuato, Irapuato, Salamanca, Villagrán, Cortazar, and Celaya. The operation of the project will provide a
safe, fast, and efficient communication means.
Furthermore, the construction and operation of the project will have economic and social benefits,
including the following:
•
•
•
•
•
•
A)

Promote urban development along the Industrial Corridor
Control urban growth and protect the great deal of farm land and the historical character of
the cities
Provide a better, faster, and safer access to workplaces, schools, and universities
Create new housing perspectives
Create temporary jobs during the development of the project
Create permanent jobs during the operation of the project

FUTURE GROWTH POLICY

The extension of the light train line from the Torres-Landa station in León City to San Francisco del
Rincón is contemplated.
B)

RELATED PROJECTS
No related projects are contemplated to execute this project.
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C)

GENERAL WORK SCHEDULE

The construction of the project will last 22 months and construction works are estimated to begin on
February 1999. The schedule of activities is submitted in Exhibit 5.
The TRIG construction works will begin by building the interstations and these works will be
divided in seven parts (letters A to G, Exhibit 5). The second stage will begin two and a half months later.
This second stage will in turn be divided in six parts to build the stations (letters A to F, Exhibit 5). The rest
of the work includes, among other things, electrification, dynamic and static tests, installation of
telecommunications, CCTV, radio, telephone, and optical fiber, etc. and it will start at the beginning of
construction works and end 22 months later.
II.2

CHARACTERISTICS OF THE PROJECT

The interurban fast train will use electric power, which will be obtained by means of an overhead
contact line. Electric current will then be transferred to a transformer which will convert it into continuous
current to feed the motors (Exhibit 6).
The TRIG will circulate in a two-way system. The train will be 26 meters long and will consist of 4
wagons, two trailer cars, and two motor cars. Every motor wagon will be provided with two pulling devices
(“bogies motors”) consisting of 4 steel wheels with a 863-mm diameter, a mechanical welded chassis,
pneumatic suspension, two shafts, and two motors mounted on the chassis, each one assembled in one of the
shafts. Every trailer wagon will be provided with two carrying bogies having four wheels, with a mechanical
welded outer-bearing chassis, and pneumatic suspension (Exhibit 7).
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REPRESENTATION OF THE TRAIN WAGONS

Trailer Car

Motor Car

1

1
2

Trailer Car

Motor Car

2
Conducted shaft
Non-conducted shaft

The characteristics of the project are summarized in the following table:
Line total length
Line 1 length
Line 2 length
Number of stations
Number of trains
Number of cars per train
Total number of cars
Power supply
Train maximum speed
Train average speed
Number of passengers
Average trip per passenger
Fee
Construction time

151.560 km.
136.370 km.
15.190 km.
18
16
4
64
Electrical
130 km/hr
90 km/hr
140,000 passengers/day
41.4 km
0.06 US$/km
2 years

The Guanajuato Interurban Fast Train will comprise 4 wagons with steel wheels having a heavy
underground mass transport design type. The train will reach a maximum speed of 120 km/h and an average
speed of 90 km/h over gradients up to 3 %. The minimum curve radius will be 200 m.
The design capacity is for 180 passengers per wagon, from which 88 will be seated. The train is
estimated to be used by 140,000 passengers daily, which will travel an average distance of 40 kilometers.
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The wagons will have big windows, air-conditioning, and big doors to facilitate a quick boarding and
unboarding of passengers. The suspension system will include air cushions to provide comfort. Furthermore,
the train will remain at the station platform level during boarding at stations. The wagons and stations will
comply with the requirements of the Mexican Law regarding handicapped people.
A)

TECHNICAL PARAMETERS FOR THE GUANAJUATO INTERURBAN FAST TRAIN (TRIG)

TECHNICAL PARAMETERS FOR THE GUANAJUATO INTERURBAN FAST TRAIN (TRIG)
Steel wheel diameter (new/worn-out)
966 / 899 mm
Rail separation distance (nominal)
1.435 m
Maximum speed
120 km/h
Maximum height of blocked pantograph in lower 4.521 m
position
Pantograph minimum height
4.724 m
Contact cable rated current
25 kV/60 Hz/one-phase
Power rate (four-car unit)
3100 kW
Initial acceleration
1.1 m/s2
Car inner temperature
20 – 25°C
Number of rails (nominal)
1.435 m
Normal load of passengers seated in trailer car 6,160 kg
with cabin (88 people weighing 70 kg)
Normal maximum load (200 people weighing 70 14,090 kg
kg)
The communication system will include a system of optical cable, telephone, and
intercommunicators, speaker system, variable signaling system, closed circuit television, main clock with
subordinate clocks at all the facilities, fire detectors, and emergency shutdown panels, controlled inspection
system, data acquisition system, and a computerized dispatch system.
The operation of the Interurban Fast Train will be coordinated from an Operation Control Center
(CCO, in Spanish) located next to the Silao General Motors station. Information related to the operation of the
system will be transmitted to the CCO by means of optical fiber communication links. Computers will
automatically respond as required or transmit information directly to the screens at the stations for inspection
and corresponding actions to be performed by the CCO personnel.
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Some of the functions that will be inspected and controlled from the CCO include the train
movements, path links, any deviations, existing conditions, pulling power, communications to the closed
circuit system, and speaker systems. If required, the CCO personnel may modify train schedules in order to
adjust or react to any event.
There will be a maintenance and storage workshop to provide room for inspecting the vehicles and
performing routine maintenance works. There will also be a warehouse for trains and railway maintenance
equipment.
Vehicle storage and maintenance workshops will be located at the Silao General Motors station.
B)

WORKING HOURS

The train line extension will be 151.560 km (136.370 km for Line 1 and 15.190 km for Line 2),
including 18 stations. The TRIG will operate following a schedule from 5 a.m. to 1 a.m. Departures will
normally take place every 20 minutes. However, during “rush” hours, from 7 to 9 a.m. and from 3 to 6 p.m.,
departures will occur every 7 minutes. A galvanized hurricane mesh having 2 meters height will be installed
along the train line, provided with a 40-cm barbed wire to ensure the railways are kept free from obstacles.

C)

STATIONS

The following table shows the stations and their location within the line (Exhibit 8):
Station
Torres
Landa

Municipality
León

2

López
Mateos

León

3

Periférico

León

4

Los Sauces

León

5

Aeropuerto

Silao

6

Central de
Autobuses

Silao

7

General
Motors

Silao

1
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Location
Intersection of Blvd. Juan José
Torres Landa and Blvd.
Francisco Villa Sur
Intersection of Blvd. López
Mateos and Blvd. Francisco
Villa Sur. In front of
CONEXPO.
Intersection of Beltway José
Ma. Morelos and Blvd. la Luz
Road to Comanjilla at 500 m
from highway No. 45 from
León to Silao
In front the parking lot of the
Bajío International Airport
Next to the Bus terminal

In front of the main entrance to
the General Motors plant

Comments
Uncultivated land, altered
vegetation

Km
31+700

Urban zone

33+950

Altered vegetation. Urban
zone
Uncultivated land, altered
vegetation

37+030

Uncultivated land, altered
vegetation
Uncultivated land, with
altered vegetation. In
front of cultivated land.
Urban zone
Land with altered
vegetation

58+466

50+958

65+268

69+498

Station
Santa
Teresa

Municipality
Guanajuato

Location
5 km from Guanajuato City,
next to the town Santa Teresa
and to existing railways

Guanajuato
Central
Santa Fe

Guanajuato

Next to the bus terminal

Guanajuato

Downtown

Irapuato
Central
Irapuato
Industrial

Irapuato

13

Salamanca
la Luz

Salamanca

14

Valtierrilla

Salamanca

15

Villagrán

Villagrán

16

Cortazar

Cortazar

17

Celaya
Entrada

Celaya

18

Celaya
Central

Celaya

Next to the bus terminal and
public parking lot
Next to federal highway 45, at
7 km from Irapuato’s
downtown. Next to railways
In front of the bus terminal. At
the right of the property there
are retransmission antennas
8 km from Salamanca City, in
front of existing railways and
“Master” seed warehouse
At the southern part of
Villagrán City. In front of the
Pemex gas station and the bus
terminal
At the road to Cortazar, near to
the cross way with the free
highway No. 45 from
Salamanca to Celaya. Near to
CFE facilities.
West traffic circle at the
entrance of the city by free
highway No. 45. In front of the
“Purina” building and next to
the existing railway
Next to the bus terminal. In
front of the CNA and
Comercial Mexicana. Between
the streets F. Montes de Oca /
Ave. Constituyentes

8

9
10

11
12

Irapuato

Comments
Primary and scarcely
altered vegetation. Some
cactaceous plants to be
considered. Suburban
zone. On a very steep
curve of the highway.

Km
77+104

81+424
Downtown of
Guanajuato City,
possibly “Mercado”.
Urban zone. Cultural
Heritage of Mankind.
Uncultivated land,
altered vegetation
Uncultivated land.
Industrial zone

86+390

Uncultivated land,
altered vegetation. Urban
zone
Cultivated land, mainly
of sorghum. Suburban
zone
Cultivated land.
Suburban zone

124+144

102+962
109+862

132+580
147+220

Cultivated land: Corn
and sorghum. Suburban
zone

151+150

Uncultivated land,
altered vegetation

163+663

Uncultivated land,
altered vegetation. Urban
zone

167+540

Eight stations will be located next to bus terminals in order to create an intermodal communication
network. The other 10 stations will be located in strategic points of the corridor: Guanajuato’s International
Airport, the General Motors plant in Silao, Guanajuato’s downtown, the industrial parks of Irapuato,
Salamanca, and Celaya, as well as the León Convention Center and other increasingly growing urban areas
(Exhibit 9).
Stations will be designed by local architects to provide each station with its own personality and
integrate them into the urban sprawl.
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The following table shows the surface that will be used for each station:
BUILT AREA
STATION
NAME
1. Torres Landa
2. López Mateos
3. Periférico
4. Los Sauces
5. Aeropuerto
6. Silao Central
7. Silao GM
8. Irapuato Central
9. Irapuato Industrial
10. La Luz
11. Valtierrilla
12. Villagrán
13. Cortazar
14. Celaya Entrada
15. Celaya Central
16. Santa Teresa
17. Guanajuato Central
18. Guanajuato Santa Fe

First
Level
m2
1806
1302
1488
1610
1631
1577
601
175
519
1488
1625
262
1488
1880
1556
917
2059
1170

Second
Level
m2
1320
2390
1625
584
653
1625
1834
1821
1625
1625
1488
1625
1625
652
1973
1776
607
235

Third
Level
m2
639
626
140

Implantation
TOTAL
m2
3126
3692
3113
2194
2284
3202
2435
2635
2144
3113
3113
2513
3113
2532
3525
2693
2666
1545

Building
m2
1806
2390
1625
1610
1631
1625
1834
1821
1625
1625
1625
1625
1625
1880
1973
1776
2059
1170

Site
Area
Of
Station
m2
6170
8160
5550
5500
5570
5550
6260
6220
5550
5550
5550
5550
5550
6420
6740
6070
7030
4000

Area
of
Work
m2
13955
9530
18460
19610
19810
11660
8300
8630
100010
7980
16130
10980
13810
17770
9750
9920
13970
-

The stations will be open-air, underground, or at ground level, depending on the characteristics of the
zone. Likewise, the station platforms will be of three types: Central, lateral, or superimposed (Exhibit 10).
The following table shows the type of stations and station platforms for all the 18 TRIG stations.

EIA TRIG
157-01
817tren.doc

Page 20

Station Name

Geographic
Site

Chaining

Type of
Station

Type of
Station
Platform

1

Torres Landa

260

Covered

Central

2

López Mateos

280

Covered

Superimposed

3

Periférico

300

31+950
South
33+950
South
37+030

Open-air

Central

4

Los Sauces

320

50+958
East

Covered

Central

5

Aeropuerto

340

Covered

Central

6

Silao Central

360

58 + 466
East
65+268

Open-air

Central

7

General
Motors
Santa Teresa

380

69+498

Open-air

Central

820

77+104

Open-air

Lateral

Guanajuato
Central
Santa Fe

840

81+424

Covered

Central

860

86+310

Underground

Lateral

400

102+966

Open-air

Central

385

109+862

Ground level

2 Central

440

124+146

Open-air

Central

14
15

Irapuato
Central
Irapuato
Industrial
Salamanca la
Luz
Valtierrilla
Villagrán

460
480

132+580
147+220

Open-air
Ground level

Central
Central

16

Cortazar

500

151+150

Open-air

Central

17

Celaya
Entrada
Celaya
Central

520

163+704

Covered

Central

540

167+540

Open-air

Lateral

8
9
10
11
12
13

18
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Control
Room
Quantity
Type
2
Ground
1
Ground
1
Ground
1
Ground Mezzanine
1
Mezzanine
2
Ground
2
Ground
1
Ground
1
Ground
1
Ground
1
Mezzanine
1 Ground Tunnel
1
Ground
1
1
Mezzanine
1
Ground
1
Ground
1
Ground –
Open-air

Line

1
1
1
1
1
1
2
2
1
1
1
1
1
1
1
1
1
1

D)

MAINTENANCE WORKSHOPS

Trains will be kept at León, Silao, Irapuato, and Celaya stations. Maintenance workshops will be
located at the Silao station, in front of the General Motors plant (Exhibit 11).
The following table shows the surface for each maintenance workshop zone:
CONCEPT
Reserve railways (2)
Rest railways (2)
Wash railway (1)
Wheel truing
Workshops for small inspections (2 railways)
Workshops for major inspections (2 railways)
TOTAL SURFACE

SURFACE (m2)
300
300
550
550
1100
1650
4,450

Other storage railways have been further planned:
•
•
•
•
•
•
•

1 railway at the Torres Landa station in León City
1 railway to the West of the León Periférico station in León City
1 railway to the West of the General Motors station in Silao
2 railways at the General Motors station in Silao (to the South of maintenance workshops)
1 railway on every end of the Irapuato Central station
2 railways to the West of the Celaya Central station
1 railway to the West of the Guanajuato Central station

All of these railways will be long enough to accommodate at least 1 train (composed of 4 wagons) at
a time, in addition to a desacceleration area of about 180 m.
E)

LINE DESCRIPTION

LINE FROM LEÓN TO GUANAJUATO
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The TRIG line begins at kilometer 31+700 in León City, at the Torres Landa station. Exhibit 12
shows a series of aerial photographs of the line, illustrating the characteristics of the zones to be crossed by
the train.
The North beltway pass by kilometer 37+030 and the Periférico station is created, at kilometer
50+958 the road follows and the Los Sauces station is created. The railway passes by kilometer 54 and the
Aeropuerto station is created at kilometer 58+466.
The line follows very close to the federal highway No. 45 and turns at the diesel storage tanks of the
airport. The railway passes by kilometer 63 and the highway at kilometer 64. The Silao Central de Autobuses
station is created at kilometer 65+268 and the federal highway No. 45 passes by kilometer 66+500. The free
road No. 110 passes by kilometer 69+498, in front of the General Motors plant, where another station is
created.
Afterwards, from kilometer 71 to 74, the fast train line gets away from the highway and follows the
railway. The railway passes by kilometer 71.5. This cross way will be performed at the ground level, since the
Silao line is pretended to be unaffected.
The branch of the line to Guanajuato and Irapuato is found at kilometer 71+200. At kilometer 72, the
line follows the existing road up to kilometer 77+104, where the Santa Teresa station is created. A cross way
under the free road 110 is found at kilometer 77.5 and at 300 meters of distance there is a cross way over the
road.
At kilometer 78.5, the train line passes by the Guanajuato river next to the Guanajuato-Silao
highway. From kilometer 78.5 to kilometer 80, the line follows next to the toll highway until the bus terminal,
where the Guanajuato Central station is created at kilometer 81+424.
From kilometer 82 to kilometer 86, the line crosses a tunnel until arriving to the Santa Fe
underground station that will be located behind the Juárez Theater at kilometer 86+390 (Exhibit 1).

LINE FROM SILAO TO CELAYA
A cross way is found at kilometer 76 with the federal highway No. 45 and, then, it follows across lots
up to kilometer 86, where the line begins to run parallel to the railway. The Irapuato Central station is found
at kilometer 102+962 and the line continues running parallel to the railway until arriving to the Irapuato
Industrial station at kilometer 109+862.
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From this point on, it follows across lots up to kilometer 121.5, where the cross way between the
Salamanca beltway and the Lerma river is found.
From kilometer 121 to kilometer 124, the line surrounds Salamanca City, following the road and, at
kilometer 124+144, the La Luz station is found near to the Salamanca bus terminal. The railway passes by
kilometer 125 and, at kilometer 125.5, it crosses the beltway.
From kilometer 126 to kilometer 128, the light train line gets away from the road about 2 kilometers.
At kilometer 128, the line passes by the Lerma river and, from this point on, it follows across lots up to
kilometer 132.5, where it follows the high-tension lines up to the Villagrán station, at kilometer 146+220.
A cross way is found at kilometer 151 with the road to Cortazar and the Cortazar station at kilometer
151+150. From kilometer 151 to 163+663 it goes across lots up to the underground station at the Celaya
traffic circle and then to the Central de Autobuses station at kilometer 167+540.

III.3

SITE SELECTION

A)

GENERAL CRITERIA CONSIDERED IN SITE SELECTION
The following criteria were used to select the site where the stations and project line will be located:
•
•
•
•
•
•
•
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The existing transportation infrastructure
The development of the region and cities, respecting and considering the historical heritage
The integration to other transport means
The demand for the service is based on the estimate of the number of inhabitants and
employees who will be provided with the service
The cost of the investment
The integration of the project into the existing transportation infrastructure
The integration of the project into the municipal and state plans

The following analysis of the station location is based on the information provided by Nathan
Associates, Inc., on September 1997.
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LEON DE ALDAMA MUNICIPALITY
Within the National Program of Urban Development, León City plays an important role because it
presents a strong concentration, both with regard to population and economical activities, equipping and
infrastructure.
León city has a surface of 8,206 hectares urban area and currently a population of 1,082,205
inhabitants. It has a surface area of 2,244 hectares for industrial use split up in 5 industrial parks: Ciudad
Industrial León, San Crispín, Conjunto Industrial Delta, Julián de Obregón, Las Brisas and Santa Cruz.
According to the Director Plan of Urban Development, the urban soil reserve for the city’s growth by
the year 2010 is 10,239 hectares, and a population increase of 2,025,890 inhabitants is expected for this same
year.
The location of the stations was determined seeking the optimum connection between the TRIG
network and the traffic network of León City, maximizing the number of persons to be benefited by the
project.
PERIFÉRICO STATION
This open-air station is located on the intersection of the Beltway José María Morelos Oriente
(Periférico) with Blvd. de La Luz. The site of the Periférico station was chosen because the current bus
terminal on Blvd. Hilario Medina presents heavy traffic congestion, in addition to being an important transfer
point between the different means of transportation; interregional, interurban, suburban and urban.
LÓPEZ MATEOS STATION
This underground station is located on the intersection of Blvd. Adolfo López Mateos Oriente with
Blvd. Francisco Villa Sur. This location constitutes an important attraction point of the movements coming
from other cities of the Industrial Corridor. The Blvd. López Mateos is one of the main traffic axles of León
City, providing access to the historical center and offering a wide range of activities. In a radius of less than
one kilometer are the Interactive Science Center ‘Explora’, the facilities of the Annual Fair, the soccer
stadium, the bus terminal and several stores related to footwear.
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A number of events are celebrated in the Convention Center. In the course of the year, 32 events
were held, generating a flow of 182,000 visitors.
The Annual Fair lasts 27 days. In 1996, it had a flow of 4 million visitors who went to the different
parts of the state and even to other states.
The soccer stadium, located at 600 m from the station, has capacity for 55,000 spectators. Games are
played every 15 days, attracting spectators mainly from Celaya, Salamanca, Irapuato, and Guanajuato.
The bus terminal is located at 900 m from the Convention Center, which represents the shortest
distance that might be achieved to connect it to the TRIG network.
TORRES LANDA STATION
The Torres-Landa station will be an open-air station located on the intersection of the Blvd. José
Torres-Landa and Blvd. Francisco del Rincón.
SILAO MUNICIPALITY
The city of Silao has a population of 138,000 inhabitants. It is one of the villages of major growth in
the state. The population projections indicate that following this trend, Silao city will have 173,509
inhabitants by 2010, so that the Urban Development Plan contemplates leaving a reserve surface for this
growth of 1,175 hectares. Currently, the urban surface area comprises 480 hectares. The General Motors
vehicle assembly plant is located in the city, as well as other companies supplying car parts, so that the city
has a strong industrial impact.
CENTRAL DE AUTOBUSES STATION
A plot adjacent to the current bus terminal was chosen, for the purpose of capturing the transportation demand
generated by the population, a large percentage of which develops its activities in the General Motors plant.
In Silao, there are 3 main regional routes starting in the city and having as destination León, Irapuato
and Guanajuato. The foreign transportation, provided by the bus lines is insufficient, because the buses
become saturated in the morning when heading off to the main labor centers.
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AEROPUERTO STATION
It will be located opposite to the main access of the Bajío International Airport. It is estimated that
the demand of the present project will be very high at this station because currently 500 people are
permanently employed here, in addition to the fact that it offers transportation services to several cities to the
airport users.
SILAO CENTRAL STATION
A plot adjacent to the bus terminal was chosen for the purpose of capturing the transportation
demand generated by the population, a large percentage of which develops its activities at the General Motors
plant or in other cities.
The foreign transportation provided by the bus lines is insufficient.
GENERAL MOTORS PLANT
It is located opposite the main entrance of the General Motors assembly plant. At this station, the
objective is to capture the transportation demand generated by the 3,000 workers of this labor center.
GUANAJUATO MUNICIPALITY
Guanajuato City is considered in the National Urban Development Plan as a support center that
fosters tourist activities and service lenders at state level. It has a population of 133,653 inhabitants and 1,353
urban hectares. The demographic growth projections considered by the Director Plan of Urban Development
for 2010 is 170,650 inhabitants, so that a reserve of 794 hectares urban surface area is foreseen.
CENTRAL DE AUTOBUSES STATION
It will be located to one side of the current bus terminal. This site was chosen because, according to
the Director Plan of Urban Development, on the short term it will become a center of the new housing and
service development. The villages located in this area of the city present strong movements towards the center
of the city and other urban centers, mainly Silao, León and Irapuato. The location of this station will allow it
to be used by approximately 6,000 students in order to travel every weekend back home. Likewise, the
surroundings comprise wide spaces for the location of parking lots for cars and tourist buses whose
destination is the city’s historical center.

EIA TRIG
157-01
817tren.doc

Page 28

SANTA FE STATION
It will be located in the historical center of Guanajuato City, whose area continues being a generator
of the main administrative, educational, tourist, commercial and service activities.
The location of this station will discourage the use of the car in an area being saturated by
automobiles and having a highly limited traffic structure. Likewise, it will attend a large number of students
and government employees traveling daily to their hometown.
SANTA TERESA STATION
It will be located between the villages Santa Teresa and San José de la Luz, at approximately 5 km
from Guanajuato City. These villages are currently considered as satellite cities of the state capital. Santa
Teresa has a population of 7,500 inhabitants, and it is quite frequent that the economically active population
works in Guanajuato and in Silao. The village lacks an appropriate transportation infrastructure so that the
inhabitants need to continuously move to cities close by, generating a high transportation demand.
IRAPUATO MUNICIPALITY
The village of Irapuato has been developed in the valley formed between the lower southern slope of
Cerro Blanco and the lower eastern slope of Cerro Arandas, as well as the valley formed between the lower
eastern slope of Cerro Arandas and the lower northern slope of Cerro de Bermejo.
The current population of the municipality comprises 369,292 inhabitants. The demographic growth
projection for this municipality for 2010 is 650,000 inhabitants so that, according to the Director Plan of
Urban Development, a reserve of 4,475 hectares of urban ground is foreseen.
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CENTRAL DE AUTOBUSES STATION
The proposed site is located on plots adjacent to the current bus terminal. It is considered that the site
will have a large demand of transportation because it will attend the municipalities of Romita, Cuerámaro,
Abasolo Huanímaro and Pueblo Nuevo. In addition, it is a central point according to the perspectives
regarding demographic growth and urban development. Located closely to the historical center, it utilizes the
city’s current urban transport structure whose base is the bus terminal. The route proposed for the TRIG
tttrack in the urban area is parallel to the railway Mexico – Ciudad Juárez, thus avoiding modifications to the
existing traffic routes.

IRAPUATO INDUSTRIAL STATION
This location was chosen due to the importance of the site as industrial development pole. It is
located at approximately 7 km from the center of the city, in the proximity of the federal highway No. 45 and
the railway.
Today, the following companies are to be found in the region: Danone de México, Albamex,
Procemex and LANPEN. It has been estimated that on the short term, new industries will be installed,
generating around 1,500 employments. It is important to mention that the Partial Urban Development Plan
contemplates the aperture of new areas for industrial, Commercial, service and housing development.
Likewise, at a distance of less than 1 km towards the South, the villages Cuarta Brigada, Buena Vista and San
Antonio el Chico are located. All these factors will create a large demand of transportation services.
SALAMANCA MUNICIPALITY
In the national and regional context, within the National Urban Development Plan, the city of
Salamanca is considered in the urban system of the bajío as center of state services and services interrelated
with León City, the site of regional services.
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With the establishment of the oil industry in 1950 in addition to the industrial, agricultural and
commercial development, an accelerated growth reaching growth rates of up to 6.48% has been brought
about.
Currently, the city has 228,712 inhabitants settled on a surface of 1,531 hectares. According to the
population growth projections for the year 2010, it is expected that the population comprises 251,628
inhabitants so that the reserve surface is anticipated to be 935 hectares.
Salamanca has a surface area of 1,138 hectares of industrial land so that it is considered as an
important development pole.
The industrial sector of Salamanca is highly important due to the existence of large governmental
enterprises such as PEMEX, CFE, Guanos y Fertilizantes de México, etc. In addition, the PEMEX refinery in
Salamanca supplies energy to the states of Querétaro, Michoacán, Colima, Jalisco, San Luis Potosí, Nayarit,
Aguascalientes, Zacatecas and Durango, besides the state of Guanajuato.
SALAMANCA LA LUZ STATION
This TRIG station is located opposite to the current bus terminal. This site was chosen taking into
account the large number of trips from this location to other villages of the state, mainly Guanajuato, León
and Celaya. Likewise, Salamanca is located in the microregion center linked to Irapuato and comprising the
following municipalities: Mordelón, Uriangato, Valle de Santiago and Yuriria, which is generating a large
transport demand.
VALTIERRA STATION
The Valtierra station is located 8 km from the center of the city of Salamanca. The town of Valtierra
has 12,500 inhabitants, and a growth of 18,300 inhabitants is estimated for 2010. This site is an important
agroindustrial center.
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MUNICIPALITY OF CORTAZAR
The city of Cortazar has currently 82,827 inhabitants concentrated on a surface area of 530 hectares.
The location of the TRIG station will be the junction of the federal highway No. 45 with the access road of
this city. This site was chosen due to the fact that the industries located in this municipality are close this area,
and it is estimated that 23% of the economically active population moves to other cities of the industrial
corridor for working purposes. In addition, the industrial development perspectives of the region are very
high, since this stretch of the highway No. 45, Salamanca – Celaya, has currently become a boulevard with a
high industry concentration.
MUNICIPALITY OF CELAYA
According to the National Development Plan, Celaya city is considered as a city of industrial
impulse, being part of the León - Celaya corridor. The area stands out as an agricultural center and represents
a site of high demographic concentration, with a population of 371,370 inhabitants and 2,598 hectares of
urban land.
The population growth projections indicate that by 2010, Celaya city will have a population of
1,058,520 inhabitants, so that a reserve surface of 5,322 is planned, overflowing its growth boundary towards
the southern region.
ENTRADA STATION
It will be located at the western roundabout at the entrance to the city. Its location was determined on
the basis of potential users to be generated in the region, since the site is located at the end of the Celaya –
Cortazar Industrial Boulevard. This site is currently being used as a passenger terminal with destinations
Cortazar, Villagrán and Salamanca. In addition, it is close to the industrial reservation of the municipality
where some important industries are established, such as: FANZA with 2,000 employees, and the companies
of the UNIKO group with 2,200 employees.
CENTRAL STATION
It will be located at the rear part of the current bus terminal which will allow attracting the
passengers
coming
from
the
South
and
from
Querétaro.
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Likewise, it will be located in an area consolidated with a strong commercial vocation caused by the bus
terminal itself and the wholesale market.
B)

PRELIMINARY FIELD STUDIES

In July 1998, “GEOGRUPO del Centro S.A. de C.V.” prepared a report of the “Material banks in the
areas close to the construction of the interurban train of the State of Guanajuato”. Likewise, the same group
prepared a report on the “Type of soils in the State of Guanajuato” in August 1988 (Exhibit 13).
C)

CURRENT USE OF LAND AT THE SITE
Below, a table with the land use of the different stations throughout the TRIG route (Exhibit 9).

1

NAME OF THE STATION
Torres Landa

MUNICIPALITY
León

2
3

López Mateos
Periférico

León
León

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Los Sauces
Aeropuerto
Central de Autobuses
General Motors
Santa Teresa
Guanajuato Central
Santa Fe
Irapuato Central
Irapuato Industrial
Salamanca La Luz
Valtierrilla
Villagrán
Cortazar
Celaya Entrada
Celaya Central

León
Silao
Silao
Silao
Guanajuato
Guanajuato
Guanajuato
Irapuato
Irapuato
Salamanca
Salamanca
Villagrán
Cortazar
Celaya
Celaya
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LAND USE
Periurban, located on unconstructed land.
Open-air station.
Convention Center. Underground station.
Industrial and commercial area. Bus
Terminal.
Airport use
Urban area
Industrial and commercial area
Urban area
Bus terminal
Urban area
Bus terminal
Industrial area
Bus terminal, urban area
Commercial area
Industrial area
Industrial
Bus terminal

D)

COMPATIBILITY OF THE PROJECT WITH LAND USE ON ADJACENT PLOTS

The present environmental impact study analyzes a major project. The train line passes through areas with
several land uses: urban, agricultural, commercial and industrial areas. In this sense, it is important to consider
that the state of Guanajuato is one of the 6 most populated states in Mexico, with a population of 4.5 million
inhabitants. Almost two thirds of its population are centered in the study area corresponding to the region
called “Industrial Corridor” where the state’s most important cities are located. This corridor crosses 160 km
of the Guanajuato territory from East to West, and is considered as an ideal region to foster the industrial
development and the decentralization of Mexico City’s metropolitan area towards the state of Guanajuato.
The six most important cities located in the Guanajuato corridor have a population of 2.4 million
inhabitants. These cities have a growing and diverse economy, specialized in a wide range of activities
including agriculture and agroindustry, leather and shoe industry, car and car parts manufacture, oil industry,
petrochemical and chemical industries, mining, metallurgy, handicrafts and tourism, as well as higher
education and scientific and technological research. The state’s growing economy is a result of these
activities, causing a large demand of interurban transportation.
The demand of public transportation is underlined by the fact that the rate of car owners is low and
that the bus service throughout the corridor is insufficient. Due to the above, it is considered that the present
project is compatible with the land use of the different areas encompassed by it.
E)

ALTERNATIVE LOCATIONS FOR THE PROJECT DEVELOPMENT

Currently, three alternatives are considered for the location of the Santa Fe station in Guanajuato
city. The present study is preliminarily taking into account the installation of this station in the Hidalgo
Market.
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III.
III.1.

STAGES FOR THE PROJECT DEVELOPMENT
PREPARATION OF THE SITE AND CONSTRUCTION

The preparation of the land and the construction will be carried out throughout the entire works
(151.560 km) and on a depth of 24 m.
For the site preparation and construction stages the following stages have been considered:
•
•
•
•
•
•
•
•
•

Land stripping and grading
Fitting of access ways
Excavation and filling
Material bank exploitation
Cutting of geoforms
Leveling and compacting of earth (embankment and ballast)
Foundation and installation of drainage works
Installation of ties and train tracks
Electrical installation

LAND GRADING AND STRIPPING
The grading and stripping works include the removal of the vegetal layer, as well as the extraction
and the transporting of vegetal soil existing in the area. The preparation of the land will consist of removing
20 cm thick vegetal layer on the width where the track pavement structure will be lodged. The material
product of this stripping will be extended laterally to the track axle or used to wrap up the embankment. This
vegetal layer will be used again in the land reposition stage for the site reforestation or, if applicable, for
slopes and areas damaged during the construction.
FITTING OF ACCESS WAYS
For the execution of the works, it will be necessary to fit out access ways because on the stretch from
kilometer 75 to kilometer 100, the line leads 3 and 10 km away from the highway.
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EXCAVATION AND FILLING
As mentioned before, the maximum slope required for the project is 3%. For this reason, excavations
or fillings will be necessary to achieve this maximum slope. If necessary, the ground will be enriched with
lime or tezontle stone in order to obtain less humid soil and, thus, more appropriate for construction.
MATERIAL BANK EXPLOITATION
It will not be necessary for the present project to use large amounts of material coming from banks,
since mainly earth is needed to refill the ground and achieve the optimum slopes for the installation of the
train tracks. In this sense, it is intended to use the earth that has been removed from other regions in order to
carry out the refill of the areas requiring it.
The possibility is contemplated to perform a geotechnical study which allows a comprehension of the
approximate amounts for grading and removed earth. It is thought that the area where it is required to remove
more earth and knowledge of the location of the material banks in the proximity of the project, encompasses
Silao city towards the cities Guanajuato and Celaya. The company “Geogrupo” performed for SOTRIG a
survey specifying the location and features of the possible material banks to be required. Likewise, the firstclass materials will be acquired at the Material Banks being approved by the corresponding authorities. All
stages shall comprise the environmental impact mitigation measures referred to in paragraph No. VI. For
example, the rock drilling and grinding will be made in humid phase in order to avoid the dispersion of
fugitive particles, and the transportation will be carried out with dumping trucks covered with a canvas to
prevent spilling.
The type of earth to be used in major amounts is “tepetate”, given the abundance in the region, ease
of purchase and transportation. The loading and transportation will be carried out with special machinery,
such as diggers and dumping trucks.
CUTTING OF GEOFORMS
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The cutting of the geoforms will be performed at the sites where it is required, and it will take place
with stabilizing of the slopes using meshes and contention walls.
FOUNDATION AND INSTALLATION OF DRAINAGE WORKS
Foundation of slabs and the cylinders for metal pole placement will be performed. Pumping systems
will be used in the deepest parts of the girders in order to pump the water accumulated to a pipe leading it to
the municipal water mains.
LEVELING AND COMPACTING OF EARTH
The leveling and compacting of the ground will be performed, and an embankment will be built on
which the ballast is to be installed afterwards.
INSTALLATION OF TIES AND TRAIN TRACKS
The placement of the ties may be subject to:
1.2.3.-

Initial placement of ties
Preservation of the track, changing the ties partially or completely
Refitting of the track with partial or complete replacement of the ties, but removing the track
structure.

Before placing the tie, it has to be examined that the ground surface is correctly leveled, as specified
in the corresponding construction process, especially where the tie ends are placed.
The tie shall be aligned with the track line and the corresponding topographic reference. The
manufacturing specifications each part is accompanied by, indicating the road length or support fraction of the
tie on the ballast, both mechanical and manual, shall be taken into account.
•
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FIXING OF RAIL TO TIE

The tie comprises, since its being manufacture, a part of the fixing system called “permanent”, and
this varies depending on the fixing system used, allowing to precisely fix the rail position. There are several
types of fixing for different cases.
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The “permanent” fixing method comprises the following structures:
a)

A rubber plate at the rail basis, 4.5 to 6 mm thick, functioning as shock absorber, reducing the
impact as well as wear-out of the concrete surface.
b) Fixing system of the tie rail electrically insulated by means of nylon elements or other insulators.
c) Clips or fixing staples in order to prevent any vertical, longitudinal and transversal displacement
the rail may have, thereby providing mechanical continuity and shock absorbing system.
•

ALIGNMENT

Alignment is the process by which the path of a track is adjusted to its projected geometrical outline;
that is, to the route referenced on-field and to the track continuity condition. It may be performed
automatically or manually, and shall adjust the track axles to those specified in the project. The alignment is
performed with the ties already fixed to the rail, and occasionally with track sections already ballasted.
The allowed tolerance shall be established in the specifications and varies depending on the track
characteristics. The alignment shall be compared with the geometric outline and the topographic studies,
within the indicated tolerance.
The tracks where concrete ties are used are far more stable that the wooden ones, but in the case
wooden ties will be used, it is recommended to place rail anchors to neutralize any longitudinal movement or
rail deformation.
•

BALLASTING AND PRESSURE-FITTING

Once performed the preliminary alignment of the track the ballasting (placement of ballasts
lengthways the track, whose measure is m3/m – track) and the pressure-fitting of this ballast are
accomplished. This placement may be manual or mechanical. It levels the track and consolidates the ballast
layer in order to have a higher load capacity and less deformation and wear-out.
track

These works will be performed with ballast gondolas that deposit the ballast in the central area of the
controlling
the
amount
of
ballast
per
track
meter.
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For this kind of process, the tie may be made of wood or metal, and in both cases it is fixed to the gondola
structure.
The leveling of the track, together with the ballasting, are processes that are vital to achieve dynamic
stability of the railway system. Both the alignment and leveling have the purpose of provide the track with the
required continuity allowing that the rolling equipment keeps a smooth path in transitions from tangents to
curves, and its movement will be controlled, in such a way that a stable transition allows the highest speed
possible. In addition, keeping the tracks within the acceptable leveling parameters favors the track
preservation.
The tolerance rate in these processes largely depends on the equipment and system to be used. If
more sophisticated equipment is used, it is possible to achieve variation rates of 1.5 mm on 10 m of track.
The ballast section shall wrap up the tie on at least 8’’ width before the slope begins, with the
purpose of providing confinement and lateral stability to the track. The slope angle shall be less than the
resting angle of the material making up the slope.
The final works applied to the track is the compacting and regulation of ballast, which allows
reaffirming the confinement and provide the geometrical section respectively.
ELECTRICAL INSTALLATION
CATENARY SYSTEM
1.
2.3.4.
5.-

Each substation will comprise the following: structures, bars and supports for 115 Kv and 25 kV,
insulating cable system (see figure below).
For each parallel and sectioning station, track changing supports, ancillary transformers, voltage
transformers and air bars for carriages are used.
Catenary poles.
Arms, cross-section cables, brackets and longitudinal anchors
Catenary cables and fittings, insulators, message and contact cables.
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6.-

The electrical ground connection of the tracks, including the main connection and connection of
protection cables.
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ELECTRIFICATION SYSTEM AND INSTALLATION PROCESS
CATENARY FEEDERS
LOW VOLTAGE
SWITCH HOUSE
TRACTION TRANSFORMERS
HIGH VOLTAGE
AUTOMATIC SWITCH
HIGH VOLTAGE
DISCONNECTION SWITCH
POWER SIGNAL
SUPPLY SYSTEM
MEASURING SERVICE HOUSE
HIGH-VOLTAGE LINE SERVICE
STRUCTURE CURRENT-FREE TERMINAL
Model of typical substation
GMAT
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ELECTRIFICATION OF TRIG

INSTALLATION OF CATENARY SYSTEM
The main steps for the installation of the Catenary System are:
•
•
•
•
•
•
•
•
•
•
•

Excavation for concrete foundation (supports, structures, columns and poles)
Concrete foundations
Support installation
Installation of anchors and arms
Installation of protection and supply cables
Unwinding of catenary system
Holder of catenary suspension
Contact system
Related works
Automatic regulation of contact cable tension
Connections
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LOCATION OF DRAINAGE WORKS, BRIDGES, UNDERPASSES AND PEDESTRIAN CROSSINGS
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NUMBER

DRAINAGE WORKS
LOCATION

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
4
1
1
1
1
1

Km 37 + 510
Km 38 + 480
Km 38 + 550
Km 40 + 300
Km 40 + 810
Km 41 + 050
Km 41 + 540
Km 43 + 270
Km 43 + 530
Km 45 + 450
Km 46 + 550
Km 47 + 250
Km 47 + 980
Km 48 + 450
Km 48 + 620
Km 50 + 000
Km 51 + 710
Km 52 + 820
Km 54 + 670
Km 55 + 400
Km 59 + 900
Km 61 + 470
Km 62 + 920
Km 63 + 500
Km 67 + 670
Km 70 + 000
Km 70 + 320
Km 70 + 470
Km 70 + 680

DIAMETER
(inches)
0.5
0.5
0.5
0.5
0.5
1
0.5
1
1
0.5
0.5
0.5
0.5
1
1
0.5
1
0.5
1
1
1
0.5
0.5
0.5
2
0.5
0.5
2
0.5

NUMBER
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
1
1
1
1
1
1
1
1
2
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DRAINAGE WORKS (cont.)
LOCATION
Km 72 + 920
Km 73 + 170
Km 73 + 250
Km 73 + 750
Km 73 + 830
LINE 2
Km 73 + 990
Km 74 + 150
Km 74 + 155
Km 74 + 370
Km 74 + 750
Km 74 + 820
Km 78 + 900
Km 79 + 660
Km 80 + 250
Km 80 + 695
Km 80 + 885
Km 81 + 105
LINE 2
Km 76 + 500
Km 77 + 600
Km 80 + 020
Km 81 + 300
Km 81 + 500
Km 82 + 270
Km 82 + 820
Km 82 + 970
Km 83 + 620
Km 84 + 200
Km 84 + 370
Km 85 + 050

DIAMETER
(inches)
1
2
1
3
1
1
1
1
1
1
1
2
1
2
2
1
2
0.5
0.3
3
0.5
0.5
0.3
1
1
0.5
1
0.5
1
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NUMBER

DRAINAGE WORKS (cont.)
LOCATION

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Km 85 + 750
Km 86 + 950
Km 87 + 200
Km 87 + 250
Km 87 + 700
Km 88 + 070
Km 88 + 500
Km 88 + 600
Km 88 + 650
Km 89 + 400
Km 91 + 810
Km 93 + 300
Km 93 + 620
Km 95 + 350
Km 97 + 900
Km 98 + 300
Km 99 + 670
Km 104 + 690
Km 105 + 850
Km 106 + 950
Km 108 + 195
Km 108 + 450
Km 110 + 920
Km 112 + 550
Km 112 + 730
Km 113 + 420
Km 113 + 970
Km 115 + 695
Km 115 + 980
Km 116 + 390

DIAMETER
(inches)
1
1
1
0.3
0.5
1
1
0.5
0.5
1
1
1
0.5
1
1
1
1
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
1
0.5
0.5
1
0.5
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NUMBER

DRAINAGE WORKS (cont.)
LOCATION

1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Km 116 + 405
Km 116 + 480
Km 117 + 290
Km 117 + 310
Km 117 + 530
Km 119 + 030
Km 119 + 080
Km 119 + 205
Km 119 + 420
Km 120 + 085
Km 120 + 150
Km 120 + 900
Km 121 + 540
Km 127 + 470
Km 127 + 710
Km 128 + 610
Km 129 + 380
Km 129 + 580
Km 129 + 630
Km 129 + 900
Km 130 + 080
Km 130 + 190
Km 130 + 300
Km 130 + 680
Km 130 + 880
Km 131 + 170
Km 131 + 640
Km 131 + 880
Km 131 + 995

DIAMETER
(inches)
0.5
1
1
1
1
0.5
0.5
0.5
0.5
1
0.5
0.5
0.5
1
0.5
1
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5
1
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NUMBER

DRAINAGE WORKS (cont.)
LOCATION

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Km 132 + 350
Km 132 + 875
Km 133 + 180
Km 133 + 340
Km 134 + 150
Km 134 + 360
Km 134 + 580
Km 134 + 720
Km 134 + 905
Km 134 + 915
Km 135 + 140
Km 135 + 800
Km 136 + 380
Km 136 + 400
Km 136 + 580
Km 136 + 930
Km 137 + 080
Km 137 + 205
Km 137 + 270
Km 137 + 720
Km 137 + 880
Km 137 + 885
Km 138 + 030
Km 139 + 490
Km 139 + 600
Km 139 + 720
Km 139 + 950
Km 140 + 330
Km 140 + 590
Km 140 + 820
Km 134 + 820

DIAMETER
(inches)
0.5
0.5
0.5
1
1
1
0.5
0.5
1
1
0.5
0.5
1
1
0.5
0.5
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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NUMBER

DRAINAGE WORKS (cont.)
LOCATION

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Km 141 + 070
Km 141 + 900
Km 142 + 290
Km 142 + 410
Km 142 + 470
Km 142 + 730
Km 142 + 910
Km 143 + 430
Km 143 + 920
Km 144 + 495
Km 144 + 605
Km 147 + 420
Km 147 + 570
Km 147 + 730
Km 147 + 970
Km 149 + 070
Km 150 + 360
Km 150 + 370
Km 150 + 520
Km 152 + 590
Km 153 + 500
Km 155 + 380
Km 155 + 650
Km 156 + 220
Km 158 + 230
Km 158 + 470
Km 159 + 380
Km 159 + 540
Km 159 + 640
Km 159 + 760

DIAMETER
(inches)
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
2
1.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

NUMBER

DRAINAGE WORKS (cont.)
LOCATION

1
1
1
1
1
1
1
1
1
1

Km 159 + 865
Km 159 + 950
Km 160 + 060
Km 160 + 700
Km 161 + 985
Km 162 + 180
Km 162 + 390
Km 162 + 605
Km 162 + 720
Km 162 + 840

DIAMETER
(inches)
0.5
0.5
1
1
1
0.5
0.5
0.5
0.5
0.5

UNDERPASSES
LOCATION
Km 73 + 970
Km 79 + 550
Km 84 + 040
Km 85 + 950
Km 89 + 130
Km 90 + 200
Km 91 + 340
Km 160 + 705
Km 161 + 990

LENGTH
2m
1.5 m
1.5 m
1.5 m
1.5 m
2m
1.5 m
1.5 m
PEDESTRIAN CROSSINGS

LOCATION
Km 100 + 720
Km 103 + 195
Km 103 + 190
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LENGTH
6m
3 m X 16 m
3 m x 16 m

LOCATION
Km 32 + 510
Km 32 + 950
Km 34 + 090
Km 34 + 270
Km 35 + 100
Km 35 + 650
Km 36 + 370
Km 36 + 820
Km 36 + 950
Km 37 + 100
Km 37 + 196
Km 38 + 480
Km 40 + 300
Km 41 + 600
Km 42 + 430
Km 43 + 700
Km 46 + 470
Km 46 + 850
Km 47 + 630
Km 48 + 280
Km 48 + 950
Km 49 + 160
Km 51 + 050
Km 51 + 780
Km 53 + 230
Km 54 + 050
Km 54 + 065
Km 54 + 960
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BRIDGES
CROSSING
LENGTH
Blvd. Francisco Villa
160 m
(León)
Blvd. Mariano
40 m
Escobedo (León)
Ave. Mexicas (León)
8m
Ave. Españitas (León)
14 m
Arroyo de Alfaro
14 m
Calle Ancha
20 m
Arroyo de Liembres
13 m
88 m
52 m
Beltway José Ma.
96 m
Morelos
Channel
80 m
Vía Campos
20 m
Primaverales
18 m
Road
10 m
Arroyo San Juan de
55 m
Otates
12 m
Stream
16 m
12 m
8m
15 m
10 m
35 m
34 m
10 m
10 m
Railroad
15 m
Railroad
35 m
10 m

WIDTH

LOCATION
Km 55 + 810
Km 56 + 280
Km 57 + 700
Km 58 + 600
Km 59 + 970
Km 62 + 040
Km 63 + 420
Km 64 + 210
Km 66 + 310
Km 69 + 400
Km 70 + 900
Km 71 + 440
Km 71 + 690
Km 72 + 320
Km 73 + 840
Km 74 + 405
Km 74 + 620
Km 74 + 920
Km 75 + 230
Km 75 + 700
Km 75 + 857
Km 76 + 650
Km 77 + 790
Km 78 + 130
Km 78 + 300
Km 79 + 370
Km 72 + 450
Km 73 + 250
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BRIDGES
CROSSING
LENGTH
15 m
13 m
16 m
16 m
Highway
50 m
Railroad
94 m
Río Silao
72 m
Fed. Highway 45
96 m
Fed. Highway 45
53 m
Highway 45
219 m
30 m
LINE 2
10 m
8m
River
20 m
4m
3m
2m
3m
6m
2m
6m
Stream
8m
8m
Highway 45
20 m
Río Guanajuato
30 m
3m
LINE 1
10 m
10 m

WIDTH
10 m
11 m
12 m

LOCATION
Km 75 + 225
Km 75 + 700
Km 75 +857
Km 76 + 000
Km 76 + 600
Km 80 + 020
Km 82 + 270
Km 83 + 620
Km 85 + 050
Km 86 + 350
Km 87 + 260
Km 90 + 750
Km 91 + 000
Km 92 + 180
Km 93 + 000
Km 94 + 180
Km 94 + 480
Km 95 + 180
Km 95 + 250
Km 97 + 100
Km 99 + 400
Km 100 + 075
Km 100 + 120
Km 100 + 780
Km 102 + 665
Km 102 + 900
Km 103 + 470
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B R I D G E S (Cont.)
CROSSING
LENGTH
LINE 1
6m
2m
6m
Highway 45
42 m
10 m
10 m
14 m
12 m
Camino de Villalobos
Road and Channel
6m
10 m
Road
10 m
10 m
8m
Channel
10 m
Channel
6m
10 m
Tepalcates channel
20 m
Tepalcates channel with
40 m
Río Guanajuato mouth
10 m

Blvd. Nacional
Ave. Álvaro Obregón

30 m
34 m
20 m
4m
24 m

WIDTH

10 m
5m

LOCATION
Km 104 + 200
Km 104 + 506
Km 105 +530
Km 107+ 340
Km 107 + 950
Km 109 + 010
Km 109 + 270
Km 109 + 495
Km 109 + 820
Km 109 + 900
Km 110 + 310
Km 110 + 545
Km 111 + 520
Km 113 + 280
Km 115 + 430
Km 118 + 040
Km 118 + 420
Km 119 + 950
Km 120 + 920
Km 121 + 930
Km 124 + 950
Km 127 + 710
Km 128 + 120
Km 129 + 000
Km 131 + 310
Km 133 + 970
Km 135 + 405
Km 136 + 000
Km 136 + 740
Km 138 + 710
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B R I D G E S (Cont.)
CROSSING
LENGTH
Ave. Rafael Dávalos
19.6 m
Río Guanajuato
30 m
10 m
18 m
6m
12 m
18 m
13 m
10 m
10 m
11 m
2m
8.8 m
Bajo Salamanca
24 m
Channel
Road
10 m
10 m
Veinte Channel
8m
10 m
Río Lerma
64 m
Beltway
16 m
Railroad
23 m
10 m
Río Lerma
65 m
Channel 11
46 m
12 m
12 m
Channel 9
16 m
Channel 9
25 m
10 m
12 m

WIDTH

LOCATION
Km 139 + 440
Km 140 + 180
Km 141 +730
Km 143+ 120
Km 144 + 250
Km 145 + 180
Km 145 + 530
Km 146 + 750
Km 148 + 880
Km 149 + 875
Km 151 + 050
Km 153 + 420
Km 154 + 834
Km 155 + 938
Km 156 + 680
Km 157 + 880
Km 159 + 160
Km 161 + 490
Km 162 + 840
Km 163 + 700
Km 163 + 795
Km 164 + 700
Km 167 + 420
Km 167 + 680

EIA TRIG
157-01
817tren.doc

Page 55

B R I D G E S (Cont.)
CROSSING
LENGTH
Channel
16 m
12 m
10 m
12 m
3m
4m
4m
16 m
10 m
12 m
14 m
12 m
8m
10 m
3m
12 m
12 m
10 m
10 m
30 m
15 m
20 m
12 m
Av. División del Norte
4m

WIDTH

REQUIRED PERSONNEL FOR PREPARATION OF THE SITE AND CONSTRUCTION
According to estimations the following shall be required in the project per year:

CONCEPT
Machinery Operators
Machinery Helpers
Mechanics
Foremen
Drivers
Masons
Iron Workers
Carpenters
Security Personnel
Supervisory Staff
Others
TOTAL

INTERSTATIONS
HEADCOUNT
92
92
12
10
181
504
252
252
16
14
1425

STATIONS
HEADCOUNT
22
22
6
18
102
216
18
14
18
18
46
500

For the site preparation and construction stages 2,500 employees per year shall be required:
DESCRIPTION
Onsite Personnel
Administration & Engineering
Managers
Others

QUANTITY

TOTAL
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1925
175
50
350
2,500

1925

MATERIAL TO BE EMPLOYED IN THE SITE PREPARATION AND CONSTRUCTION STAGES
STATIONS
The following table shows the material required for each station construction:
CONCEPT
Onsite Work
Filling material
Excavation and transportation of surface ground soil
Excavation and transportation of ground soil type II
Premixed concrete for sidewalks and trenches (F’c =150 kg/cm2)
Asphalt concrete, cement and emulsion for parking lot area
Concrete pipes for drainage (φ <300 m)
Concrete
Premixed concrete for ceiling structure (F’c =150 kg/cm2)
Premixed concrete for various elements (F’c =200 kg/cm2)
Beam type III AASHTO - 12.5 m long
Masonry
150mm width block wall (150x200x400) 5m long
Wall finishing (25 mm)
Wrought Ironwork
Balustrade
Tubular material windows and four aluminum sheet locks
Galvanized metallic fence
Stairs’ banisters and handrails (tubular material)
Doors and Windows
Steel frames for doors and windows
6 mm anodized glass screens (3”)
Elevator pulley and 6mm temperate glass
Anodized aluminum screen with lattice work (2”) and 6mm transparent
glass
Collapsible metallic doors 2100x2000 with steel locks
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UNITS

QTY

TOTAL

m2
m3
m3
m3
m2
m

2,450
1,750
1,670
30
3,000
260

44,100
31,680
30,060
540
54,000
4,680

m2
m3
u

250
798
48

4,500
14,364
864

M2
M2

500
1,200

9,000
21,600

m
m2
m
M

25
8
286
86

450
135
5,148
1,548

U
m2
m2
m2

16
281
35
4

288
5,058
630
68

u

1

18

CONCEPT
Finishing Works
Floors and walls ceramics
Acoustic tiling for ceilings
Interior walls finishing (ceramic and porcelain panels)
Exterior wall finishing (sandblast)
Special Material
Retractable steps of galvanized tubes

CONCEPT

UNITS

QTY

TOTAL

m2
m2
m2
m2

1,764
1,490
810
350

31,757
26,820
14,580
6,300

m2

150

2,700

UNITS
QTY
Plumbing Works
50-people capacity 150 mm cement walls septic tank
u
1
50-people capacity absorption tank
u
1
280 mm concrete wall 15,000 L capacity tank
u
1
m
396
PVC piping (φ <8”)
m
228
Copper piping (φ <2”)
Fire hydrant system
m
135
m
234
150 mm φ PVC tubes for platform lowering
Electrical system - Primary Connection
2 AWC caliber cable
m
45
Copper cable
m
135
Underground distribution network duct
m
20
Electrical system - Secondary Connection
m
15
76 mm φ Rigid galvanized conduit tubes
Varied caliber THW cable
m
20
Electrical system - Energy supply to facility and general services
m
2,400
25 mm & 32 mm φ Galvanized conduit tubes
Varied caliber THW cable
m
87,600
Electrical system - Electricity Installation
m
110
38mm & 51 mm φ Galvanized conduit tubes
Varied caliber THWcable
m
1470
Copper line wire
m
24
Lighting
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TOTAL
18
18
18
7,128
4,104
2,430
4,212
810
2,430
360
270
2,160
43,200
157,680
1980
26,460
432

CONCEPT
32 watts fluorescent lamp – indoors
13 watts fluorescent lamp - indoors
175 watt metallic additive lamp - indoors & outdoors
4x32 watts built-in fluorescent lamps with acrylic glass - indoors
4x13 watts built-in fluorescent lamps with acrylic glass - indoors
250 watts Metallic additive lamp
Telephone Network
Galvanized conduit piping
PVC piping

UNITS
u
u
u
u
u
u

QTY
116
96
68
44
48
8

TOTAL
2,088
1,728
1,224
792
864
144

m
m

150
60

2,700
1,080

The following table shows the materials required for the concrete manufacture:
DESCRIPTION
100 kg/cm2 Premixed concrete
200 kg/cm2 Premixed concrete
Concrete for beams

STEEL
m2
100.80
143.36
312.15

GROUND
WORK
m3
8,820.0
78,606.0
7,803.86

SAND
m3

GRAVEL
m3

WATER
m3

1,713.60
4,859.28
1,326.66

2,520.0
7,146.0
1,950.96

907.20
2,572.56
702.35

TRAIN LINE
For the line filling material from site excavations shall be fundamentally used. This shall allow
minimizing transportation of earth as well as consumption of materials from material banks. However, it is
estimated that approximately 27m³ of filling material from material banks shall be required per meter of
double railway.
The following table shows the materials required for the railway construction.
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DESCRIPTION

QUANTITY
750,247 m3
40,741 m. t.
403,560 units
1,614,240 units

Balustrade
Rails
Clasps
Fasteners

The following table shows the material required for installing the catenary system:
DESCRIPTION
Concrete bases and poles
Structural Supports
Tunnel Supports
Contact Cable

UNIT
U
U
U
Km

QUANTITY
3,428
20
408
370

MATERIALS BANKS
Materials banks shall be located all along the works corridor. Tractors, excavators and front-end
loaders shall be used to extract material. Transportation to work fronts shall be by means of dumping trucks.
Exhibit 13 shows locations of materials banks authorized by the corresponding authorities.

EQUIPMENT USED
The following table gives the equipment required for the project construction:

DESCRIPTION
Bulldozers
Excavators
Pneumatic front-end loaders
Skid-steer loaders
Motor graders
Vibratory compactors
Dumping trucks
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INTER
STATIONS
STATIONS
QUANTITY
16
6
8
3
8
3
4
2
6
1
8
1
150
50

DESCRIPTION
Soil compactors
Hydraulic cranes
Trailer trucks
Vibratory Screeds
Water pipe trucks
Pick-up trucks

INTER
STATIONS
STATIONS
QUANTITY
10
2
6
2
6
6
12
2
25
10
100
54

EQUIPMENT REQUIRED FOR THE ELECTRICAL INSTALLATION
EXCAVATION:
A John-Deer 490 tractor or “Backhoe” type equivalent with buckets, rippers, mobile drill,
and compressed-air electrical hammer. This machinery shall be adapted for the rails.
SUPPORTS:
15-ton crane mounted on a ten-wheel 25-ton trailer/tractor adapted for the rails.
CONCRETE MATERIAL:
Mobile plant or vehicle for concrete, “Preem” 101 or equivalent type, mounted on a flat
tractor car.
ARMS AND ANCHORS:
7-ton crane mounted on a six-wheel tractor adapted for the rails.
PROTECTION CABLE, SUPPLY AND CONTACT CABLES:
Each crew with corresponding material and tools shall operate and perform the following
activities:
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Install sectionals and pulleys
Unwind cables
Draw and load cables
Install suspension clamp for contact cables.

Each crew shall require a 7-ton crane mounted on a six-wheel tractor. Cable Unwinding
shall require a modified 12-ton crane on a ten-wheel tractor. (See figure next)
ELECTRIFICATION SYSTEM AND INSTALLATION PROCESS

BEARING CABLE AND CONTACT CABLE UNROLLING

TRIG - ELECTRIFICATION

BRACKETS AND SUPPORTS:
Each crew shall require a 7-ton crane mounted on a ten-wheel tractor equipped with a 7meter long “lorey” trailer.
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CATENARY:
Two 7-ton cranes, a tension device and accessories mounted on a 20-m long flat car with
60-ton loading capacity will be needed.
SUSPENSION FASTENER AND ANCHORS:
A modified platform on a 6-wheel tractor shall be used.
RELATED WORKS, FINAL REGULATIONS OF THE CABLE CONTACT TENSOR AND
CONNECTIONS:
A “Necelle” or equivalent shall be needed, mounted on a six-wheel tractor adapted for rails,
to achieve electrical ground connection with the protection cable supports.
DISPLACEMENT OF PERSONNEL
The technical supervision team shall use a ¾-ton pickup truck adapted for the rails. Crew
heads and other staff shall use motorized bicycles adapted for the rails.
D)

WORKS AND SUPPORT SERVICES
CAMPS

Camp sites will not be needed since employed staff during the construction shall come from
nearby localities and shall commute daily to each of the work fronts.
FIELD OFFICES
Semi-trailers shall be used as mobile offices, approximately one every 30 km.
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STORAGE HOUSES
18 m² to 24m² dismountable, galvanized-sheet roofs and walls storage houses shall be used,
approximately every 30 km.
LATRINES
Portable sanitary services shall be used, at the rate of one for every 10 people, with cleaning
services every 24 hours.
E)

ENERGY REQUIREMENTS FOR PREPARATION OF THE SITE AND CONSTRUCTION
FUEL REQUIREMENTS

Fuels required for the project’s preparation and construction shall fundamentally be used for machinery and
equipment. Fuels and lubes shall be acquired at authorized service stations and brought to operation fronts by
means of fuel pipes and metallic drums. Small amounts shall be stored to cover consumption demands,
preferably in sites away from neighboring towns, in adequate metallic storage tanks.
The following table shows fuel and lube consumption for the site preparation and construction stage:
MACHINERY OR
EQUIPMENT
DESCRIPTION
Bulldozers
Excavators
Pneumatic front-end loaders
Skid-steer loaders
Motor graders
Vibratory compactors
Dumping trucks
Soil compactors
Hydraulic cranes
Trailers
Vibratory Screeds
Water pipe truck
Pick-up trucks
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HR
FACTOR
0.32
0.32
0.17
0.48
0.67
0.17
0.25
0.29
0.20
0.48
0.01
0.25
0.13

CONSUMPTION IN LITERS (21 MONTHS)
OIL
HR
HR
LUBE
FACTOR
DIESEL
FACTOR
29,106.0
21.0
1,940,400.0
14,553.0
14.0
646,800.0
7,623.0
11.0
508,200.0
12,096.0
32.5
819,000
19,698.0
45.0
1,323,000.0
6,237.0
11.0
415,800.0
210,000.0
17.0
14,280,000.0
14,364.0
19.0
957,600.0
6,720.0
13.6
456,960.0
24,192.0
32.0
1,612,800.0
705.6
0.80
36,750.0
17.0
2,499,000.0
82,467.0
8.50

GAS

47,040.0
5,407,800.0

CONCEPT
Lubricant oil
Diesel
Gasoline

OIL & LUBE TOTALS (+15% TAX)
534,188.34
29,278,494.0
634,188.34

ELECTRICAL REQUIREMENTS
Electrical requirements for the site preparation and construction stages are given in Exhibit
14.
F)

WATER REQUIREMENTS
RAW WATER

Raw water shall be used for compacting material from the Banks, requiring approximately 5.4 m³ per
meter of double railway. Water shall be obtained from shallow sources and wells located all along the
project’s course, transported by means of tankers and no storage will be provided at the work sites.
POTABLE WATER
Shall only be used for human consumption and shall be provided by means of 20-litter bottles.
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G)
LOCATION AND ZONE OR ZONES’ SURFACES AFFECTED DURING THE PROJECT’S
PREPARATION AND CONSTRUCTION

As previously noted, this project development shall require a 3’783,981.50 m² surface. Surface distribution is
given in the following table:
LOCATION

LINE
1
1
1
1
1
1
1
1
1
2

León
León-Silao Stretch
Silao
Silao-Irapuato Stretch
Irapuato
Irapuato-Salamanca Stretch
Salamanca
Salamanca-Celaya Stretch
Celaya
Silao-Guanajuato Stretch
TOTAL

M2 SURFACE
325,283.90
583,738.00
110,055.40
810,437.30
115,356.00
401,675.20
37,586.50
922,138.60
103,901.50
373,809.10
3’783,981.50

Exhibit 1 shows the location of the mentioned areas.
H)

WASTES GENERATED DURING THE SITE’S PREPARATION AND CONSTRUCTION

GENERATED WASTES
STATIONS
Portable latrine modules for workers use (one for every 10 workers) shall be rented during the site
preparation and construction stage, and a covered space shall be destined for workers to have their meals.
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Food waste as well as construction materials that cannot be used as fillings, shall be stored in a zone
destined for this purpose, and collected once-a-day by the garbage collection service.
During the construction stage, the main solid waste generated shall be debris, empty cement bags,
rod fragments, groundwork timber fragments, etc.
INTERSTATIONS
Generated waste during the interstations preparation and construction basically consists of:
Soil and vegetation wastes resulting from grading and leveling: shrubs, trees, soil with organic material; part
of this material will be used at the TRIG construction site with the purpose of wrapping inclines as well as
filling material; the rest of this material mainly consisting of organic matter may be used for reforesting works
at the end of the construction, in materials banks, and in zones damaged by the construction.
Solid wastes: household waste, solid waste such as paper and cardboard and organic waste in general,
generated at the workers local towns or at support camps; in either case waste shall be deposited in municipal
dumps. Considering that approximately 1,425 workers shall be employed in the project for about 24 months
and a waste generation factor of 150 kg/person/year, household waste shall amount to 427,500 kg in all.
Wastewaters: Installation in work fronts and in camps portable latrines is proposed; wastewaters shall be
collected by water pipes and taken to treatment plants to be disposed of adequately. For populated zones,
wastewaters may be destined to the municipal network.
Industrialized solid waste: Industrialized solid waste includes: cement cardboard sacks, plastics and packaging
among others. These might be generated at machinery and workshop yards and shall be stored in those yards
and moved to municipal dumps, attempting to destine them for separation and subsequent recycling.
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Hazardous wastes: These include empty oil and lube cans, used oils, grease impregnated burlap among others,
several of which are considered hazardous according to NOM-052-ECOL-1993.
Wastes obtained from the materials used in paving could also be considered as industrial solid
wastes. There are the bonding and impregnation spraying as well as the additives used in asphalt paving.
This hazardous waste shall be temporarily stored and disposed of in confinement sites according to
the Ruling of the General Law of Ecological Balance and Environmental Protection Regarding Hazardous
Waste (DOF 25/11/1988).
Atmospheric Emissions: Vehicular traffic during the site’s preparation and construction stage shall cause
atmospheric emissions, the most important among others, are carbon oxide, nitrogen oxide, sulfur dioxide,
hydrocarbons and particles. Knowledge of each of these substances’ exact amounts is difficult, as they depend
on several factors such as vehicle transit density, fuel type and quality, catalysts, number and size of engine
cylinders, etc. as well as weather conditions.
On the other hand, during the extraction of materials from Banks, dust and dirt shall be lifted, which
could be reduced by periodically spraying water and continue throughout the operation in damp phase.
Noise levels: Establishing noise intensity caused by vehicle traffic is difficult given the variable nature of
traffic and duration.
Adhering to the Ruling for Environmental Protection against pollution caused by noise emission,
which states that:
For automobiles—trucks, buses, tractors, etc. it is established that:
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-

Vehicles weighing up to 3,000 kg (6,600+ lb) have a maximum allowable level of 79
dB.

-

Vehicles between 3,000 and 10,000 kg (22,046 lb) have a maximum allowable level of
81 dB.

Given the above it is considered that during the TRIG operation greatest intensity noises shall near 80 dB.
I)

SAFETY MEASURES AND EMERGENCY PLANS

A safety and hygiene chief, auxiliaries and nurses shall remain at the work site to ensure that safety
rules are enforced, including use of helmet and safety shoes, etc.
Emergency plans shall be coordinated by the safety and hygiene chief and auxiliaries, who shall
assume command of actions in the event of emergency.
The company shall prepare and implement a preventive and corrective program for emergency
prevention, protection and attention that encompass the following aspects: fire, leaks, spills, internal events
that expose the staff or the facilities and communication with authorities or medical services in case of
impacts upon community or major internal events, as set forth in articles 217 and 218 from RGSeHT.
The company shall elaborate and implement a preventive and corrective program for equipment
maintenance against fire, such that, in case any accident arises, these equipments are available for immediate
use, as well as training to the staff for the handling of equipments utilized in case of fire threats and the
installation of signs and audible or visible signals, for the fire extinguishing equipment as established by
NOM-002-STPS-93 and articles 26 through 29 from RGSeHT.
All the staff working in the company shall be skilled in the use of firefighting equipment with the
purpose of being prepared should any emergency arise.
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III.2.

OPERATION AND MAINTENANCE STAGE

III.2.1.

OPERATION STAGE

SOTRIG enterprise shall operate the trains.
As previously mentioned, the light rail shall be 151.560 km long (136.370 km for line 1 and 15.190
km for line 2) along which shall be 18 stations. TRIG shall operate from 5 a.m. to 1 a.m. There will be
departures every 20 minutes, although during rush hours, from 7 to 9 a.m. and 3 to 6 p.m. departures will take
place every 7 minutes. Galvanized hurricane mesh 2 meters high with 40 cm barbed wire will be set along the
line to ensure that the railway is free of obstacles.
A)

ELECTRICAL SUPPLY

The Federal Electricity Commission shall supply triphase current by means of a 115 Kv high tension
line. This high voltage current goes through two transformers turning it into 25 Kv monophase alternating
current, which is the pulling level voltage. Generally only one transformer is used; however, the second
transformer begins operation in the event of a ±5.4 Kv variation. Five (5) electrical substations shall be used
in this project with two 115 Kv transformers each to supply several points of the catenary system (25 Kv) for
every 150 Km. Exhibit 16 shows their placement.
Pulling energy shall be fed to the localized catenary system above the railway by means of a low
voltage interrupter, as shown in the following figure:
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COMPONENTS OF A TYPICAL ELECTRIFICATION SYSTEM FOR RAILWAY
Substation

B)

Switching station

Substation

PULLING ENERGY SUPPLY SOURCE

The catenary system will be equipped with special elements such as self-transformers, electrical
capacity series, etc. with the purpose of extending the intervals within the substation, be able to mitigate any
kind of interference with the communication and signaling circuits and minimize the impact on the electricity
company.
Parallel stations will be installed between the substations in order to provide a major flexibility of
supply, and to reduce any obstacles between the substations and the Train. The propulsion energy coming
from the catenary system shall be collected by the locomotive pantograph.
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Likewise, switches will be installed to insulate the different sections for their maintenance and other
tasks during the operation.
The setup of the electrical system includes the supply of electrical energy for the entire signaling
(600/347 volts AC and 120/140 volts AC), and also for the communication system (120 volts AC, 130 volts
DC and 24 volts DC).
The electrical system will also be equipped with a supervisory control and data acquisition system
(SCADA) and with a centralized traffic control system.
C)

ELECTRICAL ENERGY SUPPLY SOURCE FOR PASSENGER STATIONS

The electrical energy of the public electricity company of the CFE will be used for passenger stations
and inside the tunnel of the “Santa Fe” station in Guanajuato.
This electrical energy will be used for:
•
•
•

Lighting (347 volts AC)
Venting and air conditioning (600 volts AC)
Supply of electrical energy for electromotors

(660 volts AC) for:
•
•
•
•

Pumps
Escalators
Fans
Elevators

The 120 volt AC electricity supply will be used for:
•
•
•
•
•
•
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Signaling and gearing equipment (interconnection)
Telecommunication equipment
Teletransmission equipment (base radio and RTVs)
Alarm panels
Computing equipment and associated services
Equipment for fee collection

The locomotives are fed by means of a pantograph (trolley) kept in permanent contact with an energy
transmission line, called catenary. The catenary is made up of consoles and fixing straps insulated lengthways
the pole.
Each motor carriage will be equipped with a lightly constructed pantograph, and one single arm,
which will be mounted by means of a spring mechanism and lowered by a pneumatic cylinder. The contact
cable length may vary from 4.957 m to 6.858 m underneath the rail.
The location of the poles depends on the conditions lengthways the track. Thus, the 63-m spacing,
typical on tangents, reduces in the curves, changes and turnings. In cross-sectional sense, the poles
manufactured with metal joists, are placed at 2.64 m from each track’s axle. In the upper part, two duly
insulated brackets are stretched out: one is fixed and sustains the grounding cable and the feeder; the other is
movable and supports the holding and contact wire.
The holding wire functions as support and has a hard copper section of 78.9 mm2 and 98%
conductivity. It rises up to 1.20 m above the contact cable, which is also a 107 mm2 hard copper wire
transmitting energy by means of contact established with the pantograph.
The grounding cable is located above the cited conductors. It is grounded every 900 m in order to
avoid accidents in the event of short-circuits produced by the rupture of any high-voltage cable.
Although the trains will be automatically controlled, an operator will open and close the doors, and
provide assistance in case any problems occur. The automatic microprocessor-controlled system includes
several logical functions, utilizing the advantages of the latest technological advances in this field. A signal
transmission system is used for the train detection and control, which offers a big advantage over the previous
designs based on track circuits.
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1
2
3
4
5
6
7
8
9
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Dirt road
Sub-ballast layer
Ballast and track
Concrete base
Metal pole
Fixed bracket
Insulator
Guard and grounding cable
Feeder

10
11
12
13
14
15
16
17
18

Strap
Console
Holding cable
Suspension pendulum
Anti-balance
Attachment arm
Contact cable
Vehicle
Trolley or pantograph

D)

ELECTRICITY CONSUMPTION

ROLLING MATERIAL
Trains
Cars
Engines per train

18
72
8

Power installed per train
Traction
Ancillary services – low-voltage
First auxiliary transformer
Second auxiliary transformer
TOTAL

3,100 Kw
15 Kw
65 Kva
55 Kva
3,235 kVA

The above means that the installed power for the 18 contemplated trains will be 58,230 Kw.
FIXED EQUIPMENT
Average surface per station
Ancillary services – low-voltage
First auxiliary transformer
Ancillary services (escalators etc.)
TOTAL

2,000 m2
30 w/m2
60 Kva
10 Kva
70 kVA

This represents that the power for the 18 stations will be 1,260 Kva.
MAINTENANCE WORKSHOPS AND GARAGE
Surface
Utilization factor
TOTAL

EIA TRIG
157-01
817tren.doc

Page 75

10,000 m2
80 w/m2
70 Kva

ESTIMATED TOTAL LOAD
Fixed equipment
Rolling material
TOTAL

2,060 m2
58,230 Kw
70 Kva

INSTALLED POWER
5 20-MVA substations

100 MVA

Below, the location, daily consumption and maximum power of each substation.
ELECTRICAL
SUBSTATIONS
SS-1
SS-2
SS-3
SS-4
SS-5

LOCATION
36 + 000
55 + 000
73 + 000
100 + 000
149 + 000

TOTAL

DAILY
CONSUMPTION
(Kw/h)
64,309
85,502
80,232
81,048
74,699
385,790

MAXIMUM POWER
(Kw)
7,826
9,210
8,161
6,746
9.138
41,081

The substations will be connected at the existing 115 Kv lines.
E)

FUEL REQUIREMENTS

The estimated fuel consumption required by the equipment for the track maintenance is 9,000 L
diesel and 134 L oil per year. For the maintenance of the catenary and signaling equipment, it is estimated that
very similar amounts will be consumed, both of diesel and oil. The details are shown in Exhibit 17.
F)

WATER REQUIREMENTS
The requirements of water for the operation and maintenance stages are shown in Exhibit 18.
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G)

PERSONNEL USED IN OPERATION AND MAINTENANCE STAGE

Once the Guanajuato Interurban Train is operating, 917 people will work on the project. The
following table shows the personnel required during the operation and maintenance stages. Exhibit 19 shows
a detailed table of the personnel.
AREA
General Directorate
Planning Directorate
Finance Directorate
Administration Directorate
Operation Directorate
Maintenance Directorate
Total

NUMBER OF PERSONS
13
16
21
13
296
558
917

III.2.2 MAINTENANCE STAGE
EQUIPMENT TO BE USED DURING THE MAINTENANCE STAGE
For the maintenance of the tracks, the following equipment will be used:
•
•
•
•

3 load cars with platform, with diesel tractor
2 road repair trucks adapted to rails
2 fast draisines
1 crane to replace rails

Exhibit 15 shows the equipment required for the maintenance of stations, trains and catenary.
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TRACK INSPECTION PROCEDURE
In order to guarantee the appropriate structural functioning of the reinforced concrete ties, a regular
revision (every 6 months) of the track system is required, taking into account the following:
a)
b)
c)
d)
e)
f)

g)

Revision of the condition of tie protection and pressure-fitting of the ties, establishing the
support condition on the prevailing basalt by means of random sampling.
Evaluation of rail/tie fixing systems, including the condition of the elements constituting the
fixing. Evaluation of the corresponding gage bar since it depends directly on the fixing
status.
Conditions of ballast, identifying fine contamination and presence of organic matter.
Conditions of track drainage, indicating actual ditch section, capacity of transversal
drainage, as well as presence of fines in the rail support area.
Track alignment and leveling, making reference to encountered deformations and
diversions, and comparison with established standards and regulations.
It is recommended to perform resistance tests to the mechanical elements located on the
track and that are representative for those that are in operation for more than 5 years
(antiquity), and also to make measurements in order to establish the actual and the wear-out
condition of the used parts.
A track diagnosis chart shall be presented, which will serve as reference, allowing the
supervision of the general conditions of a track that directly affect the structure and the
useful life of the ties.

The scheduling of the inspection stage shall be made in accordance with and parallel to the general
track inspection. It is recommended to perform it prior to the rain season.
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For the replacement or repair of a tie, whether because of defects or it is necessary to change a track
stretch, it has to be ensured that the gradient level and geometrical outline are not altered. In addition, the
concrete ties shall be continuously welded on the rail base. Once the tie is removed and replaced, it shall be
taken away from the track influence area (at least 2.20 m from the track axle) and remove it later from the
area.
TIE MAINTENANCE
In order to increase the useful life and maintain the minimum operation conditions of the entire
railway structure, track inspection programs are required that include the revision of elements making up the
general infrastructure, such as: horizontal diversions at gradient level, condition of ties, rail/tie fixing,
conformation of layer and shoulders of the ballast basis, drains, etc.
The preservation periods shall be subject to the needs of maintaining the track leveling and profiles
(both horizontal and vertical), that is, alignment aspects. Likewise, the vertical displacements produced by
load transit shall be evaluated.
The ties shall not be used any longer when there is an excess of sand and gravel, product of ballast
wear and deterioration, since it forms an abrasive paste when getting wet which causes major wear-out and
deterioration of parts.
For the events of stretches with curves larger than 4°, a strict control of the over-elevation will be
necessary in order not to affect the established alignment. This is one of the important control parameters,
especially for the tracks armed with concrete ties.
For the replacement or repair of a tie, whether because it is defect o it is necessary to change a track
stretch, it has to be made sure that the gradient level and geometrical outline are not altered. In addition, the
concrete ties shall be continuously welded on the rail base. Once the tie is removed and replaced, it shall be
taken away from the track influence area (at least 2.20 m from the track axle) and remove it later from the
area. The concrete ties shall be welded continuously on the rail basis.
As conclusion, a track shall be kept under optimal operation conditions, preserving the structural
characteristics considered in the original design, with the purpose of reaching the useful life established and
foreseen in the initial project.
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CAR MAINTENANCE
The maintenance of trains shall be responsibility of the Siemens company during the first 10 years.
For the TRIG maintenance, the following parameters will be considered: total number of trains, service hours,
performance of vehicles in movement, number of spare parts for trains, among others.
The maintenance programs are based on the following parameters:
BASIC INFORMATION
Number of units: 4 cars each
Annual km per fleet
Total km per fleet after 10 years
SCHEDULE
Monday-Friday 06:30–19:30
Monday-Friday 19:30–22:00
Monday-Friday 22:00–05:30
Saturday, Sunday and Holidays

1ST TO 3RD YEAR
18
6,200.000
1ST TO 3RD YEAR
2
5
8
6

4TH TO 1OTH YEAR
24
7,300,000
69,486.000
4TH TO 1OTH YEAR
To be determined
To be determined
To be determined
To be determined

It is important to mention that the company SOTRIG will provide Siemens with electrical energy,
water, maintenance and safety equipment and building, necessary in the storehouse and maintenance
workshops.
MAINTENANCE PROGRAM
The following table shows the tasks to be performed for the train maintenance, as well as their
frequency:
CODE
D
I1
I2
I3
I4
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TASK
Daily inspection
Inspection 1
Inspection 2
Inspection 3
Inspection 4

FREQUENCY
Daily
10,000 km
20,000 km
40,000 km
80,000 km

CODE
I5
WS
R1
OH1
OH2

TASK
Inspection 5
Wheel bearing
Revision
Revision 1
Revision 2

FREQUENCY
200,000 km
225,000 km
1,200,000 km
2,400,000 km
7,200,000 km

CLEANING
The Siemens company will be in charge of the cleaning of the trains, at the León station. The
cleaning of train interiors will be accomplished outside service hours.
REVISION AND REPAIR OF COMPONENTS
The following table summarizes the activities to be accomplished for the maintenance of the train:
COMPONENTS
Assembly
of
motor traction
and gear box

STOREHOUSE
Routine inspection; but without
disassembly
Visual check; gears, oil; change of
gear oil

Traction
converter

Repair of motor traction and cable
connections; greasing of bearings;
change of bearing coupling
Routine
inspection;
internal
replacement
of
components
including ignition modules.
Cabling; capacitors; transformer
current and voltage; resistive
elements;
replacement
of
component cooling system
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WORKSHOPS
Change of motor/gears
bearings, gear motor
cracks, repair of internal
gears

MANUFACTURER
Repair
of
rotor/stator

Internal repairs
Tank repairs

COMPONENTS
Auxiliary
converter

STOREHOUSE
Routine inspection and testing,
replacement of PCBs

WORKSHOPS

Air
system
(including
brakes)

Routine inspection and testing;
renewal of all components

Collector
Pantograph

Routine inspection and testing;
replacement of components

Vehicle body

Minor body and paint repair.
Replacement of glasses. Minor
replacement of electrical cables.

Bogies (cars)

Replacement
of
suspension
components.
Replacement
of
wheel seat. Inspection and
packaging
of
suspension.
Changing of air bags. Ultrasound
axle tests.
Routine inspection, fitting and
change of all components
Routine inspection, fitting and
change of all components
Routine inspection, fitting and
change of all possible components,
adjustment and alignment
Routine inspection, refill of
coolant, change of compressor,
change of fans
Routine inspection and testing,
change of PCBs

Disassembly and chasing
of air valves, cylinders
and valves. Testing of air
cylinders. Conditioning of
compressor; conditioning
of air dryer
Disassembly and chasing
of air cylinder, repair of
master structure
Repair of main structure;
major repair of electrical
cables.
Restoration.
Complete disassembly of
cars, wheel repair, change
of axles

Self-coupler
Walkway
Doors
Air conditioning
Passenger alarm
system and PA

MANUFACTURER
Internal
repairs,
container repairs,
PCB repairs
BCU and PCB
repair

Disassembly and repair of
car couplings
Major
repairs
and
disassembly
Repair
of
microprocessor
Disassembly of
component repair

unit,
PCB repair

It is important to mention that the maintenance to be provided by Siemens company will ensure 95%
service reliability during the first 4 years.
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Reliability is defined as:
(number of trains scheduled / X 100 % (number of trains providing service)
Taking into account the above, in case a unit arrives at the end of the route with a delay of more than
10 minutes, it is considered as being off-schedule, and Siemens will be in charge of solving these technical
maintenance problems.
The operators shall inform about any anomaly via cell phone regarding any technical problem
causing the delay according to the labor hours.
STOREHOUSE AND WORKSHOP REQUIREMENTS
One track is required fore revision and disassembly of trains and another track to perform the nonscheduled repairs.
For the maintenance of the trains, equipment and general environment, the building will require the
following specifications:
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Appropriate venting and heating/air conditioning
Appropriate lighting for night labor hours
Compressed air fitting system to seal some work points
Power supply with outlets in each area
Extraction installations to drain bathroom tank
Stationary power supply for trains with power supply network
Tools for steel machinery
Appropriate power supply for pantographs with equipment for verification and testing
purposes in a safe testing area
Appropriate water supplier
Tracks elevated according to unit size. This structure shall allow free access to all
maintenance sites of the trains. This work area shall have facilities to move underneath for
sub-assembly purposes.
Platforms and stairs, etc. to have safe access to the inside of vehicles
Covered platforms to work in close areas adjacent to the lines. Alternatively, movable
platforms.

SPECIAL WORKSHOPS, TEST POINTS AND INSTRUMENTS
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♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Drill for wheel in subsoil
Installations for the removal of bearings for brake discs and clutch discs
Workshop for disassembly of wheel discs
Workshop for disassembly of engine and gears
Workshop for air and brake system
Test units for couplers
Workshop for air conditioning equipment
Workshop for seat repair
Painting chambers and removal equipment
Workshop for battery loading and unloading
Tools and instruments for air conditioning equipment
Machinery to wash trains

MAINTENANCE OF TELECOMMUNICATION SYSTEM
In the event that the maintenance regarding the telecommunication equipment shows any problem,
this should be solved as soon as possible. The service is offered 24 hours a day. The shift change will be
covered from 5 a.m. to 9 p.m.
Telecommunications comprise a large variety of systems and subsystems. This system provides
information that the transport system requires for the railway. The systems used are wired and wireless and
include:
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
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Optical fiber transmission system
PABX telephones
Emergency telephones
Train radios
Portable radio equipment to the service of employees
Passenger information system at stations and in units
Public signaling system, at stations and in trains
Clock system
Closed TV circuit
SCADA system (supervisory control and data acquisition)
Fire alarm system

♦

Intruder detection system

The maintenance works include the following areas and equipment:
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦

Control center (the required area shall be 4 – 2.5 m)
Monitoring system by means of closed circuit TV
Installations for emergency calls
Radio system equipment
Cabling installations
Telephone installations
Public signaling system
Optical information system for passengers
Ticket selling system
Clock installations
Fire alarm facilities
Maintenance facilities of communication systems

The maintenance of the telecommunication system is divided in preventive maintenance and
corrective maintenance.
The preventive maintenance will depend on intervals and coordination of the work schedule,
technical service, external checks and inspections of mechanical, electrical and electronic problems at the
plants. The results obtained from maintenance are evaluated and filed. Siemens will perform these works four
times a year.
Likewise, an inspection shall be accomplished including the execution of a series of measures
determining the current evaluation of the technical status of the equipment at the maintenance plant. This
inspection covers the following: functioning, safety and maintenance activities.
In addition, a non-scheduled maintenance is considered for technical restoration activities required
by an on-line equipment/plant. This kind of maintenance corrects casual breakdowns that might occur.
ACCIDENTAL SPILLS OR LEAKS
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In the operation and maintenance stage of the TRIG, fuels (diesel and gasoline) and lubricating oils
are used. Thus, in order to avoid that a spill during the development of the activities regarding operation and
maintenance could affect the soil, subsoil and aquifers, the fuel and chemical storage areas are provided with
control systems for accidental spilling.
Given that a spill or accidents in fuel storage areas could have negative consequences, these areas
will comprise at least one concrete foundation and a rim to retain an accidental spilling and minimize the risks
associated to it.
It has to be taken into account that the General Law of Ecological Balance and Environmental
Protection prohibits the unloading or infiltration of solid or liquid pollutants into the soil or subsoil. In this
sense, a spill in fuel or chemical storage areas could affect the soil or aquifers when coming into contact with
any of them. In the following paragraph, reference will be made to the storage areas of chemical products and
fuels. Nevertheless, there is no regulation on environmental matters for the storage of fuel or chemical
products.
Likewise, the General Regulation of Occupational Safety and Hygiene establishes in articles 122
through 134 everything related to transportation and storage of inflammable, combustible, explosive,
corrosive, irritating and toxic substances.
III.2.3 WASTES GENERATED IN THE OPERATION AND MAINTENANCE STAGE
In the operation and maintenance stage of the stations of the Guanajuato Interurban Fast Train, the
following wastes will be generated:
EMISSIONS INTO THE ATMOSPHERE
As already mentioned, the present project will provide an efficient collective transportation,
contributing to the reduction of private cars, which will be translated in a decrease of vehicle traffic and, thus,
emissions into the atmosphere. Nevertheless, it is important to consider the permitted maximum levels of
contaminating emissions, published in the Official Gazette of the Federation 6/06/1988. It is estimated that the
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contamination of hydrocarbons emitted per vehicle will be 500 ppm, while the carbon monoxide
concentrations will be 4%. It should not be forgotten that these preliminary data are only an estimate which
result from the impossibility to standardize to constant conditions.
To this respect, the following Mexican Official Standards have to be observed:
- Mexican Official Standard NOM-041-ECOL/93 establishing the permitted maximum levels of the emission
of polluting exhaust gases of on-road motor vehicles using gasoline as fuel.
- Mexican Official Standard NOM-045-ECOL/93 establishing the permitted maximum levels of smoke
opacity coming from the exhausts of on-road motor vehicles using diesel as fuel.
GRADING OF WASTEWATERS
The constant use of sanitary services both for employees of interstations and TRIG users will
generate wastewater. This wastewater shall be cleared to a septic tank and absorption well, receiving
appropriate treatment.
Wastewater, both from washbowls and toilets, will be channeled to the municipal sewerage system.
Given that the municipalities where the stations will be located do not have a drainage system
divided between grey waters (personal hygiene) and wastewater (general household cleaning and toilets), the
influx is poured into one same flow.
HOUSEHOLD SOLID WASTES
In the case of the stations, the sources of the most important solid wastes generated during this stage
will mainly be paper. In addition, other wastes may be produced, such as glass, plastic, aluminum, etc. These
wastes will be stored in an area destined for this purpose, and will be collected once daily by the garbage
service.
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For the TRIG interstations, it is estimated that the following wastes will be generated:
HOUSEHOLD AND INDUSTRIAL SOLID WASTES
The solid wastes will basically be refuse generated by TRIG employees and users. As household
solid wastes are considered those generated by foodstuff; that is, organic products; and also inorganic matter
product of packaging, such as paper, glass, plastic, aluminum cans and garbage in general. Duly labeled
garbage containers shall be placed at the interstations.
A program for the separation of organic and inorganic waste shall be proposed to be enforced within
the Municipal Garbage Dumps to be recycled later.
III.3.

SITE ABANDONMENT STAGE AT THE END OF ITS USEFUL LIFE

A)

ESTIMATED USEFUL LIFE

The abandonment stage is not contemplated because it is considered that the project may operate on
the long run, by means of the implementation of appropriate maintenance programs.
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IV.
IV.1.

GENERAL ASPECTS OF NATURAL AND SOCIOECONOMIC ENVIRONMENT
CLIMATOLOGY

A)

CLIMATE TYPE.

According to the climate classification made by Koppen and modified by E. García (1979), the study
area is characterized by belonging to the group of warm climates (A)C and BS. The group of semi-warm
climates (A)C, with an average temperature of the coldest month of over 18°C corresponds to a transition
group between warm and temperate climates. The BS climates, on the other hand, called dry and arid, are also
an intermediate climate between very arid and humid climates.
The following table provides the climate types for the study area. This table includes the following
data: name of the meteorological station, number of years considered for the average in the period from 19211980 for temperature and rainfall, annual average temperature and annual total rainfall for the previous
period, Lang index (quotient of annual total rainfall in mm between annual mean temperature in C°),
percentage of winter rainfall (January, February, and March), temperature fluctuations (difference between
the coldest and the hottest month) and type of climate.
TYPES OF CLIMATE, KOPPEN CLASSIFICATION MODIFIED BY E. GARCÍA
STATION
Celaya
(1767 m)
Irapuato
(1725 m)
León
(1809 m)
Salamanca
(1723 m)
Silao
(1779 m)
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YEARS
T 60
P 60
T 55
P 58
T 50
P 50
T 43
P 46
T 23
P 23

ANNUAL
19.6
599.2
20.4
712.2
19.2
625.0
19.6
728.0
19.3
600.2

R/T
30.5

%W. RAIN
3.7

OSC.
8.5

CLIMATE TYPE
BS1hw(w)(e)g

34.8

3.1

7.5

(A)Ca(wo)(w)(e)g

32.4

3.4

8.3

BS1hw(w)(e)g

37.0

3.2

7.9

(A)Ca(wo)8(w)(e)g

30.9

3.7

8.1

BS1hw(w)(e)g

STATION
YEARS
ANNUAL
R/T
%W.RAIN OSC.
Cortazar
T 20
19.1
33.1
4.6
7.8
(1735 m)
P 20
635.6
Guanajuato
T 14
18.5
37.7
(1999 m)
P 14
697.8
Source: García, E. Modificaciones al sistema de Clasificación de Koppen, 1988

CLIMATE TYPE
BS1hw(w)(e)g
BS1hw(w)(e)g

As it may be observed in the previous table, the study area is characterized by two climate groups,
semi-dry semi-warm and semi-warm semi-humid.
The semi-dry semi-warm climate BS1hw(w) is located in the surroundings of León and in
the area adjacent to Celaya, comprising Villagrán and Cortazar. The mean annual rainfall ranges from 600 to
700 mm; the mean annual temperature is 18 to 20°C. The rainfall has its maximum incidence in the months of
June, July and August, with a range of 120 mm. The minimum rainfall corresponds to the month of February
with less than 5 mm. The maximum temperature occurs in the months of December and January, varying
between 15°C and 16°C.
With regard to the semi-warm semi-humid climate (A)C(wo)w, the less humid and with a winter
rainfall percentage less than 5, is located in Irapuato, Salamanca and Silao. The annual mean rainfall ranges
from 700 to 800 mm. The mean annual temperature ranges from 18°C to 20°C. The month with maximum
rain intensity is August, with a value between 160 and 170 mm: the month with less rainfall is February, with
less than 5 mm. The hottest month is recorded in May, with a temperature from 23°C to 24°C; the coldest
month is January, with 15° to 16°C.
During the summer period (May to October), the mean maximum temperatures are 30°C, the
minimum temperatures decrease to 12°C. The mean rainfall vary from 550 to 625 mm. Between the months
of November and April, the mean maximum temperatures correspond to 24°C, the minimum being close to
6°C. The mean rainfall ranges from 50 to 75 mm.
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TEMPERATURES
The mean monthly and annual temperatures, for the meteorological stations that present records in
the last 20 years, are Irapuato, Guanajuato and Celaya. The table below shows monthly and annual averages,
as well as their extremes maximums and minimums.
In the area of influence of the average annual temperature varies from 18.5°C to 19.5°C, the
temperature of the coldest year occurred in Guanajuato with 17.3°C and the temperature of the hottest year
also occurred in Guanajuato.
The monthly mean minimum temperature occurred in the month of January and the hottest in the
months of May and June.
MONTHLY AND ANNUAL MEAN TEMPERATURES FOR THE IRAPUATO, GUANAJUATO AND CELAYA STATIONS
STATION &
CONCEPT

PERIOD

IRAPUATO
Average
Coldest
year
Hottest year

1996
1981-96
1987

J
15.4
15.1
14.7

F
17.9
16.7
14.8

M
19.1
18.5
15.3

A
21.6
21.1
16.9

M
25.5
23.0
19.1

J
23.4
23.2
21.2

J
22.8
21.5
19.5

A
21.8
21.3
19.9

S
21.8
21.0
22.9

O
20.8
19.4
17.8

N
17.8
17.7
17.1

D
17.3
16.0
16.5

19.5
18.0

1994

15.9

18.3

20.8

22.0

25.0

22.8

22.1

21.9

20.4

21.2

20.1

14.4

20.4

GUANAJUA
TO

1995

15.4

17.2

27.9

21.1

21.5

21.9

20.1

19.4

19.8

18.3

16.9

14.5

Average
Coldest
year
Hottest year

1981-95
1992

14.3
12.5

16.0
13.1

18.9
18.2

20.4
18.5

21.9
19.3

21.6
21.3

29.9
19.3

19.9
19.1

19.2
18.1

18.3
17.0

16.7
15.2

15.3
15.5

18.5
17.3

1988

17.0

18.8

17.1

22.1

24.5

21.9

20.9

20.3

19.4

20.3

17.1

18.5

19.8

CELAYA
1995
17.3
20.5
20.0
22.0
23.5
23.8
22.3
22.8
16.3
Average
1971-95
15.2
16.3
18.7
21.1
23.0
22.5
21.1
21.0
20.4
Coldest
1974
15.3
14.2
17.8
19.9
21.3
21.3
19.3
19.7
18.5
year
Hottest year
1991
16.2
18.9
21.4
24.2
25.5
23.9
21.2
22.5
20.8
Source: CNA. Monthly record of temperature in °C. Unpublished (Guanajuato Statistical Yearbook, 1998)

18.0
19.2
16.7

18.0
17.4
15.6

17.2
15.9
15.4

19.3
17.9

19.7

18.4

17.5

20.9
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ANN

MONTH

UAL
AVE
R.

RELATIVE HUMIDITY
The relative humidity, that is, the relationship that exists between the amount of water vapor in an air
mass, and the amount necessary for its saturation, varies from 50 to 55%, presenting 35% humidity. The
months with maximum humidity are September and August, and those with less humidity are March and
April.
There are only two observatories in the state recording data for the estimate of relative and absolute
humidity. They are 10-0026 in Guanajuato city and 10-0027 in León (preparatory).
The data that have been recorded during more than 20 years are shown in the following table:
TEMPERATURES OF WET-AND-DRY-BULB THERMOMETER, RELATIVE AND ABSOLUTE HUMIDITY OF THE
GUANAJUATO OBSERVATORY
Parameter
J
F
M
A
M
J
J
A
S
O
N
D
Annual
Dry-bulb
14.1 15.8 18.2 20.3 21.0 20.1 19.0 19.1 18.3 17.6 16.0 14.6
17.8
temperature
°C
Wet-bulb
8.1
8.6
9.5 10.9 12.6 14.2 13.4 13.4 13.7 12.8 10.9 8.8
11.3
temperature
°C
Mean relative 47
40
34
3.4
41
56
60
60
62
56
52
50
49
humidity %
Absolute
4.67 5.37 5.80 6.40 7.76 9.74 9.00 8.96 9.61 8.96 8.49 6.04
8.68
humidity
g.
vapor/m3 air
*Calculated by Corporativo ADFERI, Consultores Ambientales S.A. de C.V. based on the data of the Climate
normals.
Source: SARH. 1980. Climate normals 1941-1970.
For total evaporation, like for the previous parameter, only data from the León and Guanajuato observatories
are available, which are shown in the following table.
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TOTAL EVAPORATION PER MONTH OF THE LEÓN AND GUANAJUATO OBSERVATORIES
Parameter

J

F

M

A

M

J

J

A

S

O

N

D

León
Guanajuato

183.8
138.9

212
168.4

287.3
232.9

324.0
258.3

328.0
250.7

257.1
204.9

230
181.6

214.1
180.8

199.8
170.2

206.7
174.1

181.6
144.2

172.2
132.7

Source: SARH (1980) Climate normals 1941-1970.
In the above table, it may be observed that the evaporation largely exceeds the total annual rainfall
since León has rainfalls of 615 mm and 2,797.4 mm are evaporated, and for Guanajuato the rainfall is 631.4
mm with an evaporation of 2,242.7 mm. This situation generates a deficit with regard to water availability.
RAINFALL
The mean monthly and annual rainfall is, for the meteorological stations presenting records in the last
20 years, that of Irapuato, Guanajuato and Celaya. The table with the monthly and annual averages, as well as
the extreme maximums and minimums, is shown below.
In the area of influence, the mean annual rainfall varies from 582.1 mm to 697.8 mm. The rainfalls of
the driest year occurred in Celaya with 403.7 mm, and the rainfalls of the rainiest year occurred in
Guanajuato.
The lowest mean monthly rainfall occurred in the months of November to March, and the highest in
the months of June to September.
MEAN MONTHLY AND ANNUAL RAINFALL FOR THE STATIONS IRAPUATO, GUANAJUATO AND CELAYA.
CONCEPT

PERIOD

IRAPUATO
Average
Coldest year

1996
1981-1996
1987
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MONTH
J
0.0
15.5
6.4

F
0.0
5.1
1.2

M
0.0
2.8
0.0

A
6.7
8.6
5.5

M
7.5
29.6
16.9

J
134.2
110.1
69.9

J
91.1
160.9
183.3

ANNUAL
AVERAGE
A
248.9
144.4
175.3

S
183.2
88.9
27.0

O
35.1
39.5
0.0

N
0.0
8.6
0.0

D
0.0
10.0
0.0

624.0
485.5

Annua
l
2797.4
2242.7

CONCEPT
Hottest year

1994

0.0

3.4

0.0

3.3

37.8

285.9

160.9

78.5

181.1

56.2

16.8

0.0

ANNUAL
AVERAGE
823.9

GUANAJUATO
Average

1995
19811995
1992
1988

1.2
22.3

0.0
6.7

0.0
7.3

15.1
10.8

22.3
29.4

214.3
139.5

70.1
197.7

144.0
122.0

136.8
90.2

35.0
38.0

0.0
16.0

0.0
7.9

697.8

0.0
175.1

3.8
24.9

0.0
0.0

23.3
13.8

43.5
132.3

31.8
59.0

175.2
325.7

79.8
93.3

3.1
68.1

41.9
58.7

46.6
14.8

41.3
13.9

490.3
979.6

1995
19711995
1974
1991

0.0
13.5

0.0
5.7

4.1
5.1

1.5
11.6

10.1
36.0

59.2
99.2

106.2
137.6

185.7
123.4

179.0
97.3

30.6
32.5

13.4
11.7

5.0
8.5

582.1

14.3
0.5

14.2
2.3

0.0
5.0

0.0
3.6

30.5
23.0

38.4
19.8

139.5
392.0

98.5
88.6

32.0
196.5

17.1
110.6

0.2
32.9

19.0
15.4

403.3
979.6

Coldest year
Hottest year
CELAYA
Average
Coldest year
Hottest year

PERIOD

MONTH

Source: CNA. Monthly record of rainfall in mm. Unpublished (Guanajuato Statistical Yearbook, 1998)
MAXIMUM RAINFALL IN 24 HOURS
The monthly average of maximum rainfall in 24 hours is shown in the following table, where it may
be observed that the month with maximum rainfall in 24 hours was June.
STATION

PERIOD

MONTH

ANNUAL
AVERAGE

AND
CONCEPT

Guanajuato

19801998

J
6.48

F
5.14

M
3.83

A
5.51

M
18.28

J
37.62

J
45.69

A
30.78

S
27.90

O
17.42

N
7.48

D
3.16

17.41

Source: National Meteorology Service.
ATMOSPHERIC PRESSURE
The data for atmospheric pressure are only available for the two observatories existing in the state,
which are León 60 mm Hg. and Guanajuato 595 mm Hg.
CLOUD COVER AND SUNSHINE
The mean monthly cloud cover is shown in the following table, where it may be observed that the
month with major cloud cover was June.
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STATION

PERIOD

MONTH

ANNUAL AVG

AND
CONCEPT

Guanajuato

19801998

J
8.06

F
6.33

M
4.39

A
6.39

M
7.28

J
15

J
20.2
9

A
15.2
9

S
13.29

O
9.
59

N
5.
18

D
7.12

9.29

Source: National Meteorological.
The mean monthly sunshine duration is shown in the following table where it may be observed that
the month with more sunshine hours was April.
STATION

PERIOD

MONTH

ANN.
AVG

AND
CONCEPT

Guanajuato

19801996

J
216.23

F
242.53

M
266.62

A
268.53

M
273.39

J
196.82

J
202.97

A
226.51

S
197.76

O
252.80

N
255.37

Source: National Meteorological.
WIND SPEED AND DIRECTION
Between the months of May and October, the dominating winds are coming from East with an
important frequency, however, from North-East. In the Celaya municipality, the frequency of the Eastern
winds varies from 45 to 100%. In this same region, the calm winds occur with 2% frequency. In the León
municipality, this frequency is 17% with variable direction.
During the winter period, wind frequency is generally 75%. In Silao, winds blow from the East,
while the direction is variable between Silao and León, dominating, however, South-East. The calm winds
occur with a frequency of 2 to 17% in the Celaya region, up to 22% in León.
For the obtainment of data regarding this atmospheric component and its corresponding analysis,
data were taken from the National Atlas of Mexico, UNAM (1990). The following table shows the data of the
Guanajuato observatory.
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D
223.66

240.38

DYNAMICS OF DOMINATING WINDS OF GUANAJUATO OBSERVATORY
ORIENTATION
NE

PARAMETERS
J
F
M
Speed (m/s)
4-6 4-6 2-4
Frequency %
20
20
40
E
Speed (m/s)
Frequency %
SW
Speed (m/s)
2-4 2-4 2-4
Frequency %
10
10
W
Speed (m/s)
2-4 2-4 2-4
Frequency %
10
10
10
Source: UNAM (1990) National Atlas of Mexico

A
4-6
60
2-4
2-4
10

M
4-6
60
2-4
10

J
4-6
60
-

J
2-4
60
-

A
4-6
60
6-8
10
-

S
2-4
60
6-8
10
-

O
4-6
60
6-8
10
2-4
10
-

N
2-4
40
6-8
10
2-4
10
-

D
2-4
20
2-4
10
-

PASQUILL ATMOSPHERIC STABILITY
In the following table, the maximum depth of the mixed layer in the project area is shown.
Maximum depth of the mixed layer in the project area.
MONTH
P.M.C.M.
MONTH
(m)
January
1,800
July
February
2,200
August
March
2,300
September
April
2,400
October
May
2,600
November
June
2,200
December

P.M.C.M.
(m)
2,000
2,000
2,000
1,900
2,000
1,800

There are no monitoring stations for the area where the project is located providing data in order to
evaluate the air in this zone.
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SEVERE WEATHERING
The frosts occur during 1 to 8 days in the months of November to February. Wit regard to hailstorms,
the phenomenon does not have a well-defined behavior pattern, although it is commonly associated to the
rainfall periods. There are particular cases in which the hailstorms occur in November, December, January
and February. In general, the phenomenon has a frequency of 1 to 3 days in both climate types.
The frequency of these kinds of weathering is obtained based on the data of climate stations reported
for the municipalities of the study area in the SARH Climate Normals (1941-1970).
ANNUAL FREQUENCY OF SEVERE WEATHERING (FROST, HAILSTORMS AND DEW POINT) OF SEMI-WARM
CLIMATE
Station
Days with dew
Days with
Days with frost
hailstorm
Irapuato
30.39
2.16
12.77
Source: SARH, Climate Normals (1941-1970)
The days with hailstorm occur in the months of August to September.
ANNUAL FREQUENCY OF SEVERE WEATHERING (FROST, HAILSTORMS AND DEW POINT) OF SUB-HUMID
TEMPERATE CLIMATE
Station
Days with dew
Days with
Days with frost
hailstorm
Guanajuato
66.39
4.01
2.61
León
5.22
2.35
4.86
Source: SARH, Climate Normals (1941-1970)
In this table it may be observed that Guanajuato has a major number of days with dew (66.39) and
León has only 5.22 days. The days with hailstorm occur in the months of July and August and there are more
days with frost in León.
The weathering conditions in semi-dry climate are shown in the following table.
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ANNUAL FREQUENCY OF SEVERE WEATHERING (FROST, HAILSTORMS AND DEW POINT) OF SEMI-DRY CLIMATE
Station
Days with dew
Days with
Days with frost
hailstorm
Celaya
39.15
6.57
8.79
Source: SARH, Climate Normals (1941-1970)

IV.2.

GEOLOGY

A)

HISTORICAL GEOLOGY OF THE LOCATION OF INTEREST

In the area of the León- Silao system, a sequence of geomaterials outcrops formed by nonconsolidated deposits, volcanic rock and intrusive igneous rocks whose age varies from recent ages to the
Cretaceous Period. These are described below from the most recent to the most ancient period.
QUATERNARY (Q)
Alluvium Q (al)
This is the product of the erosion of preexisting rocks; it is formed by sediments whose size varies
from the size of gravel, sand, lime and clay depending on the located one. It is widely distributed in the León Silao area filling the valley and topographically low parts.
Basalt rocks Q (B)
This geological unit is formed by basalt type rocks whose distribution occurs in the surroundings of
the village San José el Alto.
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UPPER TERTIARY (TS)
Sandstone – conglomerate Ts (ar-cg)
Unit formed in a continental type environment. Physically, it is semi-consolidated and light-brown
colored. The sandstone varies from fine to coarse grain with the same previously described physical
characteristics, given that it forms part of the same depositional event. The conglomerate unit is formed by
limestone clasts, rhyolites, tuff and basalt rocks of several sizes. Regionally, it is poorly consolidated with a
thickness of up to 10 m. It outcrops in the villages El Refugio de los Sauces, Estancia de Sapos and in a
particular form in the surroundings of Dolores Hidalgo.
Conglomerate Ts (cg)
Unit formed in a continental type environment, of clastic texture with poorly classified fragments of
rhyolite, acid tuff and basalt rocks packed in a brown-colored clay matrix. Their main outcrops are located in
San Juan de Otates, Ibarrillas, Estancia de Sapos, south of Farol de Barrios, in general in the North-east. It
also forms alluvial fans.
Ts (R)
Extrusive igneous rock of acid composition and aphanitic texture, light pink color that turns brown
when exposed to the elements. It has a fluidal and espherulitic type structure with moderate fracturing. It
forms spillages of considerable thickness and extension. Their distribution in S.T. is located in the villages
Los Sauces and Loza de Padres.
BAJÍO AREA
Alluvium Q (al)
This unit comprises the sand, slime and clay sediments. It contains detritus of diverse composition
and roundness degree. In general, it exhibits a mineralogical composition of quartz and plagioclass, as well as
a minimum proportion of rock fragments. Its color varies from cream to dark brown. Its geomorphologic
expression is apparent, as wide plains filling valleys and forming fans. It is wide distributed in the entire
Bajío.
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Lacustrine Q (la)
Geological unit constituted by an arrhythmic alternation of clay and sand sediments of the perennial
lagoons located in the south of the state. The clays are beige to dark brown colored with black bands and
moderate plasticity. It has, locally, iron oxidation nodes. These two units are stratified in layers where clays
predominate that include organic matter in decomposition. Its geomorphologic expression is formed by plains.
It is mainly expressed in the Yuriria endorheic basin and in a limited area close to the village Calera de
Ameche.
PLIOCENE-QUATERNARY TERTIARY (TPL-Q)
Basic tuff - basic volcanic breccia Tpl-Q (Tb-Bvb)
This unit formed by pyroclasts of basic composition. The tuffs are brown to dark grey colored,
pseudo-stratified in 1 to 5-cm layers, forming 40-cm packages with sand insertions from basic composition
rocks and crossed stratification. The breccia is black and red colored; it occurs in 1 m thick pseudo-layers
with lapilli tuff insertions. There may also be found volcanic agglomerates and spillages in basalt rocks. This
is characteristic of the seven luminaries of the Valle de Santiago, and the most significant manifestation of the
plio-quaternary event. It outcrops in the village Progreso de la Unión, to the South of Irapuato and North-east
of Abasolo.
UPPER TERTIARY (TS)
Rhyolite Ts (R)
As such, a unit of volcanic rock is identified, formed by rhyolitic spillages of fluidal structure and
holocrystalline-porphyritic texture. It is mineralogically constituted by quartz, sanidine, and accessories such
as chlorite and secondaries as epidote, hematite and clays. In general, it is associated with spillages in
obsidian; locally, rhyodacitic vitrophyres occur. The unit is grey-colored with pink tones, with a vesicular
structure and aligned with opal mineralization. In terms of stratigraphy, the rhyolites cover the clastic units of
the Upper Tertiary. The geoforms of this unit are basically domes, outcropping in the villages of San Ignacio
de Rivera, La Vigilancia hill and in the area Southeast to Irapuato.
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Sandstone Ts (ar)
Continental clastic unit of samitic texture, fine to coarse grain with degree d, e of subangled to
subrounded roundness of quartz grains; plagioclases and rock particles with calcareous cementators, whereby
vitreous tuff fragments are predominating. Mineralogically, it is constituted by spatite, quartz, feldspar,
plagioclases, as well as traces of muscovite and pyroxenes. They are stratified in 10 to 20-cm layers with tuff
insertions in the lower part, with abundant pumicite clasts. This unit discordantly overlays rhyolites and acid
tuff of the Upper Tertiary and overlays the volcanic unit of the Plio-Quaternary. The geomorphologic
expression of it is expressed as moderate slope hillocks, being outcropping in Pénjamo, Irapuato, El Varal,
West to Huanimaro, Rancho Nuevo and North-east to Apaseo el Grande.
Sandstone – conglomerate Ts (ar-cg)
It comprises two geological units formed by a unit of sandstone and another of conglomerate, both of
continental origin. The sandstone is brown-colored, moderately compacted, fine to medium grained in a
partially calcareous clay matrix, and in some locations it is slightly tobaceous. The group of sandstones has
insertions of conglomerate horizons and lenses in 0.80 to 1.20 m thick layers. It comprises subangled to
subrounded clasts with a diameter of up to 15 cm, thereby predominating those with 1 to 4 cm made up of
acid and basic rock, and volcanic glass in a brown-colored sand matrix. The group discordantly overlays
Cretaceous rocks and volcanic rocks of the Upper Tertiary. The geomorphologic expression of this unit
occurs as low relief hills, outcropping in Pénjamo, Irapuato, la Presita and to the South of Apaseo el Grande.
B)

LARGE GEOLOGICAL UNITS (PHYSIOGRAPHIC PROVINCES)

The study area is located in the Physiographic Province of the Neovolcanic Axis. This province is
characterized by exhibiting lacustrine plains delimited by volcanic mountains or large estratovolcanes and
interrupted by monogenetic volcanoes. This province, occupying approximately 45% of the state’s surface
area, is formed by large mountains of volcanic origin corresponding to lava currents, volcanic cones, calderas,
and towards the lower parts there are continental deposits forming extensive plains, such as the area where the
project is located (Exhibit 20 A).
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This province comprises a large portion of the center and South of Querétaro, the southern part of
Guanajuato and central part of Jalisco. The rocks of the neovolcanic axis are mainly constituted by igneous
rocks of volcanic origin and rocks of sedimentary origin.
In the North, this province is adjacent to the Central Plateau, and its borders are defined by the
morphology change of tableland to mountain drainage basins. It is considered that it is an ancient suture
reopened at the end of the Cretaceous Period that formed a volcanic system transversal to the Sierra Madre
Oriental and Sierra Madre Occidental. It is characterized by the presence of a large amount of diverse
volcanic apparatus – cones, calderas and flows – which have mostly preserved their original structure.
C)

LITHOLOGICAL DESCRIPTION OF THE AREA

The volcanic rocks of the Tertiary and Quaternary are of different types and textures – lava spillages,
tuffs and volcanic breccias – forming altogether an extensive and thick package superposed on the Mesozoic
rocks. The lithological units dating from the Tertiary Period, are integrated by extrusive igneous rocks located
to the North-west of León, North of Silao and West of Irapuato; by limestone, sandstone and tuffs to the
North of Irapuato; by sandstone-conglomerate and tuffs to the East of Irapuato.
The Quaternary tocks, in turn, are represented by alluvial soil and extrusive igneous rocks to the
South of Irapuato, North and North-east of Salamanca, South of Cortazar and South and South-east of Celaya.
Exhibit 20 B shows the lithology of the study area.
D)

GEOFORMS

The most ancient rocks are from the Cenozoic Period and are represented by the alternation of clays
and lutites. It should be mentioned that the rocks dating from the Quaternary Period only exist in an isolated
manner on the study territory (Exhibit 20 C).
With regard to the lithological dating from the Tertiary Period, they are made up by intrusive igneous
rocks whose mineralogical composition varies from acid to basic, and by sedimentary rocks such as
conglomerates and lutites. The most recent rocky units are the volcanic rocks dating from the Quaternary
Period, and the alluvial and residual deposits that are equally found in the lowest parts of the topography.
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E)

PREDOMINANT EROSIVE ACTIVITY

The exogenous processes have given rise to a plain upon which the project route is located. It is
constituted by lacustrine deposits, mainly of the Lerma River. These materials have been eroded by adjacent
elevations in order to be transported and reworked later by superficial currents and finally deposited in the
lower parts.
F)

POROSITY, PERMEABILITY AND RESISTANCE OF GEOLOGICAL LAYERS
These data are not available.

G)

LOCATION OF AREAS SUSCEPTIBLE TO SEISMICITY, LANDSLIDES, COLLAPSES AND
OTHER EARTH OR ROCK MOVEMENTS AND POSSIBLE VOLCANO ACTIVITY

With regard to natural hazards, it was taken into account the local seismicity that has been apparent
on the state’s entire territory, and that is a manifestation of the neotectonic activity. In this regard, it is
important to point out the existence of tectonically active areas, identified as the Acambay Graben in the
adjacent State of Mexico; the Aljibes half-graben and the Mezquital graben in the state of Hidalgo. With
regard to the territory of the state of Guanajuato, these structures are located in the southern and eastern part.
In this context and this part of the country, the area is being affected by distension efforts with preferential
directions North – South, Northwest – Southeast and North – Northeast – South – Southeast. This means that
the earth’s crust in this region of the country is going through a clear opening process. To these arguments are
added evidences of normal regional faults.
There is, thus, telluric activity in the state of Guanajuato related to the geodynamic and neo-tectonic
processes of continental opening manifested on the whole territory by means of local earthquakes distributed
regularly, but whose density is increasing on the quadrant comprised between the geographic coordinates
100°00’ to 100°45’ western longitude and 20°00’ to 20°30’ northern latitude. (Sector in which it would be
interesting to detect geological structures related to active graben systems given the exposed antecedents).
With regard to the susceptibility of the area to earthquakes, the study region is mostly located within
the peni-seismic and aseismic areas. The first one is that where earthquakes are less frequent and of low
intensity, with depth focus of less than 60 km.
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In addition, in this area tectonic and erogenous phenomena occurred during the Oligocene and
Miocene. In the aseismic area, earthquakes are rare and of very low intensity or unknown.
The municipalities making up the peni-seismic part are: Irapuato (part of it). Salamanca, Villagrán,
Celaya and Cortazar.
The aseismic area comprises the municipalities Irapuato (part of it), Silao, León and Guanajuato.
H)

ECONOMIC GEOLOGY

In the province some mineral resources are found and, due to the characteristics of the region,
thermal springs.
There are no non-metal or metal mineral deposits in the project area (see Exhibit 20 C).
IV.3.

GEOMORPHOLOGY

A)

CHARACTERISTICS OF RELIEF, HEIGHT AND ORIENTATION

With regard to the relief characteristics of the study area, it appears as a large plain interrupted by
mountains, volcanic mountains, lava plateaus and hills that have been modeled by regional geologic history,
resistance to erosion of rocks of volcanic origin that may be found here, as well as by the dynamics of
alluvium deposits mostly located on the bottom of the valleys. The territory’s important elevations vary from
1500 to 3000 meters.
In the study area, two main topoforms may be distinguished: hills and plains.
Celaya is mostly located in a mountainous low-lying area. Its most remarkable elevations are: Mesa
del Sastre, Cerro Prieto, Cerro Potrero, Peña Colorada, Trojes, Juan Martín, Rincón de Tamayo, La Gavia and
Otero de Ojo Seco. The mean height is 2,000 meters. These are to be found in the South-eastern part of the
municipality at 10 km from the project route.
height

The Cortazar territory is settled on large hills, whereby the Cerro Culiacán is outstanding with a
of 2,830 m.a.s.l, and located to the East of the municipality at 5 km
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from the project route. This hill stretches to other municipalities, and is the highest in the state of Guanajuato.
The hills called Colorado, Merino, La Mocha and El Diezmo are also located in the municipality.
There are elevations in the Salamanca municipality that belong to the Sierra de las Codornices, such
as La Cerquilla and La Hierba, to the North of the municipality and at 100 km from the project route. There
are also Cerro Grande, Mesa Alta, Los Ciecillos, La Mesita and Los Lobos. The average height of these
elevations is 2,000 meters.
Irapuato lacks large elevations and there are only a few ranges of hills such as El Copal, La Calera,
Los de Juárez, Aldama, La Garrida, San Juan Temascatio, Murguía and Venado, most of them located in the
Western part of the municipality at 30 km from the project route.
In the Northern part of León city, the territory becomes increasingly rough until encountering the
Sierra de Comanja or Ibarra. In the North-west, there is the Cerro del Gigante with 2,284 m.a.s.l. The Northeast is also quite mountainous, with the hills called Gordo, Corral de Piedra, Buena Vista, Lomas de la
Soledad and other at approximately 50 km from the project route. The southern, south-western and southeastern areas are flat forming part of the Bajío Valley.
SLOPES
Exhibit 20 A shows the topography of the study area. The slopes per municipality are shown below:
CELAYA
The slope ranges are as follows: plains have slopes of less than 5 percent, and in the elevated areas,
the slopes range from 5 to 15 percent on Cerro el Pelón hill.
CORTAZAR
The slope ranges are as follows: plains have slopes of less than 5 percent, and in the elevated areas,
the slopes range from 5 to 15 percent on Cerro Manonga and Cerro Grande.
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VILLAGRÁN
This municipality is located on a plain with slopes ranging from 0 to 5%, since the topography is flat.
SALAMANCA
Salamanca forms part of the central plateau of the Mexican High Plateau. The topography is
generally flat with average slopes from 0 to 5%, decreasing from South to North. The slope is market up to
60%, upon it are located the Cerro de la Cal and Cerro de la Cruz, as well as other minor elevations of the
Sierra de las Codornices, Cerro Grande, Mesa Alta, Los Coecillos, La Mesita and Los Lobos making up a
range of hills.
IRAPUATO
The slope ranges are as follows: plains have slopes of less than 5 percent, and in the elevated areas,
the slopes range from 5 to 15 percent on Cerro Blanco and Cerro Arangas.
SILAO.
The topography is generally flat with average slopes of 0 to 5%. The slope is marked up to 60%. In
the North-east, the Cerro el Cubilete is located upon it.
LEÓN.

The topography is generally flat with average slopes of 0 to 5%. The slope is marked up to 60%. In
the North-east, a massif (sierra) is located upon it, comprising the hills called Cerro Verde, San Juan and El
Gigante.
GUANAJUATO
The municipality of Guanajuato is located on the mountain topoform with slopes of 60% or more.
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IV.4.

SOIL

Due to its origin, the region’s soils are of two types: those derived from alluviums and those
developed from the rock or material sustaining it. Exhibit 20 D shows the distribution of the different types of
soil to be found in the study area.
A)

DESCRIPTION OF PHYSICAL AND CHEMICAL SOIL PROPERTIES

The study area presents seven types of soil, the most important of which are Vertisols, Feozem and
Lithosols. Other types of soil, such as Kastanozem, the Chenozem, the Solonchak and Rendzines are
distributed randomly in the study area, although in minor proportions.
Vertisol (V)
These soils are appropriate for irrigated and temporary agriculture, but exhibit the limiting factor the difficulty
for farming if they are completely dry. Thus, it is recommendable to subject them to irrigation. Their use in
urban development has the limitation that it includes hydromorphic clays, which expand when getting wet
(they inflate) and contract upon drying (they crack); these effects of expansion and contraction cause damage
to constructions (cracking and settlement).
The agricultural use of these soils has the advantage of being highly productive. They have a high content of
clay and a slow to moderate internal drainage.
These soils are tossed or turned; they characterized by the presence of wide and deep cracks formed in the dry
season due to a loss of humidity and the subsequent contraction of particles. These soils are highly clayey,
frequently black- to dark grey colored, sticky when they are wet and very hard when dry. Sometimes they are
salty, almost always very fertile although they present certain problems regarding their handling because their
hardness makes farming difficult. Frequently, they present problems of flooding and internal drainage.
The natural fitness of these soils is for agriculture with corn, wheat crops, fodder such as sorghum, alfalfa and
vegetables, all these with high yield, provided that they are under irrigation.
Description of a profile of pellic Vertisol with lithic phase.
Location: Municipality of Irapuato
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DESCRIPTION OF A PROFILE OF A PELLIC VERTISOL WITH LITHIC PHASE
DETERMINATION
Depth in cm
Wet color
Separation
Reaction to HCl
Texture
Consistency
Dry
Wet
Adhesion
Plasticity
Framework
Shape
Amount
Alteration
Nature
Structure
Aggregate size
Development
Porosity
Constitution
Presence of roots
Internal drainage
Name of horizon

A11
0-6
Black
Clear and flat
None
Sandy clay
Slightly hard
Friable
Light
Moderate
Fine
and
medium
gravel
Angled and subangled
Scarce
Little altered
Basalt
Angular blocks
Fine
Weak
Scarce
Finely porous
Very fine and scarce
Moderately drained
Umbric

HORIZON
A12
6-15
Black
Clear and flat
None
Sandy clay

A13
15-38
Black
Clear and flat
None
Sandy clay

Friable
Light
Moderate
Fine gravel

Solid
Light
Strong
Fine gravel

Rounded
Scarce
Little altered
Basalt

Angled
Scarce
Poor
Basalt

Scarce
Finely porous
Very fine and scarce
Moderately drained

Scarce
Finely porous
Very fine and scarce
Moderately drained

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
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PHYSICAL-CHEMICAL DATA OF PELLIC VERTISOL WITH LITHIC PHASE
DETERMINATION
% clay
% slime
% sand
Textual group
Wet color
Electrical conductivity in mmhos/cm
pH in water, 1.1 ratio
% M.O.
CICT in meq/100g
Potassium in meq/100g
Calcium in meq/100g
Magnesium in meq/100g
Sodium in meq/100g
% base saturation
% sodium saturation

A11
52
10
38
Clay
10YR2/1
<2
7.0
2.87
37.5
0.62
25.3
6.87
0.32
>50
<15

HORIZON
A12
52
10
38
Clay
10YR2/1
<2
7.2
1.92
40.0
0.62
30.5
7.5
0.42
>50
<15

A13
56
12
32
Clay
10YR2/1
<2
7.3
1.78
36.7
0.53
27.4
6.8
0.56
>50
<15

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
The clayey texture, structure of subangular blocks and scarce and fine porosity provide as a result the
presence of moderately drained internal drainage. The dry consistence is slightly hard, so that these soils have
to be ploughed after irrigation when used in agriculture.
It is important to point out the presence of Batrachia due to the humidity content, particularly in the
Bajío. These soils do not have any salinity problem because their electrical conductivity is less than 2. Due to
the pH values, these soils range between neutral and slightly basic.
The content of organic matter places these soils among the medium to rich ones. Based on the cation
exchange capacity, the level is considered as high in these three horizons.
high,

With regard to the contents: potassium is medium to high, calcium high in all horizons, magnesium
sodium
medium-high.
The
base
saturation
percentage
is
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higher than 50, which reflects that the colloids are able to fix nutrients. These soils do not have any sodicity
problems because the saturation percentage is less than 15%.
Description of a profile of pellic Vertisol without phase.
Location: the entire Bajío of Guanajuato
DESCRIPTION OF A PROFILE OF A PELLIC VERTISOL WITHOUT PHASE
DETERMINATION
Depth in cm
Wet color
Separation
Reaction to HCl
Texture
Consistency
Dry
Wet
Adhesion
Plasticity
Framework
Shape
Amount
Alteration
Nature
Structure
Aggregate size
Development
Porosity
Constitution
Presence of roots
Internal drainage
Name of horizon

A11
0-28
Dark grey
Gradual and flat
None
Clayey

HORIZON
A12
28-86
Dark grey
Clear and flat
None
Clayey

Very hard
Solid
Moderate
Strong

Hard
Solid
Moderate
Strong

Hard
Solid
Moderate
Strong
Fine gravel
Rounded
Very scarce
Altered

Subangular blocks
Fine
Strong

Subangular blocks
Medium
Strong

Subangular blocks
Fine
Strong

Very fine and scarce
Moderately drained
Umbric

Very fine and scarce
Moderately drained
Umbric

Moderately drained
Umbric

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
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A13
86-130
Dark grey
Weak
Clayey

PHYSICAL-CHEMICAL DATA OF PELLIC VERTISOL WITHOUT PHASE
DETERMINATION
% clay
% slime
% sand
Textual group
Wet color
Electrical conductivity in mmhos/cm
pH in water, 1.1 ratio
% M.O.
CICT in meq/100g
Potassium in meq/100g
Calcium in meq/100g
Magnesium in meq/100g
Sodium in meq/100g
% base saturation
% sodium saturation

A11
48
28
24
Clay
10YR4/1
<2
7.3
1.4
43.0
1.2
42.0
6.7
1.4
100
<15

HORIZON
A12
62
14
24
Clay
10YR4/1
<2
7.4
1.3
45.8
0.9
47.8
5.3
1.6
100
<15

A13ca
64
12
24
Clay
10YR4/1
<2
7.7
1.4
45.0
1.2
44.6
6.5
1.9
100
<15

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
These vertisols for having a clayey texture on all its horizons, as well as for its subangular block
structure, have an internal drainage qualified as moderately drained. They do not show salinity problems
because their C.E. is less than 2, and because of their pH values, they are qualified as slightly basic.
Because of their clay content, they exhibit a very hard consistence when dry, reason why they show
ctracks during the dry season so that machinery is required for their cultivation.
Due to the content of organic matter, all horizons are classified as medium. With regard to the cation
content: potassium high, calcium high, magnesium high, sodium high. Base saturation percentage 100%. This
figure is considered as indicator of the colloid capacity to absorb added nutrients by means of fertilizers. The
percentage of sodium saturation is less than 15, which shows that there is no sodicity problem.
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Feozem (H)
This soil unit is appropriate for temporal and irrigated agriculture, provided that it is placed on
locations with slopes of maximum 15% and without physical or chemical phase. It is also classified as having
capacity for urban development and human settlements. There is no restriction for this use.
These soils have the highest coverage in the state, they are brown, with a dark surface layer, soft, rich
in organic matter and nutrients. Those located on flat land are frequently deep and very fertile; those located
on slopes and hills are shallower, less productive and easily eroded. These soils are located in several climate
zones, from arid to template. The uses given to them are varied such as forestation, livestock and agriculture.
The latter in case they are under irrigation or have an appropriate rain contribution. They exhibit high yields,
particularly in basic crops (corn, beans, wheat, etc.) or legumes and vegetables.
Haplic Feozem (Hh)
Description of a profile of a haplic feozem without physical phase.
Location: Municipality of Silao and León.
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DESCRIPTION OF A PROFILE OF A HAPLIC FEOZEM WITHOUT PHYSICAL PHASE

Depth in cm
Wet color
Separation
Reaction to HCl
Texture
Consistency
Dry
Wet
Adhesion
Plasticity
Structure
Aggregate size
Development
Porosity
Constitution
Presence of roots
Internal drainage
Name of horizon

HORIZON
A12
74-105
Very
dark
grey-brown
Diffuse and
irregular
None
Sandy

Ap
0-40
Very
dark
grey-brown
Diffuse and
irregular
None
Sandy

A11
40-75
Very
dark
grey-brown
Diffuse and
wavy
None
Sandy slime

B21
105-133
Very
dark
grey
Diffuse and
irregular
None
Clayey

B22
133-160
Very
dark
grey

Soft
Friable
None
Light
Subangular
blocks
Very fine
Weak
Moderate
Porous

Soft
Friable
None
Light
Subangular
blocks
Fine
Moderate
Moderate
Spongy

Soft
Very friable
None
None
Granular
Very fine
Weak
Moderate
Porous

Slightly hard
Solid
Moderate
Strong
Subangular
blocks
Very fine
Strong
Scarce
Spongy

Slightly hard
Solid
Moderate
Strong
Subangular
blocks
Medium
Strong
Scarce
Spongy

Very fine and
scarce
Drained
Molic

Fine
and
scarce
Drained
Molic

Fine
and
scarce
Drained
Molic

Drained
Cambic

Drained
Cambic

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
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None

PHYSICAL CHEMICAL DATA OF HAPLIC FEOZEM WITHOUT PHYSICAL PHASE

% clay
% slime
% sand
Textual group
Wet color
Electrical
conductivity
in
mmhos/cm
pH in water, 1.1 ratio
% M.O.
CICT in meq/100g
Potassium
in
meq/100g
Calcium in meq/100g
Magnesium
in
meq/100g
Sodium in meq/100g
% base saturation
% sodium saturation

Ap
24
22
54
Clayey-sandy
loam
10YR3/2
<2

A11
26
38
36
Clayey loam

HORIZON
A12
10
12
78
Sandy loam

B21
50
26
24
Clay

10YR3/2
<2

10YR4/2
<2

10YR2/1
<2

7.2
0.90
17.8
1.12

7.5
0.2
21.0
0.75

7.5
0.07
10.8
0.46

7.7
0.7
29.5
0.75

25.5
2.5

24.84
3.87

12.70
1.93

31.21
5.12

0.3
100
<15

0.56
100
<15

0.46
100
<15

0.87
100
<15

B22

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
The haplic feozem, like the vertisols, both without phase, are soils with a high yield in agricultural
ands livestock activities. The features of the first are; because of their texture, horizons Ap and A11 are
classified as medium, A12 as good and B21 as low.
These soils do not present any salinity problems because their conductivity is less than 2 mmhos/cm.
The pH values identify all horizons as slightly basic. The contents of organic matter limit its productivity,
reason why it is necessary to include organic matter in these soils if they are used in agriculture in order to
correct these deficiencies.
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With regard to CICT, they are placed in the middle due to their content. For the case of cation
amounts, potassium levels range between medium and high, calcium levels between medium and high,
magnesium level is medium and sodium levels also range between medium and high.
The base saturation percentage is 100, so that they are able to absorb colloid nutrients from the soil.
The sodium saturation percentage is less than 15 demonstrating that there are no sodicity problems.
Luvic feozem with duric phase.
Location: North of Irtapuato
LUVIC FEOZEM WITH DURIC PHASE
DETERMINATION
Depth in cm
Wet color
Separation
Reaction to HCl
Texture
Consistency
Dry
Wet
Adhesion
Plasticity
Structure
Aggregate size
Development
Porosity
Constitution
Presence of roots
Internal drainage
Name of horizon

A1
0-14
Dark brown
Clear and flat
None
Sandy

HORIZON
B21t
14-30
Brown
Clear and flat
None
Sandy

Soft
Very friable
None
None
Subangular
Very fine
Moderate
Abundant
Finely porous
Fine and scarce
Drained
Molic

Soft
Friable
None
None
Angular
Fine
Strong
Abundant
Finely porous
Very fine and scarce
Very drained
Argilic

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
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B22t
30-46
Dark red
Abrupt and flat
Weak
Sandy
Friable
Light
Light
Angular
Very fine
Strong
Abundant
Finely porous
Very fine and scarce
Very drained

PHYSICAL-CHEMICAL DATA OF A LUVIC FEOZEM WITH DURIC PHASE
DETERMINATION
% clay
% slime
% sand
Textual group

A1
14
26
60
Sandy loam

Wet color
Electrical conductivity in mmhos/cm
pH in water, 1.1 ratio
% M.O.
CICT in meq/100g
Potassium in meq/100g
Calcium in meq/100g
Magnesium in meq/100g
Sodium in meq/100g
% base saturation
% sodium saturation

7.5YR3/2
<2
8.1
1.4
10.5
1.6
9.6
2.8
0.1
100
<15

HORIZON
A2t
24
16
60
Clayey-sandy
loam
10YR4/3
<2
5.4
0.8
8.8
2.2
4.5
1.4
0.2
>50
<15

B22t

Sandy loam
50YR3/4
<2
4.8
0.5
7.0
1.6
1.9
1.4
0.3
>50
<15

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
These soils are shallow due to the presence of duripan at less than one meter of depth. The medium
texture, angular and subangular structure, as well as abundant porosity result in these soils having an internal
drainage ranging from drained to very drained. They do not have any salinity problems because their
electrical conductivity is less than 2, the pH of horizon A1 is 8.1 and classified as moderately basic; horizon
B2t is moderately acid. The content of organic matter is classified as medium in the first horizon, and as poor
in the second and third horizon.
The cation exchange capacity is evaluated by averages for the three horizons.
With regard to the cation content, the situation is as follows: high potassium level in all horizons,
medium calcium level in the first and second horizon, and low calcium level in the third horizon.
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Magnesium levels are medium in all horizons. Sodium levels are low in A1 and B2t and high in
B22t.
Base saturation is 100 in A1, in B2t and B22t higher than 50. This saturation is classified as excellent
and good, respectively, because the soil colloids have the capacity to absorb nutrients. This situation
contributes to fertility levels of these soils. Sodium saturation is lees than 15 demonstrating that there is no
sodicity problem.
Lithosol (I)
These soils are not appropriate for agriculture due to the fact that the soil layer is thin and practically
does not exist. These soils should be used in forestation. The use of these soils in urban developments is
restricted by their low excavation potential, as well as the land slope of the plot where they are generally
found.
The main characteristic of these soils is a depth of less than 10 cm up to the parental material, which
may be rock, tepetate or hardened caliche. They are mainly located in mountains, hills, ravines and lava areas,
as well as on ranges of hills and some plain lands.
The lithosols have very variable characteristics, which depend on the material they are made up of;
they may be fertile or infertile, sandy or clayey. Their susceptibility to erosion depends on the geoform where
they may be found, the slope and the amount of clay and cementing material (Ca++, Mg++). The use given to
these soils are mainly focused on forest production, livestock farming with certain restrictions and fruit
farming, provide that activities of soil and water preservation are accomplished.
It is distributed in almost the entire territory.
Kastanozem (K)
These soils occur in dry and semi-dry climates that correspond to the state’s semi-arid region. The
use of these soils in agriculture is limited by the lack of water. If they are subject to irrigation, they are very
productive due to their high natural fertility. The use of these soils in human settlements and urban
development has no limitations, although the lack of water may be limitation.
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The distribution of these soils is located in the central part of the municipality of Silao. They are
brown colored and found in arid areas or areas of transition towards template climates. The natural vegetation
developed on these soils is pasture with some areas of thicket. The upper layer of these soils is brown- or dark
red colored; they are rich in organic matter and nutrients. Loose or slightly cemented caliche is accumulated
in the subsoil.
These soils are used in extensive or intensive livestock farming with pasture cultivation, with
medium to high yields. They may be used in agriculture with basic crops and vegetables, providing high
yields when under irrigation.
In addition to the above mentioned characteristics, they include a light colored (white) 15-cm thick
layer of loose lime.
PHYSICAL-CHEMICAL DATA OF A KASTANOZEM

% clay
% slime
% sand
Textual group
Wet color
Electrical conductivity in
mmhos/cm
pH in water, 1.1 ratio
% M.O.
CICT in meq/100g
Potassium in meq/100g
Calcium in meq/100g
Magnesium in meq/100g
Sodium in meq/100g
% base saturation
% sodium saturation

Ap
20
16
64
Sandy
loam
10YR3/2
8.2
2.2
11.8
3.4
14.0
3.8
0.9
100
<2

HORIZON
A1
B21
16
22
28
24
56
54
Sandy loam
Sandy loam

B22ca
26
26
48
Clay

7.5YR/2

7.5YR3/2

7.5YR3/2

8.3
2.0
12.5
3.3
15.4
3.6
0.9
100
<2

8.2
1.4
13.8
4.4
12.7
4.1
0.9
100
<2

6.4
1.0
3.3
10.8
2.5
0.1
100
<2

Source: (INEGI) 1980 Geographic Synthesis of Guanajuato
The drainage of this soil subunit is classified as drained, due to its sandy loam texture, laminar and
subangular structure with a porosity ranging from scarce to moderate.
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These soils do not present any salinity problems because their electrical conductivity is less than 2 micromhos. They neither present any sodicity problems since the percentage of this element is less than 15%. Due
to their pH values, the horizons Ap, Aj and B12 are evaluated as moderately basic, and the B22ca as medium.
The CICT considers all horizons as low. With regard to contents, potassium levels are classified as medium;
calcium levels as medium, magnesium levels as medium and sodium levels as low.
Chernozem
They may be found in the municipality of León, in semi-arid areas or areas of transition to rainier
climates.
They have a grey or black colored upper layer, rich in organic matter and nutrients, and an
accumulation of loose or slightly cemented caliche in the subsoil. These soils have a high natural fertility.
They are moderately susceptible to erosion, except for the luvic chernozem subunit that is very susceptible to
it.
Solonchak.
These are the less representative soils of the studied area; they are found in the municipality of
Cortazar.
These soils may be found in diverse climates, in areas of saltpeter accumulation, in the lowest parts
of the valleys and plains of the country’s dry regions.
They are characterized by a high salt content in certain or all parts of the soil. Some of these soils are
used as salt mines. The Solonchak are soils with little susceptibility to erosion.
Rendzines.
The rendzines are thin soils, with a depth of less than 50 cm. They are made up of a millic A-horizon
resting on rock. They have a texture of sandy or clayey loam, a granular, loamy or subangular block structure,
fine-to-coarse size allowing for a fast infiltration. Their pH varies between slight degrees of acidity and
alkalinity, and the capacity of absorption ranges from moderate to very high, with high amounts of
exchangeable calcium and magnesium cations and low levels of potassium. Their location regarding climate
is diverse; they may be found both in template and in semi-warm and warm areas, on mountains and ranges of
hills
where
pine
and
oak
trees
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grow, as well as in low deciduous and highland evergreen forest, communities contributing with a large
volume of organic matter forming a calcium – humus complex with the intemperized parental material. It is
dark colored (black, dark grey or dark brown). In spite of its minor thickness and high permeability, in certain
areas agricultural activities are carried out on them because of their high fertility.
Exhibit 20 D shows a summary of soil types per municipality.
IV.5

HYDROLOGY

A)

HYDROLOGICAL BASIN

According to the subdivision of the country in hydrological regions, accomplished by the National
Institute of Statistics, Geography and Informatics (INEGI), to the state of Guanajuato corresponds the region
number 26 of the Pánuco system (RH-26) and region number 12 of Lerma-Chapala-Santiago (RH-12). These
two large areas define the physiographic feature making up the so-called continental watershed from where
waters are drained towards the Mexican Gulf via the Pánuco River, and to the Pacific Ocean by means of the
Santiago River, respectively. The area where the project is developed is located in the Hydrological Region
12 RH12 with two basins B and H. (see Exhibit 20 E).
Hydrological region No. 12 Lerma – Chapala – Santiago (RH-12)
This one is outstanding due to its impressive general dimensions from the origins of the Lerma River
up to the mouth of the Santiago River into the Pacific Ocean, of 1,163 kilometers and a total basin of
approximately 125,000 km2. 37% of it correspond to the Lerma Basin up to the mouth into the Chapala Lake,
and 63% to the Santiago River Basin.
HYDROLOGICAL REGION: RH-12 “Lerma – Chapala – Santiago”
BASIN:

B

Lerma River – Salamanca
SUB-BASIN:
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a

Solís Dam – Salamanca

b

Salamanca – Angulo River

c

Temascatío River

d

Guanajuato River

e

P. Palote – R. Turbio – M. Doblado

BASIN:

H

Lajas River
SUB-BASIN:

c

Lajas – Celaya
d

Apaseo

CHARACTERIZATION BY SUB-BASINS
RH12-B-a
Area:

Solís Dam. Salamanca

2,420 km2

Main current:

It is made up by the Lerma River with two important tributaries, these being the
Chilarillo stream, as well as another without a name descending from the village of
El Rodeo, located south of this reservoir.

Drainage type:

The course of the Lerma River, from the curtain of the Solís Dam up to the
hydrometric station Salamanca is winding, such that it is modeled by the presence
of volcanic cones of several elevations, and erosion ages and degrees (in terms of
geological time). Thus, the streams descending therefrom have dissected these
geological units forming radial type drainage, in the case of the Cerro Culiacán and
Cerro Grande. In the Sierra de los Agustinos from Cañada de Arriba in the North to
the surrounding areas of the Pozos stream in the South, it is of this kind, and
practically half of it has subparallel to radial drainage patterns that follow the
alignment of major geological structures. It should be mentioned that the Lerma
River forks at the height of the El Sabino village in order to unite again in the
North, close to Cerritos de Camargo.

RH12-B-b
Area:

Salamanca – Angulo River

1,762 km2

Main current:

Lerma River, with Angulo River as tributary, as well as water flows from the
Guanajuato.

Drainage type:

The main collector, which is the Lerma River, takes a controlled winding course
due to the slope heading south-west, as well as due to the presence of geological
units formed by wastes of eroded volcanic, and the aperture of fault troughs. These
characteristics may be observed from the hydrometric station Salamanca up to
Santiago Conguripo and Héroes de la Revolución towards south-west.
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RH12-B-c
Area:

Temascatío River
2

760 km

Main current:

It is made up by the Temascatío River, as well as two streams parallel to this
current called Sierra el Copal and La Lobera to the North, the channel called Ing.
Antonio Coria and Dieciocho de Marzo.

Drainage type:

The course of the main collector, that is, the Temascatío River, is controlled by the
regional geological structures affecting volcanic rocks. The drainage pattern of its
tributaries is dendritic and subparallel. In the case of La Lobera and Copal, it is
subparallel, following structural alignments with a Northeast to Southwest
orientation.

RH12-B-d
Area:

Guanajuato

2,145 km2

Main current:

Only the Guanajuato River drains outside this unit, whose collector is fed by the
following currents: Río Grande, Ojo de Agua stream, Angostura del Sierra El
Ocote, and another located west of Guanajuato city, as well as the Cerro La
Giganta. Another water flow is made up by the Silao River descending from
between the Sierra el Ocote and Cerro La Giganta. Towards north-west, there is
another stream formed by the large stream descending from between the hills called
San Juan and Verde with a north-east to south-west orientation. Finally, towards
the northeastern portion, there is another stream of considerable length, without a
name, that descends from the village Los Alisos located between the hills San Juan
and El Gigante.

Drainage type:

The drainage pattern in the Sierra de Guanajuato mountains is closely related to the
age of the rocks outcropping in it, with the presence of regional geological
structures, as well as identification of a neotectonic area. These factors control the
course of rivers and streams descending from the mountains, whereby the dendritic
to subparallel type is prevailing in the southeastern portion of the state capital. In
the second case, the water flows have a northeast to southwest orientation. To the
Northeast of Guanajuato City and in the mountains, drainage varies between
parallel and subparallel. At the end opposite to the Sierra de Guanajuato, the
currents have dissected a drainage that may be classified as dendritic and parallel,
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but is interrupted in a process of fragmentation of the course of streams and rivers.
RH12-H-c
Area:

La Laja River - Celaya

2,026 km2

Main current:

It is made up by the La Laja River that drains its waters towards the valley in the
South, and subsequently it takes a course from East to West, and joins later the
Lerma River in the suburbs of Salamanca city. Other important currents are the La
Virgen stream in the northwest of the sub-basin, as well as Peña Prieta, the streams
called Hondo and Grande. In the East, a current coming from the village of Jalpa
and another one calles La Salada descend, draining into an irrigation channel.

Drainage type:

On the hill called Picacho, drainage is radial, to the South it is parallel to
subparallel in the Jalpa Creek, and has geological-structural alignment control with
a southwest to northeast orientation. In the West, the formed drainage is dendritic,
and in the South, in the surroundings of Cerro Grande, it is radial. The route of the
Lerma River is almost straight with some deviations from its bed.

RH12-H-d
Area:

Apaseo

3,105 km2

Main current:

It is made up by the Apaseo River whose collector starts in the state of Querétaro
and takes a direction from East to West. Others are the streams called La Cañada
and El Peñón.

Drainage type:

The mentioned currents, in general terms, have a dendritic drainage pattern, and
only two currents descending from Cerro La Cruz are parallel, in these associated
with regional geological-structural alignments with an orientation from southwest
to northeast.

- Water bodies and superficial rivers.
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General collector of Lerma River
The approximate length of the Lerma River from the Solís Dam up to the Chapala Lake is 430 km.
On this route, the Lerma River crosses the first 174 km at Guanajuato up to La Salitre, Gto. The following
152 km it serves as border between the states of Michoacán and Guanajuato. The remaining 104 km it
constitutes the political border between Michoacán and Jalisco.
Lenghways this route, it passes close to several very important cities such as Acámbaro, Salvatierra,
Valle de Santiago and Salamanca in Guanajuato, La Piedad de Cabadas and Jerécuaro in Michoacán and La
Barca in Jalisco.
The Lerma River enters the state of Guanajuato through the hydrometric station called El Gigante.
Most of the water flow outcropping at that location comes from the Tepuxtepec Dam in Michoacán. This dam
receives the water flow from the upper part of the Lerma River, stores it and makes it available for the
generation of electrical energy. At the same time, it arrives via Lerma River at the Solís Dam.
Downstream from Solís, the river travels approximately 63 km towards northeast, where is bifurcates
in 20 km up to the vicinity of the village called El Cerrito, Gto., location where both arms unite.
Subsequently, it continues towards Salamanca in the same general northeastern direction. The entire route,
which is 75 km in straight line, becomes 118 km along the river bed. Then, Lerma River changes direction,
90° towards the left, heading southwest: this direction is does not change up to San Cristóbal, Gto., with
which the straight route is equivalent to 40 km, corresponding to 60 km along the general collector. Then
there is a short stretch heading west, entering the state of Michoacán.
It should not be thought that each one of the stretches is not even on the most part of its route, with
the orientation defined by the general noted directions. This is testified by the already noted values of the river
route in straight line, and the actual route, indicating several windings, as it corresponds to a river that, like
the Lerma, is considered as advanced in its geological life. The mentioned general directions rather
correspond to a statistical result because in some cases there are local modifications of direction that may
almost represent a complete inversion of the mentioned general route.
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Main tributaries of the Lerma River.
The main tributaries of the Lerma River in the study area are:
La Laja River. – 12 km downstream of this confluence, is the famous fork of the Lerma River that becomes
two currents along 20 km until they unite in the vicinity of a village called El Cerrito, 6 km northeast of Jaral
del Progreso.
Once the general collector becomes again a single one, and after having traveled 30 km, a new
confluence occurs, this time that of which it is the most important one, the La Laja River.
This tributary’s route travels on 250 km along its main collector, and up to its confluence with the
Lerma River it drains a surface of 9,679 km2, of which 2,035 km2 are in the state of Querétaro and 7,644 km2
in the state of Guanajuato. The sub-basin develops between 20°17’ and 21°32' latitude north and 100°07’ and
101°30’ longitude west; its shape is irregular, with numerous fissures and windings allowing for a wide
development.
General Collector.- The La Laja River rises at the oriental drainage area close to the hill called San Juan, at
2,950 m height, and some 25 km to the EN of León City, Gto. Immediately after, the collector heads towards
the east along some 25 km. On this stretch, it is called first Nuevo Valle de Moreno River, and downstream,
San Juan de los Llanos River. Then, it continues with the same eastern direction for 25 km more up to the
railway station Obregón, Gto. where it crosses the railway line going to San Luís Potosí. On this second
stretch, it is known as La Laja River. Then follows a very long and winding stretch measuring, in straight line,
50 km up to the location known as Santuario de Atotonilco, Gto. The distance along the general collector
between the two mentioned points is 69 km, and traveling this distance, the general collector maintains the
railway to the right, crossing it finally close to the La Petaca station, such that from there on, the railway line
is one the left.
After Atotonilco, a very winding stretch of the general collector follows, whose extensions are 60 km
in straight line, and 72 km along the collector. Finally, it arrives at Celaya.
On the entire stretch, the already mentioned railway keeps its position towards the left bank of the La
Laja River. When coming to Celaya, the river skirts round this city, leaving it to the right bank, and the river
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bed describes an arch of approximately 90° allowing to change the course towards the West, thus traveling
directly to the mouth into the Lerma River, via a 40-km route in straight line, however, along the general
collector, this means a 50-km development.
The cities which this tributary of the Lerma River passes through or close by, are important, such as
the village called Río Laja, Dolores Hidalgo, San Miguel de Allende, Comonfort and Empalme Escobedo,
next to its left bank, and then Celaya, close to the right bank where, after having changed the main direction,
it only passes through Cortazar, on the left bank, Villagrán on the right bank and Valtierra on the right bank.
The La Laja River rises at 2,950 m.a.s.l. flowing to the Lerma River at a point of 1,675 m.a.s.l., after
a route of approximately 250 km. This means that it has an average slope of 0.0051, but if the first 50 km of
the route, corresponding to the sheerest part where the river descends 1,000 m on that distance, are not taken
into account, it turns out that the hydrometric station Obregón at the mouth to the Lerma River, the route is
reduced to 200 km and the gradient to 400 m, providing a value of 0.0020.
The most important maintenance work on that current, and one of the most important ones in the
state, is the Ignacio Allende Dam, located 98 km upstream from the confluence with the Lerma River and 10
km southwest from San Miguel de Allende Gto., with a total capacity of 149.2 million m3.
Silao River – The Silao River source is constituted by several streams flowing to Silao and forming
the river of that name passing through the eastern border of that city. South of Silao, Gto., there is a extensive
valley where several agricultural uses are developed. 25 km downstream from Silao, where there is a tributary
of the Lerma River, called Arroyo de la Llave, flowing in southeast direction and uniting the Silao at 8 km,
northwest of Irapuato. On the Silao River, the hydrometric station of the same name is established, located in
the vicinity of the same city, having data available since June 1957.
The Guanajuato River receives the Silao, as right tributary, at one kilometer downstream from
Irapuato. United, there is a 28-km route left in order to get to the confluence with the Lerma River, a stretch
where it receives a last right tributary, the Yóstiro River, 10 km before the confluence. The total basin of the
Guanajuato River up to its confluence with the Lerma River is 3,203 km2.
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Turbio River – The basin of this right tributary of the Lerma River, with its 4,489 km2 of total extension, is as
large as that of the La Laja River, being second among the main tributaries of the Lerma River and, certainly,
far more complex because it encompasses, towards its sources, areas of complicated topography and, among
others, extensive plains where the definition of the of the sub-watersheds and the sub-tributaries is a bit
uncertain, because of the plans available to make this definition. It is sought to make this description clear,
writing it similar to that of the La Laja River.
General.- The basin of the Turbio River covers territories of two states, such that 3,078 km2 of its basin are in
the state of Guanajuato and 1,404 km2 in the state of Jalisco.
Between its basins, there are several highly important cities, for example, León, San Francisco del Rincón,
Manuel Doblado, Pénjamo, Cuitzeo de Abasolo and Cuerámaro, in the state of Guanajuato.
B)

UNDERGROUND DRAINAGE

It is estimated that the underground aquifer is located at 100 meters depth. Exhibit 20 D shows the prohibited
areas of the study area.
The area where the project is being accomplished is located in a banned region.
Rigid ban - restricting the exploitation for any purpose, comprising the municipalities of Celaya, Villagrán,
Salamanca, Cortazar and Guanajuato.
Intermediate ban – authorizing the extraction for potable use, comprising the municipality of Irapuato.
Flexible ban – allowing the exploitation for all uses, comprising the municipalities of Silao and Salamanca
(only part of it).
Exhibit 20 E shows the aquifers of the study area.
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IV.2.

BIOLOGICAL TRAITS

Mexico is one of the countries richest in plant and animal species so that it belongs to the nations
with major biodiversity. It possesses 10% of the world’s flora and fauna, lodges the major diversity of
reptiles, and an extraordinary number of mammals. one of the most important characteristics of Mexican
biodiversity is that, depending on the group in question, 30 to 50% of all species are endemic to national
territory (Ceballos, 1994).
A)

TYPE OF VEGETATION

The vegetation is a highly relevant element because it is constituted as an indirect regulator of
climate, hydrology and oil erosion, in addition to direct uses derived therefrom (Exhibit 21).
There is a floristic classification for the entire Mexican territory based on different criteria that
altogether make up the so-called Floristic Provinces, which are grouped in four regions and these, in turn, are
related not completely in a discrete manner, with two kingdoms (Rzedowski, 1994).
The area that concerns us in the present paper belongs to the Neotropical Kingdom, includes the most
part of the country’s territory adding in it the portions of hot climate and those of dry and semi-dry climate.
Within the Neotropical territory of Mexico, two important although different regions are recognized: the
Mexican Xerophytic and the Caribbean region (Rzedowski, 1994). Of these two regions, the one that
comprises the present study is the Mexican Xerophytic Region, characterized by its arid and semi-arid
climate. The different regions include what is called Mexican Floristic Provinces, defined in Rzedowski’s
classification (1994). The Floristic Province that corresponds to the state of Guanajuato is the high plateau.
Within this province the number of endemic species is very considerable and their abundance is favored by
the diversity of geological substrates. The prevailing vegetation consists of xerophile thicket, even though
pastures and thorny forests (Mezquital) are also frequent.
Another classification is the one submitted by María de Jesús Angulo Rodríguez who, in her thesis to
obtain the Bachelor’s Degree in Biology (UNAM) in 1985, considers 16 types of vegetation for Guanajuato.
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The present paper is based on the latter classification because in the Ecological System of the
Territory of the State of Guanajuato (OET), 1997, it is the most accepted since it considers the experiences
and point-of-views of several authors.
Among the 16 types of vegetation classified by Angulo in 1985, the vegetation types are summarized
in three main types for practical purposes:
1.- Temperate forests
2.- Thickets
3.- Pastures
These groups currently occupy the following areas:
TYPES OF VEGETATION AND SURFACE THEY OCCUPY
TYPE OF VEGETATION
SURFACE IN HECTARES
Forest
237,202
Thicket
857,665
Pasture
150,006
Total
1,244,873
Source: Prepared by the ADFERI Corporative, Consultores Ambientales, S.A.
de C.V., based on the state’s Landsat satellite image, January-March 1997
(OET, 1997).
The study area comprises the cities of Celaya, Salamanca, Irapuato, Silao, Guanajuato and León,
including these very municipalities in addition to the areas of the municipalities of Cortazar and Villagrán.
The above mentioned locations belong to the province of the Neovolcanic Axis and the Subprovince
of the Bajío, Guanajuato (Geographic Synthesis of Guanajuato (SGG), 1980). In them prevail, depending on
soil, climate, and local topography, different kinds of vegetation: pine forests, oak forests and pine-oak, oakpine forests, mesquite trees, chaparrals, thickets, subtropical thickets, crassicaule scrubland, rosette desert
scrub, pastures and halophyte pasture.
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FORESTS
PINE FOREST
According to Critchfield and Little (1966), cited in Rzedowski, in Mexico exist 35 species of the
Pinus genus, a figure that represents 37% of the total species that the same authors (…) for the entire world.
The vast majority of Mexican pine trees have a geographic distribution limited to the territory of this country
and some adjacent areas, and almost all of them constitute dominant or co-dominant elements in the current
vegetation.
Although the pine trees are almost always associated with temperate, cold wet and semi-wet
climates, in these same climate zones exist, in turn, other types of vegetation such as the Quercus forests and
also the Abies, Juniperus, Alnus forests.
The most distributed species in Mexico is Pinus cembroides. The distribution area stretches from the
Northeast and center of the country, forming more or less defined forests that are characterized by the small
size of leaves (Rzedowski, 1978).
According to the Guanajuato OET regionalization in the state, this type of forest is located in
mountainous areas in the North (Sierra Gorda Province), and in the same regions of the Juniperus forest.
The main species is Pinus cembroides with elements of Juniperus spp. and Quercus spp. There are
mainly Dalea spp. and Opuntia spp., among others, found in the shrub-like stratum. In addition, there are
physionomically striking elements such as Agave spp., Yucca spp. and Dasylirion spp (OET, 1997).
OAK FOREST
This kind of forest, also called Quercus forest by Rzedowski (1978) constitutes, together with the
pine trees, the moist characteristic vegetation of the mountainous areas in Mexico. However, they are not
limited to these ecological conditions, because they also penetrate hot climate regions, do not lack in humid
areas and still exist in the semi-arid areas, but in the latter occur frequently in the form of thickets.
In Guanajuato, in the forests, this type is one of the most frequent ones. It is located in mountainous,
isolated portions of the Neovolcanic Axis, and in the most rugged part of the Sierra Madre Oriental (Sierra
Gorda Province) penetrating the state. Rzedowski reported in 1978 for the State Q. crasifolia, Q. mexicana,
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Q. jaralensis, Q. castanea, Q. rugosa and, at major heights, Q. laurina, these species constituting the most
dominant in the mountainous regions (OET, 1997).
The present species are:
Quercus spp., in different regions accompanied by: Crataegus spp., Prunus spp., Alnus spp. and Pinus
cembroides, among others (Exhibit 21).
In the shrub-like stratum, the following are reported: Arctostaphylos spp., Arbustus spp., Dodonaea viscosa,
Yucca spp., and Acacia spp.
PINE-OAK / OAK-PINE FOREST
The similarity of ecological demands of the pine trees and oak trees has encouraged several authors
to characterize these formations in one single type of vegetation (Leopold, 1950 and Rzedowski, 1978). The
coexistence of pines and oaks does not necessarily imply a transitory condition because the mixed
communities sometimes become as big as the pure ones. On the other hand, the pines and oaks differ notably
from each other regarding the physiognomy of the whole plant; they also differ in terms of phenology or how
they influence on the structure of the vegetal community.
The ratios among the components of a pine-oak or oak-pine forest determine the aspect in general,
the seasonal behavior as well as composition and structure of the associated elements. The name adopted,
whether oak-pine or pine-oak, will depend on the ratios existing among them, accepting that the dominating
species is noted down first (OET, 1997).
In the state of Guanajuato, the pine-oak forest is found more frequently in the Northeast (Sierra
Gorda Province and mountains and high plateaus of the Guanajuato Mesa Central), the oka-pine forest is
restricted to the same area but towards less humid conditions, as those of the pastures or the subtropical or
submontane thicket (OET, 1997).
In the pine-oak forest, the existing species are: Pinus cembroides, Quercus spp., Pinus michoacana,
Pinus herrerae, Pinus oocarpa, Pinus montezumae. Accompanied in the shrub-like stratum by Arbustus spp.,
Dodonae viscose, Yucca spp., among others.
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The oak-pine forest is composed of the following species: Quercus spp., Pinus herrerai, Pinus
michoacana, Pinus montezumae, Pinus patula, Pinus oocarpa.
MESQUITE
The Mesquite is an open community, dominated by Prosopis sp., a tree that has a well defined shaft
that mostly surpasses a height of 4 meters. In general, it develops in deep soils, reason why it is sometimes
removed to dedicate the soils to agriculture.
This type of vegetation is called low thorn forest by Miranda and Hernández (1963). Rzedowski
(1978) places the Mesquite in what he calls a thorn forest, gathering the communities that have characteristics
of being low forests and whose components, or at least most of them, are thorn trees.
In Guanajuato, this kind of vegetation was supposedly very frequent in other eras. Currently, it is
limited to only three small areas in the Southwest of the state, among irrigation crops. It is highly probable
that the soils sustaining today the large cultivation fields of the Guanajuato Bajío, were large Mesquite
extensions before (Rzedowski, 1978).
The present species are Prosopis laevigata in the Mesa Central and Prosopis juliflora and Prosopis
spp. (SPP, 1980) on the Neovolcanic Axis. These species are accompanied by: Opuntia streptacantha, Yucca
decipiens, Jatropha dioica Cenchrus spp., Celtis pallida, among others (OET, 1997) (Exhibit 21).
CHAPARRAL
It is an association of low oaks (Quercus spp.), generally dense, frequently accompanied by
Arcostaphylos pugens, Cotoneaster spp., Adenostoma spp. and other shrub-like species. They grow above the
level of the thickets of arid areas, natural pasture and occasionally mixed with pine-oak forests. This type of
vegetation was called like this by Miranda and Hernández (1963) and Rzedowski (1978) as a shrub-like oak
community (OET, 1997).
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In the central part of Guanajuato (Province of mountains and high plateaus of the Guanajuato Mesa
Central), in the more or less mountainous portion, intermediate between the pine forests and less humid
conditions as those of the pastures (OET, 1997). The following species may be found: Quercus spp.,
Artosaphylos spp., Dodonae viscosa and Mimosa laxiflora.
THICKETS
They develop in warm or sub-warm climates, already semi-dry, sub-dry or arid, the shrubs they form
being leguminous (Miranda and Hernández, 1963). Frequently, this class of vegetation consists of secondary
groups originated by the felling or destruction of several kinds of thickets, as in the case of Guanajuato. In the
Guanajuato Bajío, the most distributed association of this kind of thicket is the huizachal constituted by the
so–called wattles (mainly Acacia farnesiana). This formation is especially used in caprine livestock (OET,
1997).
SUBTROPICAL THICKET
Under the name of “subtropical thicket”, Rzedowski and McVaugh (1966) describe a series of
vegetal communities that possibly represents, at least partially, more or less stable successive stages of the
deciduous tropical forest (Rzedowski, 1978). It may occur in a closed form, but it is also open often, with a
variety of spaces covered by gramineous plants. In Mexico, they may be found in the western and central part
of the country.
Some of the most frequent species are: Morning Glory (Ipomoea spp.) and Fernleaf Acacia (Acacia
pennatula) etc. Human beings use this area of vegetation for temporal agriculture and livestock farming
(OET, 1997).
In Guanajuato, due to the arrangement of this kind of vegetation in relation to the land occupied by
irrigated and temporal agriculture, it may be supposed that it was widely represented in the Bajío region
(provinces of the Guanajuato Bajío and volcanic mountains of the Guanajuato Southeast). Among the present
species the following may be cited: Ipomoea intapilosa, Acacia schaffneri, Eysenhardita polystachya, Acacia
pennatula, Myrtillocactus geometrizans, Lemaireocereus sp., Ipomoea sp., Mimosa sp., Salvia sp., Forestiera
sp. (Exhibit 21).
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CRASSICAULE THICKET (NOPALERA AND CARDONAL)
The community dominated by the presence of large cacti, which includes the types called nopaleras,
cardonales, chollales. They are mainly distributed in the arid and semi-arid areas. The important species of
this type of vegetation are: Opuntia spp., Myrtillocactus geometrizan, Cornegia gigantea, Stenocereus
dumortieri, Opuntia streptacantha, Rastrera leucotricha, Mimosa laxiflora, Myrtillocactus geometrizans,
Agave lechuguilla, Acacia schaffneri, Karwinska humboldtiana, Schinus molle, as the main ones (SPP, 1980).
ROSETTE DESERT THICKET
This type of vegetation is dominated by rosette leaves developing preferably on superficial soils of
hills of sedimentary origin. The most characteristic plants comprise the genus Yucca and Agave. In
Guanajuato, thus type of vegetation may only be found in the area of the province of mountains and high
plateaus of the Guanajuato Mesa Central (ADFERI, 1997), in the less dry climate of the temperate dry
climates with warm summer. It is the least frequent of all thicket types existing in the State (OET, 1997).
The existing species are: Agaves spp., Senecio spp., Aristida spp., Boutelona spp. and Jatropha
dioica.
PASTURES
The vegetal communities, in which the prevailing role corresponds to the gramineous plants, are
gathered under the name of pasture or zacatal (Rzedowski, 1978). From the point of view of human economy,
the areas whose vegetal layer is dominated by gramineous plants are highly important because they constitute
the most suitable natural means for livestock farming. The use of natural pasture in Mexico, in most cases, is
not optimum, and in many sites the overpasturing due to a lack of organisms and appropriate technology does
not allow to obtain the maximum yield (OET, 1997).
The overpasturing and the excessive trampling often impede the appropriate development and
reproduction of the most nutritive species favored by the livestock, fostering the establishment of plants that
animals do not eat and that are often toxic and also reduce the soil coverage, exposing it to erosion effects.
(Rzedwoski, 1978).
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The dominating gramineous plants in the pasture are: Aristida divaricata, Boutelona hirsuta, B.
repens, B. scorpioides, Cathesstecum erectum, Muhlenbergia rigida and Trachypogon secundus. Also are
recorded Chrysactinia mexicana, Eragrostis swallenii, Eupatorium calophylum, Houstonia rubra, Linum
sacbrelum, Polygala dolichocarpa, Scutellaria potosina, Tichilia canescens. (SPP, 1980).
HALOPHYTE PASTURE

It includes vast communities of species, on soils with a high content of soluble salts and deficient
drainage, underlining the possibility of endemism conditions, due to the scarce surface area with pedological
salinity problems. There is no specific region where this type of vegetation; those that have been salinized due
to irrigation activities and on the edge of channels are common on salty soils. The main components of this
community are Distichlis sp., Buchloe sp., Eragrostis obtusiflora and Spartina spartinae and some herbs as
Aristida sp., Boutelona sp. and Partenium incanum.
REPRESENTATIVE TABLE OF DOMINATING VEGETATION
Common name

Abundance

Mesquite

Scientific
Name
Prosopis sp

Wattle

Acacia sp.

Abundant

Brazilian Peppertree

Schinus molle

Willows

Salix sp.

Limited, only on
beds
Limited

Morning Glory
Jara

Ipomoea sp.
Dodonaeae sp

Ironwood Tree

Casuarina sp.
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Limited

Abundant
Abundant in
specific areas
Introduced species,
Abundant

Environmental
Importance
Nitrogen fixer,
provides abundant
habitats
Nitrogen fixer,
provides abundant
habitats
Fauna food

Economic
Interest
Fodder pods,
honey, gum and
wood for furniture
Fodder
Medicinal

Part of hydrological
cycle
Habitats
Herbivore food

Medicinal

Displacement of
native species

Windshield
curtain for crop
protection

Handicrafts
Handicrafts

Common name
Eucalyptus

Scientific
Name
Eucalyptus sp.

QUAKING ASPEN

Populus
tremuloides

EASTERN
COTTONWOOD

Populus deltoides

CYPRESS

Cupressus sp.

PRICKLY PEAR
CACTUS
BLUE CANDLE,
WHORTLEBERRY
CACTUS
THISTLE
CHOLLA
CASTOR BEAN
MEXICAN
SUNFLOWER

(Opuntia spp.)

LAMPOTILLO
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Abundance
Introduced
Species,
Abundant
Introduced
Species,
abundant
Abundant
introduces
Species
Introduced
Species,
abundant
Abundant

Myrtillocactus
geometrizans

Limited

Opuntia tunicata
Ricinus sp.
Tithonia sp.

Relative
abundance
Abundant
Very abundant

Simsia sp.

Very abundant

Environmental
Importance
Displacement of
native species

Economic
Interest
Medicinal

Specimens of
reforestation of urban
and suburban areas
Specimens of
reforestation of urban
and suburban areas
Specimens of
reforestation of urban
and suburban areas
Habitat, soil
stabilizer
Habitat, fauna food

Firewood

Habitat, soil
stabilizer
Primary producer
Habitat, mainly of
insects, primary
producer
Habitat, mainly of
insects, primary
producer

Firewood
Firewood,
ornamental
Food, medicinal,
construction
Eatable fruit
None
Medicinal
Ornamental
Ornamental

Common name

Scientific
Name

Abundance

Environmental
Importance

Economic
Interest

Dogweed

Dyssodia sp

Very abundant

Ornamental,
medicinal

Zinnia
Lantana
Salvia
Blue Grama
Rose natal grass
Windmillgrass

Zinnia sp
Lantana sp
Salvia sp
Bouteloua sp
Rhynchelytrum sp
Chloris sp

Very abundant
Limited
Abundant
Abundant
Abundant
Abundant

Habitat mainly of
insects, primary
producer
Primary producer
Primary producer
Primary producer
Primary producer
Primary producer
Primary producer

METHODOLOGY
VISITS)

FOR THE

BIOLOGICAL CHARACTERIZATION

OF THE

Ornamental
None
Medicinal
For fodder
For fodder
For fodder

TRIG ROUTE’S

AREA

(ON-FIELD

The TRIG route will cross several types of vegetation, as well as urban and suburban areas disturbed
by the change of land use. In order to characterize the biological features through field work of the present
project, different method were used. They are described below:
In the first place, an area examination was performed, identifying the areas in which the train stations
will be installed, as well as the entire stretch that corresponds to the TRIG route. Likewise, the encountered
flora and fauna was examined, photographs were taken of the existing vegetation, and in case some specimen
was unknown, a sample was taken for posterior identification.

EIA TRIG
157-01
817tren.doc

Page 137

PROCEDURE
The sampling adapted to our study area was based on stretching out a tape measure on the land (the
center of the railway) in order to mark the line between two given points. The specific length of the used line
depends on the variations that may be observed in the distribution of plants and the habitat characteristics.
The sample size, however, is generally established in an arbitrary manner, varying from 10, 50 to 100 m. It is
recommended to perform two or more replicates (lines) for each segment of vegetation to be analyzed. Each
line may be divided in a number of segments to obtain frequency estimates.
Especially in this sample, due to the fact that the distance to be sampled was approximately 5 km,
three 250 m transects, one at the beginning of the railway on the crossing of it with the “Rodríguez”
community, and the second one at the mean distance of 2.5 km from the starting point, and the last directly on
the plot chosen for the placement of the Santa Teresa station. Three 10 x 10 m quadrants were made on each
transect, placing them equidistantly and alternating their position to the right and to the left of the transect.
A survey, count and collection of flora specimens were carried out in the transects, in addition to
them being the fauna observation points. Photographs were taken of the collected specimens. Only the plants
to be touched by the line or being within the quadrant were considered for the study, recording the following:
A) Common name
B) Scientific name
C) Location
D) Collection date
E) Collector
In a third stage, a survey flight was made above the route area, emphasizing the observation and
capture of data on the area between Irapuato and the General Motors plant.
Once the trips were accomplished, the following observations were obtained:
1. Along the stretch corresponding to Line 1, that is, the one that unites the cities of Celaya and León,
accounting for 87% of the route, mostly affected areas were found, devoid of the original vegetation where
sorghum and corn crops prevail.
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2. On the Silao – Guanajuato stretch, corresponding to Line 2, areas were found which, due to their
topography and inaccessibility, have been little disturbed, and the agricultural development is limited. For the
characterization of the biological features of this project stretch, that accounts for 10% of the route, a
biological sampling was required using the mixed method known as “sampling with transects and quadrants”.
3. During the flight, the presence of cultivation fields on the Celaya – Irapuato stretch was confirmed, and the
same thing was observed on the Irapuato - General Motors stretch. These stretches exhibit an absence of
natural vegetation, and that the existing arboreal vegetation (mesquite, wattle, Brazilian peppertree, casuarina
and eucalyptus) are only to be found on the boundaries of the agricultural corn, sorghum, strawberry and
certain vegetable plots.
4. On the Silao – León stretch, the presence of rural and suburban communities very close to the railway route
was observed, and the impact that their establishment has caused to the area’s natural conditions.
5. On the Silao – Guanajuato stretch it was observed that the impact possibly caused by the interurban train
works will not be significant any more, because it runs parallel to the city’s new vehicle access, works with
which the existing natural conditions have already been disturbed.
6. It has to be pointed out that in the area where the last quadrant is located (plot selected for the “Santa
Teresa” station) the presence of a cactus was observed, which possibly belongs to the family of the
Mammillaria, and of which no kind of classification was found. Five specimens were observed, but some of
them were located outside the quadrant, and it is possible that there are more of them at the same spot. Due to
the problems that this family already presents in our country, and which are even included in the CITES
listings (Convention on International Trade in Endangered Species of Wild Flora and Fauna) as specimens in
need of protection, the relocation of these specimens to some close place is suggested.
7. It has to be mentioned that the industrial corridor comprising the cities of Celaya and León, passing through
the municipalities of Cortazar, Villagrán, Salamanca, Irapuato and Silao is an area in which the ideal use of
the land has been altered, both with agricultural cultivations and with the construction of industrial
infrastructure. In addition, there are human settlements and communication routes due to which the primary
vegetation has been replaced, and the vegetation characteristic for disturbance areas could proliferate.
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8. In the area comprising the General Motors and Santa Teresa stations, a type of vegetation is located that
exhibits little alteration. In order to determine density rates and their frequency, transects were accomplished.
This area may be considered as disturbed, however, far less altered in comparison with the sampled areas of
the Celaya – León stretch.
It should be mentioned that it is an area where the ideal land use has been altered, both with
agricultural cultivations and the construction of industrial infrastructure, human settlements and
communication routes by means of which the primary vegetation has been replaced and the vegetation
characteristic for disturbance areas could proliferate.
The results obtained with the sampling are as follows:
COMMON
NAME
MESQUITE

SCIENTIFIC
NAME
Prosopis sp.

Limited

WATTLE

Acacia sp.

Abundant

BRAZILIAN
PEPPERTREE
WILLOWS
MORNING
GLORY
HOPBUSH

Schinus molle

Limited, only in
beds
Limited
Abundant

IRONWOOD
TREE
EUCALYPTUS

Casuarina sp.
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Salix sp.
Ipomoea sp.
Dodonaeae sp

Eucalyptus sp.

ABUNDANCE

Abundant in
specific areas
Introduced
Species, abundant
Introduced
Species, abundant

ENVIRONMENTAL
IMPORTANCE
Nitrogen fixer, provides
abundant habitats

ECONOMIC
INTEREST
Fodder pods, honey,
gum and wood for
furniture
Fodder

Nitrogen fixer, provides
abundant habitats
Fauna food

Medicinal

Part of hydrological cycle
Habitats

Medicinal
Handicrafts

Herbivore food

Handicrafts

Displacement of native
species
Displacement of native
species

Windshield curtain
for crop protection
Medicinal

COMMON
NAME
QUAKING
ASPEN

SCIENTIFIC
NAME
Populus
tremuloides

EASTERN
COTTONWOOD

Populus
deltoides

CYPRESS

Cupressus sp.

PRICKLY PEAR
CACTUS
BLUE CANDLE,
WHORTLEBERR
Y CACTUS
THISTLE
CHOLLA
CASTOR BEAN
MEXICAN
SUNFLOWER

(Opuntia spp.)

Introduced
Species,
abundant
Abundant
introduces
Species
Introduced
Species,
abundant
Abundant

ENVIRONMENTAL
IMPORTANCE
Specimens of
reforestation of urban
and suburban areas
Specimens of
reforestation of urban
and suburban areas
Specimens of
reforestation of urban
and suburban areas
Habitat, soil stabilizer

Myrtillocactus
geometrizans

Limited

Habitat, fauna food

Food, medicinal,
construction
Eatable fruit

Opuntia tunicata

Habitat, soil stabilizer

None

Ricinus sp.
Tithonia sp.

Relative
abundance
Abundant
Very abundant

Medicinal
Ornamental

LAMPOTILLO

Simsia sp.

Very abundant

DOGWEED

Dyssodia sp.

Very abundant

Primary producer
Habitat, mainly of
insects, primary
producer
Habitat, mainly of
insects, primary
producer
Habitat, mainly of
insects, primary
producer
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ABUNDANCE

ECONOMIC
INTEREST
Firewood
Firewood
Firewood,
ornamental

Ornamental
Ornamental,
medicinal

COMMON
NAME
ZINNIA
LANTANA
SALVIA
BLUE GRAMA
NATAL GRASS
WINDMILLGRA
SS
SANDBUR
LOVE GRASS
WIREGRASS
GRASS
DATURA
QUESITO
BEGGAR’S
TICK
CREEPING
ZINNIA
NIGHTSHADES
HERBACEOUS
PLANT
BURSEA
HACKBERRY
MORNING
GLORY
ORGANPIPE
CACTUS
AGAVE
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SCIENTIFIC
NAME
Zinnia sp.
Lantana sp.
Salvia sp.
Bouteloua sp.
Rhynchelytrum
sp.
Chloris sp.

ABUNDANCE
Very abundant
Limited
Abundant
Abundant
Abundant

ENVIRONMENTAL
IMPORTANCE
Primary producer
Primary producer
Primary producer
Primary producer
Primary producer

ECONOMIC
INTEREST
Ornamental
None
Medicinal
Fodder
Fodder

Abundant

Primary producer

Fodder

Cenchrus sp.
Eragrostis sp.
Aristida sp.
Heteropogon sp.
Datura sp.

Abundant
Abundant
Abundant
Limited
Limited

Producer
Producer
Producer
Producer
Primary producer

Anoda sp.
Bidens sp.

Abundant
Abundant

Primary producer
Primary producer

Sanvitalia sp.

Abundant

Primary producer

Fodder
Fodder
Fodder
Fodder
Medicinal and
ornamental
None
Medicinal and
ornamental
Ornamental

Solanum sp.
Wigandia sp.

Limited
Limited

Primary producer
Primary producer

Ornamental

Bursera sp.
Celtis sp.
Ipomoea sp.

Very Limited
Limited
Abundant

Handicrafts

Lemaireocereus
sp.
Agave sp.

Limited

Habitat
Habitat
Habitat and primary
producer
Habitat food

Abundant

habitat

Fiber, maguey
juice

Eatable fruit

COMMON
NAME
PINCUSHION
CACTUS

SCIENTIFIC
NAME
Mammillaria sp.

ABUNDANCE

ECONOMIC
INTEREST

Limited
Abundant
Limited

ENVIRONMENTAL
IMPORTANCE
Characteristic
representative of the
Mexican high plateau
Primary producer
Primary producer
Primary producer

Very Limited

MAYAPPLE
COCKLEBUR
RED PENCIL
TREE
MARIGOLDS

Podophyllum sp.
Xanthium sp.
Euphorbia sp.
Tagetes sp.

Abundant

Primary producer

Ornamental

Ornamental
Ornamental
Ornamental

PREVAILING AGRICULTURAL CROPS
Sorghum

(Sorgum vulgare)

Corn

(Zea mays)

Strawberry

(Fragaria vesca.)

Vegetables

(Broccoli, asparagus, cauliflower etc.)

In the area comprised by the General Motors station (Silao G) and Santa Teresa station, a type of
vegetation is located that exhibits little alteration within its demographic composition, so that a sampling per
transect was performed in order to determine the existing demographic density , as well as the frequency of it.
It is important to mention that this area presents disturbance characteristics, however, it may be considered as
little altered in comparison with the sampled areas of the Celaya – León stretch.
The results obtained with the sampling are as follows:

NAME
Morning Glory
(Ipomoea sp.)
Wattle (Acacia sp.)
Salvia (Salvia sp.)
Zinnia (Zinnia sp.)
Compound
Compound
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TRANSECT 1
QUADRANT 1
QUADRANT 2
No.
No. ORGANISM
ORGANISMS

QUADRANT 3
No. ORGANISMS

5
5
14
20
16
4

151

11
16
5
14

3

7

25

NAME
Creeping Zinnia
Pineapple
Beggar’s ticks
Morning glory (Ipomoea sp)
Cocklebur (Xantium sp.)
Husk tomato

TRANSECT 1
QUADRANT 1
QUADRANT 2
No.
No. ORGANISM
ORGANISMS
10
16
5
2
4
3
2
12
1

QUADRANT 3
No. ORGANISMS
20
1
2

TRANSECT 2
NAME
Morning Glory (Ipomoea
sp.)
Wattle (Acacia sp.)
Prickly Pear Cactus
(Opuntia sp.)
Green pigweed
(Amarantus sp.)
Lampotillo (Simsia sp.)
Zinnia (Zinnia sp)
Dogweed (Dyssodia sp.)
Creeping Zinnia
(Sanvitalia sp.)
Copal (Bursera sp.)
Different grasses spp
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QUADRANT 1
1

QUADRANT 2
3

QUADRANT 3
1

2
1

1
1

5
1

2
13
15
18
5
1

1
15
10
10
10

5

TRANSECT 3
NAME
Wattle (Acacia sp.)
Morning Glory (Ipomea sp.)
Prickly Pear Cactus (Opuntia sp.)
Brazilian Peppertree
(Schinus molle)
Mexican Sunflower (Tithonia
sp.)
Lampotillo (Samsia sp.)
Dogweed (Dyssodia sp).
Creeping Zinnia (Sanvitalia sp.)
Different grasses spp.

QUADRANT 1
5
1
3

QUADRANT 2

8

5

5

15
8
6

10
9
7

13
15
8

1
2

QUADRANT 3
2
1
1

STRATIFICATION
The stratums were defined (arboreal, shrub-like and herbaceous) during the walk through the
industrial corridor, mentioning in the previous point the encountered species. With regard to the type of
vegetation of the of the group of climbing and trailing plants, epiphytes, parasites and saprophytes, the
presence of the following organisms was determined: Morning glory (Ipomoea sp.), Mistletoe (Psittacanthus
sp.) and Creeper (Convolvus sp.).
DOMINANT SPECIES
No special dominancy was observed, however, the organisms with major abundance and relative
density are indicated below:
Arboreal stratum - Mesquite (Prosopis sp.), Wattle (Acacia sp.), Prickley pear (Opuntia spp.),
Morning Glory (Ipomoea sp.)
Shrub-like stratum - Wattle (Acacia sp.), Prickley pear (Opuntia spp.), Morning Glory (Ipomoea sp.)
and Agave (Agave sp.)
Herbaceous stratum – Tithonia sp., Dyssodia sp., Zinnia sp., Bouteloua sp., Chloris sp. and
Rhnchelytrum sp.
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SPECIES WITH COMMERCIAL VALUE OR ETHNIC INTEREST
The most useful wild and commercial species in order of importance and which are present in the
state of Guanajuato, are itemized in the following tables, compiled from the Ecological System of the
Territory of the State of Guanajuato, 1997.
FORESTS
Common Name
White Oak
Red Oak
Baccharis
OakSource: Rzedowski, 1978.

Scientific name
Quercus rugosa
Quercus laurina
Baccharis spp.
Quercus spp.

Use
Lumber-yielding
Lumber
Firewood
Lumber

THICKETS
Common Name
Pitayo
Blue Candle
Prickley Pear Cactus
Agave
Euphorbia
Shin Dagger
Giant Spanish Dagger
Kidneywood
Source: Rzedowski, 1978.
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Scientific Name
Stenocereus queretaroensis
Myrtillocactus geometrizans
Opuntia sp.
Agave spp.
Euphorbia antisyphilitica
Agave lechuguilla
Yucca carnerosana
Eysenhardtia polystachya

Use
Firewood
Firewood
Fruit, comestible
Beverage
Euphorbia wax, pharmaceutical
Ixtle, fiber for rope making
Fiber
Firewood

PASTURE
Common Name
Blue grama
Grama grass
Muhlys
Goldenbush
Broadleaf Cattail
Source: Rzedowski, 1978.

Scienific Name
Bouteloua gracilis
Bouteloua spp.
Muhlenbergia spp.
Haplopappus spp.
Tipha latifolia

Use
Fodder
Fodder
Fodder
Fodder
Miscellaneous

With regard to the species of ethnic interest, no species with this significance were found in the
consulted bibliography, neither in talks with villagers during the field works.
ENDEMIC, RARE, THREATENED AND ENDANGERED SPECIES
The following information was obtained from the Ecological System of the Territory of the State of
Guanajuato, based on the Mexican Official Standard NOM-059-ECOL-1994, published on May 16, 1994,
determining the endangered, threatened, rare and special protection requiring species and subspecies of wild
land and water flora and fauna, and establishing specifications for their protection. The state presents the
following species included in the cited Standard.
CACTI
Specie
Ferocactus crassihamatus
Dolichotele zephryranthoides
Ancistrocactus crassihamatus
Echinocactus crassihamathus
Echinocactus mathsoni
Thelovavtus crassihamatus
Glandilicactus uncinatus

Status
Endangered
Threatened
Endangered
Endangered
Endangered
Endangered
Endangered

Source: Mexican Official Standard NOM-059-ECOL-1994
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INTRODUCED SPECIES OR SPECIES TO BE INTRODUCED BY THE PROJECT OR ACTIVITY
The reforestation of arboreal species considered as primary vegetation, such as the Mesquite is
proposed, considering that this tree was dominant in the region and exhibiting a high degree of adaptation.
The vegetal material will be provided by the institutions that promote this type of species, under controlled
conditions and with genetically selected specimens.
For the reforestation on the mesh that will isolate the railway from the adjacent communities a pivet
type perennial and shrub-like species (Ligustrum sp.) will be recommended, or another with similar growth
characteristics, which would help to mitigate the visual impact and improve the landscape of the project.
B)

FAUNA

Mexico’s biological richness does not only lie in its diversity, but also in the fact that a high number
of its species are endemic, that is, exclusive of the country (Flores Villela and Gerez, 1988, Toledo, 1988,
Ceballos and Navarro, 1991).
MEXICO’S BIOLOGICAL RICHNESS
Groups

Total in Mexico*

Worldwide*

Percentages*

Endemics of
Mexico+
111
136
542

BIRDS
1,041
9,040
11.5
MAMMALS
439
4,300
10.2
AMPHIBIANS
989
10,817
9.1
AND REPTILES
*Reserves of the Biosphere and other Protected Natural Areas in Mexico (SEMARNAP, INE, CONABIO,
1995)
+
Biodiversidad y conservación en México: vertebrados, vegetación y uso del suelo. (Oscar Flores Villela,
Patricia Gerez, 1994)
The state of Guanajuato is included in the Mexico’s area of fauna transition, from nearctic to
neotropical fauna, occupying the 25th position among the states with more endemic species (Flores Villela,
Gerez, 1994).
It should be mentioned that on Mexican territory, the state of Guanajuato is not characterized, except
for the case of birds, by the most diverse fauna, mainly due to the increasing level of deforestation and
expansion of the agricultural border, elements intrinsically linked to the processes of fauna loss.
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Below, the richness of fauna in the state of Guanajuato is shown, according to data exhibited by
Eleazar Loa Loza in 1996, in his paper “Plan de acción para el establecimiento y operación de un Sistema de
Áreas Naturales Protegidas“ (Action Plan for the Implementation and Operation of a System of Protected
Natural Areas) prepared for the state of Guanajuato.
FAUNA RICHNESS IN GUANAJUATO
Group
BIRDS
MAMMALS
REPTILES
AMPHIBIANS
FISH

Species in
Guanajuato
345
60
52
16
9

% with regard to national total
32.55
13.00
13.55
0.06
0.02

SPECIES DIVERSITY
Considering the complicated orography occurring in the state, it is difficult to indicate well-defined
limits of biotic areas, some of which are spread over different parts of the state. The dominating species are
presented by type of vegetation, being this the clearest division. The high regions of Guanajuato or conifer
forests occupy drained land, with prevailing vegetation of pines and oaks, and in some cases, relicts of
Oyamel. Among the typical animals we have squirrels Sciurus aureogaster, naked-nose pocket gopher
Pappogeamys tylorhinus, rattlesnake (Crotalus triseriatus), rats and a large variety of birds, mostly
woodpeckers.
The chaparral or deciduous forest occupies drained land, on medium heights. The vegetation looses
the leaves at the end of the rain season, and with the first downpours, it develops the leaves again. The most
typical animals are coyotes Canis latrans, rabbits such as:Sylvilagus floridanus, common rabbit, Sylvilagus
cunicularis, Lepus calliotis, hare, white-tailed deer Odocoileus virginiamus, skunks, Mephitis macroura,
armadillo Dasipus novemcinctus, and among the birds, quails. The typical reptiles are rattlesnakes and rock
lizards. According to the villagers, in this area collar peccaries may be seen sporadically.
In the thickets, the dominating and most common species are rodents and bats, rattlesnakes, coyotes,
coati, skunk and sporadically the collar peccary.
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In the deciduous vegetation (low deciduous forest) where the leguminous plants prevail, the
associated typical species are the coyote Canis latrans, the hare Lepus calliotis, Sylvilagus cunicularis, and
the armadillo Dasipus novemcinctus and some birds, such as the turtledove Scardafella inca, great-tailed
grackle Quiscalus mexicanus, according to the field visits. The most common reptiles are lizards of the genus
Chemidoporus spp.
In the zacatal or pasture of the open fields, we have as dominating mammal species the field rat
Peromyscus melanotis, and the opossum Didelphis marsupialis, and with great abundance, turtledoves,
sparrows and thrushes, due to the vicinity of the crops, an important factor of grain supply to provide food.
CONDITION OF FAUNA REGARDING RARITY, ENDANGERMENT, SPECIAL
ACCORDING TO THE CORRESPONDING MEXICAN OFFICIAL STANDARD

PROTECTION AND THREATENING

Large part of the ecosystems existing in the state of Guanajuato is altered, mainly by deforestation,
erosion and urbanization and industrialization to which its territory has been subject throughout this century,
causing wild fauna and flora to be restricted to areas generally having topographic characteristics that impede
the progress of the above mentioned factors. An example of this is the Sierra Gorda, Cuatralba, Santa Rosa,
Pinal de Zamorano and Sierra de Lobos, among the areas with major preservation of the natural environment,
but not free from seeing their precarious balance as habitat of wild species threatened. The urban area of the
state exhibits specific flora and fauna, in which the characteristics of the natural environment are not
recognized because of the alteration the ecosystem has suffered. The anthropic action has generated certain
elements allowing to define the interrelations occurring in it, as inherent to an urban ecosystem.
Mammals
The Mexican land mammalian fauna has been classified in about 149 genera, 33 families and 10
orders (Ramírez pulido and Britton, 1981; Ceballos and Navarro, 1991). This enormous richness accounts for
50% of the world’s orders (total worldwide 20), 28% of the families (total worldwide 119), 14% of the genera
(total worldwide 1057) and 10% of the species (total worldwide 4332) (Nowak, 1991).
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According to the “Mammal Scales and Diversity in Mexico”, obtained from the Ecological System
of the Territory of the State of Guanajuato, 1997, for the state pf Guanajuato, the following species and
Provinces are reported:
Physiographic province:
Type of vegetation:
Hydrological basin:
Mammalian fauna province:
SCIENTIFIC NAME
Odocoileus hemionus
Odocoileus virginianus
Tayassu tajacu
Canis latrans
Canis lupus
Urocyon cinereoargenteus
Mephitis macroura
Spilogale putorius
Mustela frenata
Taxidea taxus
Procyon lotor
Lynx rufus
Puma con color
Nyctinomops macrotis
Tadarilla brasiliensis
Mormoops megalophylla
Macrotus waterhousii
Cheoronycteris mexicana
Leptonycteris nivalis
Antrozous padillas
Idionycteris phyllotis
Lasiurus blossevillii
Lasiurus cinereus
Lasiurus xanthinus
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Central Plateau
Pasture
Lerma River
Zacatecan
COMMON NAME
Mule Deer
White-tailed Deer
Collar peccary
Coyote
Gray Wolf
Grey fox
Hooded skunk
Eastern spotted skunk
Long-tailed weasel
American badger
Raccoon
Bobcat
Puma
Big free-tailed bat
Brazilian free-tailed bat
Ghost-faced bat
Leaf-nosed bat
Bat
Greater long-nosed bat
Pallid bat
Allen’s big-eared bat
Western red bat
Hoary bat
Western yellow bat

SCIENTIFIC NAME
Myotis californicus
Myotis thysanodes
Myotis velifera
Myotis yumanesis
Pipistrellus hesperus
Plecotus mexicanus
Plecotus townsendii
Rhogeessa alleni
Didelphis virginiana
Cryptotis parva
Sorex saussurei
Lepus callotis
Sylvilagus audubonii
Sylvilagus floridanus
Cratogeomys tylorhinus
Cratogeomys ordii
Dipodomys phillipsii
Liomys irroratus
Chaetodipus hispidus
Perognathus flavus
Microtus mexicanus
Baiomys taylori
Neotoma mexicana
Neotoma mexicana
Peromyscus difficilis
Peromyscus maniculatus
Peromyscus melanophrys
Peromyscus melanotis
Peromyscus pectoralis
Reithrodontomys fulvescens
Sigmodon fulviventer
Sigmodon hispidus
Sigmodon leucotis
Glaucomys volans
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COMMON NAME
California bat
Fringed bat
Cave bat
Yuma bat
Western pipistrelle
Mexican big-eared bat
Townsend's big-eared bat
Allen's yellow bat
Virginia opossum
Least shrew
Saussure's shrew
White-sided jackrabbit
Desert cottontail
Eastern cottontail
Nacked Nosed Pocket Gopher
Gopher
Phillip's kangaroo rat
Mexican spiny pocket mouse
Hispid pocket mouse
Silky pocket mouse
Mexican vole
Northern pygmy mouse
Mexican woodrat
Mexican woodrat
Zacatecan deer or rock mouse
Deer mouse
Mexican plateau mouse
Black-eared mouse
White-ankled mouse
Fulvous harvest mouse
Tawny-bellied cotton rat
Hispid cotton rat
Brown cotton rat
Southern flying squirrel

SCIENTIFIC NAME
Sciurus oculatus
Spermophilus mexicanus
Spermophilus variegatus
Physiographic province:
Type of vegetation:
Hydrological basin:
Mammalian fauna province:
SCIENTIFIC NAME
Odocoileus hemionus
Odocoileus virginianus
Tayassu tajacu
Canis latrans
Canis lupus
Urocyon cinereoargenteus
Mephitis macroura
Spilogale putorius
Mustela frenata
Taxidea taxus
Bassariscus astutus
Procyon lotor
Lynx rufus
Puma con color
Nyctinomops macrotis
Tadarida brasiliensis
Mormoops megalophylla
Macrotus waterhousii
Cheoronycteris mexicana
Leptoycteris nivalis
Sturnira lilium
Antrozous padillas
Idionycteris phyllotis
Lasiurius blossevillii
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COMMON NAME
Peter's squirrel
Mexican ground squirrel
Rock squirrel
Central Plateau
Xerophilic thicket
Lerma River
Zacatecan
COMMON NAME
Mule deer
White-tailed deer
Collar peccary
Coyote
Gray wolf
Grey fox
Hooded skunk
Eastern spotted skunk
Long-tailed weasel
American badger
Ring tailed cat
Raccoon
Bobcat
Puma
Big free-tailed bat
Brazilian free-tailed bat
Ghost-faced bat
Leaf-nosed bat
Bat
Greater long-nosed bat
Little yellow-shouldered bat
Pallid bat
Allen’s big-eared bat
Western red bat

SCIENTIFIC NAME
Lasiurus cinereus
Lasiurus xanthinus
Myotis californica
Myotis lucifuga
Myotis thysanodes
Myotis velifera
Myotis yumanensis
Pipistrellus hesperus
Plecotus mexicanus
Plecotus townsendii
Didelphis virginiana
Cryptotis mexicana
Sorex saussurei
Lepus californicus
Lepus callotis
Sylvilagus floridanus
Cratogeomys tylorhinus
Dipodomys ordii
Dipodomys phillipsii
Lioymys irroratus
Chaetodipus hispidus
Perognathus flavus
Microtus mexicanus
Baiomys taylori
Neotoma albigula
Neotoma mexicana
Peromyscus boylii
Peromyscus difficilis
Peromyscus gratus
Peromyscus maniculatus
Peromyscus melanophrys
Peromyscus melanotis
Peromyscus pectoralis
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COMMON NAME
Hoary bat
Western yellow bat
California bat
Little brown bat
Fringed bat
Cave bat
Yuma bat
Western pipistrelle
Mexican big-eared bat
Townsend's big-eared bat
Virginia opossum
Mexican short-tailed shrew
Saussure's shrew
Black-tailed jackrabbit
White-sided jackrabbit
Eastern cottontail
Naked-nosed pocket gopher
Ord's kangaroo rat
Phillip's kangaroo rat
Mexican spiny pocket mouse
Hispid pocket mouse
Silky pocket mouse
Mexican vole
Northern pygmy mouse
White-throated woodrat
Mexican woodrat
Brush mouse
Zacatecan deer or rock mouse
Osgood's mouse
Deer mouse
Mexican plateau mouse
Black-eared mouse
White-ankled mouse

SCIENTIFIC NAME
Reithrodontomys fulvescens
Sigmodon fulviventer
Sigmodon hispidus
Sigmodon leucotis
Glaucomys volans
Sciurus oculatus
Spermophilus mexicanus
Spermophilus variegatus
Physiographic province:
Type of vegetation:
Hydrological basin:
Mammalian fauna province:
SCIENTIFIC NAME
Odocoileus virginianus
Canis latrans
Canis lupus
Urocyon cinereoargenteus
Mephitis macroura
Spilogale putorius
Mustela frenata
Taxidea taxus
Bassariscus astutus
Procyon lotor
Lynx rufus
Puma con color
Desmodus rotundus
Macrotus waterhousii
Anoura geoffroyi
Macrotus waterhousii
Cheoronycteris mexicana
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COMMON NAME
Fulvous harvest mouse
Tawny-bellied cotton rat
Hispid cotton rat
White-eared cotton rat
Southern flying squirrel
Peter's squirrel
Mexican ground squirrel
Rock squirrel
Neovolcanic plateau
Thorn forest
Lerma River
Volcanic-Transverse
COMMON NAME
White-tailed deer
Coyote
Gray wolf
Gray fox
Hooded skunk
Eastern spotted skunk
Long-tailed weasel
American badger
Ring tailed cat
Northern raccoon
Bobcat
Puma
Vampire bat
Leaf-nosed bat
Geoffroy’s long-nosed bat
Leaf-nosed bat
Bat

SCIENTIFIC NAME
Leptonycteris curasoae
Leptonycteris nivalis
Dermanura azteca
Sturnira ludovici
Antrozous pallidus
Eptesicus fuscus
Idionycteris phyllotis
Lasiurus blossevillii
Lasiurus cinereus
Lasiurus xanthinus
Myotis californicus
Myotis lucifuga
Myotis thysanodes
Myotis velifera
Myotis yumanensis
Pipistrellus Hesperus
Plecotus mexicanus
Plecotus townsendii
Rhogeessa alleni
Didelphis virginiana
Sorex saussurei
Lepus callotis
Sylvilagus floridanus
Cratogeomys tylorhinus
Dipodomys ordii
Dipodomys phillipsii
Chaetodipus hispidus
Perognathus flavus
Microtus mexicanus
Baimys taylori
Neotoma albigula
Neotoma mexicana
Oryzomys couesi
Peromyscus boylii
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COMMON NAME
Lesser long-nosed bat
Greater long-nosed bat
Aztec fruit-eating bat
Highland yellow-shouldered bat
Pallid bat
Big brown bat
Allen’s big-eared bat
Western red bat
Hoary bat
Western yellow bat
California bat
Little brown bat
Fringed bat
Cave bat
Yuma bat
Western pipistrelle
Mexican big-eared bat
Townsend's big-eared bat
Allen's yellow bat
Virginia opossum
Saussure's shrew
White-sided jackrabbit
Eastern cottontail
Naked-nosed pocket gopher
Ord's kangaroo rat
Phillip's kangaroo rat
Hispid pocket mouse
Silky pocket Mouse
Mexican vole
Northern pigmy mouse
White-throated woodrat
Mexican woodrat
Coues' rice rat
Brush Mouse

SCIENTIFIC NAME
Peromyscus difficilis
Peromyscus gratus
Peromyscus levipes
Peromyscus maniculatus
Peromyscus melanophrys
Peromyscus melanotis
Peromyscus pectoralis
Reithrodontomys megalotis
Reithrodontomys
Reithrodontomys sumichrasti
Sigmodon hispidus
Sigmodon leucotis
Glaucomys volans
Sciurus aureogaster
Sciurus oculatus
Spermophilus mexicanus
Spermophilus variegatus
Physiographic province:
Type of vegetation:
Hydrological basin:
Mammalian fauna province:
SCIENTIFIC NAME
Canis latrans
Canis lupus
Mephitis macroura
Spilogale putorius
Taxidea taxus
Bassariscus astutus
Procyon lotor
Lynx rufus
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COMMON NAME
Zacatecan deer or rock mouse
Osgood's Mouse
Nimble-footed mouse
Deer Mouse
Mexican plateau mouse
Black-eared mouse
White-ankled mouse
Western harvest mouse
Small-toothed harvest mouse
Sumichrast's harvest mouse
Hispid cotton rat
Brown cotton rat
Southern flying squirrel
Red-bellied squirrel
Peters's squirrel
Mexican ground squirrel
Rock squirrel
Neovolcanic plateau
Deciduous tropica forest
Lerma River
Volcanic-Transverse
COMMON NAME
Coyote
Gray wolf
Hooded skunk
Eastern spotted skunk
American badger
Ring tailed cat
Raccoon
Bobcat

SCIENTIFIC NAME
Balantiopteryx plicata
Eumops underwoodi
Molossus ater
Molossus sinaloae
Nyctinomops macrotis
Tadarida brasiliensis
Pteronotus davyi
Pteronotus parnellii
Natalus stramineus
Desmodus rotundus
Macrotus waterhousii
Anoura geoffrooyi
Cheoronycteris mexicana
Leptonycteris curasoae
Leptonycteris nivalis
Artibeus hirsutus
Dermanura azteca
Sturnira litium
Sturnira ludovici
Eptesicus fuscus
Idionycteris phyllotis
Lasiurus blossevillii
Lasiurus cinereus
Lasiurus xanthinus
Myotis californica
Myotis lucifuga
Myotis thysanodes
Myotis velifera
Myotis yumanensis
Plecotus mexicanus
Plecotus twonsendii
Rhogeessa alleni
Rhogeessa parvula
Didelphis virginiana
Cryptotis parva
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COMMON NAME
Sac-winged bat
Underwood's mastiff bat
Black mastiff bat
Sinaloan mastiff bat
Big free-tailed Bat
Brazilian free-tailed bat
Davy's naked-backed bat
Mustache bat
Funnel-eared bat
Vampire bat
Leaf-nosed bat
Geoffroy's long-nosed bat
Bat
Lesser long-nosed bat
Greater long-nosed bat
Hairy fruit-eating bat
Aztec fruit-eating bat
Little yellow-shouldered bat
Highland yellow-shouldered bat
Big brown bat
Allen's big-eared bat
Western red bat
Hoary bat
Western yellow bat
California bat
Little brown bat
Fringed bat
Cave bat
Yuma bat
Mexican big-eared bat
Townsend's big-eared bat
Allen's yellow bat
Little yellow bat
Virginia opossum
Least shrew

SCIENTIFIC NAME
Sorex oreopolus
Sorex saussurei
Lepus callotis
Sylvilagus floridanus
Dipodomys ordii
Chaetodipus hispidus
Perognathus flavus
Microtus mexicanus
Baiomys taylori
Neotoma mexicana
Oryzomys couesi
Osgoodomys banderanus
Peromyscus aztecus
Peromyscus gratus
Peromyscus levipes
Peromyscus maniculatus
Peromyscus melanophrys
Peromyscus melanotis
Reithrodontomys megalotis
Reithrodontomys microdon
Reithrodontomys sumichrasti
Sigmodon fulviventer
Sigmodon hispidus
Sigmodon mascotensis
Sciurus aureogaster
Sciurus oculatus
Spermophilus mexicanus
Spermophilus variegatus
Dasypus novemcinctus

COMMON NAME
Mexican long-tailed shrew
Saussure's shrew
White-sided jackrabbit
Eastern cottontail
Ord's kangaroo rat
Hispid pocket mouse
Silky pocket mouse
Mexican vole
Northern pygmy mouse
Mexican woodrat
Coues' rice rat
Michoacan deer mouse
Aztec mouse
Osgood's mouse
Nimble-footed mouse
Deer mouse
Plateau mouse
Black-eared mouse
Western harvest mouse
Small-toothed harvest mouse
Sumichrast's harvest mouse
Tawny-bellied cotton tat
Hispid cotton rat
Jaliscan cotton rat
Mexican gray squirrel
Peters's squirrel
Mexican ground squirrel
Rock squirrel
Nine-banded armadillo

Taking into account the work area of this project, the diversity of wild fauna species is very poor if
we consider that it is an area already affected by the aperture to agtricultral areas and the urban progress
brought to these locations.
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Only the stretch of the Silao GM – Guanajuato station keeps a small percentage of environmental
impact, because of the opening of the railway, which is currently not in operation, and the construction of the
toll highway in 1991. Thus, the alteration occurred through the sectioning of areas, giving rise to vegetation
islands and a subsequent physical limitation and formation of reproduction islands of species.
In terms of evolution, this is one of the ways to deterioration and posterior extinction of them,
because there is no genetic recombination with new pools providing variation, to the contrary, it results in
undesired mutations on the long run althougn it is probable that they are destroyed by human impact before
biological deterioration is exhibited.
The most preserved area above mentioned is subject to the extraction of fauna for commercial and
kinegetic purposes.
The specific fauna existing in the study area comprise the following species:
SMALL MAMMALS:
SCIENTIFIC NAME
Citellus variegatus
Didelphis marsupialis
Lepus californicus
Mephitis macroura
Sylvilagus floridanus

COMMON NAME
Rock squirrel
Opossum
Black-tailed jackrabbit
Hooded skunk
Eastern cottontail

Birds
2,100,000 birds of the population of water birds migrating to Mexico account for the Pacific route;
for the mitratory center route (including Guanajuato) 1,900,000 birds and for the Golf route 2,100,000
(PROFEPA, 1995).
According to estimates of water birds in the Bajío-León-Irapuato region, the wintering population
exhibits a slight decrease for this area, with 16,515 ducks reported in 1994 (PROFEPA, 1995).
The method used for the bird observation was the direct observation with binoculars at the points
where the vegetation sampling has been carried out.
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The observed species during the above described field sampling were the following:
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SCIENTIFIC NAME

COMMON NAME

Buteo sp

Hawk

Icterus parisorum

Scott's oriole

Selasphorus rufus

Rufous hummingbird

Buho virginianus

Great horned owl

Carpodactus mexicanus

House finch

Catherpes mexicanus

Canyon wren

Quiscalus mexicanus

Great-tailed grackle

Columbina passerina

Ground dove

Coragyps astratus

Black vulture

Carduelis saltria

Lesser goldfinch

Corvus corax

Common raven

Falco sparvarius

American kestrel

Falco mexicanus

Prairie falcon

Buteo jamaicensis

Red-tailed hawk

Hirundo rustica

Barn swallow

Phainopepla nitens

Phainopepla

Cardinalis cardinalis

Northern cardinal

Pyrocephalus rubinus

Vermilion flycatcher
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Hylocharis leucotis

White-eared hummingbird

Myiarchus cinerascens

Ash-throated flycatcher

Picoides scalaris

Ladder-backed woodpecker

Pipilo erythrophthalmus

Eastern towhee

Pipilo fuscus

Canyon towhee

Mimus polyglotus

Northern mockingbird

Toxostoma curvirostre

Curve-billed thrasher

Zenaida asiatica

White-winged dove

Zenaida macroura

Mourning dove

Reptiles and amphibians
The reptiles and amphibians are the group of vertebrates less known in Mexico and, thus, little data
are available about them in Guanajuato.
Crotalus sp.

SCIENTIFIC NAME

COMMON NAME
Rattlesnake

Thomnophis sp.

Garter snake

Sceloporus sp.

Spiny lizard

Holbrookia sp.

Lizard
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DOMINANT SPECIES AND RELATIVE ABUNDANCE
Due to the displacement suffered by urbanization and opening of agricultural cultivations, resident
land birds are considered as dominant species, which, in addition, have a commercial value, as well as some
small mammals such as the cacomistle, opossum, skunk and field rat. Their abundance is variable with regard
to the route area, mainly because of the effects of hunting caused by humans.
In specific relation to the relative abundance of those species, there is no reliable information
available.
Reproduction areas
As already mentioned in previous paragraphs, all resident species reproduce themselves in areas
where they are observed, which are mostly isolated reproduction areas (islands), with the inherent impact.
Abundant nests of resident species were found on the sampled route, without the possibility to confirm the
type of species.
Coursers and migrating species
The reduced number of studies on migration accomplished in the state of Guanajuato comprises one
on migrating sea birds, performed due to the losses of life recorded in different reservoirs of the state.
On the migratory route of the Center, in which the state is located, 345 migratory and resident bird
species exist. It is estimated that 1,900,000 birds travel on this route, 50,000 of them corresponding to the
León- Irapuato region.
The migratory birds that could be observed and occupy the reservoirs of the municipalities comprised
in the present project are:
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COMMON NAME

SCIENTIFIC NAME
SURFACE-SWIMMING DUCKS
Northern pintail
Anas acuta
Northern shovelers
Anas clypeata
Blue-winged Teal
Anas discors
Cinnamon teal
Anas cyanopter
Teal
Anas crecca
Mexican duck
Anas diazi
Gadwall
Anas strepera
GREBES
Ruddy duck
Oxyura jamaicensis
Bufflehead
Bucephala albeola
Ring-necked Duck
Aythya collaris
Lesser scaup
Aythya affinis
Other species
American coot
Fulica americana
Eared grebe
Podiceps nigricolis
Pied-billed grebe
Podylimbus podiceps
American avocet
Recurvirostra americana
Black-necked stilt
Himantopus mexicanus
Common snipe
Gallinago gallinago
Killdeer
Charadrius vociferus
Long-billed dowitcher
Limnodromus scolopaceus
Short-billed dowitcher
Limnodromus griseus
Least sandpiper
Calidris minutilla
Western sandpiper
Calidris mauri
Great egret
Casmerodius albus
Brown pelican
Pelecanus accidentalis
American white pelican
Pelecanus erythrorhynchos
American herring gull
Larus argentatus
Source: Compilation of the PROFEPA according to reports of the Fundación Ecológica de Guanajuato, A.C.;
Ibarrilla Zoo in León, Gto Dumac and video recordings, as well as direct observations of the compiler.
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Unfortunately, there are no data available on other migratory species on the state’s territory.
However, taking into account that the most part of the territory to be affected by the interurban train line
corresponds to agricultural crop fields, and that this kind of activity already exists for quite a number of years,
the diversity of the affected fauna is poor. In addition, all migratory species already disappeared from those
places for not finding their natural habitat. What is left is the resident fauna, both beneficial and harmful from
the human perspective.
ENDEMIC OR ENDANGERED SPECIES
Based on the Mexican Official Standard NOM-059-ECOL-1994, which determines the endangered,
threatened, rare wild land and water species and subspecies of flora and fauna and those subject to special
protection, and wich establishes specifications for their protection, the state exhibits the animal species
comprised in the cited standard, which are the following:
SPECIES WITH SPECIAL STATUS
SPECIES
AMPHIBIANS
Rana megapoda
REPTILES
Lampropeltis mexicana
Phrynosoma orbiculare
Kinosteron hirtipes
BIRDS
Rallus elegana
Bombillylla cedrorum
Buteo jamaicensis
Falco temoralis
Falco peregrinus
Falco mexicanus
Icterus cucullatus
Icterus wagleri
Amazilia violiceps
Atthis heloisa
Cynanthus sordidus
Trogon elegans

EIA TRIG
157-01
817tren.doc

Page 166

COMMON NAME

STATUS

Chapala frog

Special protection

Gray-banded kngsnake
Mexican pateau-horned Lizard
Mud turtle

Threatened
Threatened
Specal protection

King rail
Cedar waxwing
Red-tailed hawk
Aplomado falcon
Peregrine falcon
Prairie falcon
Hooded oriole
Black-vented oriole
Violet-crowned hummingbird
Bumblebee hummingbird
Dusky hummingbird
Elegant trogon

Rare
Threatened
Threatened
Special protection
Threatened
Special Protection
Threatened
Threatened
Threatened
Threatened
Threatened
Threatened

SPECIES
Vireo nelsoni
Penelope purpurascens
Campephilus imperialis
Cardinalis cardinalis
Carpodacus mexicanus
Icterus parisorum
Mimus polyglottos
Cyrtoyx montezumae
MAMMALS
Dipodomys pholipsii
Leptonycteris nivalis

COMMON NAME
Dwarf vireo
Crested guan
Imperial woodpecker
Northern cardinal
House finch
Scotts oriole
Northern mockingbird
Montezuma quail

STATUS
Threatened
Special protection
Special protection
Special protection
Special protection
Special protection
Special protection
Special protection

Phillips’s kangaroo rat
Mexican long-nosed bat

Rare
Threatened

SPECIES OF KINEGETIC INTEREST, BAN PERIOD AND SPECIES OF COMMERCIAL INTEREST
In the state, there are birds considered by the National Ecology Institute (INE) as feasible to be
utilized within the Agreement that establishes the Calendar for Capture, Transport and Rational Utilization of
Songbirds and Decorative Birds for the 1997-1998 Season (SEMARNAP, 1997).
The utilization of songbirds and decorative birds on national territory requires a permit issued by the
National Ecology Institute (INE) of the Department of Environment, Natural Resources and Fishing, through
channels the General Directorate of Wildlife, and the Federal Delegations of the authority itself, subject
tonthe provisions included in this agreement, during the season from July 7, 1997 until June 30, 1998.
Article 20 of the cited agreement indicates that the number of permits for the capture of songbirds
and decorative birds for Guanajuato is:
PERMITS FOR THE CAPTURE OF SONGBIRDS AND DECORATIVE BIRDS FOR GUANAJUATO
Maximum number of
permits to be issued
GUANAJUATO
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30

Daily maximum
possession limit of
specimens
75

Maximum number of
specimens to be utilized
per season
600

Article 21 indicates the permitted species and periods for the capture of songbirds and decorative
birds for the state of Guanajuato.
PERMITTED SPECIES AND PERIODS FOR THE CAPTURE OF SONGBIRDS AND DECORATIVE BIRDS
SCIENTIFIC NAME
Columbina passerine
Aphelocoma coerulescens
Corvus corax
Turdus rufopalliatus
Toxostoma curvirostre
Sturnus vulgaris
Setophaga ruticilla
Basileuterus rufifrons
Pirangarubra
Cardinalis cardinalis
Cardinalis sinuatus
Pheucticus ludovicianus
Pheucticus melanoce-phalus
Passerina caerulea
Passerina amoena
Passerina cyanea
Passerina versicolor
Passerinaciris
Sporophila torqueola
Aimophila ruficeps
Amphispiza bilineata
Chondestes grammacus
Zonotrichia leucophrys
Agelaius phoeniceus
Xanthoce-phalus
Euphagus cyanoce-phalus
Quiscalus mexicanus
Molothrus aeneus
Molothrus ater
Icterus galbula
Icterus parisorum
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COMMON NAME
Common ground-dove
Florida scrub-jay
Common raven
Rufous-backed robin
Curve-billed thrasher
Common starling
American redstart
Rufous-capped warbler
Summer tanager
Northern cardinal
Gray cardinal
Rose-breasted grosbeak
Black-headed grosbeak
Blue grosbeak
Lazuli bunting
Indigo bunting
Varied bunting
Painted bunting
White-collared seedeater
Rufous-crowned sparrow
Black-throated sparrow
Lark sparrow
White-crowned sparrow
Red-winged blackbird
Yellow-headed blackbird
Brewer’s blackbird
Great-tailed grackle
Bronzed cowbird
Brown-headed cowbird
Baltimore oriole
Scott's oriole

PERIOD
Sep.- Feb.
Sep.-Jan.
Sep.-Jan.
Sep.-Feb.
Sep.-Feb.
Jul.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Sep.-Feb.
Oct.-Feb.
Nov.-Feb.
Nov.-Feb.
Nov.-Feb.
Nov.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Sep.-Feb.
Sep.-Feb.
Jul.-Feb.
Jul.-Feb.
Jul.-Feb.
Jul.-Feb.
Oct.-Feb.
Oct.-Feb.

SCIENTIFIC NAME
Carpodacus mexicanus
Carduelis pinus
Carduelis psaltria
Passer householdus
Columba flavirostris
Zenaida asiatica
Zenaida macroura
Columbina passerine
Leptotila verreauxi
Aratinga nana
Aratinga canicularis
Brotogeris jugularis
Amazona albifrons
Calocitta Formosa
Cyanocorax yncas
Aphelocoma coerulescens
Aphelocoma unicolor
Sialia sialis
Myadestes occidentalis
Myadestes unicolor
Catharus ustulatus
Turdus grayi
Turdus rufopalliatus
Mimus polyglottos
Toxostoma curvirostre
Ptylogonis cinereus
Setophaga ruticilla
Basileuterus rufifrons
Chlorophanes spiza
Cyanerpes cyaneus
Thraupis episcopus
Piranga rubra
Piranga bidentata
Pheucticus chrysopeplus
Pheucticus ludovicianus
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COMMON NAME
House finch
Pine siskin
Lesser goldfinch
House sparrow
Red-billed pigeon
White-winged dove
Mourning dove
Common ground-dove
White-tipped dove
Olive-throated parakeet
Orange-fronted conure
Orange-chinned parakeet
White-fronted amazon
White-throated magpie-jay
Green jay
Florida scrub-jay
Unicolored jay
Eastern bluebird
Brown-backed solitaire
Slate-coloured solitaire
Swainson's thrush
Clay-coloured thrush
Rufous-backed robin
Northern mockingbird
Curve-billed thrasher
Floricano
American redstart
Rufous-capped warbler
Green honeycreeper
Red-legged honeycreeper
Blue-grey tanager
Summer tanager
Flame-colored tanager
Yellow grosbeak
Rose-breasted grosbeak

PERIOD
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Jul.-Feb.
Sep.-Jan.
Sep.-Jan.
Sep.-Jan
Sep.-Feb.
Sep.-Jan.
Sep.-Jan.
Jul.-Nov.
Aug.-Nov.
Sep.-Jan.
Sep.-Jan.
Sep.-Jan.
Sep.-Jan.
Sep.-Jan.
Oct.-Feb.
Sep.-Feb.
Sep.-Feb.
Oct.-Feb.
Aug.-Feb.
Sep.-Feb.
Sep.-Feb.
Sep.-Feb.
Sep.-Dec.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.
Oct.-Feb.

Article 25 indicates the areas prohibited for the utilization of songbirds and decorative birds. These
are for the state of Guanajuato:
1.

León de los Aldamas protection area and

2.

Capturing basin of La Esperanza Dam
According to the Agreement which establishes the Kinegetic Calendar corresponding to the season
1997-1998 (SEMARNAP 1997), the state of Guanajuato is divided in three kinegetic regions:
Kinegetic region 1. Limited to the North by the Federal Highway 45 D, going from Querétaro to Irapuato, and
by the highway from Irapuato to León, with the state border of Jalisco; to the South by Michoacán, West by
Jalisco and East by Querétaro.
Kinegetic region 2. Limited to the North by San Luís Potosí; to the South by the northern limit of the
Kinegetic region 1; to the East and Southeast by the highway No. 57 that goes from Querétaro to san Luís
Potosí, and to the West to Jalisco.
Kinegetic region 3. Limited to the North by San Luís Potosí; to the East and South by Querétaro and to the
West by the limits of the Kinegetic Region 2.
Areas banned for hunting:
1.
Protection area; León de los Aldamas and capturing basin of La Purísima dam (This area is the only
one located within the area of interest for the present work).
2.
Sierra de Santa Bárbara.
3.
Sierra Lobos Cuatralba
4.
Sierra del Cubo San Juan
5.
Neutla Dam, municipality of Comonfort, on the entire perimeter and 2 kilometers around.
Although this category comprises the capturing basin of the Purísima dam, the railway stretch is not
affecting it. The ban periods of the different species permitted for the kinegetic utilization are the following:
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FAUNA SPECIES
Water birds (ducks,
teals)
White-winged dove and
Huilota
Seedsnipe
Masked or common
quail
Scaled quail

BAN PERIOD

DAILY POSSESSION
LIMITS
5

PERMITTED AREAS

February 23 to 16 to
1, 2 and 3
October 15
February 16 to October
5 white-winged doves
1, 2 and 3
30
and 10 Huilotas
March 12 to October 30
5
1, 2 and 3
March 2 to November
5
1, 2 and 3
27
March 2 to November
5
1, 2 and 3
27
Pin-tailed sandgrouse
September 29 to August
3
1, 2 and 3
7
Squirrel
March 2 to November 6
2
1, 2 and 3
Rabbit
March 2 to October 16
2
1, 2 and 3
Coyote
March 2 to October 16
2
1, 2 and 3
Hare
March 2 to October 16
not specified
1, 2 and 3
Opossum
November 24 to
not specified
1, 2 and 3
October 16
Source: Kinegetic Calendar, season August 1997 – May 1998. Published in the Official Gazette of the
Federation on July 3, 1997.
The possession limit for the northern pintail (Anas acuta) and for the blue-winged teal (Anas discors)
is 5 birds for both species. The utilization of gooses and American coot (Fullica Americana), as well as the
collar dove (Columba fasciata) is banned in the whole state. Only the hunting of rock squirrel is allowed
(Spermophilus variegatus).
Due to the fact that the stretch of the interurban train line is within the crop fields, it is not considered
that there will be displacement of kinegetic fauna to other habitats, caused by this project. The only place that
was
traveled
on
foot
in
order
to
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carry out the sighting of fauna species susceptible to be affected due to its natural conditions was the stretch
of the Rodríguez community, in the municipality of Silao, next to GM, up to the Santa Teresa community,
municipality of Guanajuato.
In addition to the above stated species, it should be clarified that a large amount of birds from other
states such as San Luís Potosí, Michoacán, Nayarit and Jalisco are distributed to be sold in the state. These
birds comprise Aratingas and Amazonas species (parakeets of humid regions). A center for both legal and
illegal bird storage and sale has been in the state, in the city of Silao, where even macaw species (Ara
militaris and Ara macao), as well as toucans (Ranphastus sulfuratus) has been found.
With regard to other fauna groups, a large market of living species, as well as fauna subproducts,
mainly leather in León City, was detected, because there is a large demand of pets on one hand, and of cheap
raw materials for the manufacture of articles such as belts, wallets, shoes, boots, attaché cases, etc. The most
appreciated species for these purposes are the green lizard (Iguana iguana), black lizard (Ctecnosaura
pectinata), rattlesnakes (Crotalus spp) and crocodiles (Crocodrilus moreletti and Crocodrilus acutus).
SPECIES WITH CULTURAL VALUE FOR ETHNIC OR LOCAL GROUPS
In the locations through which the Interurban Train will pass, there are no ethnic groups. However, to
date the use of certain organisms, such as rattlesnakes for medicinal purposes or some birds for mystic uses
(for example, according to local beliefs, certain hummingbird species provide good luck) could be observed
within the local groups, as it happens with all Mexicans.
MAIN PLAGUES REPORTED AND/OR HARMFUL FAUNA
In the area of interest, which is mostly cultivation land, the recorded main plagues and/or harmful
fauna is the abundance of thrushes and grackles (yellow-headed thrush, Xanthocephalus xanthocephalus;
yellow-eyed thrush, Euphagus cyanocephalus; red-eyed thrush, Molothus aeneus; black thrush, Molothus
ater; grackle; Quiscalus mexicanus living close to the crops, in the adjacent urban areas. They mainly live on
grasses such as sorghum, which constitutes an acute economic problem.
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In the state of Guanajuato, there have been efforts to eradicate them, but without success. The
municipalities that have been working on it in the area concerned were mainly Celaya and León, because it
has become a public health problem, giving rise to respiratory problems, in addition to the fact that they
exhibit large amounts of ectoparasites transmitted to people.
Finally, it should be mentioned that it is obvious that the urban areas where the construction of the
Interurban Train stations is contemplated have currently problems due to rat and cockroach plagues, these
being considered as harmful fauna and a source of infection for the inhabitants.
INTRODUCED SPECIES OR SPECIES TO BE INTRODUCED BY THE PROJECT OR ACTIVITY
The present project does not intend to introduce any fauna.
IV.3.

AREA CHARACTERIZATION

A)

GEOLOGICAL AND GEOMORPHOLOGICAL FEATURES

The area of influence is located in the Physiographic Province of the Neovolcanic Axis. This
province is characterized by exhibiting lake plains limited by volcanic mountains or large estratovolcanoes
and interrupted by monogenetic volcanoes. This province, occupying approximately 45% of the state’s
surface, is composed of large mountains of volcanic origin corresponding to lava currents, volcanic cones,
calderas, and towards the lower parts there are continental deposits forming extensive plains, such as the area
where the project is located.
This province comprises the Sierrita de Pénjamo, near the village of the same name, La Mesa de San
Agustín, and in the Southeast the Sierra de los Augustinos. Wide plains known as the Bajío (where the project
is to be developed) are stretching across the most part of the district, interrupted by some volcanic cones such
as La Gavia, Culiacán, etc.
The endogenous processes that have been acting on the region where the route of the light train
project is located are of accumulative volcanic type, and these have originated all volcanic structures of the
area, from the most outstanding estratovolcanoes, located in the Southeast (Cerro Comaleros), and mainly
constituted by alternate emissions of lava spilling and pyroclastic products, to small volcanic structures such
as monogenetic volcanoes (La Cruz, La Cal, among others) and lava spilling.
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In the study area, two main topoforms are distinguished, rages of hills and plains. It should be
mentioned that the project route will not affect any of the topoforms (see Exhibit 20 C).
The topoforms found in the area of influence are: Mesa del Sastre, Cerro Prieto, Cerro Potrero, Peña
Colorada, Trojes, Juan Martín, Rincón de Tamayo, La Gavia and Otero de Ojo Seco. The average height is
2,000 meters. These are located in the southeastern part of the municipality of Celaya at 10 km from the
project route.
The Cerro Culiacán, with a height of 2,830 m.a.s.l. is located to the East of the municipality Las
(missing name) at 5 km from the project route. This hill stretches out to other municipalities and reaches his
major height in the state of Guanajuato. The hills called Colorado, Merino, La Mocha and El Diezno are also
located in the municipality of Cortazar.
In the municipality of Salamanca, there are elevations belonging to the Sierra de las Codornices, such
as La Cerquilla and La Hierba, in the North of the municipality and at 100 km from the project route, as well
Cerro Grande, Mesa Alta, Los Ciecillos, La Mesita and Los Lobos. The average height of these elevations is
2,000 meters.
Irapuato lacks large elevations and there are only a few ranges of hills such as El Copal, La Calera,
Los de Juárez, Aldama, La Garrida, San Juan Temascatío and Venado, most of them located in the western
part of the municipality at 30 km from the project route.
In the northern part of León City, the territory is becoming increasingly rugged until reaching the
Sierra de Comanja or Ibarra. In the Northwest, the hill called Gigante is located, with a height of 2,284
m.a.s.l. The Northeast is also quite mountainous, comprising the hills called El Gordo, Corral de Piedra,
Buena Vista, Lomas de la Soledad and others at approximately 50 km from the project route, while the
southern, southwestern and southeastern areas are flat, forming part of the rich Bajío Valley.
B)

HYDROLOGICAL FEATURES

A very important river in the morphological evolution of the region that has considerably contributed to the
agricultural richness is the Lerma River, which - together with its tributaries Laja, Turbio, Irapuato, Silao,
Apaseo, Celaya, etc. - provides a large amount of flood for the development of the different crops whose
products are distributed to the entire country. The above mentioned are the rivers passing through the project
area (See Exhibit 20 E).
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The general information per river located in the project influence area is presented below.
The Lerma River enters the state of Guanajuato through the hydrometric station called El Gigante.
Most of the water flow coming to the surface at that location comes from the Tepuxtepec Dam, Michoacán.
This dam receives water flow from the upper part of the Lerma River, stores it and makes it available for the
generation of electrical energy. At the same time, it arrives via Lerma River at the Solís Dam.
Silao River – The Silao River source is constituted by several streams flowing to Silao and forming
the river of that name (missing number) km downstream from Silao, there is a tributary of the Lerma River,
called Arroyo de la Llave, flowing in southeast direction and uniting the Silao at 8 km, northeast of Irapuato.
On the Silao River, the hydrometric station of the same name is established, located in the vicinity of the same
city, having data available since June 1957.
The Guanajuato River receives the Silao, as right tributary, at one kilometer downstream from
Irapuato. United, there is a 28-km route left in order to get to the confluence with the Lerma River, a stretch
where it receives a last right tributary, the Yóstiro River, 10 km before the confluence. The total basin of the
Guanajuato River up to its confluence with the Lerma River is 3,203 km2.
The basin of the Turbio River covers territories of two states, such that 3,078 km2 of its basin are in
the state of Guanajuato and 1,404 km2 in the state of Jalisco.
Thus, the La Laja River turns into two currents along 20 km until they unite again in the proximity of
a village called El Cerrito, at 6 km to the Northeast of Jaral del Progreso.
C)

PHYTOGEOGRAPHIC FEATURES

As already mentioned, the vegetation of the state of Guanajuato, according to the classification made
by Rzedowski in 1978, is included in the Mexican Xerophytic Region and the Mesoamerican Mountain
Region.
Most of the state territory has undergone several impacts that gave rise to a substantial change of
floristic distribution, whereby the native species have been displaced in many cases.
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As a cause of the above, the current composition of species is highly variable. It is estimated that
approximately 90% of the natural vegetation of the Guanajuato Bajío has disappeared. Thus, the deep-soil
plains currently occupied by different kinds of crops have been thorn forests in the past, with the prevailing
species being the Mesquite (Prosopis laevigata), while on the slopes, where soil is highly shallow and stony,
a deciduous tropical forest was developing, with species such as wattle (Acacia sp) and Copal (Bursera sp.),
as dominant species.
In both cases, the strong impact causing the loss of diversity was the change of land use, and these
types of vegetation are considered fragile because under conditions of intense disturbance, as the one cited,
they are characterized by being disappearing.
However, in most of the part of the Guanajuato Bajío, there are small relicts with signs of climax
communities in the areas that still exhibit little accessibility.
D)

ZOOGEOGRAPHIC FEATURES

The geographical distribution of fauna has been directly affected by the changes in the composition
of flora species in the region of the Guanajuato Bajío, due to the change of land use and human activities such
as kinegetic activities, bird capturing, exploitation of material banks and, particularly, the opening of an
impressive amount of cultivation hectares, generally causing the alteration of habitats and the displacement or
migration in search of new nests.
Likewise, the changes at aquifer level and the overexploitation of surface waters have caused that
river beds are dry during most of the year, and several species that previously visited the location or
comprised it in their migratory route, do not use it any longer.
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V. SOCIO-ECONOMIC ENVIRONMENT
The Guanajuato Interurban Fast Train (TRIG) which is the object of our study shall traverse a distance of
151.560 km. It shall consist of 18 stations located in the following municipalities belonging to the State of
Guanajuato: LEÓN de los Aldama, SILAO, GUANAJUATO, IRAPUATO, SALAMANCA, VILLAGRÁN,
CORTAZAR and CELAYA.
There are four main population centers in the State of Guanajuato: LEÓN, IRAPUATO,
SALAMANCA and CELAYA, in addition to several small but important cities such as GUANAJUATO
capital, Dolores Hidalgo, San Miguel de Allende, San Luis de la Paz and SILAO.
The City of LEÓN is located within the country’s central zone in the Northeastern part of the Bajio
region 45 km in a straight line northeast of GUANAJUATO city. LEÓN is geographically located between
the meridians 101º38’30” and 101º43’08” longitude west and 2105’40” and 21º09’30” latitude north. It
borders north with the San Felipe municipality, south with the Romita and San Francisco del Rincon
municipalities, east with the SILAO and GUANAJUATO municipalities and west with the Purisima de
Rincon municipality and with the state of Jalisco. The city is located at the foot of the Sierra de Cuatralba at
1850 m.a.s.l.
The city of IRAPUATO is located at a mean altitude of 1724 m.a.s.l. Its geographical coordinates are
101º20’05” longitude west and 20º40’28” latitude north. It borders north with the GUANAJUATO and
SILAO municipalities, south with the Abasolo and Pueblo Nuevo municipalities, east with the
SALAMANCA municipality and west with the Abasolo and Romita municipalities.
SALAMANCA city is located in the southern part of the State of Guanajuato. It is located at 1721
m.a.s.l. between the coordinates 101º11’39” longitude west and 20º34’22” latitude north. Its municipal limits
are north with the IRAPUATO and GUANAJUATO municipalities, south with the Jaral del Progreso and
Valle de Santiago municipalities, east with the Santa Cruz de Juventino Rosas and VILLAGRÁN
municipalities and west with the IRAPUATO and Pueblo Nuevo municipalities.
The city of CELAYA is located at 100º47’ longitude west and 20º31’ latitude north, at a mean altitude
of 1750 m.a.s.l. Its municipal limits are: north with the Comonfort municipality, south with the Tarimoro
municipality, east with the Apaseo el Grande and Apaseo el Alto municipalities and west with the
CORTAZAR, VILLAGRÁN and Santa Cruz de Juventino Rosas municipalities.
The city of GUANAJUATO is located in the following coordinates: 21º01’01” latitude north and
101º15’20” longitude west. The city of GUANAJUATO altitude is 2008 m.a.s.l. It borders north with the
municipality of San Felipe, east with the Dolores Hidalgo municipality, west with the SILAO and LEÓN
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municipalities and south with the Allende, SALAMANCA and IRAPUATO municipalities.
V.1 SOCIAL CHARACTERISTICS
A)

TEN YEAR RETROSPECTIVE

The State of Guanajuato population’s growth over the last decades was of 2.8%, slightly higher than the
national average (2.6%). The population development reveals a growth rate increase from 1930 to 1960, but it
tends to stabilize around 2.8% in the following decades (Graph 1).

Graphic 1
Population development from 1930 to 1990

POPULATION

YEARS

B)

TOTAL POPULATION

The basic elements on any project’s planning are the population dimension and the growth expectations
of a human settlement.
According to the 1995 Population and Housing Counting (INEGI, 1995), the State of Guanajuato had a
population of 4’406,568 inhabitants. Guanajuato is the sixth most populated state of the entire Republic and
absorbs approximately 4.9% of the household population. The population is distributed in 6,617 localities
throughout the State. Of these, 98.5% can be classified as rural (less than 2,500 inhabitants) with 36.6% of the
population. The largest population concentration is given in the urban localities, with 63.4% of the total
population.
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Regarding population density, Guanajuato is the fifth most densely populated state of the Republic, after
the Federal District (D.F.), State of México, Morelos and Tlaxcala.

Municipality
STATE
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

POPULATION TOTAL BY MUNICIPALITY
UPDATED NOVEMBER 5TH, 1995
Men
Women
2 139 104
2 267 464
171 428
183 045
38 940
41 245
62 662
65 509
200 030
212 609
511 142
530 990
107 693
113 432
64 936
66 591
20 648
22 055

Total
4 406 568
354 473
80 185
128 171
412 639
1 142 132
221 125
131 527
42 653

As seen on the table, CELAYA has 8% of the total State population, CORTAZAR, 1.82%,
GUANAJUATO capital city 2.9%, IRAPUATO 9.4%, LEÓN 23.6%, SALAMANCA 5%, SILAO 3% and
VILLAGRÁN 0.96%.
NATURAL GROWTH RATE
Guanajuato population grew at a rate of 1.8 for the period 1990-1995. From 1970 to 1990 75% more
people came to live in the same territory.
Decade
(Years)
1950-1960
1960-1970
1970-180
1980-1990
1990-1995
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Intercensal annual average
growth rates
(Years) 1991-1995 (%)
State of
Guanajuato
2.71
2.83
2.75
2.9
1.8

The main six cities found in the industrial corridor are:
MUNICIPALITY
(1995)
LEON
GUANAJUATO
SILAO
IRAPUATO
SALAMANCA
CELAYA

C)

1’053,554
129,276
133,431
418,589
224,017
359,636

POPULATION
EXTRAPOLATION
YEAR 2000
1’132,737
19,479
145,625
455,575
235,676
388,503

GROWTH RATE
7.5%
7.9%
9.1%
8.8%
5.2%
8.0%

ECONOMICALLY ACTIVE POPULATION

Guanajuato is placed near the media at national level in this regard. The 1995 census recorded a
percentage, in regards to the population of 12 years and over, of 52.4% economically active people and of
47.5% economically inactive. Regarding the comparison by gender, it is seen that there are still differences
since the participation of the male population in the economic activity is considerably greater than that of the
female population.
Generally speaking, in the State of Guanajuato 23% of the economically active population is devoted to
the primary sector, 35% to the secondary and 38.7% to the tertiary, this latter considerably lesser than the
national average, which is 46.1%.
OCCUPIED POPULATION IN THE URBAN AREA
BY MAIN ACTIVITY BRANCH (1997)

MUNICIPALITY
LEON
CELAYA
IRAPUATO

Transformation
Industry

Commerce

41.9
19.4
23.9

20.4
24.5
23.9

Main Activity Branches (%)
Service Government
Transportation
&
Communications
27.7
2.1
3.8
41.1
3.6
5.4
35.6
4.2
6.1

Construction

Other
Branches

3.0
3.4
3.3

1.1
2.6
3.0

According to the 11th General Population and Housing Census (1990) the VILLAGRÁN municipality
accounted for 40.4% of the total municipality population occupied in the secondary sector (including mining,
oil and gas extraction, manufacturing industry, electrical energy generation, and construction); 30.2% of the
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primary sector (including agriculture, farming, silviculture, hunting and fishing) and 26.7% was occupied in
the tertiary sector (including trade and services).
Likewise, the CORTAZAR municipality had in 1990 32.6% of the total municipality population
occupied in the secondary sector (including mining, oil and gas extraction, manufacturing industry, electrical
energy generation, and construction); 30.7% was in the primary sector (including agriculture, farming,
silviculture, hunting and fishing) and 33.9% was occupied in the tertiary sector (including trade and services).

STATE

DEVELOPMENT OF THE ECONOMICALLY ACTIVE POPULATION (EAP)
EAP Total
EAP 1990
EAP 1990
EAP 1990
EAP 1990
EAP 1990
1990
Occupied
Unoccupied
Occupied
Occupied
Occupied
Primary
Secondary
Tertiary
Sector
Sector
Sector
1,063,208
1,030,160
33,048
236,713
360,362
398,590

CELAYA
91,407
89,112
2,295
12,412
CORTAZAR
19,724
19,153
571
5,880
GUANAJUATO
34,170
33,452
718
3,263
IRAPUATO
105,144
102,375
2,769
14,761
LEON
280,606
275,491
5,115
8,812
SALAMANCA
54,003
50,337
3,666
9,453
SILAO
26,672
28,932
740
8,206
VILLAGRAN
9,899
9,568
331
2,889
Source: INEGI: 1970, 1980 and 1990 Population and Housing Counting Censes
D)

25,231
6,242
10,654
32,395
138,706
19,922
9,664
3,869

49,370
6,498
17,861
52,509
120,728
19,328
10,282
2,551

ETHNICAL GROUPS

In Guanajuato, indigenous groups have reduced significantly, without quite disappearing and mainly
predominating cross-breed groups.
The Cupicuaro region was seat to a mother culture, one of the most important before the conquest. It
consisted of the ethnical chichimeca group, which left ruins of its progress through sculptures. However, there
are few data and records regarding the ethnical groups and their cultural aspects in the State of Guanajuato.
The following Indian languages are mainly spoken in the State of Guanajuato: jonaz chichimeca, otomí,
mazahua, náhuatl, purépecha, zapoteco, mixteco and mayan.
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E)

MIGRATORY MOVEMENTS

Migration is one of the most interesting demographic phenomena to be studied as it does not only bear on
the number of inhabitants of the zone but also on their social characteristics and reproductive behavior.
In 1990 301,308 people residing in the State of Guanajuato were registered as being born in another State
of the Republic and 702,486 natives of Guanajuato who moved toward other States. This means a net loss in
the recent decades, of 401,178 Guanajuato-born citizens.
However, the migration’s net balance over the last 5 years almost balances: 98,419 of incoming people
against 94,976 outgoing persons. The non-Guanajuato inhabitants in the State come mainly from the Federal
District, Jalisco and Michoacán. On the other hand, Guanajuato natives move toward neighboring places such
as Jalisco, Querétaro or San Luis Potosí.
Immigrants into the State over the last five years account for 52% from the Federal District and State of
México, and the LEÓN municipality is chosen by 22% as their residence.
Regarding the migration out of the country, according to a survey of illegal aliens deported from the
USA, Guanajuato rated fifth in 1978 (INEGI, 1990). This reflects the importance of Guanajuato as a source of
high migration toward the US.
Migration within the State behaves differently by municipality. The CELAYA, LEÓN, SALAMANCA
and San Luis de la Paz municipalities are considered attractive. Nine are equilibrium municipalities, fifteen,
expulsion, and the rest (18), show a migratory characteristic of strong expulsion.
F)

FACTORS FAVORING THE MIGRATORY MOVEMENT

One of the main reasons for migration is the inequality in the economic structure, which reflects into lack
of employments and minimum welfare levels.
Many municipalities, mainly northeast of the State, and innumerable rural communities, exist under
marginal socio-economic conditions, in front of industrial and commercial cities which act as regional
attraction poles.
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In addition to this permanent migratory phenomenon, there exists a continuous flow of people who work
in the Industrial Corridor cities and who live in other municipalities. For instance, a considerable number of
people in the San Felipe, Ocampo and other northern State’s municipalities work in LEÓN in the construction
industry. This is a very difficult to quantify phenomenon, although migratory flows to cities in off-season
agricultural activities are identified.
Another definitive factor causing migration is lack of purchase power in the State, since about 75% of the
economically active population has income earnings less than or equal to 2 current minimum wages. This
results in the need to migrate elsewhere where work is better paid (big cities) or where the job offer variety is
considerably larger.
G)

EMPLOYMENT

Unemployment rate in LEÓN city has been among the lowest in the Country for several years, although it
has recently shown a growing trend, according to employment survey statistics performed by INEGI in 16
cities of the Republic.

STATE
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

UNEMPLOYMENT RATES
UNEMPLOYMENT
EAP
EAP
RATE
1990
TOTAL
1990
OCCUPIED
1990
96.89
1,030,160
1,063,208
97.49
89,112
91,407
97.11
19,153
19,724
97.90
33,452
34,170
97.37
102,375
105,144
98.18
275,491
280,606
93.21
50,337
54,003
246.95
28,932
29,672
264.03
9,568
9,899

UNEMPLOYMENT
RATE
1990
3.11
2.51
2.89
2.10
2.63
1.82
6.79
2.49
3.34

EAP
TOTAL
1990
1,063,208
91,407
19,724
34,170
105,144
280,606
28,932
29,672
9,899

EMPLOYMENT BY BRANCH OF ACTIVITY
The economically active population supporting the sustained State’s development is shown following:
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ECONOMIC ACTIVITIES IN GUANAJUATO
Economic activity
Percentage
Agriculture, farming, hunting,
19.2
silviculture and fishing
Manufacturing Industry

8.2

Mines and quarries exploit

7

Construction

6.4

Retail, restaurants and hotels

5.1

Community social services

5.2

Aquaculture has had an important development over the last few years in the State of Guanajuato.
Consequently, for year 1994 it turned out larger volumes of fisheries production in live weight (7,739 metric
tons) compared with the rest of the States of the Republic without sea coasts (SEMARNAP, 1994).
EAP DEVELOPMENT DISTRIBUTION BY MAIN OCCUPATION FROM 1990
Agriculture
Mine
Oil & Gas
Manufacturing
Farming
Exploit
Extraction
Industry
STATE
Professionals
Technicians
Artisans
Farmers
CELAYA
Professionals
Technicians
Artisans
Farmers
CORTAZAR
Professionals
Technicians
Artisans
Farmers
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562
921
841
97

100
84
1,842
736

362
436
2,236
1,048

1,807
3,887
884,803
87,584

103
177
87
13

3
1
27
3

5
5
35
16

364
638
5,382
3,819

7
19
38
2

1
1
5
0

0
0
7
4

222
116
1,580
1,125

Agriculture
Farming
GUANAJUATO
Professionals
Technicians
Artisans
Farmers
IRAPUATO
Professionals
Technicians
Artisans
Farmers
LEON
Professionals
Technicians
Artisans
Farmers
SALAMANCA
Professionals
Technicians
Artisans
Farmers
SILAO
Professionals
Technicians
Artisans
Farmers
VILLAGRAN
Professionals
Technicians
Artisans
Farmers
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Mine
Exploit

Gas and
Petroleum
Extraction

Manufacturing
Industry

10
9
6
2

74
72
1,025
583

6
0
2
2

24
41
1,930
225

79
74
63
7

4
0
95
25

21
20
72
41

165
466
7,410
4,475

76
42
76
5

6
1
61
9

6
7
18
15

912
1,719
27,846
55,736

19
3
48
4

1
0
35
12

301
387
2,043
939

77
291
2,783
1,249

16
29
27
252

1
1
13
17

1
0
1
0

17
55
2,259
174

4
9
34
9

0
0
3
7

0
7
21
2

8
53
907
937

EAP DEVELOPMENT DISTRIBUTION BY MAIN OCCUPATION FROM 1990
Water &
Construction
Commerce
Transportation
Tourism
Electricity
&
Communications
State
Professionals
Technicians
Artisans
Farmers
CELAYA
Professionals
Technicians
Artisans
Farmers
CORTAZAR
Professionals
Technicians
Artisans
Farmers
GUANAJUATO
Professionals
Technicians
Artisans
Farmers
IRAPUATO
Professionals
Technicians
Artisans
Farmers
LEON
Professionals
Technicians
Artisans
Farmers
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220
314
1,741
229

1,231
565
54,837
1,074

678
1,943
6,957
356

125
544
1,708
79

56
149
3,157
101

17
42
164
29

162
78
3,794
135

119
297
761
47

27
155
192
9

2
11
384
14

1
1
16
1

12
4
1,119
18

9
40
110
3

2
11
29
1

0
0
42
0

32
31
77
8

151
79
2,612
22

15
39
180
2

8
11
22
2

103
105
208
36

178
55
5.988
52

11
306
861
41

17
84
258
11

15
16
269
9
3
21
415
13

25
30
336
23

468
188
11,779
58

294
817
2,300
160

39
176
301
6

23
52
964
19

Water &
Electricity
SALAMANCA
Professionals
Technicians
Artisans
Farmers
SILAO
Professionals
Technicians
Artisans
Farmers
VILLAGRAN
Professionals
Technicians
Artisans
Farmers
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Construction

Commerce

Transportation
&
Communications

22
72
320
81

41
37
2,423
19

21
93
335
19

8
32
105
7

3
0
97
3

28
21
2,513
51

8
18
162
6

3
9
50
1

0
2
51
3

7
10
416
8

1
8
56
1

0
3
12
2

Tourism

1
6
184
2
2
3
128
6
1
0
21
0

Fishing production volumes by states with no littoral, 1994
National Total = 1,260,019 Tons

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
0
Ags Coah Chih

Dgo

Gto

Méx
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Qro S.L.P. Tlax

Zac

Among the leading economic activities in the State of Guanajuato, aquaculture occupies an important
place at national level due to its annual production volume.
H)

CURRENT MINIMUM WAGE

As of January 1st, 1997, the current minimum wage for the geographic area “C” including all
municipalities in the State of Guanajuato is of $22.50 per day.
I)

PER CAPITA INCOME LEVEL

The 11th General Population and Housing Counting , 1990, shows that in the State of Guanajuato 35.76%
of the population receives an average income of 1 to 2 minimum wages; 17.58% receives less than 1
minimum wage; and 14.99% receives more than 2 and less than 3 minimum, wages.
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Economically Active Population, according to income level in the
State of Guanajuato
40%
35.76%
35%

Percentages

30%
25%
20%

17.58%
14.99%

15%

10.49%
10%

7.99%

7.49%

5.69%

5%
0%
Not specified

+ than 5

3 to 5

+2 and -3

from 1 to 2

- than 1

No Income

Minimum Wages

Economically Active Population according to income level
50
43.7

40

León
Celaya
Irapuato

36.0
32.2

Percentages

43.9

31.0

30

26.9

20
12.0

13.0

12.0
9.5

10

6.0
4.0

5.7

7.1

7.0

3.4

3.0

0
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Not specified
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+ than 5

+ 2 to 5

from 1 to 2

- than 1

No Income

Minimum Wages

3.6

J)

MEANS OF TRANSPORTATION

The ground transportation system in the State basically consists of Federal Highway #97 México-Piedras
Negras, with both regional and international reach, as well as highway 45 Lagos de Moreno-Querétaro.
-

MEANS OF COMMUNICATION

Land: The most important highway system crossing the LEÓN, GUANAJUATO capital, SILAO,
IRAPUATO, SALAMANCA, VILLAGRÁN, CORTÁZAR and CELAYA municipalities is highway 45. This
is an asphalt road in good condition, as well as highways communicating the capital with San Luis de la Paz,
Tierra Blanca and with Cerrito del Arenal; the remaining highways are dirt roads in poor condition. Most of
the localities have roads, either dirt or gaps. Only some of the most distant localities lack roads.
Air: The State has two airports: the one at CELAYA renders household service with a 1,920 m long strip, and
the SILAO airport which renders international service, with a 3,500 m long strip. There are also 10 air fields
distributed in the Acámbaro, Allende, Manuel Doblado, Dr. Mora, Dolores Hidalgo, IRAPUATO, LEÓN (2),
San Francisco del Rincón and San Luis de la Paz municipalities.
Railway network: By the end of 1991, the State of Guanajuato railway network was 1,059 km long, with
751.3 trunk and branch lines and 299.6 km of auxiliary railways. The longest extension of the railway
networks is located in the central geographical zone, along a west-east line over the main municipalities
which integrate the industrial zone, mainly in the Bajío zone. The following three branches spring from this
branch:
The first, leaving IRAPUATO toward the State’s southeast, headed for Pénjamo and then to the State of
Michoacán.
The second leaves CELAYA southward, arriving in Salvatierra and Acámbaro.
The third line also leaves CELAYA but heads north, passing through Comonfort and reaching San Diego
de la Unión, with sub branches reaching Dolores Hidalgo, San Luis de la Paz and San José Iturbide.
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The northern geographical zone is less favored regarding the railway network, just like in the highway
network and generally in all services, being considered virtually non-existent in this region of the State.
Aside from not covering the State’s northern geographical zone, the railway network in all Guanajuato,
as a reflection of what takes place in most of the country, is poor in terms of its relationship with the ratio of
inhabitants and in the amount of contribution to the Gross Household Income (PIB), and to this situation must
be added the fact that generally, both the railways and the engines are in deficient conditions.
K)

PUBLIC SERVICES

Public services such as fresh water, sewer and drainage, garbage collection and public safety are of
considerable importance for the State economic development.
- WATER
According to the National Water Commission State Management and Fresh Water and Sanitation Sub
Management, the CELAYA city sources drinking water are zone underground waters, which are obtained by
means of 63 deep wells in operation and 2 in the process of being equipped, with an installed capacity of
1,585 liters per second and a production of 882 lps. The water supply to the population has been divided in
three great distribution zones denominated Center, North and South.

ZONE
Center
North
South
Source: JUMAPA, 1994

INSTALLED CAPACITY
LPS
510
611
464

FLOW RATE
LPS
323
365
194

According to the National Water Commission State Management and Fresh Water and Sanitation Sub
Management, part of the GUANAJUATO capital city water supply is attained through the La Soledad and La
Esperanza dams located northwest of the city. The current dam production is of 83.8 lps, representing 25.8%
of the total global demand according to data provided by the SIMAPAG (GUANAJUATO Municipal
Drinking Water and Sewer System) Operational Organization. The water from the dams is carried by gravity
up to the purifying plant east of the highway to Dolores Hidalgo.
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Furthermore, there exists the series of Puentecillas’ water wells supplying a flow of 227lps through 9
wells located southwest of the City of GUANAJUATO. Water is pumped to the Venado I and Venado II
tanks.
FLOW RATE IN THE PUENTECILLAS GUANAJUATO WELLS SYSTEM
WELL
2
3
4
8
10
12
13
14
15

FLOW RATE
lps
30
40.3
13.68
12.9
26.7
45.67
26.83
24.12
31.24

Water is supplied to the City of IRAPUATO by means of 38 deep wells located inside the city. These
wells are directly connected to the drinking water distribution system. The City of IRAPUATO installed
capacity by 1994 was of 1,326 lps with a median flow rate of 795 lps.
According to the National Water Commission (CNA), 13 wells are operated by private individuals and 18
are for industrial use.
The City of LEÓN’s supply of underground water comes from 104 productive wells divided into systems
called Batería Turbio, Batería Sur, Batería Oriente, Batería Muralla, Ciudad and San Francisco del Rincón,
and of surface water from the El Palote Dam. Water from the dam receives a purifying treatment and is
incorporated into the City’s system.
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CITY OF LEÓN, GUANAJUATO, SUPPLY SOURCES
SYSTEM
Batería Turbio
Batería Sur
Pozos Ciudad
Batería Oriente
San Francisco del Rincón
Batería Muralla
Presa El Palote

No. OF
WELLS
18
11
44
4
8
19

PERCENTAGE
%
34.36
4.49
18.54
1.52
10.73
27.56
2.79

The City of Salamanca’s drinking water network consists of 15 tower tanks, out of which only 5 are in
service; of these, one functions as a regulating tank and the four others supply the network. The supply is
achieved through underground water extraction from 17 deep wells, which supply the city an average of 356.2
lps.
Water purification is achieved by chlorination of the existing 17 wells.
It must be stated that both the PEMEX refinery and the CFE thermo-electrical plant have an equal
number of wells and with extractions greater than those of the Operational Organization.
The CORTAZAR municipality had in 1997 a total of 6 deep wells supplying 133,101 (sic) lps.
SILAO had in 1997 a total of 16 deep wells out of which it obtained an average volume of 127.66 lps.
According to the State of Guanajuato Statistical Annual review in 1997 the source of supply in the
VILLAGRÁN municipality was through 3 deep wells from which an average volume of 58.56 lps is
extracted.
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STATE
CELAYA
CORTAZAR
GUANAJUATO
LEÓN
IRAPUATO
SALAMANCA
SILAO
VILLAGRÁN

L)

INSTALLED DOMICILIARY TAPPING POINTS
HOUSEHOLD
COMMERCIAL
INDUSTRIAL
574,952
28,682
3,697
57,283
5,574
124
12,552
273
17
18,590
941
170
17,799
9,037
2,109
59,910
3,493
337
26,767
1,394
12,062
356
17
5,442
327
-

DRAINAGE AND SEWER

The drainage network serves in the urban environment to channel away wastewaters which may be rain
water (clean or acid), household (with grease, soap or human organic waste) and industrial (pass or process).
Drainage and sewer coverage is very irregular in the State’s different municipalities.
PRIVATE HOUSING WITH AVAILABLE DRAINAGE
AVAILABLE
NO DRAINAGE
NOT SPECIFIED
DRAINAGE*
AVAILABLE
STATE
594,313
230,725
1,240
CELAYA
65,727
6,372
85
CORTAZAR
11,844
3,540
16
GUANAJUATO
20,078
4,160
66
IRAPUATO
62,514
16,916
101
LEÓN
177,393
13,198
365
SILAO
14,527
7,683
42
SALAMANCA
33,092
11,605
83
VILLAGRÁN
6,045
1,935
12
*Connected to the public mains, connected to septic pit, with drainage to the river, lake or sea, with drainage
to a crack or ravine. Source: Population and Housing Counting, 1995.
MUNICIPALITY

According to the Population and Housing Counting, 1995, the cities of CELAYA, CORTAZAR,
GUANAJUATO, LEÓN, SILAO, SALAMANCA and VILLAGRÁN had 84.37%, 72.38%, 71.5%, 74.33%,
88.52%, 65.28%, 66.88% and 71.755 (sic)% of the municipality total with housing connected to the public
mains.
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According to the Drinking Water and Sanitation State Management and Sub management of the National
Water Commission, CELAYA City has no wastewater treatment plant.
The IRAPUATO City sewer system is of the combined kind and covers approximately 86% of the urban
patch. In the central part the City has a rain water collector which discharges into the city water final removal
channel to lead the water to natural currents in the municipality southern part. Likewise, IRAPUATO City has
a wastewater treatment plant with a 700 lps capacity.
According to SAPAL, in 1994 the City of LEÓN disposed of its household wastewaters by means of a
drainpipes system. This system covers approximately 90% of the population of the city of LEÓN.
The sewer system discharges basically in six main collectors:
•
•
•
•
•
•
•
•

The Río Los Gómez Collector begins as open sky with contributions of the La Patiña stream and the del
Granizo stream, finally being distributed for irrigation to communal farmers of the southwestern
township.
The Hermanos Aldama Collector impounds wastewaters from the San Miguel, Santa Clara, Lourdes and
Las Margaritas developments.
The Miguel Alemán Collector receives the discharges from the city center zone and leads into Presa
Blanca.
The La Piscina Collector receives the waters from the San Marcos, La Piscina and los Olivos
developments and discharges into Presa Blanca.
The Parallel to Río de los Gómez Collector begins at the Juan A. de Torres street crossing with the creek
in the San Jerónimo development.
The Canal de la Luz Collector discharges to the south zone toward the railroad station toward the open
sky canal which leads it to Presa Blanca.
The North Collector runs north south of the city discharging into Río Los Gómez.
The Pluvial Collectors begin at the Paseo de Los Insurgentes crossing with López Mateos Boulevard and
follows this avenue, up to Río Los Gómez.

Finally, the final discharge of residual and pluvial waters goes toward the southwest of the township,
following their normal surface drainage toward the lower parts such as Presa Blanca, through six main
collector sites.
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The SALAMANCA City drainage system releases WASTEWATER water onto a separate system of 19
discharge sites. The Sardinas’ canal is one of the many leading canals, which serves as emitter in the city
northern part. Regarding the city southern part, WASTEWATER is drained toward Río Lerma, which flows
in an east-west direction, acting as emitter. Further, it has a pilot treatment plant, with 5 lps capacity and
which is located at the Vergel development.
WASTEWATER TREATMENT PLANTS IN USE AND INSTALLED CAPACITY
MUNICIPALITY & SERVICE
TOTAL
INSTALLED CAPACITY
TYPE
(lps)
CELAYA
PRIVATE
9 b, d, e, g
140.10
CORTAZAR
PUBLIC
1l
0.64
IRAPUATO
PUBLIC
3 b, d
710
PRIVATE
10 b, c, d, e
53.10
SALAMANCA
PUBLIC
3d
409.00
b, c, e, g
5
PRIVATE
15.30
VILLAGRAN
PRIVATE
3c
3.00
Source: CNA, State Management, 1997
a) Spraying Filters; b) Oxidation lagoons; c) Enzymatic reactors; d) Activated mud; e) Physicochemical; f) Ascending flow anaerobic
reactor; g) Other (septic pit, drum roto filter, mechanical press, imhoff tank, biodiscs and dissolved air flotation)

M) ENERGETICS
ELECTRICITY
In 1997 the State of Guanajuato had 1,022,910 electrical service users. CELAYA, CORTAZAR,
GUANAJUATO, IRAPUATO, LEÓN, SALAMANCA, SILAO and VILLAGRÁN cities had 9.7%, 1.78%,
3%, 9.63%, 24.94%, 5.48%, 2.15% and 1.01% of the total electrical service users in the State of Guanajuato,
respectively. These users were classified as:
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ELECTRICITY SERVICE BY SERVICE TYPE

MUNICIPALITY
STATE
CELAYA
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

Industrial
5,757
541
169
443
2,578
214
101
105

USER TYPE
Residential
Commercial
868,058
125,333
82,834
14,175
26,563
3,715
83,768
12,724
212,935
35,919
477,43
6,811
19,444
2,217
8,768
952

Agricultural
13,056
839
21
855
1,152
610
1
425

According to CFE, in 1997 the State of Guanajuato had a total of 23,323 distribution transformers with
an 871 Megavolts-ampere power.

DISTRIBUTION TRANSFORMERS
9.10%

1.85%
3.00%
10.30%

39.75%

Celaya (75MV-A)
Cortázar (15 MV-A)
Guanajuato (25VM-A)
Irapuato (91MV-A)
León (260MV-A)
Salamanca (45MV-A)
Silao (22MV-A)
Villagrán (8MV-A)

0.94%
2.36%

4.90%

27.80%

Remaining Municipalities

Further, the State of Guanajuato by 1997 had a line length of 25,138.65 km including electrical service
conduction by transmission, sub transmission and distribution. This infra structure allows 6,909 localities to
have electrical service.
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MUNICIPALITY

NON DOMICILIARY
TAPPING POINTS

CELAYA
GUANAJUATO
IRAPUATO
LEÓN
SALAMANCA
SILAO
VILLAGRÁN

N)

1,616
318
315
1,584
1,311
265
523

LINE
LENGTH
358,50
147,39
116.35
2,330.31
1,299.99
732.33
245.18

SERVICED
LOCALITIES
119
62
37
406
293
340
109

CLEANING SERVICE

The cleaning service’s function is to collect household, business and corporation garbage as well as
cleaning streets, parks, markets and be in charge of recycling.
Garbage management is a serious problem for the State Government. Currently there are many open skies
dumps which are focal points of severe infections. Existing sanitary fills were mostly improvised and
consequently are not most appropriate from the ecological viewpoint, since waste decay pollutes the existing
scarce phreatic strata.
The State of Guanajuato has 31 hectares of open-air dumps.

MUNICIPALITY
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEÓN
SALAMANCA
SILAO
VILLAGRÁN
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OPEN-AIR
DUMPS SURFACE
(HECTARES)
5.0
0.4
0.8
2.4
3.5
0.2
0.4
0.1

Other
By 1994 the State of Guanajuato had 654 DICONSA (DIstribuidora CONasupo—State-owned staples
stores), 185 tianguis (farmers markets), 94 public markets, 38 mechanized slaughter houses, 4 gross
distribution centers and 8 staples receptor centers.
TRADE AND SUPPLY UNITS
MUNICIPALITY
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEÓN
SALAMANCA
SILAO
VILLAGRÁN

DICONSA
STORES

FARMERS
MARKET

PUBLIC
MARKETS

13
13
17
26
5
5
20
3

18
3
2
6
82
6
3
2

12
2
2
6
23
2
2
1

MECHANIZED
SLAUGHTER
HOUSES
1
1
1
2
1
1
1
1

Likewise, the State of Guanajuato has 14 municipal jails in all with a 634-intern capacity. CELAYA,
CORTAZAR, SALAMANCA and SILAO Cities have one municipal jail each with a 231, 48, 31 and 28
intern capacity, respectively.
The CELAYA Municipality has 5 libraries occupying 13 people, and includes 33,887 titles, 47,720 books
and 85,665 users.
The CORTAZAR Municipality has a library occupying 3 people, and includes 4,879 titles, 7,721 books
and 12,096 users.
The 4 GUANAJUATO Capital Municipality libraries occupy 12 people, with 28,784 existing titles,
43,622 books and 50,803 users.
The IRAPUATO Municipality has 2 libraries occupying 10 people, with 15,505 titles, 25,256 books and
119,879 users.
The LEÓN Municipality has 7 libraries which occupy 24 people, and include 48,256 titles, 55,389 books
and 246,791 users.
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The SALAMANCA Municipality has 1 library which occupies 3 people and includes 6,494 titles, 7,684
books and 38,204 users.
The SILAO Municipality has 1 library which occupies 2 people, and includes 6,417 titles, 7,592 books
and 7,510 users.
The VILLAGRÁN Municipality has 2 libraries which occupy 2 people, and include 6,345 titles, 8,905
books and 7,376 users.
O)

EDUCATION

The State of Guanajuato has a relatively privileged position regarding higher level schools and research
centers. However, efforts at the elementary and medium elementary levels have not been sufficient to satisfy
the whole State population needs.

MUNICIPALI
TY

PRESCHO
OL

ELEMENTA
RY

ENROLLED STUDENTS
JUNIOR
HIGHSCHO
HIGH
OL

CELAYA
13,756
59,195
19,980
4,078
CORTAZAR
3,337
13,057
4,009
741
GUANAJUAT
7,394
23,883
6,990
255
O
IRAPUATO
16,899
68,712
20,459
2,580
LEÓN
36,575
171,544
54,805
5,639
SALAMANCA
8,765
35,296
11,011
645
SILAO
6,659
24,625
5,622
559
VILLAGRÁN
1,706
6,887
2,760
70
Source: SEP (Secretariat of Public Education), Department of Statistics
-

PROFESSION
AL
MEDIUM
7,071
1,596
3,093
7,419
18,609
4,863
1,759
409

HIGHE
R
LEVEL
INST
5,724
5,307
2,489
12,953
704
51
-

LAG IN EDUCATION

Lags and inequalities in school education in its 15-year old population and over in the State of
Guanajuato are critical in regard to the national situation which, in turn, cannot be considered satisfactory.
In 1990 the Census recorded 379,422 illiterates, that is, 16.57% of its 15-year old and over population;
only 13,339 illiterates less than in 1980. From this same age group 602,367 have not finished elementary
school. In 1980 the lag in elementary education in this age group was of 1’125,044 people, so the educational
system in 10 years diminished this lag by only 84,902 people.
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The lag in junior high education increased by 207,730 people in the 1980-1990 periods. This deficit in
the population represents a mean schooling of 5.4 grades for this age group.
In addition to all of the above, according to 1991 data of the ANUIES (National Association of
Universities and Higher Education Institutes) Statistical Year Book, there were only 12,020 students enrolled
at college level studies, the insufficiency of properly educated human resources for the State of Guanajuato
sustained development is understood.
Regarding the larger localities, illiteracy percentages are larger.
P)

HEALTH

Health services and social security in the State continue being considerably limited, giving benefits to
52% of the total State population. One of the main reasons is that nearly 80% of the 6,617 Guanajuato
localities have less than 500 inhabitants, which makes it difficult for social security resources to reach all.

100%= 3´900,000
aproximate inhabitants

Service
Covered
52%

Not Service
Covered
48%

The previous can be confirmed by comparing the numbers of social security units to the rest of the
Republic, as well as the number of doctors per one thousand Guanajuato inhabitants.
By 1997, the State had a total of 2’024,267 social security institutions’ service users.
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Q)

HOUSING

The State of Guanajuato housing conditions and types vary widely, from full cement with all services,
cement or brick with asbestos sheet roof with minimum services, to wooden and sheet metal roof with scarce
services.
V.2. Economic Outlines
A)

REGIONAL ECONOMY

Understanding the economic activities of municipalities embraced by the Guanajuato Inter Urban Light
Track is considered very important, as it allows us to understand the most outstanding characteristics of the
Entity’s social and economical development, its inequalities in the productive structure and the differences in
the production worth. It is necessary to make a prognosis of the most representative economic indicators and
to prepare alternatives to direct the socio-economic development towards improving living and welfare levels.
B)

LAND TENURE
RURAL PRODUCTION UNITS, TOTAL SURFACE, RURAL PRODUCTION UNITS WITH
LABOR SURFACE AND LABOR SURFACE BY LAND TENURE IN THE STATE OF
GUANAJUATO, 1991
SURFACE GROUP

RURAL PRODUCTION UNITS
Up to 5 hectares
More than 5 hectares
TOTAL SURFACE
Up to 5 hectares
More than 5 hectares
RURAL PRODUCTION UNITS
WITH LABOR SURFACE
Up to 5 hectares
More than 5 hectares
LABOR SURFACE
Up to 5 hectares
More than 5 hectares
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TOTAL

PRIVATE
ONLY
53,794
22,147
31,647
1’409,091.422
55,665.682
1’353,425.740

COMMUNAL
FARMLAND
ONLY
90,233
46,215
44,018
536,614.862
150,291.599
386,323.263

146,533
68,739
77,794
1’997,229.116
207,307.874
1’789,921.242

MIXED
2,506
377
2,129
51,522.832
1,350.593
50,172.239

136,193

45,464

88,230

2,499

64,593
71,600
1’170,759.983
191,397.284
979,362.699

19,215
26,249
629,355.211
45,490.978
583,864.233

45,002
43,228
503,373.777
144,608.252
358,765.525

376
2,123
38,030.995
1,298.054
36,732.941

CORTAZAR: Comprised of mixed agriculture and farming activity mainly represented by bovine, porcine
and ovine livestock. Cattle growth conditions are as follows: herding only: 33.7%, stabled: 52.7%, semi
stabled: 13.6%. Pasturing coefficient is 6.67.
CELAYA: Comprised of highly technical agriculture and mixed, although a 50.2% surface of low-irrigation
agriculture predominates.
GUANAJUATO: Mixed agriculture develops here, lead by seasonal (rainy season) agriculture in 88.2% of
the surface total, chemical fertilizers and pesticides are used.
IRAPUATO: Comprised of technical and diversified agriculture, lead by seasonal agriculture that occupies a
51.4% surface, although irrigation agriculture represents a 48.5% surface.
LEÓN: Technical agriculture develops under both irrigation and rainy seasons, although seasonal agriculture
represents a 71.2% surface.
SALAMANCA: Mixed agriculture is developed, although irrigation surfaces occupy a 54.1%.
SILAO: Mixed agriculture is developed with a seasonal agriculture surface of 73.3%.
VILLAGRÁN: Mixed agriculture with rainy season prevailing with 52.4% and 47.6% irrigated. It also
consists of technical agriculture with use of chemical fertilizers and pesticides.
C)

PRODUCTIVITY ACTIVITIES

Economic structure is the group of economic activities involving the combination of elements in the
productive and marketing process generally known as productive factors; these in turn determine productive
forms highly varied among themselves. Their analysis is vital to evaluate the expected changes in the local
and regional productive process by the project implementation.
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AGRICULTURE
SOWED AND HARVESTED SURFACE OF CYCLIC CULTIVATIONS IN THE 1996/97
AGRICULTURAL YEAR (HECTARES)
TYPE OF
IRRIGATION
TEMPORAL
IRRIGATION
TEMPORAL
CROP &
SURFACE
SOW
SURFACE
HARVEST
MUNICIPALITY
CORN GRAIN
SILAO
2,732
11,324
2,732
2,693
LEON
4,022
9,336
4,022
4,590
IRAPUATO
5,418
4,060
5,418
530
CELAYA
2,977
6,197
2,977
1,498
SORGHUM GRAIN
IRAPUATO
12,224
11,390
12,224
7,738
SALAMANCA
19,421
2,230
19,421
888
VILLAGRAN
6,989
582
6,989
208
LEON
2,915
4,217
2,915
723
WHEAT GRAIN
SALAMANCA
16,906
16,906
IRAPUATO
13,220
13,220
VILLAGRAN
7,133
7,133
CELAYA
4,756
4,756
BARLEY GRAIN
SALAMANCA
1,903
1,903
ONION
CELAYA
973
675
973
270
SALAMANCA
617
650
617
296
BROCOLI
SALAMANCA
984
984
VILLAGRAN
377
377
GARLIC
SALAMANCA
628
628
CELAYA
391
391
POTATO
LEON
1,277
1,277
-
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SOWED AND HARVESTED SURFACE OF PERENNIAL CULTIVATIONS IN THE 1996/97
AGRICULTURAL YEAR (HECTARES)
TYPE OF
IRRIGATION
SEASONAL
IRRIGATION
SEASONAL
CROP &
SURFACE
SOW
SURFACE
HARVEST
MUNICIPALITY
ALFALFA
CELAYA
8,476
7,746
LEON
2,175
2,175
ASPARAGUS
IRAPUATO
713
713
SILAO
585
557
STRAWBERRY
IRAPUATO
1,640
1,640
SILAO
280
280
AVOCADO
SILAO
146
146
GUANAJUATO
110
110
-

FARMING

MUNICIPALITY
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN
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CATTLE SPECIES SLAUGHTERING (HEADS), 1997
BOVINE
PORCINE
OVINE
CAPRINE
10,301
36,336
6
149
3,806
90,392
27
632
946
N/A
N/A
41
10,406
136,023 B/
26
6,172
15,059
73,090
160
732
9,176
48,921
795
6,598
8,923
13,737
14
190
872
N/A
26
245

EQUINE
46
18
41
930
51
119
24
N/A

MUNICIPALITY
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

OTHER CATTLE BY-PRODUCTS VOLUME, 1997
MILK
EGGS
(Thousands of Liters)
(TONS)
TOTAL
BOVINE
CAPRINE
23,681
22,870
811
7,026.21
15,738
15,222
516
3,922.21
7,442
6,622
821
103.61
23,709
22,757
952
472.14
52,374
51,008
1,366
6,190.21
31,077
30,740
337
408.60
25,209
24,343
866
341.09
6,610
6,509
102
2,868.21

HONEY
(TONS)
53.53
4.42
9.39
21.58
50.50
9.58
6.31
4.49

EXTRACTING SECTOR
Mining sector production is very low.
MANUFACTURING
CELAYA:
The industry turns out to be the fundamental component of the municipality economic structure. It
produces caramelized milk and other milk by-products, there are cold meats and vegetable packing plants,
water purification and bottling sites, seed processing, milk pasteurizing, deodorant and air freshener
manufacturing, insecticide and pesticide manufacturing, animal food manufacturing, furniture and household
appliances manufacturing, machinery and farm implements construction, chemical, textile and plastic
manufacturing. The corresponding corporations are located along the CELAYA-SALAMANCA, CELAYAQUERÉTARO and CELAYA-SAN MIGUEL DE ALLENDE highways generating through this industrial
corridor a very important conurbation process.
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LEADING BRANCHES OF MANUFACTURING PRODUCTION IN THE MUNICIPALITY OF
CELAYA
No.
AVERAGE
CENSUAL
SECTOR/BRANCH
ESTABLISHMENTS
OCCUPIED
GROSS VALUE
STAFF
ADDED
Sector
1,022
16,304
1,165
Meat Industry
16
411
238,181
Basic chemical substances manufacturing.
7
395
85,754
Excludes basic petrochemical substances
Pharmaceutical Industry
341
138,739
Manufacturing or assembly of machinery
54
1,126
49,629
or equipment for general use
Manufacturing or assembly or machinery
1,980
67,136
or equipment for electrical accessories
Car Industry
9
2,158
127,936
Source: INEGI, XIV Guanajuato Industrial Census, 1994
IRAPUATO:
Textile production, food processing, chemical substances treatment and furniture manufacture are
prominent in this municipality.
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LEADING BRANCHES OF MANUFACTURING PRODUCTION
No.
AVERAGE
CENSUAL
SECTOR/BRANCH
ESTABLISHMENTS
OCCUPIED
GROSS VALUE
STAFF
ADDED
Sector
1089
18503
502,462.30
Food Preserves Manufacturing
23
6123
90,643.1
Bakery products manufacturing
100
1174
139,662.9
Animal prepared food manufacturing
5
211
26,100.5
Beverage Industry
8
1249
37,608.0
Clothing Manufacturing
108
3492
38,702.5
Manufacturing or assembly of machinery
or equipment for electrical accessories
10
567
21,893.5
Source: INEGI, XIV Guanajuato Industrial Census, 1994
LEÓN:
The industry consists mainly of pelt tanning and shoe manufacturing, in which the municipality excels at
household and international levels. There are sand, clay and other materials extractive industries for the
construction industry, food products, and clothing.
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LEADING BRANCHES OF MANUFACTURING PRODUCTION
NUMBER OF
AVERAGE
CENSUAL
SECTOR/BRANCH
ESTABLISHMENTS
OCCUPIED
GROSS VALUESTAFF
ADDED
Sector
5,449
73,147
2,069,071.1
Beverage Industry
11
2,057
86,444.7
Weaving, knitting and soft fiber
26
887
33162.7
finishing
Leather, fur & by-products
704
7,696
249,988.8
Shoe Industry
1,674
38,970
953,826.6
Manufacturing of cellulose, paper
87
1,782
32,823.4
and by-products
Manufacturing of other chemical
30
331
15,288.3
substances & chemical products
Coke Industry, including other
188
13,117.3
mineral coal and petroleum byproducts
Rubber Industry
151
2,724
87,571.2
Manufacturing of plastic products
153
2,499
73,409.0
Source: INEGI, XIV Guanajuato Industrial Census, 1994
SALAMANCA:
The municipality leading industrial activities are devoted to manufacturing oil by-products, chemical
products, ice, iron oxide, rubber and plastic mixtures, Vaseline, oils and sulfonates, oxygen, nitrogen, paints,
adhesives, soil improvers, pesticides, ammonium sulfate, urea.
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LEADING BRANCHES OF MANUFACTURING PRODUCTION
NUMBER OF
AVERAGE
CENSUAL
SECTOR/BRANCH
ESTABLISHMENTS
OCCUPIED
GROSS VALUESTAFF
ADDED
Sector
440
8,426
1,594,412.4
Dairy products manufacturing
6
31
19,032.6
Prepared animal food manufacturing
16
30,774.4
Oil refining
1
4,637
1,239,563.0
Basic chemical substances
manufacturing. Excludes basic
11
1,180
264,740.1
petrochemical substances
Source: INEGI, XIV Guanajuato Industrial Census, 1994

Generally, aside from the large State industrial centers consisting essentially of the LEÓN, CELAYA,
IRAPUATO and SALAMANCA municipalities, different secondary sector activities take place within other
municipalities, which require our attention due to their relationship in this study.
CORTAZAR
This municipality located along the industrial corridor is one of the municipalities that for the last 10
years have emerged as an important industrial development enclave: Within its vicinity many enterprises are
installed, and the leading ones thanks to their value added generation are branches of milk products
manufacturing, rubber and plastic industry, non-ferrous metal base industry, and automotive industry.
The following chart shows in detail the secondary sector’s main characteristics.
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SECONDARY SECTOR CHARACTERISTICS
NUMBER OF
AVERAGE
SECTOR/BRANCH
ESTABLISHMENTS
OCCUPIED
STAFF
Sector
224
3,346
Dairy products manufacturing
17
401
Rubber industry & plastic products
214
manufacturing
Non-ferrous basic metals Industry
510
Car Industry
701
Source: INEGI, XIV Guanajuato Industrial Census, 1994

CENSUAL
GROSS VALUEADDED
117,706.0
24,562.3
4,525.9
35,949.3
17,391.1

GUANAJUATO
Machinery, and electrical equipment and accessories manufacturing and/or assembling, as well as pottery
and ceramics in the State capital municipality are main industrial branches.
SILAO
Of great importance are the benefits from cereal milling and other agricultural products, which represent
65.4% of the municipality’s value-added percentage.
VILLAGRAN
This municipality’s geographical location (bordering east with CELAYA and west with SALAMANCA),
located in the State industrial corridor, shows an important industrial development in the branches of
preserves and animal prepared foods manufacture, chemical substances manufacture and non-ferrous metal
base industries settlements.
COMMERCIAL
A commercial supply network, consisting of Conasupo Stores, farmers markets, institutional stores,
department stores, and shopping malls, the latter two concentrated in the State’s main urban centers, such as
LEÓN, IRAPUATO, CELAYA and GUANAJUATO, reflect the diversified economic structure in these
cities.
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On the other hand, the LEON, CELAYA, IRAPUATO, SALAMANCA and GUANAJUATO
municipalities generate over 80% of the sector’s level income.
SERVICE TYPE AND LOCATION OF COMMERCIAL ESTABLISHMENTS
AVERAGE
TOTAL INCOME
SECTOR/BRANCH
NUMBER OF
OCCUPIED
DERIVED FROM
ESTABLISHMENTS
STAFF
SERVICE
(THOUSANDS OF
PESOS)
CELAYA
6,104
17,701
2,822,563.2
CORTAZAR
1,304
2,636
513,977.6
GUANAJUATO
1,684
3,800
515,419.2
IRAPUATO
5,977
16,889
2,914,029.0
LEON
18,315
49,739
8,709,614.3
SALAMANCA
3,312
8,182
990,957.3
SILAO
1,380
2,935
281,622.4
Source: Statistical Yearbook of the State of Guanajuato, 1997
According to the figures in the above chart, LEON, CELAYA and IRAPUATO municipalities concentrate
nearly 47% of the State commercial establishment.
TOURISM
LODGING ESTABLISHMENTS BY CATEGORY, up to December 31, 1997
MUNICIPALITY
FIVE
FOUR
THREE
TWO
ONE
STARS
STARS
STARS
STARS
STAR
CELAYA
1
3
6
6
2
CORTAZAR
GUANAJUATO
3
4
15
11
5
IRAPUATO
1
3
4
4
3
LEON
3
8
17
10
3
SALAMANCA
1
5
1
SILAO
1
1
|
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OTHER
12
2
10
1
40
2
11

V.3 SOCIAL AND ECONOMIC CHANGES
A)

MANUAL LABOR DEMAND

A favorable and important change for the region is the increase in job opportunities that the project shall
offer in the short term. Consequently, nearly 50,000 jobs will be generated, which will prevent the region
inhabitants from migrating to the large cities seeking job opportunities.

B)

DEMOGRAPHY (EMIGRATION AND IMMIGRATION)

The following chart reflects population’s growth report and time projection, not considering the project’s
development object of this study:
State
State
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

C)

Pop.
1995
4,406,568
354,473
80,185
128,171
412,639
1,042,132
221,125
1,331,527
42,653

Growth
Rate
2.02
2.6
1.50
1.46
2.56
3.65
1.58
2.66
1.95

1996

1997

1998

1999

2000

2005

2015

2022

2010

4,495,648
363,833
81,389
130,037
23,221
1,080,152
224,621
135,024
43,486

4,586,530
373,441
82,611
131,930
434,075
119,560
228,172
138,615
44,336

4679248
383,303
83,851
133,850
445,207
1,160,405
231,779
142,301
45,202

4773841
393,424
85,110
135,798
456,625
11,202,740
235,443
146,085
46,086

4,870,346
403,813
86,388
137,775
468,335
1,246,620
239,165
149,969
469,86

5,382,935
460,022
930,71
148,099
531,550
1,491,233
258,677
170,997
51,759

6,575,635
596,998
1,089,029
171,125
684,727
2,133,870
302,605
22,312
62,810

7,564,509
716,489
119,908
189,342
817,521
2,742,230
337,723
267,143
71,921

5,949,472
524,054
100,054
159,196
603,296
1,783,843
279,780
194,973
57,018

PRODUCTIVE ACTIVITIES

CORTAZAR: This municipality located on the industrial corridor has many corporations. Due to their valueadded generation, the milk products manufacture, rubber and plastic industry, non-ferrous metals base
industry, and automotive industry branches stand out.
CELAYA: Has mining activity (a kaolin processing plant, consisting of grinding, furnace drying, and
packing).
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The industry is based on caramelized milk and milk by-products, cold meat and vegetable packers, water
bottling, seed beneficiaries, water purifiers, milk pasteurizers, deodorant, air freshener and insecticide
manufacturing, animal food manufacturing, furniture and electrical appliances manufacturing, machinery and
agriculture machinery and implements manufacturing, chemical , textile and plastic industries.
GUANAJUATO: This municipality, the State’s capital, has machinery, electrical equipment and accessories
manufacturing and assembly, as well as pottery and ceramics manufacturing. In addition, this is one of the
leading State mining districts, and concentrates on tourism activity.
IRAPUATO: Has industrialized mining activity exploiting limestone, gypsum and sand, which provide the
whole region, as well as a calcinations system and brick manufacturing plant. This is a center of considerable
industrial concentration, based on textile manufacturing, food processing, chemical substances treatment, and
furniture manufacture.
LEÓN: There is mining activity consisting of quartz, talcum, silver, gold, zinc, lead and copper extraction and
limestone for cement. There exists a cement manufacturing plant with a 1,800 (metric) ton/day capacity for
processing cement and limestone.
The industry is based fundamentally through the development of tanning and shoe manufacturing—where the
municipality outstands at the household and international level—food products and clothing.
SALAMANCA: The municipality’s leading industrial branches are devoted to manufacturing petroleum
derivatives, sports uniforms, chemical products, ice, iron oxide, rubber and plastic mixtures, Vaseline, oils
and sulfates, oxygen, nitrogen, argon, paints, adhesives, soil improvers, pesticides, ammonium sulfide, and
urea.
SILAO: Has an extractive industry of kaolin, gravel, sand and granite, as well as brick manufacturers. The
industry is very important based on fruit and vegetable and milk products packing. Handcrafts and agriculture
implements are also manufactured. Automobile assembly is also important.
VILLAGRÁN: Has an important industrial development, based on preserves and prepared animal food
manufacturing, chemical substances and non-ferrous basic industry establishments; however, this arising
industrial development has not been planned and environmental problems are a consequence.
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D)

TYPE OF ECONOMY (LOCAL, REGIONAL, OTHER)

The most important cities in the industrial corridor’s economy shall definitively be favored with this
project’s development since it will activate the economy at a regional and national level.
E)

LAND TENURE AND/OR USE

CELAYA:
The farming surface takes 83.4% and 97.4% of the communal farmlands devoted to agriculture. Leading
crops are corn (36.3%), sorghum (23.2%), bean (13.5%), and alfalfa (93.7%). Mixed agriculture is used,
although agriculture under risk (rainy weather) is the fundamental one with 50.2% of the surface. Small
property land accounts for 50.8% and the rest is communal farmland.
Improved seeds are used in 83.8% of the communal farmlands; chemical fertilizers are used by 91.9% of
them, 48.6% use organics, 94.6% tractors, 59.5% working animals, and 92.3% pesticides.
CORTAZAR:
All of the communal farmlands here have agriculture as their main activity, the main crop being alfalfa
(86.8%). There is mixed agriculture, the fundamental one being seasonal, which occupies a 64.1% surface.
Regarding land tenure, 50% corresponds to small property.land, 59.1% of the communal farmlands use
improved seeds, 72.7% chemical fertilizers, 68.2% organic, 68.2% tractor, 68.2% working animals, and
77.2% pesticides.
GUANAJUATO:
Farming covers 23% of the total surface, 72.4% of the communal farmlands are devoted to agriculture,
with avocado as the leading crop (29.3%). Mixed agriculture is developed here, being the seasonal kind the
leading one with 88.2% of the total surface.
Small property, which amounts to 86.9% of the surface, is the land’s regular tenure form.
Regarding use of agricultural technology, 30.4% of communal farmlands use improved seed, 91.3%
chemical fertilizers, 60.9% organics, 30.4% tractor, 82.6% working animals, and 32% pesticides.
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IRAPUATO:
Farming surface covers 92.5% of the entire surface. 98.7% of the communal farmlands are devoted to
agricultural activity, consisting of diversified crops among which strawberry, sorghum, wheat, alfalfa, and
asparagus stand out; and with cultivated surfaces as follows: sorghum (39%), corn (27.9%), wheat (21.9%),
alfalfa (50.7%), and asparagus (39%). Mixed agriculture is developed here, but seasonal agriculture covers a
larger surface, 51.4%, although irrigation surface represents a 48.5% worth.
There are 77 communal farmlands in this municipality with a total of 57,192.77 hectares; the number of
existing communal farmlands account for 51.8% of the State total.
Their agriculture is considered as technical as it amounts to 5.7% of the State total of vehicles and
tractors.
74% of the communal farmlands use improved seeds, 100% chemical fertilizers, 53.2% organic, 84.4%
tractor, 53.2% working animals, and 96.1% pesticides.
LEÓN:
Out of the total surface, 45.7% is farming surface, 98% of the communal farmlands are devoted to
agricultural activities, and among the leading crops are corn (53.8%), sorghum (18.9%), wheat (9.5%), beans
(8.4%), and alfalfa (85%). Mixed agriculture has developed, but rainy weather accounts for 71.2%. 75.1% of
the surface is small property. 42% of the communal farmlands use improved seed, 82% chemical fertilizers,
70% organic fertilizers, 76% tractor, 52% working animals, and 95.5% pesticides.
SALAMANCA:
Agricultural surface takes up 74.6% of the total surface. All of the communal farmlands are devoted to
agricultural activity, the leading crops being sorghum (45.4%), wheat (25.8%), corn (15.4%), barley (4.1%),
alfalfa (55.4%), and asparagus (15.2%).
Mixed agriculture is developed, but seasonal surface represents 54.1%. 66.9% of the surface belongs to
small property owners.
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Salamanca has technical agriculture and concentrates 4.7% of the State total of vehicles and tractors.
86.3% of the communal farmlands use improved seed, 98% chemical fertilizers, 41.2% organic, 78.4%
tractor, 31.4% working animals, and 94.1% pesticides.
SILAO:
Out of the total surface used by the rural production units, 82.2% is farming surface; all of the communal
farmlands have agriculture as their leading activity and the leading crops are corn (54%), sorghum (16.9%),
bean (15.5%), alfalfa (65%), avocado (7.6%), asparagus (5.4%) and strawberry.
Agriculture is mixed, seasonal irrigation being the one that uses most of the surface, 73.3% of it.
Communal farmland property predominates with 51.6% of the total surface; 56.7% of the communal
farmlands use improved seed, 86.7% chemical fertilizers, 75% organic, 78.3% tractors, 90% working animals,
and 91.6% pesticides.
VILLAGRÁN:
All of its communal farmlands are devoted to agriculture, and the leading crops are corn, wheat, alfalfa,
and tomato.
Mixed agriculture is present, with rainy weather accounting for 52.4% and 47.6% irrigation. Communal
farmland property takes up only 591 hectares, while small property land is 3,929 hectares.
92.3% of the communal farmlands use improved seed, 100% chemical fertilizers and pesticides, 53.8%
organic fertilizers, 100% tractors, and 53.8% working animals.
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F)

SERVICES (COMMUNICATION, TRANSPORTATION, EDUCATION, HEALTH, ETC).

TELECOMMUNICATIONS

MUNICIPALITY
CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

POST OFFICES BY CLASS, 1997
ADMINISTRATIONS
AGENCIES
RETAIL
5
1
4
3
8
3
1
1

8
2
4
8
4
3
2
5

42
36
14
69
77
29
11
5

PUBLIC
INSTITUTIONS
2
1
4
7
3
2
7
-

According to SEPOMEX (Mexican Postal Service) in 1997, there were 739 people in post offices
throughout the State. In CELAYA (10%) there were 74 people, CORTAZAR (1.35%) 10 people,
IRAPUATO (14.1%) 104 people, LEÓN (11.77%) 87, SALAMANCA (3.65%) 27, SILAO (1.89%) 14, and
VILLAGRAN (0.41%) 3 people.

TELEGRAPH NETWORK OFFICES, 1997
MUNICIPALITY
ADMINISTRATIONS
CELAYA
2
CORTAZAR
1
GUANAJUATO
1
IRAPUATO
3
LEON
6
SALAMANCA
2
SILAO
1
VILLAGRAN
1

The GUANAJUATO municipality also had a COTEL agency and LEÓN, a telegraph station.
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COMMUNICATION MEANS

MUNICIPALITY

CELAYA
CORTAZAR
GUANAJUATO
IRAPUATO
LEON
SALAMANCA
SILAO
VILLAGRAN

LENGTH OF HIGHWAY NETWORK BY ROAD TYPE, 1997
MAIN
INTERSTATE HIGHWAYS
RURAL ROADS
FEDERAL
ROADS
PAVED
PAVED
COATED PAVED
DIRT
COATED
ROAD
3.7
57.5
1.1
8.6
35.6
14.8
106.8
25.1
4.5
59
50
0.6
2.9
18.3
41.8
116.4
16.8
2.5
60
36.5
73
6.9
30.2
49.1
13.2
4.7
14.5
9.1
-

LENGTH OF THE MUNICIPAL HIGHWAY NETWORK, 1997
PAVED
RURAL
MUNICIPALITY
4
B
C
ASPHALTED COBBLED
LANE
TYPE
TYPE
CELAYA
6.7
17
13.2
CORTAZAR
2.5
1.0
12.0
4.5
GUANAJUATO
06.
3.9
3.1
0.4
IRAPUATO
0.3
1.2
0.6
LEON
64.6
17.0
12.2
SALAMANCA
17.5
1.0
SILAO
2.0
11.4
VILLAGRAN
1.5
7.7
-

EIA TRIG
157-01
817tren.doc

Page 219

GAPPED
57.5
11.5
72.9
8.0
92.20
-

HEALTH
INSURED POPULATION BY SOCIAL SECURITY INSTITUTIONS PER INSTITUTION, 1998
MUNICIPALITY
TOTAL
IMSS
ISSSTE
CELAYA
289,320
242,238
47,082
IRAPUATO
239,979
198,883
32,841
LEON
813,012
762,542
50,470
SALAMANCA
111,618
70,279
12,165
SILAO
41,645
34,102
7,552
VILLAGRAN
14,189
12,402
1,787
The SALAMANCA municipality had also a PEMEX social security center and the IRAPUATO municipality
an SDN (Secretariat of National Defense) garrison.
HOUSING
POPULATION BY RURAL, MIXED AND URBAN LOCALITIES
MUNICIPALITY
RURALS
Mixed
Urban
Sum from the
(Up to 2,499
(From 2,500
(15,000 or more
Mixed
inhabitants)
to 14,999
inhabitants)
and Urban
inhabitants)
localities
1,470,634
431,051
2,504,883
2,935,934
State
CELAYA
53,409
49,340
251,724
301,064
CORTAZAR
20,807
7,761
51,617
59,378
GUANAJUATO
37,194
21,007
69,970
90,977
IRAPUATO
78,036
34,999
299,604
334,603
LEON
63,751
36,755
941,626
978,381
SALAMANCA
57,010
28,241
135,874
164,115
SILAO
57,746
15,324
58,457
73,781
VILLAGRAN
13,154
8,841
20,658
29,499
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INHABITED PRIVATE HOUSING PER AVAILABILITY OF PIPED WATER
PIPED WATER AVAILABILITY
MUNICIPALITY
IN SITE
OFF SITE
PUBLIC TAP
NO PIPED
NOT
BUT WITHIN
OR
WATER
SPECIFIED
PREMISES
HYDRANT
CELAYA
5,472
15,120
418
2,398
40
CORTAZAR
9,602
454
3
861
10
GUANAJUATO
16,594
4,929
2
233
41
IRAPUATO
5,326
21,934
48
3,406
47
LEON
155,435
15,956
2,480
16,903
182
SALAMANCA
28,088
13,382
118
2,056
66
SILAO
9,525
10,552
714
1,432
29
VILLAGRAN
2,837
4,707
68
374
6
INHABITED PRIVATE HOUSING BY ELECTRICAL ENERGY AVAILABILITY
MUNICIPALITY
ELECTRICITY
NO
NOT
AVAILABLE
ELECTRICITY
SPECIFIED
CELAYA
70,841
1,868
39
CORTAZAR
14,817
525
4
GUANAJUATO
22,987
1,278
39
IRAPUATO
77,970
1,519
42
LEON
187,894
2,894
168
SALAMANCA
43,279
1,452
49
SILAO
21,284
92
25
VILLAGRAN
7,642
1,368
12
COLLECTIVE
INHABITED HOUSING, OCCUPANTS AND AVERAGE OCCUPANTS BY HOUSE
MUNICIPALITY
PRIVATELY
INHABITED
PRIVATE
COLLECTIVE
OWNED
COLLECTIVE
OWNER
HOUSING
HOUSING
HOUSING
OCCUPATION
CELAYA
72,823
27
35,324
749
CORTAZAR
15,406
5
80,147
38
GUANAJUATO
24,393
24
127,586
585
LEON
191,588
82
103,441
291
SALAMANCA
44,839
16
220,696
429
SILAO
22,298
8
131,375
152
VILLAGRAN
7,999
2
42,589
64
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VI. LINK TO RULES AND REGULATIONS REGARDING THE USE OF SOIL
A

LEGAL AND ADMINISTRATIVE FRAMEWORK

In spite of the environment issue being a relatively new concern in the society and government, México
already has a considerable juridical infrastructure on the subject. Existing Laws and Regulations constitute a
basic judicial base to counter effectively the environmental decay.
Since 1976, when the LEY GENERAL DE ASENTAMIENTOS HUMANOS (General Law of Human
Settlement) was promulgated, the federal government began to elaborate Eco-plans and Ecological
Development Plans of human settlements at state and municipal levels, with the purpose of establishing an
environmental updating framework, for society as a whole, and mainly for the Public Administration offices
and entities.
As of 1983, with the issuing of the Law of Planning, the federal government continued its environmental
planning work establishing Ecological-Ordering Territory Projects (POET) for national development priority
zones and areas. These were prepared to fulfill adequately the Federal Law for Environmental Protection and
to guide the actions of the Ecology Sub-sector—headed by the Secretariat of Urban Development and
Ecology (SEDUE).
In order to address the national environmental problems, a presidential initiative in 1987 to reform
Articles 27, 73 and 115 of the Constitution opened the way to the General Law of Ecological Balance and
Environmental Protection (LGEEPA), which took effect in 1988.
The above antecedents and experiences served for the new LGEEPA to take into consideration the
Ecological Ordering of the Territory within the Mexican legislation. Particularly, in its article 5 fractions II
and X, the LGEEPA states the need to carry out studies of Territorial Ordering of the Bajío Industrial
Corridor. The “Fast Train” project does not oppose this ordering in this study.
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B) MEXICAN OFFICIAL STANDARDS (NOM)
Since 1993 and 1994 to date, several Mexican Official Standards have been made public; out of them,
those directly related to the Guanajuato Interurban Fast Train, and which shall be taken into account to
prevent atmosphere and soil pollutants and impacts; hazardous wastes, water and noise are:
−

NOM-002-ECOL-1996 sets maximum allowable limits of pollutants in wastewaters discharges to
drainage systems.

−

NOM-041-ECOL-1993 sets maximum allowable levels of gas emissions pollutants from circulating
automotive vehicle exhausts using gasoline as fuel.

−

NOM-044-ECOL-1993, sets maximum allowable levels of hydrocarbon, carbon monoxide, nitrogen
oxides, total suspended particles and smoke opacity from new engines exhaust using diesel fuel and
using to propel automotive vehicles with gross weight greater than 3,857 kg.

−

NOM-045-ECOL-1993 sets the maximum allowable levels of smoke opacity from automotive
vehicles exhaust in circulation using diesel fuel.

−

NOM-047-ECOL-1993 sets the maximum allowable levels of contaminant gas emission from the
exhaust of automotive vehicles in circulating using petroleum liquefied gas, natural gas or other
alternate fuels as fuel.

−

NOM-052-ECOL-1993 sets the characteristics of hazardous wastes and lists the same and the limits
that make a waste hazardous due to its toxicity to the environment.

−

NOM-062-ECOL-1994 sets the specifications to mitigate the adverse effects on biodiversity caused
by the change in use of soil of farming and animal husbandry forest soils.

−

NOM-080-ECOL-1994 sets the maximum allowable emission levels of noise from exhaust of
circulating automotive vehicles, motorcycles and tricycles and their emission method.
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NOM-081-ECOL-1994 sets the maximum allowable emission levels of noise from the sources and their
method of measurement.
C) ECOLOGICAL LAW FOR THE STATE OF GUANAJUATO, 1990
Chapter one of the Third Title of this law regarding the principles of the State Ecological Policy for the
Guanajuato Interurban Fast Train states the following:
Control and prevention of environmental pollution, adequate profit of natural elements and improvement
of human settlement’s natural environment are fundamental elements to increase the population’s quality of
life.
Likewise, on Chapter Third of Title Fourth it is mention that the human settlement ecological policy
requires, in order to be efficient, a close link to urban planning because those imbalances that deteriorate the
population’s quality of life should be corrected. At the same time it should foresee human settlement growth
trends, directing it towards areas apt for this use. In this manner, it will keep a sufficient relationship between
the resources base and the population, in addition to watching over economic and environmental factors.
Conservation of these fertile agricultural areas shall be incorporated in the urban development state
program, thus avoiding fractioning those areas for the purpose of urban development.
Regarding atmospheric pollution (Fifth Title, First Chapter) campaigns to make rational use of private
transportation, as well as engine-tuning, maintaining, and air quality monitoring systems, shall be set and
operated in a coordinated fashion in the most critical zones, systems that shall count with the federation’s
technical support. Finally, in determining soil uses in population centers by the corresponding authorities,
considering the topographical, climatic and meteorological conditions to ensure adequate dispersion of
pollutants shall be mandatory.
Regarding water pollution prevention and control (second chapter), the State is responsible for ensuring
that all wastewater discharges to bodies of water or currents of state jurisdiction or to drainage and
WASTEWATER systems in townships satisfy the requirements and conditions established in the
corresponding Mexican Official Standards regulation.
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Chapter three states that noise, vibration, thermal energy, luminous energy or foul odor emissions are
forbidden when they exceed the maximum limits established in the Mexican Official Standards issued for the
purpose by the Secretariat (of Environmental Improvement).
For non-hazardous solid wastes handling and ultimate disposition (fifth chapter) the municipalities shall
exercise the control and issue the corresponding authorizations regarding collection, storage, transportation,
lodging, reutilization, treatment and ultimate disposition systems of non-hazardous solid wastes.
To carry out those activities in urban zones or in areas close to population centers, having licenses and
anticipated authorizations issued by the Secretariat shall be necessary.
Individual taxpayers and businesses performing those activities shall:
a)

Control dust, smoke or gas emissions or liberations that might affect the ecological balance.

b) Control their wastes and avoid propagation outside their land plots from where they perform those
tasks.
Production and service activities shall also be considered within the State Executive’s support, a manner
to direct them to an adequate location, relocation of existing locations, and compatibility with soil use. Similar
consideration shall apply in public works implying use of natural resources and in authorizations for building
and operating industrial plants or commercial and service establishments.
D) DIRECTING PLANS OF URBAN DEVELOPMENT OF MUNICIPALITIES WHERE THE
PROJECT SHALL DEVELOP
The Guanajuato Interurban Fast Train project development does not oppose any Development Director
Plan.
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E)

NATIONAL SYSTEM OF PROTECTED AREAS.

For the present project’s area of study, there is no knowledge of natural protection areas, ecological
reserves, natural parks or zones subjected to ecological conservations.
VII ENVIRONMENTAL IMPACT IDENTIFICATION
Considering the project’s magnitude and characteristics, a modified matrix methodology was selected in
which a numeric value is assigned making it possible to identify and quantify the positive and negative
impacts expected to be generated in the development of the project stages of the project object of this study.
The matrix methodology used employs a 0 to 5 scale with positive values for beneficial impacts and
negative values for adverse impacts. The numeric value considers the impact intensity and magnitude, hence
allowing classifying with a single numeric value the impacts in a space and time manner, that is, according to
their time duration and magnitude in the space or on the ecosystem.
Impacts shall be quantified in the scale described, that is, from 0 to 5 and according to the following
classification:
0
1
2
3
4
5

=
=
=
=
=
=

Null
Very Low
Low
Medium
High
Very High

This methodology allows for hierarchy grading the areas where, as in function of magnitude and
importance, project most relevant impacts can be clearly identified, whether beneficial or adverse.
The method is based on a list of activities or states associated to the project shown in the matrix rows and
a listing of the areas that may be object of the environmental effects in the matrix rows, such that the areas
and activities may be inter-related and impacts classified within the matrix.
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Four large areas were used to prepare the modified matrix method to group the activities to be developed
in the project (columns) that belong to the Preparation and Construction Stage, and Operation and
Maintenance Stage. Similarly, the matrix method identifies the impact areas (rows) in three components:
Physiochemical, Biological, and Socioeconomic in the interrelated areas and activities.
It should be stated that this matrix methodology shall be first used to identify the adverse and beneficial
impacts without considering mitigation measures proposed and later be done including mitigation measures
for each of the project stages and for each of the areas referred to, thus enabling comparison of environmental
impacts with and without mitigation measures.
It is important to clarify that the assignment of numeric values is based on the works and activities to-beperformed analysis and on the evaluation of the consequential possible impacts. However, assigning
numerical values is subjective and arbitrary to an extent. As a consequence, and to avoid a considerable
deviation in assigning numerical values, an interdisciplinary group of professionals discusses and analyzes
each of the impact activities and areas first without taking mitigation measures into consideration and later
assigning a new numerical value in which the implementation of mitigation measures proposed in the study
are considered. In this manner, it is possible to determine the degree or percentage in which environmental
impacts identified in the study can be reduce if mitigation measures are used and in which areas and activities
the greatest impacts shall be felt or those in which the proposed mitigation measures may be feasible.
For practical purposes, and in order to facilitate analysis in each of the project’s stages, each of them shall
be subdivided in turn into their several components, thus allowing greater degree of detailed analysis in each.
INFLUENCE AREA
It was determined that the project’s influence area is 500 meters along the outline. Regarding stations
located in urban areas, it was considered that the influence area embraces the entire urban patch. Machinery
contaminating noise, dust and gases generation, as well as local traffic obstruction, will result in a negative
impact during the site preparation and project construction stages. These impacts shall be localized within the
cities. However, the TRIG operation shall have a positive impact and shall reflect upon the entire urban zone
(Exhibit 1). The following section analyzes impacts, both positive and negative, for each project phase.
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VII.1. SITE PREPARATION STAGE
A)

PREPARATION AND CONSTRUCTION STAGE

LAND GRADING AND LEVELING
Given that this is a communications highway stretching over 151.560 km in its original outline, it has to
be taken into account that alongside exist significant differences regarding geographic characteristics, as well
as vegetation, ecosystems, and anthropogenic activities, the most relevant activities being agricultural zones
mainly of sorghum, and secondly of corn. In addition, there also exist important urban zones and industrial
corridors established alongside the current project.
Despite the fact that a large percentage of the proposed outline is located within zones where
anthropogenic activities had previously been developed -such as agriculture- the works associated to land
grading and leveling, shall indeed be adverse and irreversible. However, these are primary impacts where
vegetable cover and organic soil layer shall be removed and compacted with other materials to prepare the
land for building the double railing joining the townships in the Celaya and León portion in the State of
Guanajuato.
Zones with minimally disturbed vegetation patches, mainly the ones bordering the city of Guanajuato
(that is, zones in which due to their topography, exist relative inaccessibility or the soil’s scarce possibility to
develop agricultural activities) will be the ones most affected by the site’s preparation. The latter being that
those patches of native vegetation areas and abrupt topography will need mitigation measures such as incline
stabilization, transplant and/or relocation of some vegetable species and in their case, rescuing of fauna;
matters that shall be approached in the item corresponding to those measures. In any case, either the common
denominator for the associated impact of any preparation site of previously and/or relatively well-preserved
areas, will be adverse and irreversible because they refer to primary impacts and eventual change of the
ground’s use to allow a new activity to take place, different from the previous one.
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Taking into consideration that the proposed outline is 151.560 km long and that the right of way proposed
is 20 meters wide, we can estimate that the surface used by the project will amount to 3’783,981.5 m²
considering stations; as a consequence the project doubtlessly shall have an adverse impact on the geoforms,
the microclimate, soil quality, ecosystems biotic component and the original characteristics of the site where
the TRIG is intended to be constructed.
Land grading and leveling shall also consequently generate dust and disperse fugitive particles all along
the proposed line; however, these shall mainly occur in agricultural and rural zones and although their
magnitude shall be considerable, given its 151.560 km length, their nature shall be temporary.
The impact of the land grading and leveling activities will be both positive and negative at the same time
since for its completion, staff will be employed from the neighboring towns and additional land plots, some of
them agricultural permutes, will be required. These plots will be needed for local industries, retail stores, and
the local demand of goods and services.
Works inherent to site preparation and subsequent construction and operation shall therefore alter the
natural landscape in places where no modification is seen, as happens in some stretches of the outline
proposed between the Guanajuato and Silao cities, as well as the current landscape previously modified by
anthropogenic activities which have been taking place in the area. In the item corresponding to mitigation
measures, reference will be made to some proposals made not to mitigate but compensate some of the impacts
prior to the site’s preparation work, since just like ecological inspection visits have shown, there are areas
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with previous affectation derived from lack of an environmental dimension in developing anthropogenic
activities in the area. An example of these kinds of measures consists in the possibility of stabilizing inclines
in areas next to the proposed outline in sites where differing erosion degrees, and natural landscape and
ecosystems deterioration are observed when not taking into consideration the environmental dimension in
developing a number of activities such as the extractive ones to obtain construction materials.
ACCESS ROADS HABILITATION
Habilitating access roads to work fronts shall doubtlessly have a significant adverse impact, given that in
carrying out these works, referred grading and leveling works shall be required, and whose impacts are, as
previously stated, adverse and irreversible. It must be pointed out that, should these works be carried out, they
shall have negative consequences on the soil, subsoil, atmosphere, and flora and fauna of the region where
those works are performed.
It must be emphasized that although new support and access to work fronts roads shall be required, the
proposed outline is located mostly over areas close to important communication ways such as Federal
Highway Nr. 45 and the railway itself, aside of an endless of secondary and/or rural roads to access the region
agricultural zones.
EXCAVATION AND FILLING
As previously mentioned, the maximum slope required for the project is 3%. Consequently, necessary
excavations or fillings shall be performed to obtain this inclination at the most. To fill the sites requiring so,
use of dirt from excavations elsewhere shall at all times be attempted and consequently the most important
impact shall be the result of dirt movement. In the event of need, dirt shall be enriched using limestone or
tezontle (volcanic rock) to obtain a drier dirt and consequently more favorable to the construction.
Excavation and filling works may produce negative environmental impacts in the geoforms, soil and
subsoil given the soil movements and modifications to original soil characteristics regarding the original relief
and compaction. These works shall also cause dust generation and fugitive particle dispersion, in addition to
contaminant gas emissions and noise levels resulting from machinery and equipment operation used in this
stage.
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BANKS OF MATERIALS EXPLOITATION
To the extent possible, attempts for this project to utilize filling material obtained from other excavation
sites, shall be attempted. However, while it is true that for this project no large quantities of additional
material shall be needed, exploiting banks of materials always requires special attention, as this activity may
be carried out and controlled as long as it is carried out in sites where competent authorities allow such
matter.
In this regard, special attention will be given to exclusively exploiting only those materials in sites
allowed by municipal authorities in conformity to their directing plans and to the State of Guanajuato’s
Ecological Ordainment. Banks of materials exploitation implies a series of adverse impacts among which are
relevant due to their importance, the geoforms, landscaping and natural relief alteration that consequently
alter the flora and fauna, microclimate, soil quality, atmosphere and water. Banks exploitation shall not be in
charge of the promoting party, although special care shall be taken that exploitation is performed through
local enterprises having the corresponding permits and authorities.
CUTS OF GEOFORMS
Project execution shall consequently alter the natural landscape and the relief when making geoforms
cuts in the sites where necessary, either to prepare for the outline or to obtain materials as shall be seen in the
following item. Environmental impact associated to geoforms cuts is considered adverse and significant, as it
consists of one of the primary impacts, it shall be of permanent nature and shall affect the geo forms, the
relief, microclimate, flora, fauna, quality of water, and may even promote greater possibility of erosion in the
event no basic mitigation measures referred to in the following item are not included. It must be pointed out
that in the event of geo forms cuts, special care to stabilize inclines, use of materials resulting of cuts, and
minimizing dirt movements as shall be seen in the following chapter regarding mitigation measures shall be
taken.
LEVELING AND COMPACTION
The maximum slope required for the project is 3%. As a result, necessary excavations or fills to obtain
this maximum slope will be made. As previously mentioned, all efforts for this project shall be made as far as
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possible, to use filling material obtained from excavation sites elsewhere in the project. In the event of need,
dirt shall be enriched using limestone o tezontle to obtain a less damp dirt and consequently more favorable
for the construction.
Works inherent to leveling and compaction of the proposed outline are considered part of the preparation
activities giving place to environmental secondary type impacts, which due to their characteristics are
considered adverse and of moderate degree or level, as they shall be associated to grading and leveling works,
which constitute the primary impacts, whereas leveling and compacting works shall serve to a greater degree
to mitigate impacts possibly deriving from the former, fundamentally regarding erosion.
Leveling and compaction works may give place to negative environmental impacts in the geo forms, soil
and subsoil upon soils movements and modifying the original soil characteristics in regard to the original
relief and its compaction. These works shall also give place to dust generation and to fugitive particles
dispersion, aside of polluting gas emission and noise levels resulting from the machinery and equipment used
in that operation’s stage.
DRAINAGE FOUNDING AND INSTALLATION WORKS
Construction of drainage and structures works shall have both adverse and beneficial type impacts, as in
their constructive stage they shall provisionally and negatively impact the environment. However, the
drainage structures and works shall allow to control and/or regulate avenues and potential erosion from
modified areas in the site preparation stages referred to in this current study. On the other hand, these
activities shall also give place to dust generation and to fugitive particles dispersion, as well as pollutant gas
emission and noise generation resulting from machinery and equipment used in that operation’s stage.
From a socio-economic viewpoint, drainage and structures works shall benefit the local communities,
which doubtlessly shall be object of local labor hiring. Another benefit, altogether with the latter, shall be the
demand for goods and services from local retail stores and enterprises.
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EMBANKMENTS
Work associated to the construction of embankments will without a doubt, have a considerably
magnitude, taking into account that the length for the proposed outline is 151.560 km and that the average
embankment’s width will be 17 m. The main impact associated to the construction of the embankments will
be directly related to demand of materials needed for its construction. The reason being that ballast will be
required and should be obtained from materials banks specially authorized and certified for this particular
activity. The impact, which could be derived from not taking proper advantage of the materials banks, could
be most adverse because it has been pointed out that exploitation of materials banks is without a doubt, the
primary most adverse impact there is since it modifies the local natural landscape, relief, geoforms and it
affects soil quality, atmosphere, and flora and fauna.
Materials to work fronts transportation shall surely have an adverse impact associated to vehicle transit
and the consequential dust and fugitive particles emission and freight trucks polluting gas and noise levels
emission. However, this impact is considered temporary in type and by implementing mitigating measures
referred to in the following Chapter, they may be significantly reduced. From the socio-economic viewpoint,
the impact shall be beneficial, as it will require goods and services from the local corporations and
communities.
TIES AND RAILWAY INSTALLATION
Railway placement, like embankment construction, shall doubtlessly have an impact, as it shall modify
the relief and landscape’s original characteristics as well as the system biotic components. Unlike highway
projects which to an extent can be compared to railroads and/or fast trains, hydraulic concrete-planks
pavement avoids water filtration to the subsoil, which does not happen in Fast Trains projects since laying ties
and ballast allows water filtrations to phreatic strata, without radically altering the geo-hydrological cycles in
the site of the constructive projects.
It must be considered that the purchase and placement of the rails shall result in a beneficial impact for
household corporations and the region, as goods and services for their acquisition, transportation and
placement shall be required.
Works associated to- rails transportation and placement shall likewise have negative type impacts as dust
and fugitive particle dispersion will be generated, in addition to emissions from the operation of the
transportation vehicles for those goods.

EIA TRIG
157-01
817tren.doc

Page 233

TUNNELS, BRIDGES AND OVER/UNDERPASSES CONSTRUCTION
Tunnels, bridges and over/underpasses construction is a necessity this type of projects, because of their
likely intersections with mountains, roads, streams, rivers, railways and urban zone road systems. In some
cases, similar to the tunnels proposed near the City of Guanajuato, these shall have several purposes, since
this being a Fast Train project, there are limitations on one hand as far as the slopes are concerned and on the
other hand the construction of a tunnel or tunnels has the purpose of minimizing the impacts associated with
the cuts of geo forms in considerable magnitudes with the consequential environmental impact which might
be associated to this kind of activities.
Regarding bridges and over/underpasses, these shall be aimed at allowing the Fast Train’s free circulation
at intersections with other communication ways, which shall certainly have environmental impacts given that
foundation construction in the required areas shall be needed, in addition to problems caused to highway
systems flow where these works are performed. However, the negative type impacts shall be temporary, while
these other construction works shall have a long term beneficial consequence when the Fast Train begins
operation.
Crosses or intersections with bodies of water shall be solved in a manner similar to dealing with
intersections with other means of communication, taking special care not to modify the dynamics of those
bodies of water and based on soil mechanics studies previously made.
Labor, machinery and equipment requirements shall, like in the other stages, have a beneficial impact for
the localities in particular and the region in general, as they will require goods and services.
Use of explosives shall cause an increase in dust and particles to the atmosphere and combustion gas
generation (CO2, NO2 and NO). Likewise, water quality shall decrease due to an increase in the sediment load
in the surface’s leakage due to materials freed by the explosions.
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Regarding flora and fauna, these will be altered by the loss of habitat due to the change in vegetable
cover. However, these negative impacts shall be temporary.
ELECTRICAL INSTALLATION
This size of a project necessarily requires proposing to install different infrastructure works in order to
meet the service requests. In this case, the request for electrical energy may be solved by installing 5 substations that shall be installed along the outline.
Electrical energy shall be supplied by the Federal Electrical Commission. Environmental impacts derived
from this item shall be associated to atmospheric contaminants generation and the possible generation of
hazardous wastes by the CFE itself. Although these synergic-type impacts shall be mostly associated to CFE,
section on mitigation measures offers some measures to reduce possible adverse impacts.
In the socio-economic sphere, implementing an electrical energy network and extending the current
electrical infrastructure shall be beneficial to the municipalities that the TRIG line crosses.
SIGNALING
Signaling works shall have a slightly significant and temporary impact from the environmental
viewpoint. However, they shall have a positive impact due to the demand for goods and services from
household and local corporations. Installing signaling shall be beneficial in the long term upon fulfilling its
purpose in the project’s operative stage.
SUPPORT SERVICES
To develop virtually any project it is necessary to implement different support works, such as eating and
services areas. In the work fronts, portable sanitary services will be hired. Household-type garbage will be
generated at the provisionally installed workers’ eating room derived from the workers’ daily activities, such
as staff cleanup, feeding etc. That is, organic and inorganic materials such as paper, glass, plastic, aluminum
and so on. These activities shall have an adverse, slightly significant and temporary impact. These wastes
shall be stored in a zone for the purpose and shall be collected once a day by the garbage collection services
approved by the competent authorities.
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Wastes generated during the construction shall be adverse and significant, since as previously mentioned,
magnitude of the required works and times shall be considerable. However, special attention for their
disposition shall be taken into account, so that they are disposed of in conformity with the respective
specifications determined by the authorities.
Impacts to soil and water are not considered significant, given that waste may be temporarily stored at
work fronts to later be transferred in a proper manner according to the Mexican environmental standard for its
ultimate disposal and in charge of specialized contractors and with the corresponding authorizations.
It shall be established among the workers, the policy of separating and minimizing waste generation of all
kinds. As a result, household solid wastes may be separated, attempting at all times to reuse and/or recycle
them. Wastes considered by environmental legislation as hazardous shall be stored or discarded in compliance
to the Mexican Official Standards in environmental matters.
Evidently, outline preparation and construction of the necessary infrastructure for operating the
Guanajuato Interurban Fast Train from a socio-economic viewpoint, shall have a positive impact given that it
shall require hiring local, regional and household workers, personnel and companies during the different
consisting stages. It is estimated that in the preparation and construction stage, 2,500 employees per year shall
be required, taking into consideration workers and specialists, with an estimated a 50-million dollar budget
available, with the consequential demand for goods and services from local communities and a considerable
economic apportionment for the State of Guanajuato.
Vehicle transit shall increase during the outline and construction stages of the necessary infrastructure.
However, these impacts shall be temporary in nature while the benefits associated with the infrastructure
necessary for the TRIG operation and construction shall be permanent. Impacts associated with the increase
of vehicle traffic during the preparation and construction stage shall have an adverse effect on the atmosphere
due to dust generation, dispersion of fugitive particles and emission to the atmosphere and noise levels as a
product of combustion of materials transportation vehicles. Vehicle transit shall likewise reflect increase in
traffic and vehicular parking in the influence area, which will consequently cause a loss of man-hours due to
decrease in running time among the various points. Nevertheless, and just like in the atmospheric impacts,
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these will mainly be of temporary nature, while the TRIG will have a positive and long-term impact in
running times, as well as in a diminishment in man-hours loss due to traffic jams. There is no doubt that the
project will also trigger an impulse in the development of new productive activities in the interurban corridor
object of this study.
Due to the features of the project and to the fact that it is a high development area with an estimated
population of a little less than three million inhabitants, it is anticipated that workers will be hired mostly in
local communities. It is also anticipated that local enterprises that will be hired to be in charge of the different
preparation and construction tasks, have a preexistent infrastructure base and support that can be used for such
a purpose, in such a way that support services that could be required for the development of inherent activities
of preparation and construction, can be substantially reduced with support infrastructure from these
companies and from proprietary locations found throughout TRIG line.
Waste volumes that are expected to be generated during TRIG´s preparation and construction stages
will be significant due to the size of the project, so they will have to be handled adequately; otherwise, the
impact associated to their improper handling and availability could be adverse and significant.
As regards maintenance yards and management offices, these will be the object of another specific
study, because due to their features and magnitude, it is possible that competent authorities demand an
Environmental Impact Study on such shops and management offices, which as it was mentioned before, will
be located in Silao municipality.
OVERVIEW
Construction activities will be generally associated with suspended particle generation (dusts), noise
and wastes that can potentially affect air, water and soil.
Some disturbances are also present in air quality, due to land movement, causing powder loosening
and its presence in the air, altering its quality. By the same token, high levels of noise caused by machinery
and equipment are present, and they will be considered as relatively significant.
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As regards impact associated to air quality in the area, it will be adversely significant due to the
generation of powder and pollutants proceeding from collection tasks and transportation of materials.
It is important to consider that all the tasks associated to site preparation will demand labor and
hiring personnel and equipment with different features, qualifications and capacities, which will benefit local
communities because they will hire personnel, not only at the site preparation stage but also in every stage of
the project which is being studied in this paper. Land acquisition for TRIG construction will no doubt have an
adverse impact for some local owners; however, it will bring general benefits to inhabitants of the areas
comprised in the proposed layouts, because if it is true that land use will be modified in order to give way to
the project, this will trigger and foster new projects and activities and this in turn will demand products and
services throughout the proposed layout and its influence areas at every stage, from the preparation stage to
the operating stage.
It is important to mention that most of the machinery that will be used in the construction is nearly
new and in good maintenance condition, so the average efficiency in fuel consumption amounts to 90%.
On the other hand, based on the power of equipment used and on the kind of fuel that will be used
(diesel), it is estimated that noise levels produced by the machinery will be 90 dB in the area, near the
operating machines.
It must be pointed out that TRIG layout will become a physical barrier, that will have negative
implications because it will prevent wild fauna movement in some places with little disturbance, as is the case
in the area close to the city of Guanajuato. However, it will also be a barrier that controls urban sprawl growth
in the municipal seats and settlements in general, because in ecological inspection visits irregular settlements
were discovered close to the proposed layout and these will be controlled by TRIG´s double track. It must be
pointed out that in some areas, some real estate demolition will have to be carried out for TRIG line to satisfy
technical, operational and safety requirements.
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B)

OPERATION AND MAINTENANCE

During TRIG operation, wastes will be produced mainly at the stations. These wastes will include
household type wastes, paper and wastewater mainly, causing a negative and permanent impact that can be
reduced by implementing mitigation measures that are indicated in the following section.
Maintenance tasks have in themselves a high pollutant potential. In most cases, chemicals such as
solvents, degreasers, fuels and cylinders for welding tasks are used and they require special care in their
storage, transportation and disposal or final treatment. However, it is important to mention that the negative
impact will be limited to the area of the maintenance shops.
It is considered that the areas where train maintenance will be performed will generate wastes,
among which are used grease and oil, paints, solvents and wastewaters coming from paint chambers. These
must be handled according to Mexican environmental laws, because due to their features, they represent an
extremely high negative potential impact.
In summary, it can be said that impacts that can derive from improper practice and/or improper handling
of maintenance tasks, can cause atmospheric, soil, subsoil, surface and underground water pollution. In order
to reduce impact in any of them, measures to reduce its effect must be considered and these are presented in
the following section.
-

ENERGY REQUIREMENTS

Energy requirements for this stage will be high. Potential environmental impact at this stage refers to the
potential generation of hazardous wastes.
-

POTABLE WATER REQUIREMENTS

Impacts associated to water requirements are evidently adverse because this implies aquifer exploitation.
However, this will be performed strictly abiding by requirements indicated by competent authorities and
always looking for its obtention from municipal mains.
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-

VEHICLE TRAFFIC

Vehicle traffic will give rise to the generation of polluting emissions into the atmosphere produced by gas
and diesel combustion from vehicles that are used in site preparation and construction. However, it is
important to mention that operation of the present project will considerably reduce vehicle traffic throughout
the industrial corridor, upon integrating with the urban transportation system. By the same token, the location
of stations will allow for the reduction in the number of buses and vehicles inside cities. Particularly, the
historical center station will help improve the road structure of the city.
C)

ABANDONMENT STAGE

We have not considered the abandonment stage, because it is considered that the project will be able
to operate in the long term due to maintenance programs that will allow for the conservation of project
premises in the most favorable conditions.
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VIII.

ENVIRONMENTAL IMPACT PREVENTION AND REDUCTION MEASURES

In this section, proposed reduction measures are described for environmental impacts identified in
the previous chapter. The same order from the previous chapter is followed for that purpose.
A) SITE PREPARATION AND CONSTRUCTION STAGE
During every site preparation and construction stage, it is important to consider that noise levels that are
produced by machinery must not surpass the maximum permissible according to Reglamento para la
Prevención y Control de la Contaminación Atmosférica Originada por la Emisión de Ruido (Regulation for
the Prevention and Control of Atmospheric Pollution caused by Noise Emission) (Published in the Official
Gazette of the Federation on December 6, 1982). Noise intensity will be limited to 79, 81 and 84 dB for
vehicles that weigh less than 3,000 gross kg., from 3,000 to 10,000 kg. and more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission coming from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of usage and all the necessary maintenance services will be performed.
LAND GRADING AND LEVELING
As has been previously mentioned, tasks associated to land grading and leveling, will be adverse and
irreversible.
It is important to mention that weeds must not be burnt; herbicides or chemical products must not be used
during project site grading activities.
The material which is removed by these activities must be deposited in the sites selected for that purpose,
thus avoiding hydric erosion and unnecessary vegetation damage. This material must be cut and scattered in
previously selected sites in order to facilitate its integration in the soil. The surface layer of the soil will be
recovered together with the material removed without being mixed, with the purpose of using it in restoration
activities in the area. A temporary storage area inside the deposit must be designated for that purpose, in order
to prevent losses caused by erosion.
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Organic matter accumulation must be temporary and must be placed in areas with features that prevent
the interruption of surface water flow, preferably in high areas, this avoiding the accumulation of these
materials for long periods and the abandonment of surplus materials upon concluding its use.
Fauna and vegetation will suffer from an adverse and significant impact even when these are areas that
have been previously impacted by anthropogenic activities.
On the other hand, soil which is removed must be mixed with vegetable wastes that result from grading.
Such mixture must be crushed and used to cover the slope. This material must be then placed on the surface of
the following material banks in order to allow for the natural restoration of vegetation, because this will allow
plant seeds to germinate in the area and fertile soil will not be really lost, because it will be integrated into
other areas.
The loss of some wild fauna individuals during the construction cannot be avoided; however, it is
necessary to promote an awareness campaign that makes workers focus on the area in order for them to learn
about the importance of wild fauna, stressing its important role in ecosystems. They must be informed that a
great number of species throughout the whole national territory are threatened or in danger of extinction due
to continuous pressure that the human species exercises over his settlements.
Likewise, it is important that substances that can alter water quality are not poured into rivers and
streams. It will be forbidden that site personnel pollute stream-beds, soils or any site which is not intended for
those functions, with garbage, lubricants, fuels, wastewaters, urine or feces. This has the purpose that workers
take necessary precautions and that they avoid additional or unnecessary damage to wild fauna.
DRAINAGE WORK FOUNDATION AND INSTALLATION
Drainage work will be projected respecting surface drippings, so important drippings will be hardly
affected. All the drippings must have a sewer in order to disturb the ecological balance of small basins as little
as possible.
It will be important to consider that noise levels which are produced by machinery must not exceed the
maximum permissible according to Reglamento para la Prevención y Control de la Contaminación
Atmosférica Originada por Emisión de Ruido (Regulation for the Prevention and Control of Atmospheric
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Pollution caused by Noise Emission) (Published in Official Gazette of the Federation on December 6, 1982).
Noise intensity will be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000 gross kg., from
3,000 to 10,000 kg. and more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission coming from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of usage and all the necessary maintenance services will be performed.
In order to reduce the effects derived from preparation and construction activities, waste which is
generated must be concentrated in specific places and be classified according to its type in order to provide
for its reuse or recycling. Waste will be disposed in places authorized by the corresponding authorities for its
final disposal.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to what the Reglamento de la Ley General del Equilibrio Ecológico y la Protección del
Ambiente en Materia de Residuos Peligrosos (Regulation of the General Law of Ecological Balance and
Environmental Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on
November 25, 1988.
On the other hand, impact caused by grading and leveling activities, seen from a socioeconomic
perspective, will be a positive one because local personnel will need to be hired for the execution of said
tasks.
It will also be recommended that personnel who work close to the place where materials are being
removed, use a muffler and these must be provided by the contractor free of charge or by SOTRIG enterprise.
Likewise, hired personnel must be properly trained for the task that they are assigned and they must also
receive a complete and precise assessment on the steps they have to follow in case of accidents or disasters.
Ecological inspection performed over the proposed layout, allowed for the identification of two different
problems:
In the section between Silao and Guanajuato, areas were found where due to their topography, their
relative lack of access or the scarce possibility of performing agricultural activities, they have not been
developed.
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In the León–Silao–Guanajuato stretch, affected areas deprived of original vegetation where sorghum and
corn crops prevail, were found almost exclusively.
Regarding the first case, (10 % of the layout), rescue activities regarding strange flora and fauna species
which are in danger of extinction according to NOM-059-ECOL-1994, must be performed, before starting
grading and leveling activities in the land. Flora and fauna species must be relocated in adjacent areas to the
layout, and these areas must have the same features so that these species develop adequately. Flora elements
which have been removed in green areas from the stations can also be used. On the other hand, surrounding
vegetation that is found less than 20 meters away from the layout, must be sprayed twice a week, using water
tanker trucks to eliminate powder and particulate material.
Regarding the second case (87 % of the layout), because it is an area that has been strongly impacted by
anthropogenic activities, improvement measures are proposed for said area. In this regard, the layout must be
reforested using native species such as Wattles, Mesquites or Casahuates in order to recover the original
landscape as much as possible.
REHAB AND REFORESTATION PROGRAM
Vegetation and existing soil leveling and grading causes the main impact in the area that is being studied
in this paper.
In order to reduce said impact, SOTRIG enterprise hired Sotramex Inc. “Society of External Handling
Tasks” (Landscape Architecture), located in Canada, considering that Canada is a country which is wellknown internationally as specialist in reforestation and restoration of natural landscape. This enterprise
carried out a study on rehab and reforestation of land disturbed by the Interurban Fast Train, during the past
month of July. The study describes and proposes several reforestation and restoration methods for natural
landscape.
Job description:
Reforestation project of land affected by the Fast Train (3,800,000 m2), comprises natural landscape
restoration and handling (landscape architecture) mainly in the 18 stations and in green areas.
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The following tasks are described:
A) Preparation work before placing vegetal soil:
Preparation work before placing vegetal soil will be performed by SOTRIG and it includes grading
stones, roots, logs, parasite vegetation and dirt and construction debris such as plastic, cement, junk, asphalt,
etc. related to the whole land which was affected and removed. By the same token, the embankment must be
properly compacted and leveled. The purpose of SOTRIG job will comprise the finishing touch or filling all
the parts of the layout. Even though vegetal soil will serve to correct present borders and depressions, in some
cases, it will be necessary to clean and level the land before it is used.
B) Loading, Transportation and Placement of Vegetal soil:
Vegetal soil used for reforestation and rehab of land will proceed from the upper layer of nearby fields
and lots. This layer will be used and handled for the reforestation areas, at a depth of 2 to 3 m.; it must be
fertile and free of woody waste and of stones larger than 50 mm. in diameter. Vegetal soil must contain from
3 to 20 % of organic matter. Subsequently, SOTRIG must have the approval of vegetal soil extraction sites.
Likewise, SOTRIG will be in charge of loading, transportation and placement of a 10 cm. thick vegetal
soil layer. Sotramex will be in charge of the preparation for reforestation tasks that include vegetal soil
leveling, sowing and plantation, seed treatments, placement of biodegradable membranes, fertilizing and
maintenance.
C) Hydraulic sowing for reforestation:
The use of high-quality and adequate seeds for local conditions (gramineous and leguminous) is
recommended. Approximately 150 Kg/ha of seeds will be used.
Seeds will be treated previously with a protective agent and with long- spectrum fertilizers, offering
better feasibility, nutrients and an almost immediate stability. The approximate quantity of agents is the
following:

EIA TRIG
157-01
817tren.doc

Page 245

•
•

Protective agents: 1500 kg/ha
Fertilizing agents: 1000 kg/ha

The protective agent must be biodegradable and will be essentially composed of vegetal fibers, treated
especially in order to reduce its absorption power, with the purpose of creating a favorable means for most of
the vegetation.
The stabilizing agent must contain organic colloids and it must be a powder which is non-synthetic, nontoxic and non-inhibitor of growth. Its main function will be to join soil particles and to adhere seeds to the
protective agent and to the land. Approximately 80 kg/ha will be used.
By the same token, lawn will be sown, particularly in areas of special care in order to have landscape
architecture, areas that are close to metal, cement or other structures and areas subject to severe conditions of
erosion and use.
D) Placement of biodegradable membranes
Sotramex will place biodegradable membranes in sites recommended by SOTRIG, particularly in lots
that have deep slopes or in holes or deep ditches. Reforestation will be carried out by means of hydraulic
sowing. Sotramex recommends the use of type EROMAT biodegradable membranes.
The placement of biodegradable membranes will be done in the following way:
•
•

Preparation of vegetal soil
Biodegradable membrane (made of straw fibers) will be placed on the soil and it must be placed 4 to
8 hours before sowing, as a maximum.

It is very important to clear out that besides suggestions and jobs proposed by Sotramex, which could
favor impact reduction as a result of leveling and grading, it will be imperative to use native tree and shrub
species and not introduce any kind of vegetation which is foreign to native conditions and features. In this
sense, it is recommended that reforestation is performed with trees from regional greenhouses.
During ICF Kaiser, Environmental Service visits to the fields, it could be observed that in some nearby
and adjacent areas to the proposed layout, reforestation programs have been held even though in not every
case have native species been used. Species seen were casuarina and eucalyptus. These species are very
common in reforestation programs all over the world due to their rapid growth and their relative adaptability
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to diverse physical and geographical conditions. However, experience in similar sowings has not been so
positive because adaptability of said species can become a serious threat in the eventual replacement of
dominating native species and of the associated ecosystems.
Considering what has been presented above, the possibility of putting into practice tasks developed by
research groups from local academic institutions (CINESTAV – León) regarding mesquite germplasm has
been considered, as one of the most attractive options for the implementation of reforestation programs in the
area, because as has been pointed out previously, sites that have vegetation that is not taken care of, are
strongly dominated by mesquite (Prosopis sp.), and this would undoubtedly help to rescue and propagate
endemic species, starting with selected germplasm specimens, thus avoiding the use of exogenous species
such as eucalyptus and casuarina.
EXCAVATION AND FILLING
During these activities, it will be important to consider that noise levels produced by machinery must
not surpass the maximum permissible according to Reglamento para la Prevención y Control de la
Contaminación Atmosférica Originada por Emisión de Ruido (Regulation for the Prevention and Control of
Atmospheric Pollution caused by Noise Emission) (Published in Official Gazette of the Federation on
December 6, 1982). Noise intensity will be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000
gross kg., from 3,000 to 10,000 kg. and more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission proceeding from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of use and all the necessary maintenance services will be performed.
Material accumulation must be temporary and must be placed in areas with features that enable to avoid
surface water flow interruption, preferably in high areas, thus avoiding accumulation of such materials during
long periods and the abandonment of surplus material when it is no longer used.
It is important to prevent and avoid powder and particulate material dispersion into the atmosphere,
attempting that activities are performed in the wet phase; that is, surfaces should be sprayed with water before
activities are performed. By the same token, materials must be transported in the wet phase inside covered
vehicles that are intended for such an activity and contention grids must be used to hold fine particles during
transportation. Upon avoiding particle dispersion, people are contributing to avoiding pollution in bodies of
water.
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DRAINAGE CONSTRUCTION FOUNDATION AND INSTALLATION
Drainage construction will be planned respecting surface drippings, so important dripping will hardly be
affected. All the drippings must have a sewer, in order to disturb ecological balance in small basins as little as
possible.
It will be important to consider that noise levels produced by machinery must not surpass the maximum
permissible according to the Regulation for the Prevention and Control of Atmospheric Pollution caused by
Noise Emission (Published in Official Gazette of the Federation on December 6, 1982). Noise intensity will
be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000 gross kg., from 3,000 to 10,000 kg. and
more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission proceeding from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of use and all the necessary maintenance services will be performed.
In order to reduce the effects derived from preparation and construction activities, waste material which
is generated must be concentrated in specific locations and must be classified according to its type in order to
provide for its reuse or recycling. Waste material will be disposed in places authorized by the corresponding
authorities for its final disposal.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to the Regulation of the General Law of Ecological Balance and Environmental Protection
regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25, 1988.).
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MATERIAL BANK EXPLOITATION
Material exploitation must be carried out only and exclusively in banks authorized by competent
authorities. In that sense, it is forbidden to exploit materials in areas that are not authorized banks.
In order to avoid particle dispersion and loss of load that could cause pollution, materials are transported
in a wet state, inside covered vehicles that are intended for such an activity. Contention grids must be used in
order to hold fine particles during transportation.
BORES IN GEOFORMS
Rocky fragments or considerable portions prone to displacement and to be washed away towards the road
must not be left on bore slopes. Slope surfaces must be reforested using native plants. Before reforestation is
carried out, a wire grid must be placed over the slopes. In case the exposed slope is only compact rock and
there is no danger of landslides, rock can stay without vegetation, thus integrating it to the landscape. Powder
and particulate matter generation as a byproduct of machine attacks in the bores, irritate the respiratory tract
and the eyes of people who work or inhabit the site, acting also as an illness propagation system. Due to the
above, dispersion of said materials must be avoided, and there should be an attempt to perform these activities
in the wet phase.
Cutting angles must adapt to the dominating slopes in the different working sites, in such a way that slope
stabilization is guaranteed additionally and immediately.
As regards the material attack and digging phase, it is also recommended that personnel use a muffler,
which must be distributed by SOTRIG free of charge to workers. In order to perform said activity, land
movement must be reduced as much as possible and slopes must be stabilized with special care.
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DRAINAGE CONSTRUCTION FOUNDATION AND INSTALLATION
Drainage construction will be planned respecting surface drippings, so important drippings will be hardly
affected. All drippings must have a sewer in order to disturb ecological balance in small basins as little as
possible.
It will be important to consider that noise levels produced by machinery must not surpass the maximum
permissible according to Reglamento para la Prevención y Control de la Contaminación Atmosférica
Originada por Emisión de Ruido (Regulation for the Prevention and Control of Atmospheric Pollution caused
by Noise Emission) (Published in Official Gazette of the Federation on December 6, 1982). Noise intensity
will be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000 gross kg., from 3,000 to 10,000 kg.
and more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission proceeding from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of use and all the necessary maintenance services will be performed.
In order to reduce the effects derived from preparation and construction activities, waste material which
is generated must be concentrated in specific locations and must be classified according to its type in order to
provide for its reuse or recycling. Waste material will be disposed in places authorized by the corresponding
authorities for its final disposal.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to Reglamento de la Ley General del Equilibrio Ecológico y la Protección del Ambiente
en Materia de Residuos Peligrosos (General Law Regulation on Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.).
LEVELING AND COMPACTING
The execution of these tasks will give way to impacts due to changes in physical features, compacting,
erosion, permeability and productivity levels, as well as change in quality and use. In order to perform said
activities, it will be important to attempt the use of land fill and compacting materials inside the same project
section, avoiding land movement in long sections as much as possible.

EIA TRIG
157-01
817tren.doc

Page 250

As regards land fill materials, these will be obtained from land leveling areas and if it is necessary, from
authorized material banks. Measures that will be adopted in this sense refer to adequate handling practices
regarding transported materials.
DRAINAGE CONSTRUCTION FOUNDATION AND INSTALLATION
Drainage construction will be planned respecting surface drippings, so important drippings will be hardly
affected. All drippings must have a sewer in order to disturb ecological balance in small basins as little as
possible.
It will be important to consider that noise levels produced by machinery must not surpass the maximum
permissible according to Reglamento para la Prevención y Control de la Contaminación Atmosférica
Originada por Emisión de Ruido (Regulation for the Prevention and Control of Atmospheric Pollution caused
by Noise Emission) (Published in Official Gazette of the Federation on December 6, 1982). Noise intensity
will be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000 gross kg., from 3,000 to 10,000 kg.
and more than 10,000 kg. respectively.
Atmospheric pollution caused by smoke emission proceeding from machinery, vehicles and construction
equipment, as well as from powder lifting, will be produced. In that aspect, machinery must be in the most
favorable conditions of use and all the necessary maintenance services will be performed.
In order to reduce the effects derived from preparation and construction activities, waste material which
is generated must be concentrated in specific locations and must be classified according to its type in order to
provide for its reuse or recycling. Waste material will be disposed in places authorized by the corresponding
authorities for its final disposal.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to Reglamento de la Ley General del Equilibrio Ecológico y la Protección del Ambiente
en Materia de Residuos Peligrosos (General Law Regulation on Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.)
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EMBANKMENTS
As was previously mentioned, embankment construction will be associated with material demand for its
construction. Ballast will be needed for that purpose and this must be obtained from material banks. In this
sense, it is important to mention that material exploitation must be carried out only and exclusively in the
banks authorized by competent authorities.
In order to avoid particle dispersion and loss of load that can cause pollution, materials must be
transported in a wet state inside covered vehicles that are intended for such an activity. Contention grids must
be used for holding fine particles during transportation.
TUNNEL, BRIDGE AND OVERPASS CONSTRUCTION
The material which is removed for the construction of tunnels, bridges and overpasses must be deposited
in selected sites for such a purpose, thus avoiding hydric erosion and unnecessary damage to vegetation. This
material will be cut and scattered. Vegetal wastes which are the product of land grading will be scattered in
previously selected sites in order to facilitate their integration into the soil. The soil surface layer will be
recovered together with the material that was removed without mixing it, with the purpose of using it for
restoration activities in the area. For the above, a temporary storage area must be designed inside the deposit
in order to avoid losses due to erosion.
It is important to prevent and avoid dispersion of powder and particulate matter into the atmosphere.
There must be an attempt to carry out activities in the wet phase whenever possible, that is, before starting
activities surfaces where work is going to be performed must be sprayed with water. By the same token,
materials must be transported in the wet phase inside covered vehicles that are designed for such an activity
and contention grids must be used to hold particles during transportation.
It is also recommended that personnel who perform their job near the place where material is being
removed use a muffler that must be provided to them free of charge. Also, hired personnel must be properly
trained for the task they are assigned and they must receive full and precise instructions on the steps to follow
in case of an accident or disaster.
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Air quality will be reduced due to polluting gases (NOx, HC, CO and Sox) caused by machinery used in
the construction, so proper machinery and equipment maintenance will be very important in order to reduce
the negative effects in the area.
Heavy machinery circulation schedule must be regulated with the purpose of reducing noise levels in
order not to exceed the maximum permissible according to the Regulation for the Prevention and Control of
Atmospheric Pollution caused by Noise Emission (Published in Official Gazette of the Federation on
December 6, 1982). Noise intensity will be limited to 79, 81 and 84 dB for vehicles that weigh less than 3,000
gross kg., from 3,000 to 10,000 kg. and more than 10,000 kg. respectively.
An adequate reforestation program must be established in areas that have a right of way, with native herb,
shrub and tree species in order to reduce erosion effects, vegetation fragmenting and alteration in wild fauna
habitats as well as maintaining site landscape.
Natural drainage installations must be built and drainages and previous runoff systems must be respected
in order to avoid water quality reduction due to the increase in suspended sediments.
Controlled-expansion explosives must be used and the use of explosives must be avoided when there is
cloudiness or wind over the settlements. Slopes must be covered for stabilization purposes in order to avoid
risk due to landslides and erosion.
It is also recommended that workers who perform their job near the place where explosives are being
used, use a muffler that must be provided to them free of charge. Likewise, hired personnel must be properly
trained for the task they are assigned and they must receive full and precise instructions on the steps to follow
in the case of an accident or disaster.
ELECTRICAL INSTALLATION
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to Reglamento de la Ley General del Equilibrio Ecológico y la Protección del Ambiente
en Materia de Residuos Peligrosos (General Law Regulation on Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.).
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SIGNALING
Signage tasks will have little and temporary impact from an environmental point of view, as was
mentioned before.
Allusive signs should be placed so that workers and inhabitants of nearby settlements know about the risk
associated with civil engineering activities. These signs must indicate pedestrian paths, animal paths, fuel
storage areas and service areas, among other things.
It is important that site personnel and local inhabitants are informed beforehand about explosion activities
by means of sirens and signs, in order to reduce accident risk.
In areas where local roads are used for transporting materials, it is recommended that signs are placed to
inform users about activities that are being carried out in the area.
In the construction stage, adequate signs must be posted indicating areas prone to fire during the dry
season.
SUPPORT SERVICES
A solid waste recycling program will be implemented in order to separate organic, inorganic and
hazardous materials for their proper disposal.
Organic solid wastes which are collected must be deposited in the garbage container or in the
corresponding municipal sanitary land fill. Hazardous wastes must be confined to an authorized area for its
final disposal and inorganic wastes will be collected after their separation in order to facilitate their recycling.
Wastewaters proceeding from portable restrooms must be transported by the enterprise hired for its
installation and after giving them proper treatment, said enterprise will be in charge of their final destination.
Site personnel will be forbidden to pollute stream-beds, soils or any site that is not intended for that
purpose, with trash, lubricants, fuel, wastewaters, urine or feces.
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Due to the fact that this stage of the project will increase vehicle traffic, it is important that the following
Mitigation Measures are observed, following Mexican Official Standards: NOM-041-ECOL/93, NOM-045ECOL/93, NOM-044-ECOL/93, NOM-047-ECOL/93 and NOM-048.ECOL/93.
FUEL AND LUBRICANT STORAGE
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to Reglamento de la Ley General del Equilibrio Ecológico y la Protección del Ambiente
en Materia de Residuos Peligrosos (General Law Regulation on Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.).
Fuel and lubricant storage must be performed in land that has a concrete roadbed or a waterproof cement
floor and a contention border or pit in order to capture spills that could occur. These fuels and lubricants can
be contained in metal drums, trying to store small quantities in order to cover consumption demands.
Site personnel will be forbidden to pollute soils or any site which is not intended for that purpose, with
waste, lubricants, fuel or wastewaters.
During project preparation and construction, lubricants or other petroleum derivatives must not be
changed at the construction site.
NOISE LEVELS
It is difficult to determine noise intensity which will be caused by vehicle traffic, because its intensity and
duration are variable. However, the Regulation for the Prevention and Control of Atmospheric Pollution
caused by Noise Emission (Published in Official Gazette of the Federation on December 6, 1982) and related
Mexican Official Standards (NOM’s) establish the following:
Automobiles, trucks, buses, tractors and similar vehicles must comply with the following limits:
•
•

Vehicles whose gross vehicle weight is equal to 3,000 kg. have a maximum permissible level of 79 dB.
Vehicles whose gross vehicle weight ranges from 3,000 Kg. to 10,000 kg, have a maximum permissible
level of 81 dB.
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•

Vehicles whose gross vehicle weight is higher than 10,000 kg. have a maximum permissible level of 99
dB.

OVERVIEW
Construction activities are related to suspended particles, noise and waste generation which affect air,
water and soil in a general way. Due to the above, it is necessary that machinery and vehicles used in the
construction stage comply with noise and atmospheric emission standards.
Vehicle circulation must be limited to construction areas in order to avoid soil compacting and damage to
vegetation in nearby areas.
It is recommended that containers are used to collect solid wastes generated by personnel who work in
the construction, in order to reduce impact during this period. These will be sent to the sites determined by the
corresponding authorities.
Construction material, explosive storage and offices must not be located in undisturbed natural vegetation
areas.
These premises must comply with safety measures indicated by competent authorities as well as the
necessary infrastructure to control possible accidents, leaks and accidental spills. Fuel and lubricant storage
must be performed in a lot that has a concrete roadbed or a waterproof cement floor and a contention border
or pit to collect all the spills that could occur. These fuels and lubricants can be contained in metal drums,
trying to store small quantities in order to cover consumption demands.
Once the construction concludes, areas used as support structures must be restored in order to ensure revegetation of the affected site with new species.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to the Regulation from the General Law of Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.).
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It is important to mention that during the construction of the Guanajuato Interurban Train, fire and spill
preventive measures must be adopted, in order to avoid natural vegetation and agricultural area damage.
Workers must be trained on safety measures, hygiene and accident prevention. Furthermore, burning garbage
or other materials should be avoided in order to prevent forest fires.
B

MITIGATION MEASURES REGARDING OPERATION AND MAINTENANCE STAGES

Personnel requirements in the operation and maintenance stage will be very favorable, as has been
pointed out, because 917 workers and local personnel will be hired for different operational activities,
maintenance and general services, and they will be hired locally as much as possible. Operating personnel
must be highly trained for their task: ranging from cleaning personnel to area managers or directors. It is
imperative to have an emergency medical assistance service: doctors, nurses and properly equipped
ambulances, in order to provide users with medical care.
During the Guanajuato Interurban Fast Train operation, a fire prevention program must be in place during
the dry season, mainly regarding maintenance activities
Underground passage maintenance must be performed in order to avoid its obstruction due to obstruction
or garbage.
-

ENERGY REQUIREMENTS

Possible environmental impacts in this stage refer to the potential generation of hazardous wastes such as
dielectric oils with aroclors or polychlorinated biphenyls (PCB's). However, these can be reduced using oils
free of these compounds.
-

WATER REQUIREMENTS

Aquifers must be exploited abiding by the related requirements indicated by the competent authorities. It
is recommended that drinking water be obtained by means of municipal networks.
As regards water consumption, the installation of water-saving devices is recommended in bathroom
sinks, toilets and in every water outlet, as well as leverage and separation of rain water.
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It is recommended that an awareness program is fostered among the personnel who work in the
Guanajuato Interurban Fast Train operation, regarding drinking water and sanitary service water saving.
-

WASTE GENERATION

EMISSION INTO THE ATMOSPHERE
The following wastes will be generated during the operation and maintenance stages of the Guanajuato
Interurban Fast Train stations:
Vehicle traffic will cause polluting emissions that are released into the atmosphere, produced by motor
vehicle gas and diesel combustion. Three maximum permissible levels of polluting emissions are considered,
published by DOF 6/06/1988. It is estimated that hydrocarbon pollution issued by every vehicle will amount
to 500 ppm, while carbon monoxide concentrations will amount to 4 %. We must not forget that these
preliminary data are an estimate and that it is impossible to standardize them to constant conditions.
The following Mexican Official Standards must be abided by in relation to the above:


Mexican Official Standard NOM-041-ECOL/93, which establishes maximum permissible levels of
polluting gas emission proceeding from the exhaust pipe of motor vehicles in circulation that use gas as
fuel.



Mexican Official Standard NOM-045-ECOL/93, which establishes maximum permissible levels of
smoke opacity proceeding from the exhaust pipe of motor vehicles in circulation that use diesel as fuel.

WASTEWATER DISCHARGE
In the case of stations, as has been previously mentioned, wastewater in bathroom sinks and in toilets will
be led to the municipal WASTEWATER system. Due to the fact that municipalities where stations will be
placed do not have a drainage service which is divided into grey waters (for personal cleanliness) and black
waters (for home general use and toilet use), the effluents are poured inside the same flow volume.
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It is recommended that bactericidal products are placed in every toilet in order to reduce water pathogen
organism concentration.
It will be important to implement adequate maintenance in the drainage system. In the case of rain water,
drains and gutters must be maintained in order to prevent residual and rain waters from mixing. It is
recommended that rain water is recovered in pits for its reuse in toilets.
A program that rations and optimizes water use and handling must be implemented as well as programs
that prevent and control water pollution.
HOUSEHOLD SOLID WASTES
In the case of stations, the most important sources of solid wastes generated during this stage will be
paper, mainly. Additionally, other wastes such as glass, plastic, aluminum, etc., can be produced. These
wastes will be stored in an area intended for that purpose and they will be gathered once a day by the garbage
service.
In order to reduce the effect of waste which derives from this stage, they must be concentrated in specific
places and classified according to their kind, in order to provide for its reuse and recycling.
A waste separation program must be proposed and it must include organic and inorganic waste inside
Municipal Waste Containers for their later recycling.
Regarding solid waste generation, separation techniques are proposed from its origin, in order to promote
its reuse or recycling and production of compost as soil enriching for green areas.
Among these techniques, the promotion of a program that includes the placement of properly signaled
waste container drums is proposed.
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-

MAINTENANCE WORKS

Several wastes will be generated in the service area. As has been previously pointed out, these can be
handled together with those generated in maintenance tasks, observing an adequate policy for their adequate
handling, storing and disposal, at all times.
Wastes such as used oils, its containing vessels and rags soaked in grease, oils or solvents and fuel and
lubricant containers among others, which proceed from machinery shops, will be classified as hazardous
wastes according to NOM-052-ECOL-1993. Due to the aforementioned, they must be stored, transported and
confined according to the Regulation from the General Law of Ecological Balance and Environmental
Protection regarding Hazardous Wastes, published in the Official Gazette of the Federation on November 25,
1988.). Previously mentioned wastes represent a high negative impact potential that can be substantially
reduced if these are handled adequately, so they must be stored, transported and confined according to the
Regulation from the General Law of Ecological Balance and Environmental Protection regarding Hazardous
Wastes (published in the Official Gazette of the Federation on November 25, 1988.).
Fuel and lubricant storage must be performed in a lot that has a concrete roadbed or a waterproof cement
floor and a contention border or pit in order to collect spills that could occur. These fuels and lubricants can
be contained in metal drums, trying to store small quantities in order to cover consumption demands.
Site personnel will be forbidden to pollute soils or any site that is not intended for these purposes with
waste, lubricants, fuel or wastewaters.
A training program for workers in charge of used grease and oil collection will be implemented because
these represent a high potential of negative impact, which can be reduced if these wastes are handled
adequately. By the same token, services from properly authorized enterprises will be hired for waste
transportation and final disposal in these areas.
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C)

TRIG SYSTEM SAFETY

GENERAL DEMANDS
TRIG system design, manufacturing, installation, construction, tests, operation and maintenance must
guarantee environment safety and integration in an inherent way. User safety – inside stations, in the railway
platforms and as train passengers, of operation and maintenance personnel who work inside or near the
system, as well as the general public in places where there is interaction with the system, has to be an
imperative consideration.
SYSTEM SAFETY DEMANDS
TRIG system must reach an acceptable level of safety in its design, by means of risk elimination,
reduction and control procedures and through analysis, reviews and design alternatives. Demands described in
the following paragraphs must be reached as a minimum.
RISKS
Every point of failure in TRIG hardware or software that could bear the possibility of critical or
catastrophic risk must be avoided or eliminated. Risks that cannot be avoided or eliminated and the ones that
are a reasonable combination of undesirable events and that can potentially result in marginal risks, must be
controlled through safety devices, warning devices or special procedures, with the purpose of reducing risks at
an acceptable level on the part of the authorities.
NOTICE OF ALERT
Equipment failures that do not represent a risky situation in themselves but that can jointly with an
equipment failure cause a risky situation, can be advertised by means of an adequate ID so they can have fast
corrective action.
SYSTEM ASSURANCE PRINCIPLES
Whenever a dynamical element failure, a software error, a human error or a combination of probable
undesirable events could result in a critical or catastrophic risk, assurance principles must be incorporated.
Under an automatic operation, these assurance features must be restricted to places where an operation
capacity regardless of failures, must be maintained. Under manual operation, special procedures to guarantee
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safety must be planned and applied.
CRITICAL SAFETY DESIGNATION
TRIG system, its subsystems, elements, components, devices and functions must operate or be executed
in a satisfactory way in order to guarantee user, personnel and general public safety. For this purpose,
equipment and installations must be conceived in order to be critically safe.
PREMISES
In places where there is interaction with the system, except for the railway platform normal
configuration, every premise must be exempt of situations which represent any danger for life or user,
personnel or general public safety.
EMERGENCY MEASURES
TRIG emergency measures must include design features and special procedures which guarantee the
secure and efficient handling of emergencies which are reasonably probable and for which a response is
anticipated.
EMERGENCY EVACUATION MEASURES
TRIG system design must include measures which allow for a safe, timely and not supervised evacuation
of users and personnel in every fixed structure and in the premises.
As a general policy, vehicle evacuation derived from situations which do not represent an immediate
threat against user or personnel health and safety, must be performed only under the supervision of emergency
forces or system personnel. Vehicle evacuation derived from emergency situations which represent an
immediate threat for users or system personnel, such as a fire, toxic vapors or a flood, must be performed
under the supervision of personnel from the central command post when help on site is not available.
However, system features, equipment and instructions must be such that they enable a not-supervised self-
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assessment of the vehicle in said emergency situations. These self-rescue measures must be in such a way as
to avoid their use, except when an immediate evacuation is imperative.
Furthermore, system design must include measures and procedures which allow for the supervision of a
safe evacuation of every vehicle passenger, in a timely and orderly manner, in any place inside the system.
As a minimum, protection measures for users, system personnel and emergency forces in every place of
an evacuation route or access due to risk caused by the following elements, must be included in the design:
•
•
•
•

Power distribution system
Vehicles in movement
Possibility of landslide in any structure
Possibility of “tripping”

FIXED EQUIPMENT
RIGHT OF WAY
Places where train travels must be physically protected in order to prevent vehicle and pedestrian access,
except in designated areas such as entrances or exits such as stations, intermodal transference areas or parking
lots. Public areas must be physically separated from reserved areas or from operations or service.
DEVICES THAT FORBID ACCESS
A sort of barrier must be installed in every place that is adjacent to the system, in order to forbid
unauthorized person or vehicle access in the operation areas.
The acceptable barriers for pedestrians include grids, walls, elevation differences of an acceptable height
and constructions. In the upper part of a grid or a wall, a dissuasion device must be installed such as barbed
wire (if it is allowed) or another equivalent obstruction device. The total minimum height of the barrier must
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be 2.4 meters and no elevated surface must permit access on top of it. This height includes 0.4 meters of any
dissuasion device in its upper part. These divisions must show the adequate signs that must not be placed
more than 150 meters away from the center of the electrical installations that imply risk, if this is applicable.
Adequate access doors with a lock for maintenance personnel must also be anticipated.
All the areas that have right of way must be in an area that is 100 % protected and that has no public
access.
PRIVILEGED TRACK
Due to the frequent train departures and to operational speed, TRIG system must have its own privileged
track, in order to protect passengers and pedestrians. The privileged track must have a wall, grid or another
protection, depending on the vertical alignment, aesthetics and on the economical aspect in every case, in the
sections of the track that are not aerial or underground.
USER PROTECTION
TRIG installation and equipment design must be carefully planned in order to provide users with
protection against crime and aggression as well as against vandalism acts.
Police service. User protection against crime is an important aspect in the design. Persons who are
familiar with safety and police protection must be consulted so they can review planning throughout the
different design phases in order to ensure the adequate integration of measures. Cooperation between TRIG
and the authorities is vital in order to guarantee user safety.
One of the most important decisions that must be adopted from the beginning, consists in electing the
establishment of a special police corps or in contacting the local existing police corps for user protection
inside TRIG property. Legal costs and responsibilities must be studied carefully as well as the crime rate in
certain sectors and the reaction time on the part of police authorities under different circumstances.
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The establishment of a security force who works in coordination with local police services throughout the
system can also be considered. It is imperative to establish and maintain traveler’s trust and to ensure
flexibility needed so that the police presence is adequate at a public place under different jurisdictions.
Regardless of the protection method that is selected, the key is to have a safety force at any time in order
to reduce crime incidence. An effective method that has been proved consists in having the police present in
transportation system public places, particularly at night. This is especially important at the beginning of
operations in the system.
- Communication system. An effective internal communication network is a key instrument in order to
help management and operations personnel. It enables having a fast and efficient transportation system. A
central command post in the communication network is necessary to coordinate different subsystems. Safety
responsibilities can be handled efficiently with the help of the following subsystems:
Internal telephone system. The internal telephone system can be part of the internal telephone network
central system or the “Private Automatic Branch Exchange (PABX)”. The PABX can be owned, operated and
maintained by TRIG or it can be owned and be operated partially by the commercial telephone local system.
En this case, the usual thing is to have the first part of the system in risky places, such as in tunnels at the
level of rails, where maintenance is performed by TRIG personnel. Access to the common network is through
the PABX system.
Internal network telephones must be installed in regular points throughout the system, such as in main
feeding positions, parallel points, section positions, signaling local points and other critical points.
Emergency telephone system. An emergency telephone system must be installed in public areas at the
stations and this establishes direct contact between the station telephone and the central command post.
Necessary measures must be adopted in order to receive emergency calls proceeding from all the
telephones, directly in an emergency console placed in the central command post.
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Inside stations, emergency telephones must be placed in such a way that distance that has to be traveled
in order to reach a telephone is never more than 35 meters. The station supervisor must have instructions so
that he is able to execute the given instructions from the central command post in an emergency.
A recording system that records all the conversations held on emergency telephones must also be
anticipated. The time of every conversation must be automatically recorded.
Passenger information system. A public information system (PA) must be installed in every station in
order to allow for advertisements from the central command posts and locally from the supervisor site in the
station. The PA system must allow the central command post personnel to grasp the “CCTV” in order to
speak to users in the station. This system must be according to applicable measures.
The PA system must also extend to areas that are not public in the station, in order to enable
advertisements to be conveyed to safety and maintenance personnel.
Mobile radio system. It is possible that the most effective help in order to guarantee user safety consists
or a mobile radio system. This system can be used by safety personnel to facilitate a fast assignment and
personnel movement inside the system. A special radio system channel must be established in order to
maintain constant contact between field agents and the central command post. A common dedicated line
between central command posts which will be working during operating hours and which can link local
firemen, ambulances and police units, can also be established.
The central command post safety personnel must be near or have the adequate means to maintain
constant communication with the central command post supervisor, in order to be able to have a fast and
coordinated intervention in case of a safety issue.
Field safety personnel must be equipped with a portable radio in order to be able to communicate with the
central command post from any point in the system.
Communication equipment inside vehicles. The communication equipment inside vehicles must be
equipped with a two-way line for communication between the central command post and the one in charge of
the train (this equipment can be portable). A single-way communication line must also be provided between
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the one in charge of the train and the central command post, for passengers.
PROPERTY PROTECTION
TRIG property protection constitutes another function of the safety system.
- Alarm system against intrusions. A protection system that protects property and that detects
unauthorized access inside TRIG property must be installed. The system must be linked to the central
command post where the supervisor can visualize every detection place inside the system, by means of a
switchboard. Upon detection of an unauthorized access into a forbidden place, a local alarm must be heard in
the point of access, a red light must blink over the switchboard in the central command post and at the same
time a sound alarm must be heard. The central command post supervisor communicates the place of intrusion
to the nearest station supervisor or to a maintenance agent. Examples of sites with restricted access are the
following: main feed positions, section positions, telecommunication and signaling premises, right of way,
supervisor’s offices and safety and maintenance premises.
- Vandalism. One of the serious and costly problems TRIG must face is vandalism control in the system
public areas and in transportation vehicles. This problem must be considered by system designers and all the
material and details must be specified in such a way to discourage vandalism and to simplify cleaning and
maintenance. In case of vandalism, damage caused must be corrected immediately in order to discourage
another infraction.
PASSENGER STATION DESIGN
The architectural design influences safety perception. This aspect cannot be undermined while planning
new systems. Some general station design recommendations have an impact on this safety perception.
An open and ample design, inside the limits of economy, gives users a safety feeling. Open stairs,
less columns in railway platforms, high ceilings and in general design without obstruction is what contributes
to user safety.
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Eliminating pathways at an angle or without a way out, dark areas and staircase landings in the
opposite direction, improves design safety.
Station design must be planned in such a way to provide the best field of vision to the supervisor or
the TV circuit in a closed circuit, in order to allow for maximum direct surveillance.
The use of transparent signs inside reasonable maintenance limits, can increase surveillance and
safety.
A good lighting system is essential. The concept “light increase/crime decrease” has been proved in
different city streets.
Divisions. Selecting the adequate type of divisions is very important for the safety system. This aspect also
influences user comfort and aesthetics. These divisions include doors to enter and exit the station, railway
platform barriers, divisions in the toll system, etc.
- Lock devices. It is necessary to place locks in every entrance/exit door that users use when they are not in
operation. Locks must be solid, aesthetic, easy to lock and easy to maintain.
Divisions must be placed in a way to reduce the quantity of TRIG equipment, stairs and public pathways
outside working hours. This reduces maintenance, vandalism and curious people who enter TRIG property. A
barrier which is close to a mechanical stair can represent risk for users if the barrier is closed and the space for
going down is not sufficient to allow user dispersion. When it is necessary to place a barrier close to a
mechanical stair, precautions should be taken to avoid risk and the mechanical stair must be activated
electrically jointly with the barrier.
Another division system that must be planned and used jointly with toll installations is the one that is
used to separate station controlled and uncontrolled areas. These divisions must be solid, made out of
materials that are easy to maintain and have an adequate height for the type of entrance. Division height will
be described later. Every access controller alignment must have at least one wide barrier that can be opened
easily by the station supervisor in case of an emergency that requires fast evacuation of the station. This
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barrier can also serve as reserve space in order to add future side gates. The total width of the barriers and side
gates must be planned based on passenger volume in emergency situations. The equivalent of a barrier of 1.2
meters must be considered as a minimum. This barrier can be opened by means of a hidden door bolt or a
remote device that is found in the supervisor’s office.
- Entrances with less people. Entrances with less people are generally placed in order to reduce system
maintenance costs. Some stations can be planned with two entrances, one on every side of the station, in order
to improve user service, giving them direct access. TRIG can decide to use both entrances only at peak hours.
In this case, the secondary entrance must be closed completely outside peak hours, using safety barriers that
prevent access, from the street or from the railway platforms. A variant consists in allowing people to exit
only, outside peak hours. When the entrance is closed, users must be clearly informed and directed by means
of a graphic system.
The secondary entrance can also be used outside peak hours, but without having personnel on site. In this
case, surveillance and assistance to users can be provided by means of a CCTV system and a two-way PA
system that allows for communication between users and the supervisor.
- Installations for transportation title purchase. The selection of the type of installations that allow for
the payment of transportation titles must not imply user safety directly. The degree of complexity that features
automatic equipment must concern operations personnel only because they are responsible for collecting the
money. Anyway, safety problems influence the type of equipment. In places where there is potential safety
risk, entrances and exits where less people move around must have tall divisions and control devices. Toll
equipment includes: automatic side gates, transportation title sales equipment and other equipment related
with toll system. This equipment must be maintained in its place and must be installed in such a way to
discourage fraud, as well as to prevent people from passing under or over the side gates.
- Division height. There are two kinds of entrances that influence the height of the divisions:


Entrances with many people must be provided with a division system that has a minimum height of 1.5
meters from the floor. This system can be used in places where a CCTV surveillance or other types of
safety precautions are required.
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In entrances that do not have much people or in any other place where toll control constitutes an
important problem, a tall division must be considered as a complement to access controls. These divisions
must have a height of al least 1.7 meters from the floor and provide an efficient physical barrier that separates
station controlled areas from not-controlled areas.
Safety in secondary entrances. The possibility of closing secondary entrances outside peak hours implies
that police, employees and CCTV focus their whole attention on the area in use. This improves safety also
because it concentrates users and provides more safety for most users.
MONEY COLLECTION SYSTEM
Initial planning for TRIG installations must include adequate procedures for money collection. This must
be done frequently in order to prevent the supervisor from having a large amount of cash. There are several
procedures that can be followed for money collection, such as the following:
By an external safety agency that uses normal armored vehicles that operate in the existing road
network
-

By TRIG, using vehicles that travel through the existing road network

-

By TRIG, with special vehicles over rails

The money collection system implies money transportation from the sales equipment to a counting and
check center and finally, to a bank.
Safety measures that must be adopted vary greatly according to the method used. The collection project
must be carried out without interrupting normal service.
Money collection process must be performed based on a definite and well programmed schedule. Any
contact with personnel different from the one intended for money counting must be avoided. Controls to
prevent collusion and fund robbery inside the organization must be established.
Special equipments can be contemplated with the purpose of facilitating collection and storage of
transportation titles and money inside the system, in accordance with collection procedures. This equipment
includes: safes, bullet-proof booths, money collection by means of a suction system, wagons for money
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transportation, safe containers and other similar elements. Safes must be provided with an intrusion-proof
system.
Safety procedure organization in the course of collection must be coordinated with the local police and
with an insurance company.
REQUIREMENTS REGARDING FIRE PROTECTION
INTRODUCTION
Fire risk seriousness in a building or structure will be influenced by:
•
•
•
•

Quantity and type of fuel material that are near the building
Type of building
Evacuation means that are provided to building users
Firemen ease of access

In buildings that do not require fuel, such as warehouses that store equipment, commercial premises, etc.,
fire risk is lower. In this case, smoke represents a higher risk and the use of materials that produce dense and
toxic smoke when burning, must have a limited use inside buildings. Divisions of different areas in different
“compartments”, as well as the adequate planning of evacuation routes are important factors in order to
promote an acceptable fire-proof safety level.
The system must reach an acceptable prevention and protection fire-proof level, as well as protection of
users and personnel lives, by means of analysis, reviews and selection of adequate designs. Demands that are
described in the following paragraphs must be respected, as a minimum:
FIRE PREVENTION AND PROTECTION
The system must prevent fires by means of a building which is fire resistant, of the division of different
building occupation areas into different compartments with a certain fire resistance and a strict control of all
fuel loads. Furthermore, preventing the use of materials that are prone to catching fire easily and/or that
generate smoke or toxic gases must be stressed. The possibility of damage due to fire and service
interruptions must be reduced by means of detection devices and fire and/or smoke protection, an alarm
system and a communication network with warning systems and emergency controls.
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Life Safety
Adequate supervision and emergency handling procedures must be anticipated, including urgent
evacuations from the facilities and vehicle evacuation in any place of the system. Furthermore, protection and
support procedures for intervention corpses during emergency operations must be in place.
SAFETY REQUIREMENTS
The system must reach a real and high perception safety and comfort level for users and personnel. Safety
measures must guarantee safety, system integrity, assistance and user comfort, as well as discourage crime
and vandalism, for the benefit of users and personnel.
For this purpose, the system must be planned and considered as an audio and visual information system
in order to help users, besides the surveillance and communication media to locate user problems and/or allow
them to obtain information and assistance needed to use the system or to report their problems adequately and
to avoid, eliminate or control crime and vandalism problems. System safety and comfort measures must be
established based on the aforementioned elements and with the least personnel possible, using automatic
devices and equipments which can be remotely activated.
This safety and comfort acceptable level is obtained by means of the design analysis, review and
selection, in order to define and plan behavior rules for the TRIG system.
PAPERS RELATED TO BEHAVIOR RULES
The following papers are used as a basis for behavior rules, in order to emphasize action plans and the
necessary procedures that allow for the design, construction and subsequent safety and protection operations
to prevent fire, with safety associated to every one of them:
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-

Safety program plans in order to prevent fire in the whole system
System safety plans
REQUIREMENTS REGARDING FIRE RESISTANCE

•

Public Sites

Floor and ceiling ensembles, bearing walls, columns, beams and arches must be manufactured with
materials which are not combustible. Public sites that are part of the emergency evacuation route that go from
the railway platforms to the street must be separated from service areas used for commercial storage by means
of a fire separation device, and all the glass used must be protected by a fence.
•

Service and Commercial Areas

Floor and ceiling ensembles, bearing walls, columns, beams and arches must be manufactured with
materials which are not combustible. Underground areas used as warehouses and commercial premises must
be provided with sprinklers or chemical extinguishing devices. Fire resistance rate of protected steel supports
or fire-protection divisions must be determined based on the fuel load.
•

Firefighting System Requirements

Feed network and fire cabinet hoses inside stations must be installed in the structure according to local
authority requirements.
Furthermore, fire cabinets must be placed in every railway platform in such a way to cover the whole
railway surface and so that all the train parts can be reached with the water jet when the train stops at the
station.
Fire cabinets must have hoses and portable extinguishers. All the necessary connections for the feeding
network must be provided.
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•

Portable Fire Extinguishers

Portable fire extinguishers must be installed in every vehicle, in emergency niches, in the technical area
and in the control room.
•

Alarms and Fire Detection System

A fire alarm system linked directly with the central command post and with the local fire department
must be installed in every station.
In order to prevent panic situations, the system must be conceived in such a way that the signal is
transmitted first to the central command post and to the fire department; additionally, an information system
that activates a general alarm that instructs people to evacuate, must be used.
A communication system must be installed in places where there is no supervision and in control areas in
order to inform the fire department and the station supervision center in case of an emergency.
An automatic fire and smoke detection system must be installed in areas where warehouses, commercial
and technical premises are found. When sprinklers are installed and they are provided with an alarm signal
that indicates water consumption upon reaching automatic fire detection demand, they can be used instead of
fire detectors; however, it is important to consider that these systems do not work well underground. In
underground places, they must be used together with other detection systems.
Alarm and fire or smoke detection systems must be designed according to existing laws.
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IX.

CONCLUSIONS

The present project consists of “Guanajuato Interurban Fast Train (TRIG)” Project construction and
implementation, which will have a layout of 151.560 km. in order to link populations in the CelayaGuanajuato-León Corridor. TRIG will use electrical energy that will be provided by means of a catenary.
The project, as it is known, has been fostered by the Guanajuato State Government, as one of the most
innovating and priority projects, because it is considered that it will have a triggering effect and it will
undoubtedly provide direct and indirect benefits of different kinds for the eight municipalities it will link, as
well as for Guanajuato state in general, for the harmonious and sustainable development that the Government
of Guanajuato is going after with its plans and actions.
The analysis of the information gathered in the field and cabinet concludes that the layout proposed in the
project which is the object of this paper, goes through areas that were previously impacted by anthropogenic
activities, basically cultivation areas (mainly sorghum and corn), urban and industrial areas. Only in certain
specific areas, such as the layout between Silao-Santa Teresa-Guanajuato stations, have native vegetation
patches which are well-kept, been recorded. Reduction and/or compensation measures have already been
mentioned and among them, we may point out slope stabilization and reforestation of areas that have been
previously impacted, in order to obtain construction materials (material banks), where different degrees of
erosion are present and where it is imperative to stabilize, reforest and re-vegetate them. It must be mentioned
that the project contemplates an ambitious reforestation and re-vegetation program, in which the use of native
species such as mesquite have been proposed for areas that require it and re-vegetation grids have also been
proposed in order to stabilize slopes.
Seen from a socioeconomic perspective, the project is very important for the State of Guanajuato,
because it will trigger development of productive activities that are developed in the proposed layout and it
will benefit inhabitants, industries, business and the government itself. Additionally, the proposed layout will
enable the control of disorderly population center growth when it becomes a physical barrier for the
uncontrolled growth of urban sprawl, mainly in the outskirts of the city of León, where land invasion in areas
not considered for that purpose in urban development programs, has been recorded.
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On the other hand, the project will contribute to the reduction of vehicle traffic and thereby, to air and
soil pollution which this entails. By the same token, it will be an important source of employment, because
1925 workers will be required per year for the project construction, which will last 2 years; while 917 workers
will be required for operation and maintenance.
Environmental impact matrix without considering proposed mitigation measures, indicates that the main
impact is associated to the first stages of the project, corresponding to inherent activities to the preparation of
the site, with jobs associated to grading and leveling, because these refer to primary impact, whose feature is
adverse, considerable and irreversible in most cases. In the site preparation and construction stage, 99.76 % of
adverse environmental impact was identified, without considering mitigation measures, while in operation
and maintenance 0.2342 % of adverse impact has been recorded. As it can be seen in the matrix during
operation and maintenance stages, several positive values are present, because the project will provide great
benefits mainly in social and economic aspects.
As regards physical and chemical, biological and socioeconomic features, the main impact concentrates
on the flora, fauna, soils and water and air quality with 10%, 35.36 %, 29.508 % and 8.66 % of adverse
impact, respectively.
As a result of identified impact matrix analysis, without considering mitigation measures, it can be seen
that the project shows a negative balance upon recording a relation of 6.34 to 1 adverse impact vs. positive
impact.
In spite of the above, mitigation measures proposed allow for the reduction of environmental impact
identified as 55.97 %, that is significant for a project of this nature, if we consider that a certain impact such
as that caused by grading and leveling is irreversible and that implementation of proposed mitigation
measures represents a high cost for the project. Adverse impact relationship vs. positive impact is reduced to
3.99 to 1, considering mitigation measures. It must be pointed out that if the proposed mitigation measures are
implemented, the main adverse impact will continue to be recorded in the site preparation and construction
phase and in flora, fauna, air, water and soil in 10.04 %, 9.62 %, 8.79 %, 28.87 % and 24.27 %, respectively.
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In the socioeconomic scope, positive impact is recorded in practically every stage of the project, because
as has been previously pointed out, hiring local companies and human resources with different degrees of
training, will result in a working supply for companies and area inhabitants.
Regarding the above mentioned, it is concluded from the result of the environmental impact study, that
the project is viable in general terms from the environmental perspective, because it matches general
provisions that have been established in the State Territory Ecological Regulation (Guanajuato).
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