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Article Cecilia Tortajada and Enrique Castelan 

Water Management for a Megacity: 
Mexico City Metropolitan Area 

The paper presents an overview of the present situation 
of the Mexico City Metropolitan Area (MCMA). The analysis 
indicates an urgent need to radically improve the current 
water supply and wastewater management practices, to 
become sustainable. The MCMA is one of the most rapid- 
ly growing urban centers of the world, with a population 
of about 21 million people, a very high rate of immigration 
and numerous illegal settlements. In order to meet the 
increasing water demand, successive governments have 
focused almost exclusively on supply management and 
engineering solutions, which have resulted in investments 
of hundreds of millions of USD and the construction of 
major infrastructure projects for interbasin water transfer. 
Environmental, economic and social policies associated 
with water management are mostly inadequate and 
insufficient, which is resulting in increasing deterioration in 
the environment, health and socioeconomic conditions of 
a population living in one of the largest urban agglo- 
merations of the world. Surprisingly, however, no long-term 
strategies on demand-management, reuse, conservation, 
and improved water-management practices have been 
developed so far. 

INTRODUCTION 
Mexico City Metropolitan Area (MCMA) is located in a natu- 
ral closed basin called Valle de Mexico, at 2240 m above sea 
level (m a.s.l.). It includes the Federal District and 34 munici- 
palities of the State of Mexico. Mexico City, the capital of 
Mexico, is located in the Federal District (Distrito Federal, DF), 
surrounded by mountains, reaching an altitude of over 5000 m 
a.s.l. The State of Mexico is the most populated area in Mexico 
(13 million inhabitants according to reports), followed by Mexico 
City, with almost 8.6 million people (1). 

The metropolitan area is one of the most rapidly growing ur- 
ban centers in the country, with a surface area of 4902 km2, about 
21 million inhabitants (accounting for 18.4% of the total popu- 
lation of Mexico). The quality of life of the population living in 
the MCMA area has decreased dramatically in the recent years, 
primarily due to high population density (ranging from 131 ind. 
km-2 up to 18 075 ind. km-2) and extensive air, water, and soil 
pollution. Historically, the city has faced severe water problems, 
which have become more acute due to a continuous increase in 
the population and the contamination of surface and groundwater 
in and around the city (2). Figure 1 presents an overview of 
population growth and water demands in the MCMA. 

At present, 95.3% of the population in DF and 84.2% in the 
State of Mexico have access to water, either by water connec- 
tion directly to houses or from common faucets in the 
neighborhood (3). The per capita water supply in Mexico City 
is about 364 L cap-' day-' in Mexico City and around 230 L 
cap-l day-' in the State of Mexico, which would represent an av- 
erage daily consumption of 297 L cap- day- in the MCMA as 
a whole. However, the actual amount received by each individual 
is significantly less, because this average includes water use by 
industries and services, leakages of more than 40%, unauthor- 
ized uses, and differences in distribution pattems in the differ- 
ent areas of the metropolitan area (2, 4). 

Since most of the water sources which supply water to the 
MCMA are located to its west, north and south, the water sup- 
ply is somewhat irregular and unreliable for the population liv- 
ing in the eastern part, which is currently most affected by wa- 
ter shortages. More than 5% of the people living in the metro- 
politan area still have to buy water from either public or private 
water trucks. The cost of water (200 L containers) represents 
from 6 to 25% of daily salaries (5). At present, poor people who 
buy water from trucks pay about 500% more than do registered 
domestic consumers. 

The water supply of the metropolitan area depends mainly on 
the local groundwater sources and on the transfer of surface wa- 
ters from more and more distant basins. In order to meet part of 
the water needs of the population, a total volume of 2453 x 103 
m3 day-' is abstracted from 414 wells (1476 x 103 m3 day-'), 30 
springs (76 x 103 m3 day-) and 93 sources of snowmelt (900 x 
103 m3 day-) (3). The second main water source is the Lerma- 
Balsas and Cutzamala river basins. 

In Mexico City, water is distributed to the users through a pri- 
mary network of 882 km of pipelines and a secondary network 
of 12 042 km (2). The water supply system includes 16 dams 
having a total storage capacity of 207 527 x 103 m3 (3). Infor- 
mation on the infrastructure for water distribution for the State 
of Mexico is not available. 

At present, the National Water Commission (Comision 
Nacional del Agua, CNA) supplies about 24 m3 s-' of water to 
the metropolitan area. CNA is also responsible for constructing 
and operating distribution systems to transfer water from other 
basins to the basin of the Valley of Mexico. It operates also some 
of the existing deep wells, while others belong to the State of 
Mexico and Mexico City governments (6). The distribution sys- 
tem has become so huge and complex that the water extracted 
from wells in one part of the MCMA does not necessarily enter 
the system within the same service district. 

There are 24 wastewater-treatment plants in Mexico City and 
41 in the municipalities of the State of Mexico which are part 
of the metropolitan area. These 65 plants have an installed ca- 
pacity of 10 174 L s-1 (6412 L s-1 in Mexico City and 3763 L 
s-1 in the State of Mexico). Some 1 637 000 x 103 m3 of 
wastewaters are produced annually in Mexico City alone, of 
which no more than 9% are treated. There is no information 
available on the wastewater that it is produced in the State of 
Mexico (2). It is not known whether all the treatment plants are 
currently functional, or the extent to which their capacities are 
used. 

However, irrespective of the numerous infrastructures that 
have been constructed to provide clean water and dispose of the 
wastewaters of the MCMA, there are still no strategies for inte- 
grated management of the infrastructures as a whole within the 
metropolitan area, including practices as basic as regular and 
timely maintenance. For example, in June 2000, heavy rains, and 
the lack of maintenance by the water authorities of the La 
Compai'a river (now a wastewater canal) in the eastern part of 
the MCMA, resulted in the flooding, with wastewater, of 80 ha 
of a very poor urban area, damaging nearly 1200 houses and af- 
fecting 6000 people who lost all their property, and were sub- 
ject to health risks. The cost for cleaning the area, support to 
some of the families, and repair of the canal was calculated at 
approx. 55 million pesos (USD 6 million). Additionally, one of 
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Figure 1. Population growth, population 
density, and water demands in the MCMA, 
1999. 
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the main highways to the MCMA (Puebla Highway) was closed 
for about 10 days. There are records that show that the munici- 
pality and the local water utility warned CNA of cracks in the 
canal and demanded maintenance work during the preceding 2 
years. These warnings were not heeded, and the much-needed 
maintenance work was never carried out. As a result, the canal 
walls collapsed and the entire area, including the houses, were 
flooded with wastewater. The Human Rights Commission after 
reviewing the situation, recommended that appropriate staff 
members should be held administratively and legally responsi- 
ble for the negligence. Not surprisingly, no action was ever taken 
in this regard (7). 

There is an urgent need for all the stakeholders involved and 
interested in the sustainability of the MCMA and its large popu- 
lation to develop a long-term regional strategy which includes 
socioeconomic development, poverty alleviation, quality of life, 
and water and wastewater management. However, real stake- 
holder participation, for all practical purposes, is conspicuous by 
its absence. While this is an important issue, it is beyond the 
scope of the present paper. The present paper is an in-depth 
analysis of the size and complexity of urban water and waste- 
water-management problems in one of the largest megacities in 
the world. 

MAIN SOURCES OF WATER SUPPLY TO THE 
METROPOLITAN AREA OF MEXICO CITY 
The MCMA is located in the Valley of Mexico basin, which is 
surrounded by the basins of Lerma, Cutzamala, Amacuzac, 
Libres Oriental, and Tecolutla rivers (8). The Lerma and the 
Cutzamala river basin, together with the aquifer of the Valley 
of Mexico, are the main sources of water for the population liv- 
ing in the metropolitan area. The aquifer of the Valley of Mexico 
contributes with 70% (45 m3 s-'), the Lerma-Balsas river basin 
with 9% (6 m3 s-') and the Cutzamala river basins with 21% (19 
m3 s-') (3, 4). The design for Cutzamala is for 19 m3 s-', but it 
delivers only 14 m3 s-'. 

The Aquifer of the Mexico Valley 
The annual rate of withdrawal from the aquifer of the Mexico 
Valley is significantly higher than the recharge rate: 45 m3 s-' is 
abstracted but the natural recharge rate is only 20 m3 s-', leav- 
ing an overexploitation of 25 m3 s-' (9). The overexploitation of 
the aquifer has contributed to the lowering of the watertable by 
about 1 m each year, which has resulted in land subsidence at 
the rate of 10-40 cm yr-' in some parts of the city. At present, 

the average annual subsidence of the City in the area of the city 
centre is 10 cm, and 20-25 cm at the International Airport of 
Mexico City. It is estimated that the central area of the metro- 
politan area has subsided by 10 m during the last 100 yrs (2, 
10). 

The problems related to water supply in the metropolitan area 
extend beyond the subsistence of the city. The entire hydraulic 
system, for example, has become not only very large and com- 
plex, but also obsolete in many areas. Water distribution to the 
population varies in the different parts of the city, the tariffs are 
still very highly subsidized, and the population wastes enormous 
amounts of water. People living in the richer areas consume up 
to 600 L cap-' day-', while the corresponding rate in the poor 
areas is about 20 L cap-' day-' (11). Deep well drilling has re- 
sulted in the increase of substances like iron and manganese, de- 
creasing water quality and contributing to more expensive wa- 
ter purification. The urban infrastructure has become more vul- 
nerable to earthquakes. The overexploitation is draining soil hu- 
midity in the surrounding mountains, which is damaging forest 
resources and reducing ecosystem integrity (12). 

A very high percentage of water is lost from the distribution 
networks due to leakage from old pipes, absence of proper main- 
tenance over prolonged periods, poor construction and manage- 
ment practices, and continuing land subsidence in the metropoli- 
tan area (2, 4). It is estimated that the amount lost would be 
enough to provide water for more than 4 million people (9). In 
1994, about 42 242 leakages were repaired in the water supply 
distribution network; 33 463 leakages in 1995; and 41 246 leak- 
ages in 1996 (13). 

Aquifer of Lerma Valley 
In 1942, the Lerma Valley project (62 km from Mexico City) 
was initiated to increase water availability in the metropolitan 
area. The first stage brought 4 m3 s-' of water to the metropoli- 
tan area. It included the construction of 5 wells between 50 and 
308 m deep for groundwater extraction, and a 62 km, 2.5 diam- 
eter pipe, for water distribution. This pipe goes along the Sierra 
de las Cruces, through the 14 km Atarasquillo-Dos Rios tun- 
nel. Four storage tanks each of 100 m in diameter and 10 m in 
depth were built in Mexico City to receive the water of the Lerma 
project. This water was later distributed to the MCMA by grav- 
ity. The increasing demand for water in the metropolitan area, 
resulted in the construction of the second stage of the project. 
Between 1965-1975 some 230 deep wells were constructed in- 
creasing the volume of water distributed to 14 m3 s-'. However, 
due to environmental impact and social conflicts, this volume 
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has been reduced to 6 m3 s-' (8, 12). 
The political relationship between the authorities of Mexico 

City and the State of Mexico has been strongly influenced by 
social conflicts which have resulted from the interbasin transfer 
of water from the Lerma Valley to the metropolitan area. The 
overexploitation of the aquifers in the Lerma area has resulted 
in reduced agricultural productivity, and irrigation has given way 
to rainfed agriculture. The economy of the region and the life 
of the population have changed drastically because of these 
modifications. In spite of this, the main interest of the Federal 
and the Mexico City governments continues to be primarily to 
increase water availability to the metropolitan area. As a way 
of compensating local populations, small infrastructural projects 
have been constructed in the villages which have been affected 
by the Lerma project, without much impact. (8, 12). 

Cutzamala System 
In 1976, the Cutzamala System (Sistema Cutzamala) Project was 
planned to supply water to the metropolitan area from the 
Cutzamala river, and to reduce the overexploitation of the 
Mexico Valley aquifer. The water has to be transferred from 60 
to 154 km away and pumped to a height of more than 1000 m, 
which makes this operation extremely energy-intensive and ex- 
pensive (4). 

Initially, what later became the Cutzamala System, was 
planned as a hydropower project, Miguel Aleman Hydropower 
System. Cutzamala was started by taking advantage of the in- 
frastructures that already were constructed for hydropower gen- 
eration. The planned water use was changed. Currently, only 3 
m3 s-' are used to generate hydropower during peak hours, to 
satisfy local energy requirements, mainly for agricultural and in- 
dustrial sectors. 

Due to the magnitude of the project, its construction was ini- 
tially planned in 3 stages. The first stage has been under opera- 
tion from 1982 (4 m3 s-'), the second from 1985 (6 m3 s-'), and 
the third one from 1993 (9 m3 s-') (14). During the first stage of 
the project, water was brought from the Victoria Dam and was 
distributed through an aqueduct 77 km long and 2.5 m wide, 
which crosses the mountain Sierra de las Cruces. The second 
and third stages of the project included the construction of a wa- 
ter purification plant and a central aciueduct. The implementa- 
tion of these 2 latter stages was very com- 
plex, mainly due to the height to which the 
water had to be pumped. In the case of the 
Colorines Dam, water has to be pumped 
to a height of 1100 m (15) (Fig. 2). The 
electricity that is used to pump the total 
volume of the Cutzamala system to the 
purification plant is equivalent to the to- 
tal energy consumed in the city of Puebla, 
with a population of 1.5 million people (8, 
12). 

The Cutzamala System utilizes 7 reser- 
voirs which store a total volume of 790- 
840 x 106 m3 of water. It includes one 
pipeline, a regulatory reservoir, a 127 km 
long aqueduct, with 21 km of tunnels, 7.5 
km open canal, and one water-treatment 
plant (24 m3 s-' capacity) (16). Six pump- 
ing stations are necessary to raise water by 
1300 m, requiring a total energy of 1650 
kWh yr-' (4). The water is first treated at 
the source in the Los Berros treatment 
plant (prechlorination, alum coagulation/ 
flocculation, gravity sedimentation, and 
rapid sand filtration) and then it enters the 
Cutzamala System (17). One of the most 
important dams in the system is Valle de 

Bravo dam, which stores approximately 394 x 106 m3 of water, 
but receives discharges of wastewater from the urban areas 
nearby and it is infested with aquatic weeds, which affect the 
water quality (8). 

In 1997, the fourth stage (Temascaltepec project) was expected 
to be initiated. This stage included the construction of a 120 m 
high dam, with a 743 m long crest. The reservoir would have a 
capacity of 65 x 106 m3 of water to supply an approximate flow 
of 5000 L s-1. It included construction of a 15 m3 s-1 pumping 
station, and construction of 18 km of canals and 12 km of tun- 
nels (4). The water would be distributed to the Valle de Bravo 
dam through a 18.75 km long and 3.5 m diameter tunnel. The 
tunnel would be 160 to 700 m deep, depending on geographical 
conditions. According to official figures, the initial investment 
is estimated at USD 502 million. Once the fourth stage of the 
Cutzamala is operational, the volume of water would increase 
only by 5 m3 s-', from 19 m3 s-' to 24 m3 S-1 (18, 19). 

The government has not been able to start construction of the 
project due to serious social problems (4). The population in the 
villages of Temascaltepec insist that the construction of the tun- 
nel will dry up several springs, like El Naranjo, La Huerta, El 
Sombrero and El Chilar, which would affect the agricultural pro- 
ductivity of the area, and thus the incomes of the local farmers. 
The area is a major producer of maize, sugarcane, banana, to- 
mato, melon, and peas, with important markets in Mexico City 
and Toluca, the capital of the State of Mexico. Not surprisingly, 
all the people who would be adversely affected by the project 
are against it. From past experience, they know that their incomes 
and lifestyles, as well as the development of the region, will be 
irreversibly affected negatively. The CNA has tried to convince 
them by constructing some small infrastructural projects, but so 
far the people are more interested in their own welfare, rather 
than in the population of the metropolitan area (8). 

In the past, governmental institutions have generally ignored 
the potential social conflicts which could result from interbasin 
transfers. Nor have they carried out analyses of the nature of the 
beneficiaries of the project and identification of the people who 
may have to pay the cost, and how they can be properly com- 
pensated. Most surprisingly, even the Environmental Impact 
Assessment (EIA) for the fourth stage of Cutzamala System (4) 
does not consider any of its social impacts. As for most EIA stud- 

Figure 2. Overview of the Infrastructure for Cutzamala System. The elevation at which the 
different dams and pumping plants of the System are constructed is presented (15). 
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ies carried out in Mexico, it considers almost exclusively tech- 
nical factors; social issues are conspicuous by their absence (20, 
21). 

According to the EIA study carried for the Cutzamala system, 
the total investment cost of the first 3 stages was USD 965 mil- 
lion (1996 estimates). If the estimated costs of the facilities from 
the previous hydroelectric plant that would no longer be used 
are added, the total investment cost becomes USD 1290 million. 
The cost of the cancelled hydropower system, having a total in- 
stalled capacity of 372 MW, has been estimated at USD 325 mil- 
lion (4). 

The total surface affected by the construction of the Cutzamala 
System during the first 3 stages is approximately 710 ha, with a 
land value of USD 3.55 million. One of the main adverse so- 
cioeconomic impacts of the Cutzamala has been the relocation 
of the affected communities, who, as of November 2001, had 
not received the expected compensation. About 190 so-called so- 
cial projects have been built to benefit some of the people liv- 
ing in the municipalities that are most affected by water short- 
ages. These projects were built jointly by the CNA and the com- 
munities, and consist mainly of construction, enlargement and 
rehabilitation of both water supply and sanitation systems, as 
well as construction and rehabilitation of houses, schools, and 
farms. Equally important is construction and rehabilitation of 
roads by CNA, both for Cutzamala and for social benefit. The 
cost of these so-called social projects was estimated in 1996 to 
be equivalent to 5% of the direct investment of the Cutzamala, 
which would represent an additional USD 45 million (4, 20). 

It is worth noting that the total cost of the Cutzamala System 
at USD 1300 millions (mainly construction and equipment costs) 
was higher than the national investment in the entire public sector 
in Mexico for the year 1996, including education (USD 700 mil- 
lion), health and social security (USD 400 million), agriculture, 
livestock and rural development (USD 105 million), tourism 
(USD 50 million), and the marine sector (USD 60 million). Up 
to 1996, the Cutzamala System alone represented 3 times the an- 
nual infrastructure expenditure of the Ministry of Environment, 
Natural Resources and Fisheries for 1996, at around USD 470 
million (4, 20). 

The annual energy requirements to operate the Cutzamala Sys- 
tem are about 1787 million kWh, which represents an approxi- 
mate cost of USD 62.54 million. The investment would increase 
significantly if the investment costs in personnel (USD 1.5 mil- 
lion yr-') as well as the water-treatment process costs are added 
(4, 20).The energy consumed by the system, plus the energy that 
could have been produced if the system was operated as a 
hydropower plant as was originally planned, would have met the 
electricity needs to some 2.59 million people. 

Additionally, unofficial estimates indicate that about 20% of 
the energy that is produced at the national level is used to pump 
imported sources of water up to the metropolitan area, and af- 
terwards, pump the wastewater up from the sewage network to 
the wastewater channels (previously rivers!) to take the 
wastewater out of the city. There are estimates which indicate 
that the energy used to pump water in and out of the metropoli- 
tan area is more than 50% of the energy produced at peak op- 
eration (750 MW) by the thermoelectric generating plant of the 
Valley of Mexico, and more than 30% of the energy produced 
at peak operation at each Chicoasen (1200 MW) and the 2 nu- 
clear generators at Laguna Verde (1280 MW) (21). 

If only the operational costs for running the Cutzamala Sys- 
tem are considered (about USD 128.5 million yri1), supplying 
600 million m3 of water (19 m3 s'l) would mean an average cost 
per cubic meter of water of USD 0.2 14 and an energy consump- 
tion of 6.05 Kwh m-3. The later figure represents more than 7 
times the consumption of power in the locations near the met- 
ropolitan area. The price charged to consumers, about USD 0.2 
m-3, is not enough to cover either the operational costs of the 

Cutzamala System, or the purification or distribution costs of 
water to the metropolitan area. According to the EIA study (4, 
20), for the fourth stage of Cutzamala, the minimum water price 
per m3 to cover the expenses should be over USD 0.3 dollars 
m3. It would be even higher if the treatment and distribution 
costs were included. 

Studies indicate that if the leakages in the distribution system 
within the MCMA were repaired, there would be no need to con- 
struct the fourth stage of the project. This means that the addi- 
tional water supply of 5 m3 s-' that is being planned with very 
high investment, social and environmental costs, would not be 
necessary. However, this type of efficient planning and manage- 
ment is basically absent in Mexico at present (20). 

Official sources (2) indicate that the cost to transfer 1 m3 S-1 

from Cutzamala system to the metropolitan area is approximately 
310 million pesos or USD 33 000 at June 2001 conversion rate, 
due to investment and operation costs. How long the federal and 
state governments can spend such amounts, is something that 
only time will tell. 

In addition to Cutzamala, the other source of water that the 
Federal Government has identified for potential contribution to 
the water supply of the metropolitan area is the Amacuzac river 
basin, with 50 m3 s-' (12, 21). This project would include the 
construction of a 185 m high and 450 m wide dam, with an in- 
undated area of 67 kM2, and 4000 x 106 of storage capacity. The 
dam would be located between the states of Morelos, Guerrero, 
and Puebla. Water distribution from this site to the metropoli- 
tan area would requires the construction of a 160 km long aq- 
ueduct, with a capacity of 50 m3 s-1, and either 2 pipes of 4.50 
m diameter or 3 pipes of 3.5 m diameter; depending on the fi- 
nal design. This system would pump water to a height of 1825 
m, and would require a capacity of 4000 MW. The annual elec- 
tricity consumption for this system is estimated to be 5% of the 
national annual electricity production level, representing 16.5 
million barrels of oil per year. With this water project, it is ex- 
pected that it would not be necessary to extract groundwater from 
the Valley of Mexico Aquifer. All the wells for water distribu- 
tion in the Valley of Mexico would be used only during severe 
droughts, or when the other water-distribution systems were not 
working for maintenance purposes (12, 22). 

In order to improve water supply to all areas of the MCMA, 
the Federal and state governments planned to enlarge the 
Cutzamala distribution system by constructing 2 aqueducts 
(Macrocircuit and Aquaferico); and 4 wastewater-treatment 
plants, and by covering 86 km of the present uncovered main 
sewage line in the MCMA. The investment cost would be about 
USD 1800 million over a 3'/2 year period (11). In 1998, the 
newly elected government of Mexico City cancelled the plans 
for the construction of the projects to supply drinking water and 
for sanitation purposes. Several issues were considered in reach- 
ing this decision. First, the investment costs for treating the 
wastewater and transferring it hundreds of kilometers from the 
source to the Mezquital Valley, where raw water at present is 
used for irrigation, are extremely high. Second, Mexico has not 
developed a cost-effective technology to treat wastewater and 
reinject it into the aquifer. Third, construction of only the treat- 
ment plants, without proper water-resource management and 
planning, would not solve the acute sanitation problems of 
Mexico City and Mezquital Valley. 

DRAINAGE SYSTEMS 
The soil of Mexico City is basically clay, and thus susceptible 
to dewatering and compaction. Accordingly, the higher the vol- 
ume of water abstracted, the higher the rate of land subsidence 
(4). The sinking of the city has resulted in extensive damage to 
the infrastructure of the city, including water supply and sew- 
age systems (pipe fractures and the loss of the hydraulic gradi- 
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ent) and groundwater contamination. It has also resulted in the 
construction of costly pumping plants to remove both wastewater 
and rainwater from the city. 

Because of being located within a naturally closed hydrologic 
basin, the MCMA is particularly vulnerable to flooding. 
Throughout history, artificial channels had to be built to trans- 
port wastewater and rainwater out of the city. The rainy season 
in the metropolitan area is often characterized by intense storms 
of short durations, which could produce up to 70 mm of rainfall 
in 3 hours, representing nearly 10% of the total annual precipi- 
tation. 

At the beginning of the last century, the sewage system (Grand 
Drainage Canal, Gran Canal del Desagiue) used to work by grav- 
ity. However, the original gravity-fed system was disrupted by 

the subsistence of the city and by 1950 the uneven settlement 
of the sewage network made it necessary to pump wastewaters 
up from the small sewage lines to the level of the main 
wastewater collector, thus significantly increasing both mainte- 
nance and operation costs. The Gran Canal has been affected 
by the subsidence of the city so much that at present, the first 
20 km have almost totally lost their inclination (17, 23) (Fig. 
3). 

Continually increasing population in the metropolitan area ren- 
dered sewage collection and treatment capacity insufficient. Ac- 
cordingly, in 1967, it was decided to build another main collec- 
tor for wastewater for both Mexico City and the State of Mexico 
as a combined sewage and rainwater network (Deep Drainage, 
Drenaje profundo). A system of drainage interceptors and deep 

collectors were constructed along with 
a new artificial exit from the Basin of 
Mexico in 1975. At present, the Drenaje 
profundo has more than 80 interceptors. 
This system had to be constructed up to 
300 m below the ground level so that it 
was no longer affected by the subsid- 
ence (24), thus increasing its costs very 
significantly. The main collector (emisor 
central del Drenaje profundo) was de- 
signed to carry about 200 m3 s-1 of wa- 
ter over a 45-hour period, even though 
it has carried up to 340 m3 s-' (17). Such 
sudden fluctuations in the amounts of 
water that have to be drained can create 
serious problems for the design and op- 
eration of the infrastructure. 

The Drenaje profundo carries an an- 
nual average of both rainwater (14 m3 
s-1) and wastewater (48 m3 s-1) through 
primary and secondary networks. The 
secondary network is used to transport 
municipal, industrial and rainwaters in 
pipes of up to about 6.5 m in diameter 
(2). The primary network is connected 
to the secondary network which stores, 
transports, and disposes of the waste- 
water outside of the city through 4 arti- 
ficial channels located at the northern 
end of the basin (9, 17) (Fig. 4). The 
floodings in the city can be explained 
due to the difference in levels between 
some parts of the city and the Gran Ca- 
nal, as well as the inability of the over- 
all sewage system to pump all the wa- 
ter out of the city in rainy season. For 
example, due to the subsidence of the 
city, downtown is 7 m below the high- 
est point of the Gran Canal, which 
makes it difficult for the water to be 
pumped out of the area (18). 

In addition, the secondary sewage 
network is insufficient to carry sudden 
high volumes of rainwater. There have 
been severe problems in those parts of 
the city which are above the east inter- 
ceptor, where the Gran Canal no longer 
has a gradient. Occasionally, both rain- 
water and wastewater come out on the 
streets for short periods. Some 30-years 
ago, the Gran Canal could discharge 90 
m3 3s-; currently it discharges only 12 m3 
s-'. Due to the increasing inefficiency of 
the Gran Canal system, the Drenaje 

Figure 3. Subsidence in Mexico City. The lines in the figure on the left show the level in meters 
that the several areas of the city have subsided during the last 100 years. (Source: 23). The 
figure on the right shows the progressive subsidence of the city between 1910 to 1990, which 
has affected the gravity drainage system in such a way that it has lost almost all its pendent. 
The result has been that it has been necessary to pump rain- and wastewater up to the level of 
the main drainage collector, increasing both maintenance and operation costs. (Source: 17). 
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profundo has to be used permanently. Accordingly, it has not 
received maintenance during the last 2 years (24), despite the 
severe risk that such poor management practices entail. 

It is clear that the Gran Canal is already inadequate, and thus 
long-term sustainable solutions need to be found. Infrastructure 
construction is necessary, but is only a partial solution. Addi- 
tionally, financial resources are not always available, and con- 
struction invariably takes time. 

CONCLUDING REMARKS 
The current water supply and wastewater-management problems 
of the Mexico City metropolitan area can be directly linked to 
the lack of long-term regional economic development policies, 
poor and inappropriate management practices, and the absence 
of any serious attempt to formulate and implement a viable 
wastewater-management plan. Continual increases in population 
have also made the problems more complex. The solutions 
should include policies to reduce future population growth rates 
in the metropolitan area, and preparation of a long-term, 
implementable water and wastewater-management plan for the 
MCMA, as well as the region as a whole. In theory, past gov- 
ernment policies have aftempted to promote the development of 
other urban centers to discourage further growth in the existing 
major cities. However, in reality, the Federal Government is still 
not willing to "give away" financial resources and, most impor- 
tantly, allocate decision-making power to other levels of gov- 
ernment. This situation is valid for the water sector as well. 

Construction of infrastructural projects ad infinitum to bring 
more and more water to the metropolitan area is neither sustain- 
able, nor economically feasible, nor is it environmentally and 
socially desirable. With the existing poor-management practices, 
investment costs would skyrocket to transport more and more 
water from increasingly distant and expensive sources, higher 
operating costs would be incurred for energy, land subsidence 
will accelerate due to increasing groundwater withdrawals, the 
quality of groundwater abstracted will decline, higher subsidies 
and higher investments would be necessary to cover operation 
and maintenance costs, etc. This represents a never ending vi- 
cious circle. The quality of life is likely to improve for the rich, 
but continue to worsen for the poor. 

Because of the neglect of proper wastewater treatment and dis- 
posal practices in the past, the cost of implementing a proper 
wastewater-management system is going to be astronomical in 
the future. Not surprisingly, nearly all of the streams within the 
metropolitan area have now been transformed into wastewater- 
drainage channels. Even if the mindsets of the senior water man- 
agers change, and the necessary investments for wastewater man- 
agement can be found, adequate human capacity in the country 
to manage water quality is still to be developed (25). 

Long-term planning, with a new management mindset, is ur- 
gently necessary for the MCMA. Demand management practices 
must receive rapid attention, as should water quality and 
wastewater-management practices. New cadres of managers, 
with a broader vision and more professional and management 
expertise are necessary. Most regrettably, however, there are no 
signs that the authorities are searching for new long-term cost- 
effective solutions, which could simultaneously consider both 
hard and soft options. On the contrary, all the signs indicate that 
progress is likely to continue to be incremental, as has been the 
case in the past, and business-as-usual will likely to be the or- 
der of the day, until a catastrophic water-related crisis hits the 
region. If the present trends continue, that crisis may not be very 
far off. 
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