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Abstract: The lack of control on the groundwater abstraction in Mexico City produces effects that have been linked to severe environmental impacts such as subsidence, inducement of bad quality groundwater, drying of spring. This uncontrolled groundwater management in the study area implies a possibility that abstraction will produce similar
environmental impacts
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INTRODUCTION
The study area is located in the north-central of the basin of Mexico. It is limited by the
topographic elevation line of 2250 m a.s.l, to de south and the 2350 line to the north; the
Sierra of Guadalupe to the SSW and by the Sierra of Pachuca to the NNE (Figure 1)
The Zumpango-Pachuca region covers its water demand of estimated 17.7 m3/s with groundwater. This area also partially supply water to Mexico City and its metropolitan area. The
constant population increase and related economic activities in the region have a steady
growth in water needs. Related abstraction rate has produced an average drawdown of about
1.5 m/year in the last two decades. It suggests that present groundwater management needs
to be reviewed.
Uncontrolled groundwater management in the study area implies a possibility that abstraction will produce similar environmental impacts. Consequently, it becomes necessary to
study its hydrogeologic functioning to achieve a rational groundwater use in the Zumpango
sub-basin. So, the main objectives of this study deal with the geologic structure, the hydraulic characteristics and their integration in a groundwater flow code (MODFLOW) to:
1) analyse the regional behaviour of the hydraulic gradient, and 2) investigate several alternatives of production thickness.
This investigation was based on the analysis and integration of existing information and the
one generated in the field by the authors. Highlighted concepts were: i) the geologic structure
of the area Zumpango-Pachuca and ii) the hydraulic parameters. This information was analysed
integrally by means of applying visual MODFLOW to cover the outlined objectives.
The measurement of the water level in 16 multipiezometers and 32 extraction boreholes,
allowed its analysis, in terms of elevation for the period 1978-1997. Most of the measuring
places are located on the plain. The depth of multipiezometers is 90 m and 200 m, in the
south and north, respectively; the boreholes have a depth of 150 m, as an average.
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SETTING

The sub-basin Zumpango-Pachuca (Figure 1), is characterised by a graben structure filled with
carbonated rocks and marl-loamy Cretaceous and volcanogenics consolidated material of OligoMiocene age, the sequence underlies clastic sediments, lava and pyroclastic material in variable
thickness, whose age vary from Plioceno to Quaternary (DE CSERNA ET AL, 1987; CARRILLOMARTINEZ, 1998). Such deposits in the graben are referred in this investigation as Complex
Intergranular. In the lower topographic areas of Zumpango, they are partially covered by a lens
of very fine lacustrine deposits. In this Complex Intergranular fissured rocks are found.
The hydrogeologic units that constitute the aquifer system of this sub-basin are here described, from the younger to the oldest:
a) Complex Intergranular. Includes a group of the volcanoclastic material that forms the
basin fill of Tertiary and Quaternary age. This material is interstratified with gravel, silt, tuff
pumice and andesitic-basaltic volcanic breccia, in variable thickness. The gravel and silt
constitute the upper aquifer and are part of the aquifer system where at present the main
water abstraction is carried out in the area.
b) Lens of lacustrine deposits. This is a heterogeneous sequence of sediments (tuffs, glass
and clays), as well as organic matter and shell microfossils (ostracod and diatom). Such
deposits are the upper aquitard that covers partially the Complex Intergranular.
c) Fissured Unit. It is formed by Cretaceous limestone and Quaternary and Tertiary volcanic
rocks whose composition vary from basic to acid, that are intercalation with alluvial sediments; these materials are important productive units where cooling structures, fractures
and vesicular features, make the production voids.
The hydraulic parameters obtained for the upper aquitard in the area of Texcoco-Chalco are:
hydraulic conductivity, 10-5 m/s for the pyroclastics and of 6.0 x 10-9 m/s for the clays (RUDOLPH,
1989; VARGAS CABRERA, 1995). The value of the storage coefficient indicates that this unit is
highly heterogeneous and it has been calculated between 0.05 and 0.95 (RUDOLPH, 1989).
The hydraulic conductivity of the upper aquifer was obtained from pumping test analysis in

Figure 1. Location of the Zumpango sub-basin in
the endorheic basin of Mexico

Figure 2. Distribution of potentiometric surface of
the Zumpango-Pachuca region, for the year 2010.
Contour interval 20 m
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boreholes in the neighboring regions of Mexico City and Pachuca reaches 5.8 x10-3, 2 x 10-5
and 3 x10-4 m/s; for basalts, andesits and alluvium, respectively (HUIZAR-ÁLVAREZ, 1993;
CARRILLO-RIVERA ET AL., 1999). The storage coefficient values average, 3x 10-3, 7 x10-4 and
1 x 10-3, for these units, respectively.

RESULTS AND DISCUSSION
The measurement of the water level in 16 multipiezometers and 32 extraction boreholes,
allowed its analysis for the period 1986 - 1999.
The water levels measured in the piezometers, show a similar behaviour from 1986 to 1996. The
values are 2300 m a.s.l. in the north and 2190 in the south for 1986 and, 2285 m and 2180 m for 1996.
Many measuring points were dry due to the effect of abstraction (Figure 2); for the year 2010 under
current abstraction 2160 and 2240 m a.s.l. will be achieved, respectively, in the south and north.
There is a hydraulic gradient from north to south of 0.0005. In the Ecatepec area, concentric
gradients of the periphery are present toward the centre of the plain, suggesting flow from
Tepotzotlan to Zumpango-Ecatepec Figures 2,3,4.
Once established the boundary conditions and carried out the calibration of MODFLOW
code, a quantitative simulation of the potentiometric level changes with time was obtained.
The configuration of the values measured in the boreholes has a similar distribution to that
of the piezometers, a hydraulic gradient of 0.0005, is defined from north to south, with
cones of depression in the areas of intense abstraction (Ferrocarril, Ecatepec, Tizayuca Pachuca and Téllez lines of boreholes).
The results of the simulation (Figures 2, 3 and 4), for the period 2000 - 2010, show that: i) to
maintain the same yield of groundwater abstraction, the surface area and depth of the drawdown zones will increase. This results suggest a potential compaction of the upper aquitard
and consequently, problems in urban constructions as observed in Ecatepec located to the
south-west of the study area, ii) if the abstraction yield increases, drawdown areas and depth
will increase too. It is suggested to carry out new abstractions toward the Zumpango area, in

Figure 3. Distribution of drawdown into the domain
contour interval 5 m
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Figure 4. Direction, velocities and magnitudes of
groundwater flow in the Zumpango-Pachuca region
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order to reduce the effect of compaction in the upper aquitard, and thus to reduce observed
problems to the urban infrastructure, as well as, the degradation of groundwater quality as it
is observed in city of Mexico and Chalco (HUIZAR-A ET AL., 2000; ORTEGA ET AL., 1993).
The water level data clearly indicate an upward vertical component of groundwater flow, It
identifies the area of Pachuca as the main area of recharge and Zumpango that of discharge.
Local, intermediate and regional flows where defined; the local flows are abstracted rapidly, so
most of current abstraction is directed mainly, to the intermediate flows defined by TOTH (1963).
In general the water level presents a tendency to a continuous drawdown, as a result of
present abstraction in the whole area; there are several cones of local depression, the larger
one is in the area of Ecatepec, producing a negative evolution of the water level of up to 7m,
and an average drawdown of 1.5 m /year
The general behaviour of the water level in piezometers and boreholes, as well as geology
and pumping-test results suggest the presence of semiconfined conditions in the centre of
the plain, to unconfined conditions toward the edge, while boreholes of the centre of the
plain evolve from semiconfined conditions to unconfined.

CONCLUSIONS
The geologic pattern show that the study area is part of a regional aquifer system with
groundwater flowing, in the horizontal plane, from north to south. The Pachuca area is a
recharge zone and Zumpango a discharge zone. Intermediate and regional flow system where
defined, the local flows are diminished in quantity by the abstraction. The main exploitation
is directed to the intermediate flows.
In general all water levels have a continuous descent, as a result of abstraction, which induces a negative evolution of the water level and a drawdown average of 1.5 m/year.

REFERENCES
CARRILLO, M. M. (1998): Normal faulting in the Pathé geothermal area, Central México. Geofísica Internacional,
Vol. 37, pp. 103-111.
Carrillo-R., J. J., Cardona, A., Hergt, T., Huizar-A, .R. & Kobr, M. (1999): Marco geológico, hidrología
subterránea, hidrogeoquímica, análisis geomorfológico y registros de temperatura en la subcuenca del río
de las Avenidas. Final Report, CAASIM, Hidalgo, Mexico, 268.
CSERNA DE, Z., DE LA FUENTE, M., PALACIO, M., TRAY, N., MITRE-S. L. & MOTA, P, R. (1987): Estructura Geológica,
Gravimetría, Sismicidad y relaciones neotectónicas regionales de la Cuenca de México. Univ. Nal. Autón.
Mex. Inst. Geol. Bull.; 104; 110 p.
HUIZAR-A., R. (1993) Mapa Hidrogeológico de la Subcuenca del Río de las Avenidas, Pachuca, Hgo. Univ. Nal.
Autón. Méx. Inv. Geográficas Bull.; 27, pp. 95-131.
HUIZAR-A. R., CARRILLO-RIVERA, J. J., HERGT, T., CARDONA, A., RUIZ-GLZ., J., GABRIELA ANGELES, M. (2000): Chemical response to groundwater abstraction in the south-east of Mexico city. (submitted to Hydrogeology Jour).
ORTEGA, G. A. CHERRY, J & RUDOLPH, D. (1993): Large scale aquitard consolidation near Mexico City. Ground
Water No. 31, pp. 708-718.
RUDOLPH, D. (1989): Studies of groundwater flow and solute transport in a clay aquitard near Mexico City. Ph D
thesis, University of Waterloo, Ontario, Canada.
TOTH, J. 1963. A theoretical analyisis of groundwater flow in small drainage basins. J Geoph Res.; Vol. 69, No.
16, pp. 4795-4812.
VARGAS-C, C. (1995): Distribución de la conductividad hidráulica en el acuitardo lacustre de la subcuenca de
Chalco, DF y Estado de México, B Sc Thesis, Facultad de Ingeniería, UNAM
RMZ-M&G 2003, 50

