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Groundwater

Important component of the water cycle

Visible only through its 

Poorly known by  hydromyths

Difficult to be presented through images

Water resources

Important for

discharges
effects

people
water managers

● quantity
● quality

geological
geotechnical
ecological

Nature
as a freshwater resource

resilient
slowly evoluting
free of pathogens
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+ aspects
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Groundwater characteristics

Large ratio storage / flow

Long turnover times  10s to 1000s of years

distributed over the territory

Closely linked to surface water

Delayed response to

10s to 1000s of years

Groundwater systems  aquifers + aquitards

climatic variability
exploitation
chemical changes
pollution

Recharge
Storage
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NATURAL 
CONDITION

DISTURBED
CONDITION

Basin aquifer I

Recharge

Discharge

distributed
at the boundaries

into the river
through riparian vegetation

Effect of exploitation
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Basin aquifer II
Effect of exploitation on discharge and depth to water level

5



Evolution I

Until 30–80 years ago

Difficult to  used at natural outlets

small additional developments in

water galleries (mines)

shallow wells with

flowing wells  decreasing discharge

wells with voluminous steam–driven pumps        

arid lands
shallow water tables
flowing aquifers

capture
pump

bucket–wheels
wind driven machinery
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by means of
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Evolution II

Recently
drilling technology

High improved electro–pumps  intensive development
energy availability

 fast development, often exponential
 intensive development



benefits to

development of poor world areas

drawbacks / interferences

developers
society
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inherent
often unrecognized
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Spectacular development of groundwater in Spain
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Development in groundwater use in selected countries (from Shah, 2004)
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Direct cost of irrigation groundwater in relation to crop 
value [rough estimates] 10
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Man activities may require uptake of recharge over a large area

MBF. Santander, 22–24/09/09

11



Effects of groundwater [intensive] development
groundwater level drawdown

reduction of discharges

[storage decrease]

in springs
into rivers as base flow
into wetlands
in pheatophyte areas

displacement of poor quality water

incorporation of solutes from the ground

from other formations
from the surface
marine intrusion

dissolution
redox changes

subsidence
collapses

On water quantity

* Slow hydrodynamic effects

On water quality

On land conditions

On economical aspects  increasing cost

MBF. Santander, 22–24/09/09

12



MBF. Santander, 22–24/09/09

Groundwater level evolution according
to management action
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Depth to groundwater level evolution in 
small, intensively exploited aquifers of 

south–eastern Spain (Murcia and Alacant)
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TABLAS DE DAIMIEL NATIONAL PARK

NATURAL STATE

Significant 
decrease in 

piezometric levels; 
more than 30 m

DISTURBED STATE
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Doñana National Park. SW Spain

Groundwater flow pattern

Natural conditions
October 1992

Disturbed conditons
October 1996

Groundwater level above mean sea level (m)
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Groundwater exploitation in the Doñana area, SW Spain, after irrigated 
agricultural development in formerly low productivity land. Main development 

between 1980 and 1990
agricultural development in formerly low productivity land. Main development 
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Figure 7.–Groundwater discharge flow evolution to La Rocina ravine and to La 
Vera ecotone (see location in Figure 1a) as calculated by groundwater flow 
numerical modelling. Note that the dramatic situation of 1994 is due to the 
combined effect of 1) accumulated interannual water level lowering due to 

pumping, and 2) a 4 years–long drought (modified from UPC, 1999)
combined effect of 1) accumulated interannual water level lowering due to 
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Evolution of water supply and waste disposal in a typical city underlain by a 
shallow aquifer

Evolution of water supply and waste disposal in a typical city underlain by a 
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Processes of urban evolution from the groundwater resources perspectiveProcesses of urban evolution from the groundwater resources perspective 21



MBF. Santander, 22–24/09/09

Land subsidence due to groundwater abstraction
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Land subsidence and collapse due to groundwater changes

Murcia, Spain

Unconsolidated aquifer exploitation in a 
dry year

Winter Park, Florida

Collapse in a karstic area
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Threads to groundwater

 Quality degradation by pollution

 Recharge reduction

 Abstraction cost becoming to high

agricultural
from animal rising
urban
industrial
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very slow appearance
large involved volumes
costly, very difficult and long–lasting restauration

by land use changes

by dewatering for works

forest
agriculture
urbanization
river modification

civil
mining

understanding
management
ethic behaviour

 Poor
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Point and diffuse 
groundwater contamination
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Initial times

Long time

Diffuse contamination from the 
land surface

26



MBF. Santander, 22–24/09/09

Areas of Catalonia, NE Spain, affected by excess
nitrate in groundwater
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Economic and social issues

 Groundwater development means

 Cost of groundwater in the terrain is not nil

 Consider long delayed effects  how to value the future
 poor experience on evaluations

benefits
costs

to the exploiter
to society

direct
indirect
intangible

apply ethical / moral principles

 Groundwater development      a social 
 a silent

Consider social value of groundwater manifestations
aethetic intergenerational
religious with neighbours
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revolution from the floor
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Management issues and challenges
Groundwater is a kind of common pool good

unrestricted use  tragedy of the commons
rational use  sustainability

Management is needed

by

Management means

Collective bodies  efficient tool for aquifer
management
governance

knowledge
monitoring

insitutions

legislation
co–responsibility
co–operation

from the top
from the bottom

governmental authorities

groundwater

civil society

users
stakeholders
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acting
together
co–ordinately
responsively
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Some challenges for safe groundwater use

Consideration of delayed effects on

Land use effects on

Integrated management of water resouces

Understanding and management of natural 

Management of large human collectives

Making aware the population on

Introducing full social costs in groundwater economy

numerous
over a wide territory

noxius water
dangerous

surface
ground
reuse
desalinization and others

relationships

quantity
quality (including pollutants)

hydrodynamic
quality
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resources
quality
economy
environment

components

groundwater basic principles
long–delayed effects

31



THANK–YOU  FOR  YOUR  ATTENTION

MBF. Santander, 22–24/09/09

32



MBF. Santander, 22–24/09/09

Basin aquifer bounded 
by an impermeable 

boundary and a draining 
river

Rainfall distributed recharge.
Effect of distributed abstraction
of half the recharge rate.
Delayed groundwater level
evaluation
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Time for groundwater level
stabilization after starting a
sustained development

This time depends on
 aquifer size
 transmissivity
 storage coefficient
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Groundwater reserves and depletion rate: 
Eastern Spanish aquifers

Figures are very uncertain

They are small, highly productive, well bounded (?) aquifers
Climate is semi–arid, with flash floods

1995

Reserves
Area Used Remaining Usable Depletion rate Time to

(1980-1995) depletion yr
Almería 800 1100 750 50 15 (10-75)
Murcia 2000 10000 7100 125 60 (10-800)
Alacant 1000 7000 6000 50 120 (10-400)
Valencia 100 2500 2000 15 130 (20-350)

Murcia (1985) 6000-11000 300 20-40

Modified after official data DGOH, ITGE)

106 m3  

106 m3/yr 
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Results  of groundwater development in 
urban and periurban Mar del Plata 

(Argentina) after wells in town has been 
closed down due to poor quality and saline 
contamination, and substituded by wells in 
the periphery. The isolines show the water 
table change (in metres) between 1970 and 

1985 (after Bocanegra et al., 1992; 
Bocanegra and Custodio, 1995). Whilst there 
is a progressive water table drawdown in the 
periphery, in the city there is a recovery that 
affects the basements of high building due 

to underpressure and corrosive environment
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Areas around Barcelona suffering
water–table recovery effects
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Water–table changes in the Low Besós area, near Barcelona due to intensive 
groundwater exploitation and later abandonment. Underground structures have 

been inondated
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