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Groundwater

Important component of the water cycle

discharges
Visible only through its effects

Poorly known by { \I;.vea(t):rlinanagers } - hydromyths

Difficult to be presented through images

Sllantit [ geological
Water resources { qQuantity + 1 geotechnical | aspects
® quality ecological
Nature [ resilient

Important for :
P as a freshwater resource { slowly evoluting

| free of pathogens
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Groundwater characteristics

Large ratio storage / flow

Long turnover times > 10s to 1000s of years

Recharge

Storage distributed over the territory

Closely linked to surface water

4

climatic variability
exploitation
chemical changes
pollution

Delayed response to -

\

10s to 1000s of years

Groundwater systems - aquifers + aquitards
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Basin aquifer Il

Effect of exploitation on discharge and depth to water level

Discharge . wells
river and wetlands

t(time)
start of
abstraction

at the riparian
Depth to water wetlands

level

wells
t(time)
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Evolution |
Until 30—-80 years ago
t
Difficult to { capture - used at natural outlets
pump :
arid lands

small additional developments in | shallow water tables
flowing aquifers

4

water galleries (mines)

shallow wells with { bucket-wheels

by means of | wind driven machinery

flowing wells - decreasing discharge

wells with voluminous steam-driven pumps
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Evolution Il

Recently

drilling technology
High improved electro—pumps - intensive development
energy availability
- fast development, often exponential
- intensive development

, _ developers
benefits to | gociety
- | development of poor world areas
inherent
| drawbacks / interferences | often unrecognized
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Spectacular development of groundwater in Spain
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0.0003

cost of water

wrop valve
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Effects of groundwater [intensive] development

groundwater level drawdown
[ In springs
On water quantity { reduction of discharges | !nto rivers as base flow
into wetlands
[storage decrease] | in pheatophyte areas

* Slow hydrodynamic effects

from other formations
displacement of poor quality water { from the surface

marine intrusion

¢

On water quality |

dissolution
redox changes

| incorporation of solutes from the ground{

subsidence

On land conditions { collapses

On economical aspects = increasing cost
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Groundwater level evolution accordin
to management action

UNPLANNED
MINING

rapid depletion with
uncertain trajectory

evaluation of groundwater

resources and

management options

GRADUAL
RECOVERY

time —»

B

GENERAL
STABILIZATION

ORDERLY
DEPLETION

RATIONALIZATION SCENARIO OF
GROUNDWATER MANAGEMENT

with knowledge of contemporary recharge rates and

availability of groundwater storage
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ROUGH (GROUND)WATER POLICY TRENDS IN ARID AND SEMI-ARID COUNTRIES

STAGE 1

STAGE 2

STAGE 3

STAGE 4

'HYDROSCHIZOPHRENIA

INCREASE

DECREASE

'f"'

SILENT REVOLUTION
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| DEPTHTO
| WATER TABLE (m)

IRRIGATION
COST ($/ha)
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| % POPULATION
... INAGRICULTURE
]

TIME ——

- California (1920)
Texas (1930)
‘Arizona (1950)
‘Spain (1960)

EXAMPLES

California (1930)
Texas (1940)
Arizona (1960)
Spain (1970)
India (1970)
Mexico (1970)

California (1980)
Texas (?)
Arizona (1980)
Spain (1990)
India (?)

(Bay-Delta Plan, 1999)
© inda
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1. ALORINES I
2. PANTOJO I
3. PENARRUBIA
4. QUEBRADA

5.LA ‘MINA
6. PENYETES

N
7. CIRO I _
8. PRISAS Region of MURCIA

Groundwater level in 1980
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TABLAS DE DAIMIEL NATIONAL PARK

NATURAL STATE

Significant
decrease In
piezometric levels;
more than 30 m
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Donana National Park. SW Spain

Groundwater flow pattern

Natural conditions Disturbed conditons
October 1992 October 1996
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- Water table lowered beneath city, wells deepened.

WATER TABLE

- Wastewater discharged to ground.

- Shallow groundwater in city centre becomes polluted.

|
REIITNNNNNN \l

- Subsidence can occur if aquifer is unconsolidated and interbedded.

. - Ex i i i | rses.
(a) town becomes city pansion of pluvial drainage to ground and local watercourses

WATER SUPPLY FROM WATER SUPPLY FROM - Aquifer beneath city largely abandoned because of contamination.
PERI-URBAN WELLFIELDS PERI-URBAN WELLFIELDS

— - - Water table begins to rise beneath city due to cessation of pumping and
FEITE A : fH high urban recharge.
]

5 P B 7 |- K. - Significant water table decline in city periphery due to heavy abstraction
4,"" sivaced Bt e o DN 7 from wellfields.

L - Incipient contamination of urban wellfields by groundwater recharged
TR OISR NN beneath city centre.

(b) city expands

IMPORTS OF WATER FRF?M i
“RDO'?JLAC;QVE}S\?S: Pé%%gces - Wellfields unable to cope with increased demand and threatened by
- .
e outward growth of city.
WATER SUPPLY FROM

WATER SUPPLY FROM PERI-URBAN WELLFIELDS

PERI-URBAN WELLFIELDS - Expensive water imports from distant sources or conjunctive use schemes
|

A } e o necessary.

|

disposal etc.

\R HiEEL Q - Water table rises beneath city nucleus - problems of flooding, wastewater
Y K
N\

A - Scope reduced for (low cost) pluvial drainage to ground.

(c) city expands further




UNIVERSITAT POLITECNICA
DE CATALUNYA

GROWTH OF

WATER-SUPPLY AND
WASTE DISPOSAL

—e—ao- waler-supply provision
mains sewerage installation

WATER IMPORTED
FROM DISTANT
SOURCE
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GROUNDWATER” T
FROM CITY NUCLEUS
deeper boreholes

INITIAL SETTLEMENT ) URBAN EXPANSION

Water obtained

from shallow ci
wells. " 7

|
|
|
|
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|
|
|
|
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|
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|

Water obtained from
city boreholes and
wells.

- inciplent contamination

of urban aquifer

- possible reduced urban
well yields due to water

table decline.

- over exploitation

- excess pollution
loading

Conflict between:-

- urban groundwater
users (private vs public)

- water supply and

wastewater disposal.

Urban aquifer
IarPely abandoned
In favour of
periurban wellfields.

- urban aquifer
contaminated

- urban water table
rises

- decline of water
table city periphery

- excess pollution
loading

Conflict between:-

- urban water users
Vs wastewater
disposal

- public suppl!
d-urbx?’r{){md
Irrigation

Water obtained from:-
(i) peri-urban wellifield
(il) Imported water

- water table declines
outside city (cannot
meet Increased water
demand).

- urban water
table rises

- Inclplent
contamination of
peri-urban wells.

- over exploitation

- excess recharge -
(local to city centre)

- excess pollution
loading

- water users
(costs)
urban and rural

- water supply vs
wastewater
disposal.
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DEPTH TO WATER LEVEL, METRES

WATER LEVEL IN
THE PUMPED WELL

LAND SURFACE

SW S. Joaquin Valley

Land subsidence due to groundwater abstraction

LAND SURFACE ELEVATION, METRES

e o RPN,

U.S.A./U.S. Geological Survey
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Land subsidence and collapse due to groundwater changes
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Threads to qroundwater

[ agricultural

from animal rising
urban

| industrial

¢ Quality degradation by pollution

very slow appearance

large involved volumes

costly, very difficult and long—lasting restauration
[ forest

agriculture
urbanization

| river modification

civil
. }works
mining

e Recharge reduction
by land use changes |

by dewatering for {

e Abstraction cost becoming to high

understanding
e Poor { management
ethic behaviour
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Long time

Diffuse contamination from the
land surface
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Areas of Catalonia i excess
nitrate in groundwater

-~~~ Zona vulnerable al NO,
=~ decret 283/1998 1+7 6/200
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Economic and social issues

: : direct
benefits | to the exploiter | . ..
e Groundwater development meansy . sts to society indirect
intangible

e Cost of groundwater in the terrain is not nil

e Consider long delayed effects - how to value the future
-> poor experience on evaluations

Consider social value of groundwater manifestations
{ aethetic { intergenerational
religious with neighbours

apply ethical / moral principles

e Groundwater development - a social

{ revolution from the floor
- a silent
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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

¢

governmental authorities together
users

by { groundwater { stakeholders | acting { co—ordiqately
responsively

civil society
[ knowledge
monitoring

I

. from the top
Management means | LIl from the bottom

legislation
co—-responsibility
co—operation

\

management
Collective bodies -> efficient tool for aquifer governance
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Some challenges for safe groundwater use

Fesources
Consideration of delayed { IpRIEa e } effects on | quality
quality economy
| environment
quantity

Land use effects on { quality (including pollutants)

[ surface : :
ground relationships
Integrated management of water resouces 1 reuse
| desalinization and others

noxius water

components
dangerous

Understanding and management of natural {

numerous

Management of large human collectives : :
over a wide territory

groundwater basic principles

Making aware the population on { long—delayed effects

Introducing full social costs in groundwater economy
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Basin aquifer bounded
by an impermeable

boundary and a draining
river
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Unconfined (S=0.1)
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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

Reserves10® m®

Area Used Remaining Usable Depletion rate Time to
(1980-1995) 10°m’yr  depletion yr
Almeria 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 pA 0 2000 15 130 (20-350)

Murcia (1985) 6000-11000 300 20-40
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MAR DEL PLATA ;77

References :
¢ abandoned well {Z}]‘}Ouorlzilos

* active well \’Piszometric isovariation
contour (1970 - 1985)
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Areas around Barcelona sufferin
water—table recovery effects

////] Urban and industrigl
- Prone to water - logging

- With water -~ logging problems
R = main recharge area

&ao/ o % Custodio, 1982
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river thalweg elevation (year)

water table elevation (date)
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Analisis coste-efectividad de las intervenciones d; gestion prdpuestas

Escenario

" Descripcion

Coste total
(mill -
euros/ano)

Efectividad
(hm®*/afio)
(cantidad de agua
subterranea
ahorrada)

Ratio
(euros/m®)

. Método de
evaluacion
economica

8.1 Condiciones
actuales

Condiciones
actuales

0

0

S.2 Iintervenciones
individuales de
gestion hidrica

((@ceyA-Ho- pov
Jo poblecion)

Reduccion de la
demanda hidrica

47

45

“Lucro Cesante”

\—mu"ra-.,h‘l«‘z.

o layedind2

Lon LomAycal

i

Entrada externa
de agua para

Pérdida de
Margen Neto
agricola
(desde derechos
de agua
desalada)

regadio
Y P
V:‘»ﬂ‘a‘sa’ o~

Pérdida de
Margen Neto
agricola
(desde TJV
Trasvase Jucar
Vinalopd)

Ccmpra de
derechos de
- agua -

“Lucro Cesante"

S.3 Equilibrio en
balances hidricos
Como
requerimiento de la
DMA para el buen
estado cuantitativo
de las masas de
agua

Entrada extema
de agua para
regadio

Pérdida de
Margen Neto
“agricola

de agua
desalada)

(desde derechos |

Compra de
derechos de

agua

“Lucro Cesante”
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