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ar modelos para gestionar el
Nea?

delo y ejemplos




;Por qué usar modelos para
gestionar el agua subterranea?

Modefos Matematicos

https://1241m.blogspot.com/
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Similitud con los modelos de prediccion meteorolégica

Existen datos a escala mundial de temperatura, lluvia, viento...
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Son claves los modelos numéricos para la predicciéon meteorolégica

Modelo numérico para la prediccion

orediccion/




{OTICIAS DEL TIEMPO

¢Por qué fallan los pronosticos?

Hay una situacion que a todos o a casi todos nos resulta familiar. Tras unos dias de tiempo
revuelto, alguien se acerca a nosotros con un paraguas en la mano bajo un cielo soleado y
nos pregunta: ;pero no han dicho que iba a llover?




Si, dijeron que iba a llover pero no llovio porque no se puede asegurar una prevision del
tiempo con un cien por cien de acierto. El margen de error existe siempre porque la
prediccion meteorologica se basa en la probabilidad de lo que sucedera en la atmosfera, un
fluido cuyo estudic y comprension es extremadamente complejo.

El sistema de ecuaciones no lineales que resuelve los problemas de la atmasfera de
momento sigue ofreciendo probabilidades. Dada dia mas ajustadas, es cierto, porque se
ha mejorado mucho la informacion gue se obtiene de los modelos meteorologicos. Pero




Existen datos a escala mundial sobre el agua subterrdnea

ipa de los cambios en la cantidad de agua del 2002 al 2016

GRACE trend {ormyfyr)




Es indudable la necesidad
de los modelos numericos
de prediccion
meteoroldgica a pesar de
los errores que fienen
asociados

De igual modo:

Los modelos numéricos son
necesarios en la gestion de
las aguas subterrdneas

Pero... a nivel nacional su
Uso sigue no siendo
“estandar”



PARA TOMAR ACCIONES: Advierte a los Sistemas
de prevencion y atencion de desastres sobre

amenazas reconocida de inundacion o sequia que
pueden traer efectos sobre la poblacion

PARA PREPARASE: Indica |a presencia de un
fendémeno sin llegar a ser inminente los efectos sobre

la pablacion. Advierte sobre prepararse frente a la
posible ocurrencia de la amenaza reconocida.

ACUIFERO LIBRE

PARA INFORMARSE: Deteccion inicial de una I'I t'é""‘"""_ e, MANANTIAL
amenaza reconocida sin llegar ha ser inminente los : : -

. . a ACUITARDO = s o = iy . S "_ e . .
efectos sobre la poblacién. Es informativa. O ey B T h i

T ——— A
-

= ACUIFERO LIBRE
ACUIFERO CONFINADD :

ACUITARDD

CONDICIONES NORMALES: No hay amenaza - | AGUIFERO CONFINADO. el
reconocida



Concepto de modelo y
ejemplos
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https://gssiwater.com/experts-in-groundwater-modeling/



implificacion conceptual que se realiza
gnador para simular y predecir el
so del agua.
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golificacion conceptual que se realiza
ydor para simular y predecir el
3 del agua subterranea.




Y ONCA UN MArco para organizar:

MODELO
CONCEPTUAL

Representar
numericamente
lo que ocurre
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https://ca.water.usgs.gov/s
management/california-groundwater-modeling.html

Sustainable Groundwater

Sustzinshility Indicstors -

Planning Tools -

Groundwater Modeling

A hydrologic model is a simplified conceptusal and comnpuier model used to simulate and predict the movement and wse of waler. i takes info sccount various or all compaonents of the landscape, aguifer
system. snd water cycle and provides a framework to organize date. knowledge, and understanding of hydrofogic systems. Models can provide imsights that weter-resource managers need o plan
effectively for future water demands snd to answer scientific and management guestions.

California Groundwater Model Archive

The USES models shown on this sife are in the public domain, and are freely available. They are based on MODFLOW and ofher public-domain USGS soffware. Links to publications and
webh resources associated with esch model are shown in the isble next to the model map. The associaied mode! files for some of these models are currenfly available via links in this iable;
iF & fink 15 not available, and you wouwld like to receive the model files, plesse contact Stewve Phillips at sphilly

Click on a mode! on the map or in fhe list for detailed information and dafa downfoads.

Antelope Valley

A

Borrego Valley

Carson Valley

Cenfral Valley Hydrologic Model

Cuyama Valley

Death Valley

Faort Irwin, Bicycle Basin

Fort Irwin, Invin Basin Agquifer

Fort Irwin, Langford Basin

Goose Lake Basin

Honey Lake Valley

Indian Wells Valley

Joshua Tree

Lompoc Area

Los Angeles, Central & YWest Coast Basins

tainable-groundwater-

California Groundwater Model Archive

CA DWHR Sasin
Priortizstion Ranking

Resouwes

Archivo con 37 modelos de acuiferos
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Mojave River Basin
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Pajaro Valley Agquifer System
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Santa Barbara
Model Detail

Year Published: 195B
Counties: Santa Barbara

Sustainability Indicator{s) Modeled: LVL, SEA.
SWIGW [drn), W&

Type of Model: Groundwater Flow Mode!l with
Density-Dependent Solute Transport Model
Modeling with Scenarios: Yes

Uncertzinty Analysis: Parameter, Prediction
Optimization: Yes

Climate Change Analysis:

Advanced Analyses: Mult-Objective Trade-off
Bnalysis

Model Data

Full Archive: WRIR3S-

4246 Santz_ Barbarz Oplrip

Model input: WRIR33-2246_5anta_Barbara_Opt-
mputzip (121 ME)

Model Qutput WRIRS3-

4746 Sanfa_Barbara Opl-cutputnip {249 KEB)]
Additional Modules Needed:

Additional Datasets:

Publications

A simulation-optimization model for water-
resources management, Santa Barbara, California

Go to Website ==

CA DWR Sasin
Priarfiization Ranking

Critical

High

Medium
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Leafizt | Thes € Sen — Eerl, Delome, MANTER, TomTom, Imemmap, PC, USES, FAD, NPS, NRCAN, G208ata, Kadaeler ML, Crinance Survey, Esnl Japan, METL Esi

by Crina [Hong Kong), and tha GIS Usar Community

Datos de entrada
Resultados

Informes, publicaciones
Paginas web

.gov/sustaina
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Haome Latest outlook =

sl lL Ll Informes mensuales del Servicio Geolégico Britanico

Period: From October 2019 Issued on 08.10.201% using data to the end of September 2019
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Further information - October 2019

Comgrehensive furtherinform, i

i thet supports the production of the Hydrological Cutlook UK

NERC = Centre for Ecology and Hydrology # Eacktotop




o o bdrology Outlook based on modelled groundwater from historical climate

FRTURSL /¥R BT BESEARCH COMRLIL.

British Period: October 2019 — September 2020 Issued on 03.10.2019 using data to the end of September
Geological Survey
WATURAL ENTISHMENT RESEAREW €00 =
; be
Environment
LW Agency

Evaluacion del estado de los acuiferos 3/12 meses futuros

Segun el nivel piezométrico
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This outlook is based on monthly ensembles of historical that fall within each the seven categories: exceptionally low, the atmosphere and ocean..it is hence possible that some of
sequances of observed climate (rainfall and potential notably low, below normal, normal, above normal, notably the historical sequences used might be inconsistent with
evpotranspiration) that form input to hydrological models. high and exceptienally high. The monthly variations can be current large-scale atmospheric conditions and would
The outputs are probabilistic simulations of the average compared to the long-term average distribution of levels, therefore be unlikely to occur in the next few months.
groundwater level over the forecast horizon (3 to 12 months which are shown as columns on the left and right of each
ahead), at each location. graph.

http://www.hydoutuk.

The graphs show variation ever time of the number of This outlook is based entirely on historical sequences and net/latest-outlook
simulated groundwater levels in each monthly ensemble, therefore does not contain any knowledge of the state of

The Hydrological Outlook UK provides an outlook for the water situation for the UK over the next three months and beyond. For guidance on how to interpret the outlook, a wider range of
information, and a full description of underpinning methods, please visit the website: www.hydoutuk.net.
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cscorrentia y la infiltracio
ipitacion/T°

Actual ET

Discharge

https://www.youtube.com/watchev=P_3nT4BzMvw
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ttp://www.aquiferindia.org/Groundwater_Modeling.aspx
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Condiciones de conftorno:
1ales, humedales

os/hidrogeologia

ACUIFERO LIBRE

MAMANTIAL

ACUITARDOD
_ACUIFERDO CONFINADO
IMPERMEABLE
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dlitativamente el funcionamiento del acuifero, los
antes, las entradas y salidas al sistema, las
mas importantes y su distribucion espacial.

) esquematica de la realidad que hacemos en
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Relaoones
= de clima eomplejis
/ Mihiples tensiones -
-~ transhmnterizas
Dpscerga de fupos
tmrmhcertanzos

T
o 0

- ™

Sistomas de ‘\‘ It "

e bl L A fHEs Sigtamas

Yo | - de Thapo del acuifern

1 "'-.._____..-" y direcciones de fujo
-

Direccior de Mg
Iranslromienio

HWorteaménsa, 2017 :12:11 045




entacion matematica de los procesos fisico-
) ocurren en el acuifero.

Groundwater Modeling Software Distribution Sites:
USGSE, Groundwarer Modeling Software
EP&. Water Madaling Topls
EPA, Global Earth Ohsarvation Systam of Systemp (GEGSS]) mirerraiy af Cadlomel, Dfemon o AQNG utler sy S
rated Groundwater Modeling Center. School of Mines, Cokrado Gmundwater
< Software Group (ocommerciad
Rockwara, Ing, [commercial)

Groundwater Modeling Software (public domain/free of charge):

- 30 finite difference, saturated fow
5} - anfine instructions to HODFLOW modulas
linite element, salfunsal, variable dengity Mow, transport, heat
s difference, unsat flow & transpart, heat flow Groundwater Modeling Software (commereial);
T I0MS (University of Alabamal - 30 transport madsl to MODFLOW

HMODHMS {Hydingelogic Ing) - MODFLOW haed matershed madel

PHAST [USGS] - 30 mulicomponent, ractive transport {constant density Aow and termperatura)
HMODELOW-SURFACT (Watarloo Hydrologic) - MODFLOW wiunsat/multiphase flow

ETI0 [Pacific Horithwesy Laboratory] - MTIDMS + multispecies reactions :
TOUGH? (Lawrenca Barksley National Laboratory]- 30 multiphase/unsat flow & transpon EEFiaw (Waey Ltd.) - 30 finite slemant flow B transport & wa ad & heat

MikaSHE (0 Water and Environmeant - watershed modal wf MODFLOW
HYDROGFOQSEHFRE (integrated surface water watershed 'vadose zone/groundwater flow and
process moded)

GFLOW - analytic element method software, by Haitferna (not updated since 2007)
AnAnSim - GLUH for the analytic slemant methed

FRLOTRAN v 3 i - 30 swrbsurface flow and reactive transport, unsat/sat
il phass; fractuia, tharndg-ly -chadmibcal

“Interactive Ground Water [TGWI" [Michigan State Univ,] - integrated fow B transport

ParFLOW [Lawrence Livarmore National Laboratory] - 30 larga grid fiow

STOMP (Facific Horthwest National Laberakbony] - 20 multiphass few & transpart
M (3. DWR] - 30 finite alement groundwater & suiface water Now model Groundwater Modeling Demonstrations and Reviews:
Lizze-FAKPF and WODASOLYER - groundwater modeiing software and LT

Elow and Traneapoel Modeling, Homegenegos sl Heterggeneaas quifess [TGW )

GUls for MODFLOW and other model codes: Digital Libeary, Flow and Tranapert Modeling ()

ModelMuge (USGE, public damain] - GUI for MODFLOW, PHAST
ModelMate (USSS, public domaind - GUT for parameter estimation (UCODE with MODFLOW)
FREEWAT - plugin to Arc -Blce opan sourca QEIS as GUT for MODFLDW {opon sowroo)

Groundwates Vistad
Yisual Mpdllow Flax
Groungdwater Modeling System

f asim (GUI for the TOUGH family of software, 20 modeling)
IS (Earthsaft) - environmentsl dats management 5
argus ONE {genaric GUI - legacy/outdated softwara)




Errares calibracion modelo 1975-1957

- a8
LISt Bt ]
A
» - 00
& 0B 128
) saddimaniss
v P bl
T




®

B Estacionario2.lst: Bloc de notas —
Archive Edicion  Formate Ver Ayuda § MCDOEM b Bloc de notes
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1, STRESS PERIOL | Archivo Edicstn  Formoto  Wer  Ayuda
CLMULATIVE
CUMULATIVE VOLUMES | *%3 RATES FOR THIS TIME STEP L*#3 /] Stress Period Time Stes Time In: STORMGE In: COMSTANT HEAD I
__________________________________________ WELLS  In: REIVER LEAKAGE In: HEAD DEP BOUNDS In: RECHARGE In: TOTAL IM
Out: STORMGE Out: CONSTANT HEAD Out: WELLS Out: RIVER LEAKAGE Dok
In: n: HEAD DEP BOUNDS Out: RECHARGE  Out: TOTAL QUT IN - QUT Percent Discrepancy
o - 1 | 31.800 585455536.0000 0.0000 3570000.0800 1643596.1250
3118582, 7508 2755418 9888  SOG543424. 0088 531124000.0000 0.0000 0.DEO
CONSTA;IOEIEEEE)T g'gggg CONSTA;IOEISEEE)T g' 65097245, 0060 161389.9531 B.PRBE S96377536.0PB0 165853, D000 f.83
- : N ik 1 59.08@ 712160384 ,.0000 0,000 7IGOD00, 0080 29ITIES . Ba0e
RILVER L EARAGE = JHLalad RIVER LEAKAGE = 350.15333233.5000  B797067.0000  7I6677952.0008 615937720.0000 ©.0000 B.BEGO
RECHARGE = 214.6000 RECHARGE = 214.1139484336.0008 179968, 6486 @.0800 736512048.P0B0 1559040908 g.82
SPECIFIED FLOWS = A5666. 8606 SPECIFIED FLOWS = A5808. |5 1 op.@g@ TI9TSAEEGA . DOOE O.P008 1PEGDBEE.D0AG IEIBETZ . 7508
FA23497, 00R 1R863A760, pOOA OJRAOGTEA. 0808 T4T7I2GE1G.D000 P.PBRHE 0. BEEA
TOTAL IN = 45564.8117 TOTAL IN = 45564, 188517824, 8008 199799, 1486 B.BEgE 927943650, 0080 1530848, 0080 B.a2
4 1 120.00 $65302E06.0000 0.0008 135700008000 4365684, 006
ouT: ouT: 9163271.80080  172777424.0000 1PGD269245.0008 B31627776.0080 0.900R 0.0EG9
R A 2351T1R7Z . 0008 315208, 2813 B.BEEE 1863114EED, BBOE 154368, SO88 B.81
STORAGE = 8.66088 STORAGE = p.|5 1 151.88 948356736.0008 0.0009 1TEOODDO.0000  SRERTAE. DDA
CONSTANT HEAD = 6.06800 CONSTANT HEAD = g, 18339235 2080 209390352, S0Bd 1182975104, 098a 93481600, 0000 ©.0080 B.0000
RIVER LEAKAGE = 455490117 RIVER LEAKAGE = 25540 | 2B836ETAL BEGA  46EIAT. BG8 B.0068 1182819338 0OBD 155776, Gaaa 061
- 2,000 ESHAREE = 0.1 13762660000  326982864.0000 1293605249, 0090 536174900.0000 0.8000. 00000
SPECIFIED FLOWS = 6. 8668 SPECIFIED FLOWS = a. F E o = . 2
337686528 . 0BDE 562827, TH0D 0.0088 1274374144, 0000 9231184, 6000 B.72
7 1 212,88 18EEIGGEAL. D000 00000 J4EOMPD0.0000  6657246.000E
TOTAL 00T == 453020317 TOTAL /00T == 45343 | 13351018 ppee 2280843209080 1351133360 0000 OGG130043_0000 ©.00BD B_DOGO
3B5204016. 0008 613163, 2088 B.bERa 1351963648, 8080 92197132, BPed B.EGB
In - out = 15.e000 In -our = 15. 19 1 243,96 1157740800,0000 .0000 25620000.8008  7473376.5800
13429477 B0RE 234016992 0000 1435280704 . 000D GRSEATTIE. 0008 0. DDBD 0. PO0Y
PERCENT DISCREPANCY = 8.83 PERCENT DISCREPANCY = . | 439180928, 0000 6420815.8625 0.BBBE 1426640640 000B 116400640008 BBl
g 1 373.88 1217466240 0080 @. 0088 J6ESPO0G.0088  EI6TSE0. 5008 -
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In: STORAGE In: CONSTANT HEAD In:WELLS  In:RIVER LEAKAGE In:HEAD DEP BOUNDS In: RECHARGE In: TOTAL IN ‘Out:

A8 | C | D E F
1| RATES
Z__.Aﬁo Mes Stress Period Time Step Time
3 | 1975 ENE 1 1| 31 o
4 FEB 2 1 59 45323025 6131785 &
5 MAR 3 1 90 27480155 0 116129
6 ABR 4 1 120 23948015 0 90333 4.
7| MAY 5 1 151 2289157.25 0 138451 ), o
8 JUN 6: 1 181 257832475 0151333 o,
9 JuL 7. 1 212 22772065 0 B22SB ooy
10 | AGO 8 1 243 2240030 0 23548 g5
11 SEPT o 1 273 1990849.25 0 3433 gy
12 ocT 10 1 304 1924748875 0 29677 )5
13 NOV 1 1 334 1742416.375 0 107333 445
14 Dic 12 1 365 1287643.875 0 EY
15 | 1976 ENE 13 1 396 1640764625 0 116451 75
16 | FEB 14 1 425 12726675 0 128620 e
17 MAR 15 1 456 14638245 0 117419 %13
18 | ABR 16 1 486 1677986 0 91383 g
19, MAY 17 1 517 105410875 0 137741 ":gs
200 JUN 18 1 547 126785275 o r 55
21 UL 19 1 578 1121532 0 83235 (75
2 AGO 20 1 609 1070461 0 zsa?ﬂé\g?o
23 | SEPT 21 1 639 12040615 0 5 )_s":fs
24 ocT 2 1  &70 961315.5625 0 1485
25 | NOW 23 1 700 1066756.875 o 1L S
26 | oic 2 1 731 6494381875 o 71290975
27 | 1977 ENE 25 1 762 515636.125 0 118387 435
28 FEB 26 1 790 721922625 0 135357 173
29| MAR 27 1 821 860441625 0 119354 {345
30| ABR 28 1 851 89330675 o ¢ 25
| 31 MAY 3 1 B82 572846.6875 o 1 982
| st | Auxiliar | Recarga | Entradas subterraneas | AP

=
.<
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3029060.75
4235132
2BB0032.5
1930768625
1421440875
967910.625
960247
BE3273.4375
7B5412.6875
795684
34379985
TTT674.6875
139974725
7408485378
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148138425
705709.4375
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B71140.4375
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31282913

1623.8799
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805 1684
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785.7197

2233.7517
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723.0007
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218421
914,762

1110.9595
9649648

26136587

4306.29

2645 5359

22721367

18726501

15739762

0

:E) 000 0000000000000 0000000 0000

19237986
5005159
B174820.5
4705710.5
3667881.25
30518305
2502885
2408936
22353025
2083812
20280863.5
47069715
1936491.75
2513885.25
1785823 375
242610425
251935425
1548521.25
1691981.75
1629535
13874025
1667633875
13265945875
2781526
39370125
2683920.5
1603712
133278075
2354225

IN Qut: STORAGE Out: CONSTANT HEAD OQut: WELLS Out: RIVER LEAKAGE Out: HEAD DEP BOUNDS Out RECHARGE Out TOTALOUT IN-OQUT

5352
-354 5
-B9.5
385
48.75
3025065
-364.75
78073.5
-857
-491.875
3031.625
5415
-53.75
-334
-486.75
-712.5
181575
-671.5
-268.25
-458.5
1477.25
-229.625
-605.125
7085
940

675
-296.25
-548.25

-5

Percent Discrepancy

D E]
-0.01
ol
al
o
9.44
-0.01
319
-0.03
-0.02
0.15
0.01

-0.01
-0.03

0.07
-0.04|
-0.02}
-0.03

011
-0.01
-0.05

0.03

0.02

-0.02
-0.04
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SALIDAS ARROYOS hm*3/afio
W SALIDAS POZOS hm3/afio

W SALIDAS RIOS hm3/afio
B SALIDAS BORDE NORTE hm3/afio

—a———% 3 —34—%

1975

1977 1979 1981 1983 1985

1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007

SALIDAS ARROYOS hm*3/afio
—*— SALIDAS POZOS hm3/afio
SALIDAS MAR hm3/afio

~#— SALIDAS RIOS hm3/aio
—&— SALIDAS BORDE NORTE hm3/afio
—==— SALIDAS ALMACENAMIENTO hm3/afio

SALIDAS DRENES (marisma) hm3/afio
~—+— SALIDAS POZOS hm3/afio
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del impacto de un nuevo pozo

Impacto de las solicitudes de nuevos pozos
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Distinta piezometria para
j distintos escenarios climdaticos
J

GFCM21

IPCM4 ’ .

NCPCM



British Outlook based on modelled groundwater level & climate forecast Overview
Geological Survey

HATURAL ENYIROHMENT BESEARCH DOUNTIL

Period: October 2019 — December 2019 Issued on 03.10.2019 using data to the end of September

duced by running five members of the

Evaluacion del estado segun las predicciones futuras de  pegAsiiighesbe

orehole hydrographs at 42 sites across

Cqmbio Climético are distributed across the principal

Based on the distribution of observed historical groundwater

levels in a given month, seven categories have been derived for

each site: very low, low, below normal, normal, above normal,

Lowest rainfall forecast 1% quartile 3 quartile Highest rainfall forecast high, and very high. The forecast groundwater level is assigned

. . T G e & ] to one of these seven categories depending on where it falls
TR - e C 'f Cpt - i within the distribution of the historically observed values.

Key Percentile range of
historic observed values
for relevant month

Exceptionally high levels  >95
Motably high levels 87-95
Above normal 72-87
Normal 28-72
Below normal 13-28
. Motably low levels 5-13
B exceptionally low levels <5

Chalk,
¥ DesmianGamiem s
Arassr bmeeinne
I Mt i
I Farme Timme wsnuizne
®  Chesraaion barshale

1-month outlook

Lowest rainfall forecast 1% quartile

Wiey 7
oy /= /
-, 7

y

pre—TE
§SHmarn g BemorPark

3-month outlook

The Hydrelogical Outlook UK prevides an outlook for the water situation for the UK over the next three months and beyond. For guidance on how to interpret the outlook, a wider range of information, and a full
description of underpinning methods, please visit the website: www.hydoutuknet

610¢ 1290100
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Entradas/
Salidas
(hm3/ano)

2008 290.4 33.4 124.6

TOTAL | ARROYOS RECARGA FLUJO LATERAL MAR | ALMACENAMIENTO BOMBEOS

2009 440.7 35.0 274.8

2010 9216.0 37.5 728.4

2011 392.8 35.8 192.5

2012 276.1 2?77 —

Enfradas totales (hm?) Salidas totales (hm"]

2013 346.5

2014 310.9
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acto cese bombeos
de extraccion

-

Celdas con salidas laterales a la Marisma
Celdas representado el Ayo. La Rocina
Celdas drenes en la margen izquierda
Celdas drenes en la margen derecha

Celdas con drenes al mar

Salida por drenes al mar Salidas por el arroyo de la Rocina, aproximadas con drenes.

WS hacia Rocina B
WS DRENES MAR B S hacia Rocina II-8|
DS DRENES MAR II-B

JRININVIVIVINI,

h'la
Sanwana~oodINBER SRR

[innen

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
afio

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014]
afo

Salida lateral por drenes a la Marisma Drenes ubicaciones en la margen derecha de la Rocina Drenes cercanos al aroyo de la Rocina, ubicados en la

margen izquierda

WDRENES margen izq sin ROCINA B
WDRENES Margen derecha SIN ROCINA B EDRENES margen izq sin ROCINA II-B
OS lat a Marisma 18 DIDRENES Margen derecha SIN ROCINA 18

canwrao~®

bbb el Db linil

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
afo

2006 2006 2007 2008 2009 2010 2011 2012 2013 2014
afio

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
afio




= CNCK3 —CSNKT -ECHOG GRCMWIZ0 GRCM ]
—GIER —~HADCRII 1ML g ] AR

BAPEHS RCCCSR RCPEA ~=iiedia
La El
s . Guadiamar
Rocina | Partido

Descarga histérica 33.8 11.3 39.4 8.4
Riego histérico 7.8 0.3 18.4 0.1

Abastecimiento
historico

0.2 0 0.4 0

Camblo Max -18.7 -26.7

2080s i -16.9




VARIACION DE RESERVAS

hm3/afo

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997

Acuifero Almacenamiento

Afio simulado

El cambio de almacenamiento resulta:

< () == El acuifero se esta vaciando

AS = STORAGE OUT— STORAGE IN{ = 0= No hay cambio
= () = El acuifero se esta recargando
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Figure G2, Semdladed annus change o Cenfral Valiey groundwater fiorags, T922-2009.
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San Jaaquin lives Basin
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\atural disponible, segun se define en el PH:

le agua con

ONON

Recurso natural disponible hm3/afio

180.00
M Eolico
160.00 B MAS Rocina -
MAS Almonte
140.00 —
B MAS Marismas Dofiana
120.00 m MAS Marismas —
100.00
80.00
60.00
40.00 -
20.00 -
0.00 -

PHG 2008 2009 2010 2011 2012 2013 2014




Reflexiones




Tarea dindmica,
continua

No debe verse
cComo cuando
se resuelve un

problema

puntual.
Es un trabajo

complejo que
debe
mantenerse en
el tiempo si
queremos
preservar
nuestros
acuiferos y
ecosistemas

Monitoreo Modelo
Hidrogeologico
Conceptual

Modelamiento

() Matematico Modelo
: i Hidrogeologico
Investigacion Conceptual
Hidrogeologica

O Investigacion
Hidrogeoldgica

Modelo Investigacion
Hidrogeologico Hidrogeologica
Conceptual

Modelamiento

Monitoreo Matematico

Monitor
Modelo 9, oreo

Monitoreo Hidrogeologico

t
Modelamiento Conceptual

Matematico (J Modelo
Hidrogeologico
Conceptual 7}

Investigacion

Hidrogeologica MnVEsSiackou

Hidrogeologica




ooratorio

iento y monitorizacion)

©@ ® ®©© © ® ® ® ® @




; Cudntos medios
&conomicos/humanos?

. REPSJOL



https://www.repsol.com/es/index.cshtml

Compararnos con las petroleras....
>eS mMuchoe¢

§i&y mucho en juego como para no
IZEinen ello

El pueblo de Lucena del Puerto se vuelea para impedir la clausura
7 de las prospecclones con las que se rlegan mds de 200 hectdreas
Regidn de Murciz = . P N de cultivo. Los agricultores denuncian que hay entre 4.000 v 5.000
puestos de rabajo en Juego

-

El 80% de las aguas del Mar Menor
se quedaron sin oxigeno tras la

EL ROBO DEL
AGUA DE DON A

ﬁn‘n



https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://elpais.com/sociedad/2019/02/08/actualidad/1549640461_307654.html&psig=AOvVaw2eVuUBBJcUvVykV9TGakYc&ust=1573767797399947

Muchas gracias




