anea
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Agua subterr



Sistemas de agua
subterranea

El agua subterranea forma un sistema dinamico
intimamente relacionado con el drenaje
superficial.

Este es un sistema abierto en donde entra agua
por medio de infiltracion y sale del sistema en
general a traves de lagos o manantiales



Sistemas de agua
subterranea

El agua se puede almacenar o transportar
dentro de las rocas. Las caracteristicas
principales de las rocas para permitir este
transporte son:

Porosidad

Permeabilidad



Porosidad

Vesicles ard
fractures in
basait 30-40%
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FIGURE 13.1  Vuorious types of pore spaces ir rocks permil the flow of grouncwarer.
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Permeabilidad

La capacidad de una roca de transmitir un
fluido depende de la viscosidad del fluido y de
la presion hidrostatica, el tamano y la
interconeccion de los espacios vacios.

(" )

baja porosidad

Q d alta permeabilidad
09 ® X (%) 0

alta porosidad alta poffosidac
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La tabla de agua

/N

La tabla de agua es la
superficie superior de la Zzona
de saturacion.

Los Aquiferos son rocas

permeables saturadas, estos
| pueden estar abiertos o

FIGURE 13,2 The water lablc. 15 the

apper surlace of the zoec of saturation, con ﬁ na d OS.

Water sceps into the ground through pore

spaces e rock and sool, T pusses Dirst through

the eone of acsation, i wihach the pare

spaces are occupaad by Dol o aod water,

and 1hen ita the pane of slurghae, i

which all af 1the pore spaces are Dlled with

water, e depals of the wales table vanes

with chimate and gmaunt of precimlation, 6




La tabla de agua




La tabla
de agua

Nivel freatico




Aquiferos no-
confinados

La base de los aquiferos
siempre depende de
permeabilidad de la roca. A
mayor profundidad, la presion
es mayor y los poros de las
rocas se cierran, es decir,
existe una base en donde la
permeabilidad de la roca es casi
cero

100

150

200

FIGURL 13.5  The buese of un
unconfined groundwater reseryoir 15 cal an
abrapt surface ke the water 1anle, Most ol
the praund water rescrvonr 1s i porous
repobith and boedrodk . Iitlerent rock types
have substantally difesent pocasitics and
permeatihines Open pores pradually daose
with depth, sotbe Dase of the rescrvonr
vanes ram place 10 place,



Presion y ley de Darcy

En donde QO es el Q Alhy = ho)

flujo, A es el area
perpendicular

L es la longitud
del camino —

A
h es la pérdida de L;
carga
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Descargas

Las descargas de acuiferos ocurre naturalmente
cuando la tabla de agua alcanza la superficie. Alli
que generan reservorios naturales como lagos,
manantiales o en las margenes de corrientes y
rios.



Descarga




Pozos y descargas
artificiales
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Acuiferos confinados

Pozo artesiano

»
-------

FIGURE 13.99  The necessary geologic conditions foe a flowing well indade (1) 4 permeable bed (aqualer, Bae) coehined Detween
inpesmeable layers, (2) rocks tlted sa the agmter can reecive iefilization froo surlace watess, and [3) adeguate iefilizanon to Gl ihe squiler
and create Bvdrostatic pressure, Consegueetiy, water nseson all af the wells (A, B, C, D) 1o a level called the patentiometne susface Flowng
(or artessan) wells aocurs aely whee 18 top of the well s belaw the potenbiometog surfadar and soquire no gumpang,
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Acuiferos confinados

Costas paaf‘ icas Desierto del sahara

|5



Aguas
termales y

geysers
Aquiferos que se
encuentran
proximos a zonas
magmaticas
hacen que el agua
se caliente y la
presion en los
acuiferos cambie
creando geysers
y aguas termales

2P - .
s -y . ‘_IV- ';.N
X __.*’ : h.-‘.

Neits T THetspringd s =TS U\

N o o el

(A) Groundwater arculating through hot rocks in an area of
recent volcanic activity collects in caverns and fractures As
temperature rises the water boils and steam bubbles rise, grow
in size and number, 2nd may accumulate in restricted parts of
the geyser tube.

(C) The prelimenary discharge of water reduces the pressure on
the water ower down, Cossequently, water from the side
chambers and pore spaces begins 1o flash into steam, forcing the
water in the pevser system 1o crupt,

(B) The cxparding steam lordes water upaard antil it s
discharped at the suefaae vent The decper part of the peyser
svsten Docomes ready Tor the e par cruphion,

(D) Eruption ceases when the pressure [rom the steam is spent
and the geyser wibes are eopty. The system then degins 1o Gl
with groundwater again, and the cruption cycke sars snew,



(A) In the carly stages, water seeps through the fractures and bedding planes in limestone. The groundwater seeps downward to the water

R ——— Dependiendo del tipo
- % " derocala presencia

de agua puede

e i erosionar

e e e SiNIfICAtivamente la

the existing jaints and caves. Movement of water toward the surface stream develops 2 main system of horizoatal caverns

H:() + (:()3 -_— H:('()\

{water) {carbon dioxade pas)  (carbanse acid)

H,CO, + 2CaC0: 2Ca” = 2HCO:

(C) As the niver erodes a deeper valley, the water 1n the main underground chanec] seeks & new path to the lower river level,

A sew lower system of borizontsl caverns develops. The older, higher caverns may continue 10 enlarpe and ultimstely collapse 1o form s - y
' . ‘ » ycrlepes {acad) {calaite) (calcium Micarbonate)

sinkholes, of they may fill with fallen rubble or cave depasits,

FIGURE 13.14 The evolution of a cave system is shown schematically in these Ciugrams (Modified from Urderground Wockls,
Planet Earth Series, Time Life Books, 1982)
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Topografia de
Karst

®|as cuevas se hacen cada
vez mas grandes

°|3 creacion de fosas de
hundimiento y desarrollo
de valles

°|los valles se hacen mas
grandes hasta que la roca
caliza es completamente
destruida.
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A sinkhole created by tropical storm Agatha covers a street intersection in
downtown of Guatemala City on Sunday, May 30,2010.Torrential rains brought
by the first tropical storm of the 2010 season pounded Central America and
southern Mexico, triggering deadly landslides.(AP Photo/STR)
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Cuevas
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Deposicion

Hay minerales que son disueltos por el agua y
se pueden depositar de formas diversas. Una de
ella son las estalactitas y las estalagmitas.
asi mismo se pueden depositar en areniscas y
conglomerados, en este caso esta deposicicion
se encuentra como el material de
cementacion entre los granos.

21



Desposicion

Ll
d =l ~

PIGURL 13,21  Many vurieties of cuve deposits are shown in this dlealizec diagram. Most are compasec of calcite deposited by
water that seeps into the open cave and then kises carbon diexiledds the water evaporates



(A) Stalactites and stalagmites formed from calaum carboenate in Lechugualla
ave.

(B) Gypsum stalactites form coarsely crystallime, clawlike
branches. These “chandehers™ are up to 6 m long and are thought
FIGURE 135.22 l)tpl»l.b& in luhugmlln Cuve, New Moxica :‘f'.'x:'--:--.zgm,'.'.‘ls to be the warld's Inrg.cst_
&y Nomwan R Thompson)
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Alteracion

Los efectos humanos en los sistermas de aguas
subterraneas son en general debidos a cambios
quimicos en la composicion del agua (debido a
polucion), invasiones de agua salada, cambios
en la posicion de nivel freatico y subsidencia

24



(A) A permeable layer of sand and gravel overlying an impermeable (B) An impermcanle shale (e clayv) corhres pellutarts and prevents
shale creates a potential pollution problem becawse contaminants are signaficant nhitration ot e groundwater systen i 1he imestene
free to move with groundwater. below

(C) A fractured rock body provides 2 zoee where pollutants can move (D) An inclined, permeable aguifer below a disposal site permits
readily in the general direction of groundwater flow pollutants to enter a confined aguifer and move down the dip of the
beds, so that they contaminate the system.
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(A) A kens of fresh groundwater beneath the land is beoyed up by denser
saltwater below.

26

(B) Excessive pumping causes 2 cone of depression in the water table
omn top of the freshwater lens and a cone of saltwater encroachment 2t
the base of the freshwater lens

(C) Fresh water pumped down an adpcent well can raise the water
table around the well and Jower the interface between the fresh water
and the saltwater.

FIGURE 13.27  The relationship between fresh water and
saltwater e ansland ar g pemesala s alfeated by the withdrawal of
water [ram well Bacessive pumpnng causes & cone of saltwater
cecraschment, whch Tirtats the asefulness of the well,
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Stone forest, China
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