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y \JV'}“; ipreceded all forms of: life on Earth & IS

:‘JJ—” edito be the very origin of aII organic like

IJH S

2 \J\ d ér IS anatural resource, very much essential

—

-.i.

f r Fthe human & organisms.

=—» Agrlculture is the greatest user of water

accounting for 80% of all consumptions.

s An adequate supply of water is one of the pre-

requisites for development and industrial growth.




sSaater (H20)us theonlywvisible substance
toroccur naturally in solid, liquid and gas
JE:: les

i re water is pH neutral (7.0).

_.:-_- Qf—Water IS'a universal solvent, dissolving
- more substances (including
contaminants!) than any other liquid.

e A gallon of water weighs 8.34 Ibs @ 40 C
Ice weighs about 91.7% of water.




ORIYESE/orof water Is fresh (< 500 pp T'DAS_,_)' '
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SEND50/61s ground water, 75% is in ice!

e
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R _-'_l' than 19% iIs in streams and lakes.

—
r—=_"

= :';?:’”' iWater iIs water. It’s the stuff in the water that

m—

makes a difference to quality.
e Almost any water can be made drinkable.

e Desalination is increasing in use.




Oceans
(1.40 x 107 km3; 95.96%)
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Glaciers and polar ice Underground waters
{(4.34 % 107 km3; 297%)  (1.54 x 107 km?; 1.05%)

Lakes and rivers Atmosphere
(1.27 x 10% km?3; 0.009%) (1.5 x 10* kend; 0.001%)
Biosphere
(2 % 10? km3; | x 10-4%)
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Freshwater resources

Ilce and Useable Underground
permanent freshwater resources,

SNow cover soil moisture
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Sand & Gravel

Water Jable »
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J f HE tbranch of' Geology eéﬁiﬁg with
rface & subsurface water

F round water].

=8 11e science of hydrogeology is
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~defined as hydrology with emphasis
on geology.
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Reacharge to
water table | Water table
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Capillary fringa

Saturaled rone
below the water table

(Ground water)

Ground water



Water Sources

> Surface Water
o Streams
o Lakes
o Runoff
> Ground Water
o Wells
e Springs
« Ganats
> Rain Harvesting




SaGhound water: Allithepwater containediin the
VOIGRSPACES Within, rocks

SRVErriam-\Webster dictionary: Water within
trje earth especially water that supplies wells
;,“ @rsprings.

"
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PA’s drinking water glossary: The water
__=‘-1-i‘—* ’that systems pump and treat from aquifers
~ (matural reservoirs below the earth's surface).
e More inclusively, it includes soil moisture,
permafrost, water in tight formations, saline
waters, etc..
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=) Origin of Ground Water

- When precipitation falls on the land
surface, what happens to it?

- Evaporates and/or is transpired back to
atmosphere

- runs over land surface

- infiltrates the land surface
and

- percolates downward
and

- becomes ground water




SESOIIE Of precipitation ie, ra|n water 50aks
lberthe land surface by the process of
IgIfl [tration and' percolates down to the

Water table to become ground water.
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M\ater becomes ground water- by
1nf|Itrat|ng through soill

e Infiltrating through faults or fractures

flowing directly into karst sinkholes
Or caverns




PRECIPITATION.

un=aturated
so1l water zone

INFILTRATION

capillary fringe

eroundwater saturated zone
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Surfacewater & Groundwater
They Are Related and Connected !

_———TLocat Water Divide
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= Groundwater in Hydrologic Cycle
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Hydrologic Cycle

Thousands of km?3/yr
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PRECIPLJATION

107 Precpitation
-'36  Runofl
71 Evaporation T e |
107  Precpitation ©+ 434 WA ., Founof
- 7l Baporation  -!398  Precipration + 378 Precpitation
36 Runoff = Excess to land 434  Evaporation
17
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Water storage in Water storage in the atmosphere % Condensation

ice an&s:?
Sublimation =i

Water storage
in oceans
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U5 Department of the Interior = Ground-water storage R Hﬁﬁ ohn M. EvaNs
U.5. Geological Survey hitpfoa waber. i roycle |
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SH\ EuliEre OESMIOE ProVIdENgeURd Wateratthne
PIEICE 'of our choice. It occurs in the subsurface

i) r’* Iainiiavorable geological formations &
S ctures

== quer adgui-means water; fer means to bear-
— ?thus an aquifer bears water from voids- a

saturated permeable geologic unit that can
transmit significant quantities of water under
ordinary hydraulic gradient- eg- sand stone,
sand & gravel.




SAYUIciude:: a'saturated geologic unit that is
WEapable of transmitting significant quantities of
Weterrunder ordinary hydraulic gradient- eg-

NClc 2 Ienses & shale.

"Aquitard : less permeable beds in a
:-_"- ?stratlgraphlc seguence- eg — clay lenses

--.
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interbedded with sand.

e Aquifuge : has too low porosity and neither
absorbs nor transmits water- eg- dense basalt,
granite.




Unconfined —
aquiter

Semi-confined Y

aquifer zome
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AQUIFER

CONFINED AQUIFER
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eonNinediaguifersreompletely
saulifated aquifer whose upper and
J(v /el boundaries are impervious

= layers. The pressure of water is
~usually higher than that of
atmosphere and the water in the well
stands above the top of aquifer.
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wall to
this leval

in

Water rises

Wiater flows
from this well

Confined or

|
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Ted aamrey z "p‘é]“’meable

ation only partly filled with water

= d everlying a relatively impervious
| ayer its upper boundary is formed
by a free water table under
atmospheric pressure.







Confined and Unconfined Aquifer

= Unconfined Aquifer: open to
atmosphere e.g., overlain by
permeable rocks and soils

= Confined aquifer: sandwiched
between aquitards

e Artesian System: Water rises above the
level in aquifer because of hydrostatic
pressure

= Potentiometric surface: Height to
which water pressure would raise the
water.
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Zones of Aeration and Saturation

Well

Water
lew el




P

Pores Full of Combination of Air and Water

Unsaturated Zone / Zone of Aeration / Vadose
(Soil Water)

.
e

Saturated Tone (ground water)

Y

Zone of Saturation (Ground water)

Pores Full Completely with Water



Zones of Subsurface
Water

Zone of Aeration - Zone of Saturation
— - pores filled with - pores filled only
= both air and with water
— water - Woater drained
= through soil
under influence
Water held o CrEiEY,

against gravity by
surface tension

- Ground Water

- Soil water




EIZone petween the ground surface and top of the
erl“ table S referred to as vadose zone.

_J il one partly filled up or unfilled with water above the

JI‘
= éter table is called as zone of aeration.

T
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® The zone of aeration consists of three zones namely soil
Water zone, the intermediate zone & the capillary zone.

¢ Jn the soil water zone, water is trapped in top soil and is
used for the growth of trees.
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SEr 0|I Or rock zone below the level of water

tzl *‘é Where all the voids are saturated with

== ter tinder pressure greater than that of the

== "a tmoesphere.

= This zone is separated from the overlying zone

of aeration by water table.
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Groundwater
Zone of Saturation

~ Zone.of Aerafion—
- s - : - - ﬁ_» &
T /
e Zone of Soturafion
Saturated zone - i . =
below the water table ey

{Ground water) 1 Impermeable Rock

River or Lake




S At EtablesN S e d as e PP Sirfaceroffgroundiwater.

phiréatic surface dividing the zone of saturation and zone of

CIS
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= '“'i_'s--the Upper boundary of the zone of saturation where water

=
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e Depending upon recharge & discharge the water will fluctuate.

e ]t follows the topography.
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WiWater bearing formation primarily
'r)é"“"' two important functions- a
___;-* Orade function & a conduit function.

e

'T

e Por05|ty and specific yield are the two
~ main storage properties of any water
bearing formation.




J JJJ OSITY A rock Is said to be porous if
Jr osses cavities between the mineral

grams volume of pore space relative to

the total volume. porosity n = vo / v-

o
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=
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expressed in percentage




eI/ Porosity IS the voidispaces between the

Jra]ﬁ:’ Offtiie rock materials (e.g., sand).
PRSEC ndary poresity Is due to fracturing, jointing,

— e a‘therlng, or dissolution of the rock materials.

~—170r05|ty IS measured as a percent of volume.
~ & ]t can be very low (almost zero), or very high (up to

70%).
e Clays have higher porosities than sands!



e Porosity

clay 45-55 7%

sand 30-40
sandstone 10-20

shale 1-2

limestone 1-10 (or larger)

- Permeability: varies over several orders of
magnitude. Expressed as a rate, e.qg.
ft/day




J fwr) JPERtY O atWaterbearing formationwhich

15 ra ated 1o Its conduit function is called its

Lr‘ d raullc conductivity or Permeability.

e
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—

= rPermeabllltv Represents the velocity of flow or

the hydraulic conductivity- measured in darcies or

expressed In meters per day.




SMPEfimeability is a measure of how well the

2le ﬁer material can transmit water.

= _45 not directly related to porosity.
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Permeablllty depends more on the

e
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Interconnection of the void spaces than the size
of them (but bigger is generally better!).
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Speci iclyield- The quantity of water that a unit volume of the

rnziterizll will ejive te winies) clizlinieel vl relvia is ezllleel e Seee]fle
YIEIGRENGENS expressed as ratio.

SRShECI l_c rietention- The guantity that a unit velume retains when
3|JLE° te gravity drainage is called its specific retention.

_J rbr IFSPECItic yield & specific retention are expressed in percentage

nd the sum of the two is equal to total porosity.

_: s::Storage coefficient- The storage coefficient [Todd 1959] of an
— ~  aquiferis the volume of water discharged from a unit prism ie, a
vertical column of water standing on a unit area- expressed as ratio.

® Transmissivity- The rate at which water is transmitted through a
unit width of an aquifer under a unit hydraulic gradient. It is often
expressed as the product of the hydraulic conductivity & the full
saturated thickness of the aquifer & has unit of the form of m2/day.

45




OUNE Water mevement Is based on the principles
‘Cy'S law.

T
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g _l= 56 iHenry Darcy studied the movement of water

'c OUigh porous material and he determined an equation

fl
J'.."

= _.u

wiat described ground water flow.

==k round water flow is from high hydraulic head [high
_'—'_'-‘-“" Water level] to low hydraulic head.
_ o Parcy Is a measure of hydraulic conductivity.

® [Parcy’s law provides an accurate description of the flow
of ground water in almost all hydrogeologic
environments.
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S arEy/siawistatesithat thewelocity of flow

Qlinia porous media is proportional to-

e —' area of cross section filter

.-.-l
e

-5 =111 h2 = difference in water level.

=
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~ ¢ 1/L = hydraulic gradient.
e Q=KA[hl-h2]/L
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coMMON WATER WELL TERMs

RADIUS OF STATIC WATER LEVEL

INFLUENCE \

CONE OF
DEPRESSION

PUMPING
AQUIFER WATER LEVE
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SRENsia detailedvintroductionrabout ground
Waterand hydrogeology which will guide one to
Jiiderstand the basics of ground water &

g uifers.

E=SrREmote Sensing [RS] & Geographic Information
= ““rSystem [GIS] are the advanced technologies

= Used in water resources. With these

advancements & adapting proper scientific

technigues the potential aquifers can be

successfully explored & exploited.




Water is a precious resource-
let us conserve it.




