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WELINEIonE off the Mankind’s most vital resources.

Ar) ié_.quate sUpply: of water Is one of the pre-requisites
OIRUEVEIDPMENt and industrial growth.

liifareas Where surface water is not available,

S Eioundwater constitutes significant part of actlve fresh
- ue-a.aNater fesources of the world and is obviously
= dependable source for all the needs.

_ ® TJhe stress on water resources started due to exploding
[rrigation, domestic and industrial demands.

® The finite water resources are being explored to quench
the thirst of millions of the populace.

._—




nia JEveloping country like India, the minimum daily
recit rement Of al person Is 200 litres for domestic use,
wr jexaniequal or large amount will be needed! for other

Il D05cs,

o
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,-—.* o IE 5 estimated that out of the total of 1122 billion cubic
~ meters of water utilized in India annually, 430 billion
cubic meters is met from surface sources and the rest
IS met from ground water resources.

[Source, Hand Book for TWAD Hydrogeologists, 2002].




d water is a mlneral that occurs in the
rface within sediments, rocks, desertic
ICE &L Snow.

ts ieplenished from meteoric precipitation.
und water s most W|dely distributed

= Among the natural water resources, ground
water forms an invisible component of the
system.
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giheugh the ground water resources are widely distributed, Nature
doesnpt provide ground water at.the places of our choice.
ihie'eccurrence and distribution of ground water resources are

i = " =
suﬂf]f'" to certain geological formations and structures.

Tl IJd g ound water at all locations may not be directly used if the
qu a |ty of water is poor.

,:'E_E—"

jlthese problems can be solved using proper exploration
— *"technlques

- _0 Explore is derived from Latin word exp/orare meaning- to learn or
investigate.

e The proper exploration of ground water resources involves apart
from source location, the well design and construction. These are
all an integral part of the scheme of exploitation & management.




SIS Cevelopment of water resources seems to
gevesstarted first in India & Egypt.
MOPEIWElS for irrigation & drinking water were

= _;@mmon use in India as early as in the
= \Vahabharata period about 6,000 years ago.

=

-:--‘_ . Epr0|tat|on of ground water on modern lines
Can be said to have started at the turn of the
century. The first tube well was sunk in 1935 in
Uttar Pradesh.
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BEIElAthesanoundhatemexplorationsproject
PEBsRUOUaH the phase of regional surveys,
Jea'é' to) detailed surveys and ultimately
rm’i liRg in the exploitation of ground water by

eans off bore holes, wells.

' -_-';he main: objective of these surveys is to study
_z_md tinderstand the hydrological cycle of the
région, to have an overall concept about the
type, nature & number of aquifers, the quality of
ground water.




GROUND WATER EXPLORATION




AERIS

SURFACE

SUB-SURFACE.
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Methods.

1.Geological
Methods.

1. Geological.

1. Water divining.

-
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methods.

S
Hvdrogeological. |

2. Astrological.

3.Hydrogeological
Methods.

3. Tracer
techniques.

3. Biophysical.

4.Geophysical
Methods.

4. Geophysical
Logging techniques.

a). Electrical & EM.
b). Seismic.

c). Magnetic.

d). Gravity.

5.Geobotanical
Methods.

6.Geochemical
Methods.




giE'most convenient methods for reconnaissance surveys

e

. et
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Biflarge areas aimed at identification of watershed

—
| "3

== characteristics of basins and locating prospective areas are

the methods of aerial exploration.
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2r1sinic) refars to ogtainiric) reliziole InformgEtion slooLt Belgig)s
Surface Wlthout physical contact, through the use of Electro magnetic
rJrlmr n IEMRIFas source energy and the sensors to record the images.

o Sligl flg 2 r|aI PIBLOS  are those taken from an aircraft mounted with the
| eras Whilch shoot directly the terrain within the visible spectrum or

_-'-' e =

i :.-':;":.-ﬂ_ﬁ the near infrared region. The photos are taken in panchromatic

,.-r:.-ﬁl-

— [black & white], color & infrared.

- » The RS data are found extremely useful in identifying the various
geologic, geomorphic units, structures like faults, lineaments, joints,

fractures, folds and drainage which are important since they control the
movement and occurrence of ground water.







SNEIEENWatER INVestigation; i ani area requires
semature of lithological units, their structural
dIBPEsItioNs, geomorphic set up, surface water
Eonaitions & climate of the area which can be

= ctldied through satellite images & aerial

:‘-'%*ﬁhotographs that provide detailed information

= about a large part of the surface of the earth in
~— a very short time.

® Remote sensing data do not directly detect
deeper subsurface resources, but RS technigues
have been effectively used in ground water
exploration. =




Aerial Photo Survey

_ Aerial photo survey is the study of the Earth surface
by means of remotely sensed photographs

— (eg. aerial photographs).

—

The aerial photographs are studied as analogue images
—based on the continuous variation in gray tone- or as
digitallimages, converted from analogue images.




The advantages:
Saving time,
Observation of larger areas,
More detailed ground surface information than topographic
maps,
Non-expensive than the studies carried out in the field,
Study can be done anytime and at anywhere in 3D,

Much more easy to carry out a study on the aerial
photographs than studies in the field.

The disadvantage:

+ TlTopographic contours and geographic names are absent on aerial
photos.




Photogeology

+ Photogeology is the interpretation of the geological and

geomnrpholnglcal features by means of remotely sensed
ata.

+ A geological image interpretation is defined as
the study of imaged objects,
extraction of geological features and
study and analysis of the selected objects with the

objective to come to the deduction of their geological
meaning.

+ The geological interpretation is based on the principal that

the geological terrain conditions are more or less reflected
in the morphology which is the geomorphology.







“Shieradvantage of airborne system is the rapid data acquisition

BYEY; J; rge areas & thus the technique is ideally suited to regional

Bt iesy
= Al '_w ri‘-ne electromagnetic survey [AEM] provides rapid assessment
E0f‘the bulk resistivity of the subsurface of the large area.

;’*;E::‘-_A’I_E_M survey is conducted from the aircraft @ height range of 60 to

i
- e

i

= 120 meters.
_— G’enerally in airborne electromagnetic survey [AEM] the primary
maghnetic field is generated through transmitter coil and the
secondary magnetic field is picked up by the receiver coil.







AIRBORNE EM - SYSTEM GEOMETRY
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SMIENNOSt common and time tested
WELhedS are the surface variants of
i fierent technigues from geology,

= e omorphology, hydrogeology, geophysics

~ % These methods are applied where the
purpose is the detailed study of the
distribution of potential water bearing
zones in lateral and vertical directions.




2.1,.(

2 he C eUREWater occurrence and movement
EIIVAGEPENT on| the geology: of the area.
Giae mglcal studies are very much essential.

r Ertype off terrain, rock formations, lithological
o _|ts geological structures like Imeament fold,

e -

= ault, joints and fracture system have to be
= s_tudled In depth.

® Only after the geological investigations, the type
of geophysical method to be conducted may be
decided.




gelthiorough study or the satellite |magery
J eomorphology map, a field check is highly

ssary to know the geomorphological
tures o assess the ground water potential.

::!:ﬁ'he geomorphic units like pediments, flood
= plains, drainage pattern, soil types, lineaments
~— Which primarily control the occurrence,
movement and potential of ground water have
to be investigated in detail.
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SNHEIOITd\Water potential of an area mainly dependsuppfi‘ttie w_—
lydregeological set up, for which a detailed & systematic hydrogeological

survey Is a prerequisite.

WEllNn JETILOTY study is very important in any ground water eproFation

progia m me.
=3 J)Qgr Iy in hard rock terrain ground water confines to the weathered

iiantle, JOII‘ItS and fractures. The weathering thickness, joint & fracture
~ S /ﬂ m of the area ought to be studied in depth.

_.'. T\ ater level' measurements, water level fluctuation studies are the
;_f:;"ﬂhportant factors in the assessment of ground water potential.

Only by a systematic hydrogeological study, the ground water abstracting
structures like open well, bore well, tube well have to be finalized.

The recharge and discharge areas ought to be identified.

The fluvial hydrological studies like the river & stream flows, whether it is
perennial etc details are important in quantifying the potential.




EMM‘ g the Earth
With Geopnysics!




i
s




-The study of the'e arth usmg qguantitative
physicalmethodsaugrmote ight lntqthe ..
earth/i/ / 7 S

: . surfacé as
geophysms K | |
oln @ broadeﬂéﬂs geoph /& wdes the
tools for'studyingthe’struettirg | ,
co@hosmon}f the earth'’s interior '




. GeOphyéi'caI fnethodS comprise of
measurement of _signals from hatural or

are electrlcal con
léusceptibllﬁ‘ens
radloa'ctlwty\




ailliground water investigation
fequires the service of Geophysical
1) athod as it aids in determining the
— S| bsurface structure.

——
--'M
- fﬂ;—:'.':. .'

e
m—

= 'Exploring the ground water by
geophysical method is termed
Ground water geophysics.




&j SIECLrcal me od.
Iectro maghnetic method.

] 'Selsmlc method.

o D]. Magnetic method.

e E]. Gravity method.
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=—excitation as well as upon the electrical properties & geological structures

EGthical methods,of prespecting ing 2alakge geophysical

-t‘achm;' es employed for investigating the electrical fields of the earth.

—-
=

SUGh fi 1_ds are generated in the earth naturally or artificially by generators

Dliifthatteries.

=1 _'"'d_istribution & intensity of electrical fields depend on the source of

—_ i .

3 i|.1.the region.

-« The different electrical properties that influence electrical fields are

primarily the resistivity p, the dielectric permeability g & magnetic

permeability «.

Electrical parameters vary depending upon the lithology & more influenced

by the presence, content & quality of water. 33




SERESIStVity is the resistance in ohm meter of a unit cube of

naterials

T

- 'gs-ntial difference in volts & i is the current in amperes.

=e: Resistivity: measures apparent resistance of ground to

~direct current (dc) flow.

‘e Resistance is the inverse of conductance.




DC resistivity basics

Resistivity vs. Resistance

Resistance = R

Length =L

R A

Resistivity p = L

1Mol
:

|-(
‘Ei_“:mp

1 m cube
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SElipotential’is naturally occurring electric potential'in the ground

——
-

ue t 0 ¢ everal origin.

jJr r tentlal is of 3 kinds-

S/
_J 5|on potential.

embrane potential.
= & “Electro-kinetic potential.
“SP._measurements- 2 non-polarizable electrodes & a high

impedance milli-volt meter are sufficient to make sp
measurements.

Two field methods- gradient & total field methods.
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ELECT

—

cttomagnetic methods based on the measurement of
phductivity of subsurface minerals & formations — useful for
axploring minerals & ground wate
The fl oW of electrical current in conductor is always accompanied
ByAhe presence of magnetic fields.
=T ___fe'raction of electrical & magnetic fields is governed by
Maxwell’s equation & well known laws of ampere & faraday.

= “Ge ophysmal methods make use of the interaction of electrical &
= --**'-ﬂfmagnetlc fields with each other & their mutual interaction with

— = “matter to determine the properties of electrical conductivity or
~ . magnetic permeability of the earth.

Telluric method makes use of the electric field due to naturally
flowing earth currents by activities in the ionosphere.

Magnetic — telluric [MT] method makes use of the electromagnetic
fields due to telluric earth currents & measures time variations for
the deep subsurface structures.
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SIS EIsSIGprospecting developed from seismology, the science of

basics in utilizing the propagational time of elastic waves

XCi @ the surface.

P

"'e_-energy generated @ the source travels as waves & these

—

-
— - =

- elastic waves have different transmission times.

Most widely used artificial sources of generating elastic waves are
explosions — non explosive sources such as mechanical vibrations

are also used.




SEISMIC SURVEY
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\JJ'JQJJ:—L,H;JH nased,.on,the measurement of

S0 dtlbllty contrast between the anomalous
Jr}\' & the rock around it.

omagnetlc minerals particularly magnetite

g the main source of local magnetic anomalies.

" -—Tnstruments measuring magnetic susceptibility
~ - are called magnetometers- different types —
Schmidst & torsion magnetometers, the flux gate

magnetometer, the proton precision & rubidium
vapour magnetometers.

-,
—




Fogibive
Magnelic Anomaly

Anomelous netic
High field

ry atic Fald ™
Induced by Earth's Fisld

Fiz. 3 Induced magnetization m geclogical bedy produces local magnetic
ancoaly.




pMeasurements of the gravitational field at a series of different

Juczj-;cj'__g_ IS 0Ver an area of interest. the objective in exploration
WOrK 's_" to associate variations with differences in the distribution

of -E i*l-sities and hence rock types.

;u- ased on the measurement of density contrast between the

.---—-:h.'::'!"‘-l- =

= T——rqanomaly causing body & the surrounding rocks.

“This method may be used for the exploration of minerals, ground
water, oil & gas.

In mineral exploration this method is useful particularly for heavy
minerals- barite & chromite.
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SNINENSTSUTACEe MEthodS are: Useful o_nly
WigE 882 borehole is available or can be
clr] ed jier the purpose of verifying the

: :.;-Ji"ﬁ SUlts of surface investigations.

---M
B e —

= s Quantitative data on aquifers is obtained
0 determine the suitability of aquifers for
exploitation.




> Undg subsurface geblogical methods, the bore
'rJJf‘ & rock samples collection is highly
SBaentiall to study the lithological units, to

| --rf'- Jare iholeg, to identify granular zones to
— _cate the aguifers.

-ﬁl-
- .-—"' .--'"

i

= Litholog of a pilot bore hole is highly useful to
~— correlate with geophysical logs to ascertain the
guality, well design & construction.
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CONFINED
AQUIFER

O BLACK CLAY
O GREY COLRED FS-
O YELLOWISH BALCK CLAY
= S
B BLACK CLAY
B GREY COLRED FS- SST
H BLACK CLAYEY SAND
B BLACK CLAY + SST
O BLACK ANE SILTY CLAY
O BLACK CLAYEY SST
B BLACK CLAY
B SST
O BLACK CLAY
B SST
O BLACK CLAY+ SST
B SST
O CLAYEY SST
O YELLOWISH WHITE SST
B BLACK CLAY
O TS +YELLOWISH BROWN COLORED CLAY
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JeEMyaesEplogicalimethods;
ater level studies, the aquifer system
ill c .s & pumping tests are important.

Tping test is a controlled field

3 perlment to find out the hydraulic

= :%—-— -

characterlstlcs of an aquifer or the yield
= characteristics of a well.




SUBSURFACE OR
BORE HOLE GEOPHYSICS,

SURFACE GEOPHYSICS.
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Geophys'ic-al logging-of borehélés-came a long way-since 1927, when

o —

Schlumberger brothers ran-the f|rs eTecTrlc log-

yell was carned o\t{or the

___“‘
ISEENFe WO types 9_Upggmg techniques-"il& uﬂimg the
( SO

timulated controlled,
L 3

o0y ~ measureme o? dertam

physical Pa‘rameters Cross d|fferent subsurface for &rﬁwuth the

help of Se%ﬁ: o8 side the bort ew%contmuous
recorghof these P ramet'e.r:s:-versus depthr

. % Thése paramgters are Interpreted in terms 0l0gy, porosity, g

I "moisture CBntent & quatity of fermation fidids.

Different phyS|caI propertles like electrical conductivity, magnetic
; : - .




-—
itista subsurface geophysical'method of exploration, to get a clear picture

about the under ground

e prjj' ary purpose of well logging is the identification of formations

trava’_f-iz by a bore hole & salinity of fluids.
Usgdﬁc stratigraphic correlation, detection of bed boundaries, porous &

= permeable zones.

= %= Used for the water well design & construction.

s,

= & Used for sea water intrusion studies of coastal aquifers.

¢ In hard rock bore wells the fracture systems can be studied for

rejuvenation.

Normally logging is carried out in pilot bore holes recommended, after

thorough geological & surface geophysical surveys.
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Logging Configuration

RECORDER Logging Components

bt * mud column
+ sonde (tool)
» cable (wireline)

EE * winch

* recorder

CABLE

Tool records as it

is raised from the
bottom of the hole.

SONDE

Fall 2007 GEOE 218.3 Notes Version 1.3 5




J EJ—w" logging — electrical resistivity_ & sp.

J L:Jr oactlve logging — gamma ray &
JF‘F ron logs.

nduction logging.
= "%3 6n|c logging.

—

~ o Fluid logging — temperature, fluid
resistivity, flow meter & tracer logging.

e Caliper logging.




pr—
2.4.1

ghie continuoeus recording| of electrical resistance / resistivity & sp of the formations

——

by a dril bore hole is electric logging.

o Po]qtj—“ istance & resistivity logs-the response of formations in form of resistance

pifered to the electric conduction is measured in 2 modes- resistance & resistivity.

-
—

Sp logs are highly useful in deciphering saline water & clay predominant zones.
e Resistivity logs- normal resitivity logs are 4 electrode system- used for ground water

& mineral explorations.
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e -'nciple is that the atoms of a few naturally occurring

CIEMENSSSpontanent sly disintegrate accompanied by

rzlel] J" ons of alpha, beta & gamma rays.
Hrmﬂ pal uses —

J St liited to for lithology identification & stratigraphic
atlons

2 ‘be used in both in open holes & cased wells.
= Eé,':‘ﬁepths & thickness of clay & non clay beds can be obtained.

— - Gamma ray data are valuable as a supplement to the

electric log, in particular to help identify thin clay layers &
porous zones in dense rocks.

Neutron logs are useful in determining the porosity of
formations.

Radioactive mineral resources in the subsurface can be
identified.



RADIOACTIVE LOGGING.

@A RA@ NEUTRON LOG.




5. Natural Gamma Logging

Radicactivity in APl units
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2.6. C

Waberguality issasiimportant as quantity in hydregeological studies:.
Trie sclerice deglinic] Withl tre criessicall )ity af Weltae j5iczlllee
rlydrogdacndlising

SIEllENVaLE COMES INte contact with various minerals whichi are
Sl IENIINVALER Tine dissolved minerals determine the usefulness of
IERNVBLE IO VarioUS pUrposes.

2 T nago iesence off some minerals beyond certain limits may make it
EBLItabIEfior irrigation, drinking or industrial purposes.

EEE quality of water depends upon the total quantity of dissolved
-—_ E;r;';’.‘..‘%ﬁhds depicted by parts per million.

— e In any ground water development, it is essential to conduct
= chemical analysis of representative samples of water.

- e, Chemical analysis of water samples is done based on the purpose of

usade. For drinking purpose physio chemical analysis of water
sample Is conducted to know the potability.

® For each purpose there are water quality standards to be followed.

—




2. 6-¢

0 T'r XSIMPIEst Classification off Water 1S’
ru' en the TDS. The four main types of
}/_vc.- _er drefresh, brackish, saline & brine.

" Jihe water quality should satisfy the

—_—

im—

= requirements or standards set for the
specific use, namely domestic, livestock,

agricultural and industrial purposes.




Y o Ei‘v..

— - ‘
Eaaliesome critical parameterns, like total dissolved! solids [TDS],

alkalinity, fluorde, nitrate and ironi to decide: the chemlcal
ey e aRRKINE We el

Jég ,adat|on

B .ol1ut|on e ground water may be defined as the artificially induced
f*"degradatlon Pollution contaminates the water making it unfit for

= “Usage creating hazards to public health.

b e major contaminant sources are septic tank systems, sanitary
land fills, chemical land fills & waste water disposal ponds.

e The mainicause of pollution in coastal aquifers is the sea water
intrusion which occurs when permeable formations outcrop into a ’
body of sea water and when there is a landward hydraulic gradient




SGERSUfaceynethod ofi giound Water
SXloNAtion, geobotanical metnod Is the
VEIyRoldest since the ancient Rig,

r\r iervana Vedhas and Varahamihira, a

Yersatile astronomer, hydrologist in 6th
=— £entury In_his magnum opus "BRAHAT

~ SAMHITA” described termite mounds
associated with palm and neem trees as
good hydrologic indicators. -




EVENNIOMm €arly ages; ground water prospecting

Wel3 ¢ arrled 0)U[E6)Y

water diviners, dowsers by

o} EWINgG certain traditions and beliefs.

oY ater @ivining anc
sBPractice, using Y s

dowsing methods are still in
naped twigs, copper rods, key

'chaln & wrist watc

N.

e These attempts were not always successful as
they were not based upon sound scientific

reasoning.




INGISNEI CompUtarsyste

zszJ,\fr_? ng; and displaying geographically referenced information;

thzjji' identified according to location.

=GI¢ 1s a computer based information system used to digitally

_-'-' e =

E :'3"* “represent & analyze the geographic features present on the

_—_

earth’s surface.

e  Geographic information system (GIS) technology can be used for
scientific investigations, resource management, and development

planning.




WAt e GIS relies on'a computer for storage & processing'of data.

gASGitware: The core of GIS system lies the GIS software itself providing

-t;'ii_ ﬁctionality to store, manage, link, query & analyze geographic

Siota.

. attribute or spatial data.

Methods: GIS systems are designed & developed to aid the data

management & decision support processes.

People: The system users- those who will use the GIS to solve spatial

problems.




. b —— -Ija’ra___ y

6
..H- | T
“H.-a_rd_w_arﬁ:x .Eq"flf;‘-l fﬁl@l




— . I
—

Capturing data: GIS must provide methods for inputting geographic &
tabular.data. The more input methods available, the more versatile the

- —~l
- _I.J:)J k-

‘fha__f’-c are two basic models for geographic data storage- Vector &

Raste i A GIS should be able to store geographic data in both models.

1- i'ying data: GIS must provide utilities for finding specific features

P

&= based on location or attribute value.
_—-—. f’_j,‘__-:_—'l_:: =

= 45 = Analyzing data: GIS must be able to answer questions regarding the

- interaction of spatial relationship between multiple data sets.

Displaying data: GIS must have tools for visualizing geographic features

using a variety of symbology.

Output: GIS must be able to display results in a variety of formats such

as maps, reports & graphs.







SRS Ecmeters such as geology landform, soil, slope, lineament,
=

WEathEredlzone which: controls the ground water occurrence and
HBYEmEntican be integrated through geographical information
BEVSthen for locating ground water potential zones.

= e —F
" 1'

- -a_}GIS las beenifound to be one of the most powerful techniques in

.__ﬂ

e

——— assessmg the suitability analysis.

. GIS IS a good tool to delineate ground water potential zones by
Integrating different thematic layers, which have direct control on
ground water occurrence.




GROUND WATER POTEHTIAL Z0OHES
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hene are severalimethods andi technigues
'to X9 OE tHENGFOUNEWEETT POLERTIAL
o Trie uccess Of ground water exploration
cJex tipon the methodology adapted based
_ _ Sthe geology & field conditions.

=

- ploratlon s the first stage, followed by drilling,
:f%:development and finally well completion.

=~ o Jihe explored water should be exploited correctly
~ and managed properly.

e \Water Is precious. Let us conserve.
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