CHAPTER &

GROUNDWATER

Groundwater development and utilization have been of
great interest from ancient times in arid and semi arid regions
of Asia where the activities of man were controlied by the
occurrence of water, From the dawn of history until
comparatively recent times the source of water of the springs
and streams had constituted a puzling problem and had been the

subject of wmuch speculation and controversy,

The old testament of Bibie contains numerous references
to ground water, spring, and wells (Prasad, 1980), The most
extraordinary work of ancient wman for collecting groundwater are
the ’‘Kanats’ (also called Kariz, Kahriz, canaut, ghanat etc, ),
In the persions they are the infiltration galleries which are
the structures inteded to colliect groundwater from alluvial
deposits and soft sedimentary rocks, Such Kanats were bel ieved
to be used first more then 2500 years ago in Iran,

The ancient uestérn science of groundwater which
generally assumed that the water discharged by the springs could
not be derived from the rain, firstly because the rainfall was
believed to be inadequate in quantity, and secondly because the
earth was believed to be too impervious to permit penetration of

the rain water far below the surface, In contrast to above wild

theories the ancient Indian literature contains the wmost
valuable and highiy advanced scientific discource on
groundwater,

In Rigveda, Samveda, Yajurvada we get concepts of
hydvrological cycie and water use through wells etc,, which
clearly imply the use of groundwater,

In the area of groundwater renowened astronomer,
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astrologer and wmathematician, Varahanihira (AD,505-587), author
of VUrhat Sanhita which is esteemed for its Iearning of many
important branches of knowiedge, 1in this the 54th chapter,
entitlied ’Dakargalam’ deals with ground water expioration and
exploitation with various surface features, which are mwost
obuvious,as hydrological indicators to locate sources of ground
water at depths varying from 2,29 m to as much as 171,45
m, (Prasad, 1988)

The hydrologic indicators, described in this ancient
sanskrit work, include various plant species, their morphologic
and physiographic features, termite mounds, geophysicail
characteristics, soils, and rocks, All these Iindicators are
nothing but the conspicuous responses in biologic and geologic
materials in a microenvironment, consequ.ntial to h.lgh relative
humidity in a ground water ecosystem, developed in an arid or
semi arid region,

The treatise on Dakargala (science of underground water)
by Manu is referred to in the VUrhat Sanhita, By the |atest his
time wmust be (408BC-208BC), Varahnihire alludes that ] fd‘{ﬁﬂ
am‘:fﬂﬁ, clearly indicates ‘Manu’s contribution to this science
thus it is established that this science of geohydrology studied
and cultivated in India several centuries before christ and that

it was developed by indigeneous people al together independentiy,

Varahmihira has utilized to a greater extent another
treatise on the science of underground water and water table,
written by ’‘Saraswat’, Rather the farmer (Manu) appears to give
a preference to the latter over the Manava dakargala (VUrhat
Sanhita, 54,99),.

AREddn g aanle o B deenad
graffir: gaddegeely AW @&F 1) Ur.S.54.99 ||

So far absolutely nothing is known about Saraswata and his work,
though Varahmihira mentioned him, From this atieast one thing

is certain that Sarasweta’s work existed in that time,
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Now so far as subject proper, the science of underground
water and water table is concerned, a brief survey of chapter 54
of the VUrhat Sanhita designated as ‘Dakargalom’ is furnished

below,

‘Apart from the wider term “Dakargala® there are two
other technical terms fY7 and fYOIfdFW used in this chapter (Verse
S4,1, S4,61~-62) viz,

o I T qanddre aild 3 ddigeies: |
W7 2yndy fwade el Qb fF9T: 1) Ur.S.54.1 1)

red wafa fy oo and: W gaEmtn
g soumonfiE {gowewT: T Zifd 1) vr.s.54.62 ||

The term fY{7 implies arteries of water or streams and the RRTfaam
exactly conveys the wmeaning of water table, Verse (54,1 as
above) tells us that at some places water table is'higher and at
others it 1is lower, resembling the veins in the human body,
From UVerse 2 we learn that water table is a complex function of

rainwater, viz,

QW quT T IRITGT T agYTiade )
FREcd agaviai T ad el fafoge@id 1) vr.s.54.2 1)

i,e, water which falls from the sky originally has the same
colour and same taste, but assumes different celour and taste
after cowing down on the surface of the earth and after
percolation, Then in the latter verses are given the modes of
occurrence of sub-terranean water and its depth, at different
places, yerse 3,4 and S5 inform us that the sub-terraneon
streams are rainfied in all the quarters, and also apart from
nine arteries, thousands wmore are present flowing to various
directions,

TEET AN T Gaeuaaee | &aT: |

foqacaT: ®UT: TATET f&IT Ga9@: 1) VUR.S.54.3 11
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fequfoenr @ fy aant qed qerfaemmat )
wElegT: o fafr: gar amfe: gfy@r: 1) ur.s.s4.4 4

YTATATGEATRRT JHT Tfey Afemar awRT -
sorfeEear 7 guT: Fofrficaraat &8 1) ur.s.54.5 4

Rock or soil structure and depth of water table frowm the
surface of the earth is described correctly in various verses,
Verse 7 describes the various symptoms of occurrence of water

along with pervious and iwmpervious strata,

forenfy amefyed mogm: oEwr g ofT o
qoieaRy A TSN Hafg @Emg: §) Vr,S,54.7 |

which means that on digging we wili get yellow frog at a depth
of half purusha (1 Purusha = height of wan with erected hand =
V..t feet) then yellow soil, then rock and then ample amount of
water, Similarlé many other verses describes some 78 odd fieid
situations or ecological spectra from which it should be

Possible to deduce the presence of underaground Springs,

Actually the technique of under ground water exploration
as 929cr1bed by Varahmihira depends upon a close observation of
naturally occurring specific signs in the terrain, comprising
the flora, fauna, rocks, soils and minerals, whose state and
variation cah be logically or ewpirically linked up with the

presence of under ground springs in the wicinity,

One startl ing factor emphasized in detail by
Varahamihira 1is the role of termite knolls as indicator of

underground water,

Apart from the underground water exploration some of the
verses of the chapter deal with topics such as digging of wells,
their alignment with reference to the prevail ing winds, deal ing
with hard refractory stony strata, sharpening and tempering of
stone-breaking chisels and fhelr heat treatment, treating with
harbs of water with objectionable taste, smell, protection of

banks with timbering and stoning and planting with trees, and
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such other related matters, Some thirty-three verses deal with
termite standing alone by themselves, or associated with
vegetation, thirty with vegetational factors alone, and the

remaining using other factors to help in exploration,

TEgEE yracpiaT afa wdd aufoRy:
FeATeaoTId Wicld JONed TG | Ur.S.54.8 ||

W @A aeidr afs aotgTaR:
fifirc wafy peleahrcdmfad: g 11 Ur.S.54,12 )

“If there is a termite wound nearby to the east of a
Jambu tree, plenty of sweet water, yielding for a longtime
occures at a depth of two Purushas, at a distance of three
hagstas (cubit) to the south of the tree (54,9), Simitlarly an
Arjuna tree with a termite wmound to the north shows water at a

depth of 3.5 Purushas at a distance of 3 hastas to the west®,

The wound builder variety of the termites are

responsible for the impressive soil structure called the
‘ant-hilis’ in lay terms, but termite - knolls - mounds -
spires, or - prominences by the scientists, which are familiar
features of wmost tropical and subtropical |andscape, and the

once that are of interest to us in the technique of exploration
of underground springs, WVithout exception the water
requirements of the insects are generaiily very high, and they
need to protect themseives against fatal dessication by living
and working within the climatically sealed environment of their
nest or within earth-covered galieries, According to present
level of research (Rao, etal,1971) the atwosphere within the
nest has to be maintained practically saturation wmoisture |evel
{(99-1006x reiative humidity), 111 is a matter of common
observation that whenever a termite nest or runway, is damaged.
the insects immediately rush to the breach and repair it with
wet soil brought wup from within the nest, From an over-all
consideration of the evidence it seems to be safe to conclude
that, while normally the insects use every readily available
source of water close to the ground surface, under conditions of
severe climatic stress, they can and they probably do descend to
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the water table, no matter how deep it wmay be, Hence a
wel |l -developed, active, persistent colony of would-building
termites can be taken as an indication of underground springs in
the proximity,

In the dry regions of Katanga province {Congo-Krishasa),
the great termitaries of the wmacrotermes are seen ciearly
al igned on the slopes right down to the ooze level ,
(Kumara-Krishna etal, *Biology of Termites® Vol ,II, P, 199),
E.G,K, Rao (1979) observed the alignment of the terwmite knolls
in the dry-jungle uplands of coastal Mysore as well as the
Deccan Plateau area, and testified the verses of Urhat Sanhita
relating the same, Following verse of VUrahat Sanhita suggests
that the Ancient Hindus were aware of this tendency of would
builders,

oo yasd JadngEed: fRT @&g: 1) Ur,S,54,85 )

*"If in a line of termite-moulds one 1is found to be raised up
(Taller), water vein is to be found within it*, Similarly,
Verse B2 says that if a group of five termites are found in a
Place (desert region), and the wmiddie one awmong thewm is found
white, water should be declared in it at a depth of fifty five
Purushas (i,e, 7,5’ x 55 = 412.5 feet),

It is a matter of common observation that wmany times
termitaries are met with in close association with trees; and it
is quite common sight to see termite mounds inhabited by these
insects complietely covered over with grass or vegetation and
very close observation is often necessary to detect the
termitary, The ancient Hindus have exploited this association
quite extensively in the exploration of underground springs,
viz,

orgfeagar AT et wifar far
dlevat arre! saifowet mEUdM ¥ 1) Ur.S.54.87 |

g feaTavaRafy e |
TeiaTeccarceaifi: wfceaye® dlam 1) ur.s.54.88 )
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“If Jambu, Trivrt, Maurva, Sisumari, Sariva, Siva,
Syama, Varahi, Jyotismati, Garudavega, Sukarika, Masaparni,
Uyaghra Pada trees and creepers are seen by a termite wound
there is water 3 hastas to its north at a depth of 3 Purushas,
The names of the flora mentioned are given below with their
botanical names:

Jambu (Eugenia Jambos, Engenia Jawmbolana), Trivrta (Ipowea
turpethum), Maurvi {Sanservieraroxburgiana). Sisumari (CPDIA
Sariva (Hemideswus indicus), Siva (Several Plants: Cucm!is
Utilissimus, Terminalia Chebula, Ewmblica officinalis, Cynodon
dactylon), Syama (Ichnocarpus fructens - black creeper, Krsna
Sariva, Datura wmetal, Agalaia rox-burgiana, Panicum coloncum
etc, ), Sukarika (Luyccopodium imbricatum, I,Clovatum), Masaparni
(Glycine debitis, G, Lablalis),

Likewise various other verses of the chapter are related
to the underground water explioration with relation to

combination of different symptoms,

I QT RO qu quattomT AEE |
afemq RART yfeseT aoaed a1 oF TIfFam 1) Urs.54.52 ||

i,e, if in a grass less place, there is a patch of grass or in a
grassy place, there is a grassliess place, water or treasure |is
indicated,

HUCHIRUC TRt : @ 93EI |
Wrdl [eNTad PRTgEd o9 91 ¥ 1) Vr.S.54.53 ||

i.e, a flourishing thorny tree in the midst of
non-thorny trees or vice-versa iIndicates water or treasure at a
depth ef 3 3/4 Purushas at a distance of 3 hastas to the west,

TS OTAAT W a1 @ AT R |
feea 9 a7 weqT di99ERy 1) VUr.S.54.68 |

Vhere there 1s stream or swoke issuing from the ground, an
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abundant water vein will be struck at a depth of 2 Purushes
(54,68).,

From the point of view of occurrence of sub-terranean
water, Varahamihira has discussed the occurrence of underground
water in the desert region, He says that sub-terreneon streams
or water table in the desert region takes the shape of the neck
of a camal and is at a great depth from the surface of the earth

viz,

vl wald T o @e: W gaRamy g
e FHTONG dereuT: Ry o1 1) Ur.s.54,82 ||

Geological strata scheme of the wodern artesian wel!
fully corroborates this, In the Verse 162 1is described how

water occurs in a mountaneous region,

fonioar @1 reatfaer @1 @i afem qesadmr: )
HATYSREAIR WdFRaaTiy g qeEdng: 1§ Ur,S, 54, 182 |4

FadeT grwel mer R gt afver sofy o
IR dq Jfee [ G AW 1) Ur.S.54, 184 ||

Above Verse (104) explains the relation of soil and water It
says that Pebbly and sandy soil of copper colour makes water
astringent, Brown-coioured soil gives rise to alkaline water,
yellowish soil makes water briny and in blue soi! under ground
water become pure and fresh, '

In Ramayana (VI,22,37-3B) we Ccowme across the knowliedge of
artesian wells, Verses say that the water from deep earth comes
out by force continiousiy through the hole created by arrow of

Lord Rama, viz,

fuifed: WY 2 qafRmE: )| Ramavana,Vl, 22,36 | |
e JUET dIeYYTd WIAAT | ) Ramayana, VI, 22,37 | |

¥ F & QU qu Fdd fayd:
wod difewd @9 #gwdd &A@ 1| Ramayana,VI, 22,38 ||
6
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It clearly and very scientificaliy explains the artesian
well filiowing continiously with force,

The Vayu Purana also refers to the various underground
structures and topography such as lakes, barren tracts, dales,
rocky rift valley between mountains Fgu] (38.36). The chapter
I8 also speaks of a large nuwber of hot springs in a‘

mountaineous region,

T & qEre w0 few wewr: )
Jegegrarrt weefr q@i T 10 vayu, 38,78 )

In Markandeya Purana we come across - Peculiar type of
topography found 2in the Kimpurusavarsa and seven other
countries® when water bubbles up from the ground (55,21-22),

TAEIY 7 98y A HAPAET: )
shmFaraRTYT & AeETia-fafi: gaT: 1) Markandeya, 53,21 |

gt fgesrantr asfoae fomiam o

dgfersaty dlafr A6 aedE aRd |} Markandeya, 53,22 ||
the Gopathbrahmona was also acquainted with two types of springs
or falls, namely hot and cold (II,8), ateonfadedy .......
All  above l|iterature reveal some knowledge about groundwater,

but as discussed above, chapter 54 of the Urahat sanhita is the
wmost important treatise on ground water expioration,

In Ancient days when the western knowledge about the
occurence of ground water was based on the wild theories as they
were believing that rainfall being inadequate in quantity can
not be the source of ground water, the Indians had the
scientific concepts of its occurence, distribution, prospecting
and utilization, By wmeans of hydrologic indicators such as
physiographic features, = termite mounds, geophysica!
characteristics, soiis, flora, fauna, rocks and minerals etc,
the presence of ground water was being detected, which is fully
scientific and presence and variation of these indicators have
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been |inked up with the availability of underground springs in
modern era, Termite mounds were used as an important indicator
of ground water, Modern scientists have also established that
the wmoisture within the wmounds is kept practically at saturation
level (99-108x%) and presence of underground spring in proximity
is indicated, WVelil before wany centuries of christ Indians were
aware of underground water bearing structures, change in the
direction of flow of ground water, high and low water tablies at
different places, hot and cold springs. ground water utilization
by means of wells, well construction wmethods and equipment,
underground water quality and even the artesian well schemes,
This high level of knowledge of ground water in those rewote
days was developed by indigeneous peopie of India altogether
independently. ‘
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