Chapter-6
GROUND WATER

Groundwater development and utilization has been of great interest from ancient times in arid
and semi arid regions of Asia where the activities of man were controlled 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 puzzling problem and had been the subject of much
speculation and controversy. Mohenjo-Daro was a major urban center of the Indus civilization
during the early Bronze Age (around 2450 BC). Recently, Angelakis and Zheng (2015) found
that the city was receiving water from at least 700 wells. The design of these wells was varying
from circular to pipal leaf shaped (Khan, 2014). Figure 6.1 shows the wells constructed in about

2600 BC, discovered at Lothal, an important Harappan site.

Figure 6.1: Wells discovered at Lothal, 2600 BC
(Source: https://rainwaterharvesting.files.wordpress.com)

The ancient western science of groundwater, which generally assumed that the water discharged
by the springs could not be derived from the rainfall, was based on their belief that: (i) the rainfall
was inadequate in quantity and (ii) the earth was too impervious to permit penetration of the
rainwater far below the surface. In contrast to above wild theories, the ancient Indian literature

contains the very valuable and advanced scientific discourse on ground water.

In Rig Veda, Sam Veda and Yajur Veda we get concepts of hydrological cycle and water use
through wells etc., which clearly imply the use of groundwater. In the area of groundwater
renowned astronomer, astrologer and mathematician, Varahmihira (AD. 505-587), author of
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Vrhat Samhita, which is esteemed for its learning of many important branches of knowledge, in
the 54" chapter entitled ‘Dakargalam’, deals with ground water exploration and exploitation with
various surface features, that are used as hydrologic indicators to locate sources of ground water,
at depths varying from 2.29 m to as much as 171.45 m (Prasad, 1980). The hydrologic indicators,
described in this ancient Sanskrit work, include various plant species, their morphologic and
physiographic features, termite mounds, geophysical characteristics, soils and rocks. All these
indicators are nothing but the conspicuous responses to biological and geological materials in a
microenvironment, consequential to high relative humidity in a ground water ecosystem,
developed in an arid or semi arid region. Variation in the height of water table with place, hot
and cold springs, groundwater utilization by means of wells, well construction methods and

equipment are fully described in the Dakargalam (Jain et al., 2007).

The treatise on Dakargalam (science of underground water) by Manu is referred to in the Vrhat
Samhita. By the latest his time must be (400BC-200BC). Varahmihira alludes that #=1 ferferd
g@rte™ which clearly indicates Manu’s contribution to this science. This also indicates that the
science was cultivated in India several centuries before Christ and that it was developed by
indigenous people altogether independently. VVarahmihira 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 Dakargalam (Vrhat
Sambhita, 54.99).

AR GHT BRI I B doAaalld |
JTATA: HHdggaiRid Ard 96 | [Vr.S.54.99 ||

As far as underground water and water table is concerned as a science, a brief survey of chapter
54 of the Vrhat Samhita designated as ‘Dakargalam’ is furnished below. Apart from the wider
term ‘Dakargala’, there are two other technical terms Rrr and Rrifds= used in this chapter
(Verse 54.1, 54.61-62) viz.

U] I I ISTRIAIg ShNiel A STolluier: |

g sy RRR<ea e gr=ratr= |@wer || Vr.S.54.1 ||

HEQY WAl RRT g JoId: R gaedn |
Wg HRATOMAG Jaerdwer: Ry = || Vr.S.54.62 ||
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The term =1 implies arteries of water or streams and the Rrifasm= exactly conveys the meaning
of water table. Verse 54.1 above tells us that at some places water table is higher and at others it
is lower, resembling the veins in the human body. From Verse 54.2 we learn that water table is

a complex function of rainwater.

U] o T AT TRl ageTfaRIvTd |
TARGE ggavidi v wied fafagesa )| Vr.S.54.2 ||

It means, the water which falls from the sky originally has the same colour and same taste, but
assumes different colour and taste after coming down on the surface of the earth and after
percolation. Figure 6.2 shows infiltration and percolation process for an unconfined aquifer

leading to different zones of groundwater.
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Figure 6.2: Unconfined aquifer showing different zones: uppermost soil moisture where
precipitation infiltrates downward to the water table where all the open
pore spaces are filled or saturated (Source: UNO, International programs)

In the later verses of Dakargalam, the modes of occurrence of sub-terrainian water and its depth
at different places are given. Verse 54.3, 54.4 and 54.55 inform us that the sub-terrainian streams
are rainfed in all the quarters and also apart from nine arteries, thousands more are present

flowing to various directions as:
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IO g (U A g RIh_T <dT: |
fereren: e gragrar faen gaqa: || VR.S.54.3 11

fequfoRTos @ RRT 799 7 weriRerrT |
gare: eraer faf: gar A gfedn 1) Vr.S.54.4

UTATATCETRRT YT wrfde] FRear Iree |
Hrofageen 9 o R 9|1 Vr.S.54.5 ||

Rock or soil structure and depth of water table from the surface of the earth is described correctly
in various verses. Verse 54.7 describes the various symptoms of occurrence of water along with

pervious and impervious strata.

et Aoy Ausd: qrogRrer Jo Ui |
YeNedhyd ¥ qTaTol wafa argeer || Vr.S.54.7 11

Meaning: on digging we will get yellow frog at a depth of half purusha (1 purusha = height of
man with erected hand = 7.5 feet) then yellow soil, then rock and then ample amount of water.

Similarly, many other verses describe some 70 odd field situations or ecological spectra from
which it would be possible to deduce the presence of underground springs. Actually the
technique of underground water exploration as described 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 can be logically or empirically linked up with the

presence of underground springs in the vicinity.

One startling factor emphasized in details by Varahamihira is 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 prevailing winds, dealing with hard refractory stony strata, sharpening and tempering of
stone-breaking chisels and their heat treatment, treating with herbs of water with objectionable
taste, smell, protection of banks with timbering and stoning and planting with trees, and such

other related matters.
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Some thirty-three verses of the Varahsanhita 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.

STHgEr UTdedld! Ife Jad qaIuRe: |

aeATEEieuTed Afered govgd w@rg || Vr.S.54.9 ||

d o d
ST G dofid! IS TAISfTg: |

g wafa geefReEfad: geard (| Vr.S.54.12 |

Meaning: If there is a termite mound nearby to the east of a Jambu tree, plenty of sweet water,
yielding for a longtime occurs at a depth of two purushas, at a distance of three hastas (cubit) to
the south of the tree (54.9). Similarly, an Arjuna tree with a termite mound to the north shows
water at a depth of 3.5 purushas at a distance of 3 hastas to the west.

The mound builder variety of the termites are responsible for the impressive soil structure called
‘Ant-hills’ in lay terms, but referred to as termite — knolls — mounds — spires, or — prominences
by the scientists. These are familiar features of most tropical and subtropical landscape and are
of interest to us in the technique of exploration of underground springs. Without exception, the
water requirements of the insects are generally very high and they need to protect themselves
against fatal desiccation by living and working within the climatically sealed environment of
their nest or within earth-covered galleries. According to Rao et al. (1971) the atmosphere within
the nest has to be maintained practically at saturation moisture level (99-100% relative
humidity). It 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 up from
within the nest. From an overall consideration of the evidence it seems to be safe to conclude
that, while normally the insects use every readily available near a source of water close to the
ground surface, under conditions of severe climatic stress, they can and probably do descend to
the water table, no matter how deep it may be. Hence, a well-developed, active, persistent colony

of mould-building termites can be taken as an indication of underground springs in the proximity.

E.G.K. Rao (1979) observed the alignment of the termite knolls in the dry-jungle uplands of

coastal Mysore as well as the Deccan Plateau area, and testified the verses of VVrhat Samhita
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relating the same. Following verse of Vrhat Samhita suggests that the author was aware of this

tendency of mould builders.

JeHIpTl UgFedl Jedmgewd: BT dger | | Vr.S.54.95 ||

Meaning: If in a line of termite-moulds one is found to be raised up (taller), water vein is to be

found within it.

Similarly, Verse 82 says that if a group of five termites are found in a place, and the middle one
among them 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 many times territories are met with in close association
with trees; and it is quite common sight to see termite mounds completely covered over with
grass or vegetation. Very close observation is often necessary to detect the termitary. The ancient
Indian scholar has exploited this association quite extensively in the exploration of underground

springs as discussed below:

SHREgar |dT Ry wRar Rrar wam |
roerdl aRTE! AT Twore 911 Vr.S.54.87 |1

o ReAIuiiEmIeTea Faefier |

JeTIdpIgeRarE: dRfcegsy arg || Vr.S.54.88 ||

Meaning: If Jambu, Trivrt, Maurva, Sisumari, Sariva, Siva, Syama, Varahi, Jyotismati,
Garudavega, Sukarika, Masaparni, Vyaghra Pada trees and creepers are seen by a termite mound,

there is water 3 hastas to its north at a depth of 3 purushas”.

The botanical names of the flora mentioned in the above verses are: Jambu (Eugenia Jambos,
Engenia Jambolana), Trivrta (Ipomea turpethum), Maurvi (Sanservieraroxburgiana), Sisumari
(?), Sariva (Hemidesmus indicus), Siva (Several Plants: Cucumis Utilissimus, Terminalia
Chebula, Emblica officinalis, Cynodon dactylon), Syama (Ichnocarpus fructens — black creeper,
Krsna Sariva, Datura metal, Agalala rox-burgiana, Panicum coloncum etc.), Sukarika

(Lyccopodium imbricatum, I. Clovatum), Masaparni (Glycine debitis, G. Labialis).
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Similarly, various other verses of the chapter 54 of Vraht Samhita are related to the underground

water exploration with relation to combination of different symptoms, as below:

3T AN I[AA FJUN JOTArSI AT FETH |
AR RBRT gfeser gaaqed a1 g5 a1 Vr.S.54.52 |

Meaning: if in a grass less place, there is a patch of grass or in a grassy place, there is a grassless

place, water or treasure is indicated.

HUCTIBICHI FARTHATRAM: H: T2 |

QredT gouiad BPorged o= a1 @ | Vr.S.54.53 |

Meaning: a flourishing thorny tree in the midst of non-thorny trees or vice-versa indicates water
or treasure at a depth of 3 ¥ Purushas at a distance of 3 hastas to the west”.

JRITTSAT 15T AT a1 a5 AR ARG |
fawee = Rrr 78 dravare || Vr.S.54.60 ||

Meaning: where there is stream or smoke issuing from the ground, an abundant water vein will
be struck at a depth of 2 Purushes. Varahamihira has also discussed the occurrence of
underground water in the desert region. He further says that sub-terraineon streams or water table
in the desert region takes the shape of the neck of a camel and is at a great depth from the surface

of the earth as:

7B 9afa fORT I qurd: wR yaeanfy |
rar eruTonfig derdver: RRr a1 Vr.S.54.62 ||

Geological strata scheme of the modern artesian well fully corroborates this.

In the Verse 102 of the Vrhat Sambhita , it is described how water occurs in a mountainous region.

it a1 HeaTaeT a1 IRT ARAT JOTTIA: |

RIIITRIIR GdA=—T= Y Jol gou=ra=1: || Vr.S.54.102 ||
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AITHRT ATHTS] UG &R &R BT BRIfT |
TITUGRTYT vl gfese gee 931 fretageerrar || Vr.S5.54.104 ||

Above verse (54.104) explains the relation of soil and water. It says that pebbly and sandy soil of
copper colour makes water astringent. Brown-coloured soil gives rise to alkaline water, yellowish

soil makes water briny and in blue soil underground water becomes pure and fresh.

In Ramayana we come across the knowledge of artesian wells. The verses V1,22.37-38 say that the
water from deep earth comes out by force continuously through the hole created by arrow of Lord
Rama as:

fAorfere: eRT @3 germetEw: || Rama., VI,22.36 11

TS FUHET JRFgard xraed || Rama., VI,22.37 11

| 9T T&T HAT 99T SI4 I |
|ad =Aiferd did wgewig gead || Rama., V1,22.38 ||

It clearly and very scientifically explains the artesian well flowing continuously 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 sr==oft (38.36). The chapter 38 of the

Purana also speaks of a large number of hot springs in a mountainous region.

AT §II Al ORI g7 e |
AAREIRRAT A0 T = || Vayu.38.78 |

The Gopath Brahmna was also acquainted with two types of springs or falls, namely hot and
cold (I1,8).

As mentioned in the previous chapter, in Markandeya Purana we come across a peculiar type of
topography found in the Kimpurusavarsa and seven other countries where water bubbles up from
the ground (55.21-22).

TN I qug A< IR ATIT: |

T <8 Tavaa—faft: gar1| Markandeya.53.21 ||
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a1ty fegouTanty quivae] fgeire |

ayfeSa drr w9 9 9Rd || Markandeya.53.22 1|

The above discussions reveal that chapter 54 of the Vrhat Samhita is a very important treatise on

ground water exploration.

Epilogue:

Discussions and the references presented in the chapter show that there were well developed
scientific concepts of groundwater occurrence, distribution, prospecting and utilization. It is for
this reason that the people of Harappan civilization were able to dig the wells and able to utilize
the groundwater. By means of hydrologic indicators such as physiographic features, termite
mounds, geophysical characteristics, soils, flora, fauna, rocks and minerals etc., the presence of
ground water was detected, which is fully scientific. Termite mounds were used as an important
indicator of the groundwater by the ancient Indians. The presence and variation of these
indicators have been linked up with the availability of underground springs in modern era too.
Modern scientists have also established that the moisture within the mounds is kept practically
at saturation level (99-100%) indicating the presence of underground spring in proximity. Well
before many centuries of Christ, Indians were aware of underground water bearing structures,
change in the direction of flow of ground water, high and low water tables at different places,
hot and cold springs, ground water utilization by means of wells, well construction methods and
equipment, underground water quality and even the artesian well schemes. This high level of
knowledge of groundwater in those ancient times was developed by indigenous people of India

altogether independently.
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