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CHAPTER : 1

GENERAL INTRODUCTION

1.1 ENVIRONMENTAL POLLUTION
Rapid industrialisation and wurbanisation has
brought out both benefits and miseries to humanity.

Environment and development are two sides of the same c¢oin.
The need for development through gocio-economic
activitles;specially with the growing population and a desire
for higher standards of living with industrial production is
obvious. Practically all socio-economic activities, for
example industry, agriculture, transport, construction, road,
housing etc. The complexities parameters have necessitated a
multidisciplinary approach to environment protection. After
independence Industrial activity has increased manifold in
India. In the recent years, a number of industries and
thermal plants are being established to meet our increasing
demand of various commodities day by day. More and more
metallurgical wunits are being installed to make India sgelf
sufficient for its metal requirements. Consequently
environmental contamination is on the increase. Although the
pollution problems has not reached a critical level in India,
yet 1t must be controlled in ite beginning, lest it should
become acute enough to enforce curative measure.

Consequently, Government of India has laid down the guide



lines and standards for the industrial effluent to dispose

into surface water or on land.

‘Chemical contamination through out the
environment is characteristics of our advanced technological
goclety. Industrial production often generates by products
that are of little economic value but that, as residual waste
material, may have severe environmental consequences. One of
the primary pathway for migration of these contaminants is
the water cycle. Ground water contamination has been
recognised in the recent years as a very serious national

problem,

The saystematic pollution of our environment isa
one of the biggest hazards that humanity faces today. People
are becoming increasingly aware of the threat for the
pollution and the Governments are enactldg legislation aimed
at protecting environment. One of the factors that affect the
degrapatlon of the environment is the population growth with
the development of thousands of chemical compounds to
restore and enhance the soil fertility, and to protect many
of the domestic species, man was able to expand his food
production capacity significantly (Ehrlich and Holdern
,1971). A study conducted by SCEP (Study of Critical
Environment Problema,1970 ) group pointa out that the demand
for minerals, energy and space are exponentially increasing

at a rate of 5 to 6 percent per year and thia will iIncrease



the environment impact sixfold.

Now a days, in this industrialised world a huge
amount of energy is required which is tapped by the mining of
coal, hydroelectric power, extracting oil and natural gas and
nuclear power etc. The impact on the environment has been
masalve with far reaching consequencea. Water pollution,
noise pollution and land pollution are cauaed due to
aeneratlion and use of energy. A number of health hazards and
environment Imbalance occurs because of thia section

(0den,1968 ; Ramana,1980 ; Singh,1990 ).

1.2 POLLUTION FROM INDUSTRIES
Industrial wvaste {8 one of the causes of
pollution. It is roughly comparable in {itsa nation-wide

pollution effect, with municipal sewage are characterised by
thelr differences and their similarities. Each individual
plant 1as an individual problem. There are of course common
parametera by which pollution can be evaluated. Most
industrial wastea must be discharged from the plant premises,

only rarely le it posaible to let them with out diacharge.

WUhen the waste is discharged it causes environmental
pollution. Broadly environmental pollution may be water,

alr,land or noise pollution.



Development of mining, metallurgical and chemical
industries is vital for the progreass of the country as they
supply essential commodities for human consumption. At the
same time these induastries are the largest sourcea of
environmental pollution and a serious damage is done to
vegetation and water resources due to mining. Water pollution
problem arises due to the diacharge of mine water and
discharge from boilers, steam engines, compressors and
different processes into stream or on land. Uater from

tailing is an important source of water pollution.

Mining and metallurgical industries alsao
contribute air pollution. Dust is generated at all stages of
mining during crushing and tranasport of the metal. Duat |ia
also raised by wind from refuse dumps. The combustion
processes during the metallurgical processes pollute the alir
by adding hydrocarbonas, oxides of sulphur, oxidea of nitrate,
carbon dioxide, carbon monoxide and particulate matters of

some heavy metals to it.

Land damage is done due to mining. Damages done
to the interior and exterior of the earth. Cleaning of
vegetation generally precedes the mining of ore from the
area. Subsequently many structures are built, solid wastes
are discharged on the land and when the ore is exhauasted many
dilapidated satructures are left over due to all. these

denundation of vegetation occurs.



1.3 GROUND UATER POLLUTION

Uater both for survival and in wutilizing its
resources has been a major factor in economic development. It
is well known that it is only paucity of water which has
alerted civilization since ancient times. Even the dislodging
of areas of civilization has occured due to shift in water
availability. Gradually, technology brought global culture to
the cross road and as the population started increasing due
to many fold factors of economic development and invention,
human started tapping the water sources, both river and
underground for survival. It is the modernization of culture
which increased the water utilization.This utilization become

80 intense and that the consclousneas of water , its

conservation and new exploration become mosast cruclal and

disparing in other regions ( Roy,1991).

Water in India 1ia polluted to different
intensities due to gaps in the methods and norms of
purification in organliased aystem. Even industrial waate and
pollutants from rivers cause pollution to the sources of the
water used for drinking. Preciase data on the amount, nature
and Intenasity of pollutants are not available, except In a

few location and fixed points (Singh,199%91).

Earlier investigations confirmed that Indian

around water is being contaminated by percolation of









1.4.2 Historical background

The copper depositse were mined in ancient times
working dating from Mauryan period, over 2000 years ago. The
mines were active along the same time of Mughal emperor, a
report of 1590 referring to them ( Aanai - 1 ~ Akbari
.written by Abul Fazal,a courtier of emperor Akbar ) more
recently they were worked by local beople who paild royalty on
production to princely state of Xhetri. Two mines were
functioning in towna of Singhana and Khetri until closed by
British in 1869. Regular mining ceased in 1872 , although
sporadic activities continued until 1910. From 1944 to 1955

loaned to Jaipur mining corporation Ltd. but not worked.

The geologlcal survey of Indian Bureau of Mines

began in 1957. The project waa handed over to National
Mineral Development Corporation, in 1961 for further
inveatigations. Initial feasibility studies were completed in
1963, a new source of copper was needed in India, as for
almoat two decades the national output had remained static
about 10,000 t/ year , from Indian Copper Complex Corporation
mineas in Bihar. There was a pressing need to increase
indigenous production to narrow the gap between India’s own

output and the ateadily increasing demand.

The decision to proceed with the development of

Khetrl complex waa taken by 1962. Shaftae sinking and mine



development ©began in 1964, and the firat production of ore
took place in 1970. The project was transferred to newly
created Hindustan Copper Complex by Nov. 1967. The finance
for the surface installation was not available immediately
and 'conatruction of concentrator and smeltor did not begin
until 1970. The concentrator came on astream in 1973, followed
by the sameltor start up the following year. A fertilizer
plant based on the sulphuric acid by product from the
ameltor, plus Qgggphate rock from Rajasthan began production
in 1975. There are four minea in the Khetri complex. The two
major Khetri and Kolihan underground,the Chandmari open pit
mine and the 100 t/d , Dariba under ground mine with a
matching concentrator in the Alwar district of Rajasthan .
state, some 220 km. away from Khetri. The ultimate capacities

of first three are designed to be 5,000; 3,000 and 1,000 t/d

reapectively.

1.4.3 Climate and rainfall

The area experlences sagemi arid climate and
receives over 90% of the rainfall during the south west
monsoon which laats'from the June to September. The aﬁnual
rainfall pattern has been analysed statistically from the

records of the rainfall (1957 - 1991) from the nearby station

at Khetri ( or at Pilani, the nearest observatory ).

The detalls of the ralnfall 1including the
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departure and cumulative departure from the mean annual

rainfall are given in table 1.4.1. The asummarised resulta are

as follows:

1. Number of years of data analysed: 34 years from 1957
to 1991

2. Mean annual rainfall of 34 yeara: 527.00 mm.

3. Highest rainfall in the year of : 1964 ; 848.90 mm.
record

4. Loweat rainfall in the year of : 1989 ; 234.50 mm
record

1.4.4 Temperature

The climate of the area shows wide variation in
the temperature from 2°C minimum to 45°C maximum temperature.
The monthly temperature variation for Pilani, the nearest

observatory are shown in fig.1.1 . The wind blows in the

north - west direction except during August and September,

wvhen they blow in the south westerly direction.

1.4.5 WUinds

Winda are generally 1light to moderate. In the

summer ,winds blow from directions between north west and
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aouth west . During the south west monsoon winds blow weat to
south weat directlon. in post monsoon and winter monthsa

’

winds are variable in all directions. The mean wind apeed

ranges from 6.2 to 18.5 km/hr . The wind speeda are high

during May to July .
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1.5 AIMS AND OBJECTIVES OF THE PRESENT STUDY

The present study deals with the study of ground
water quality and its pollution around Khetrl Copper Complex
(KCC), Khetri Nagar, Jhunjhunu distr;ct, Rajasthan, due to
the discharge of effluent from the large copper and
fertilizer industrial complex with an emphasia on the

following aspecta:

1. Study of the quality of ground water in Jhunjhunu

district, Rajasthan.
2. Study of aquifer properties in the Khetri area.

3. Study of the effect of effluent diacharge on quality of

ground water.

4. To give a mathematical model for contaminant transport

in the aquifer for Khetrl Copper Complex .



Table 1.4.1
Annual rainfall data and departure between 1957 -921 at Khetri

e e T e e e At . . —— — — — — T mh = - - = —————— T ——— —— —

Year Rainfall Departure Cumulative
(cm) x ((x/x3#)-1) departure
1957 56.06 —-0.002 -0.002
1958 49.84 -0.112 -0.114
1959 37.924 -0.324 -0.438
1260 S52.68 -0.06Z2 -0.500
1961 49 .68 -0.115 -0.615
1962 b62.56 +0.132 -0.483
19463 46.16 -0.178 -0.661
1964 84 .89 +0.512 -0.149
1965 35.34 -0.370 -0.519
1966 35.84 -0.3462 -0.881
1967 75.61 +0.347 -0.534
1968 49 .90 -0.111 -0.645
1969 48.02 -0.145 -0.790
1970 5@.86 +0.066 -0.724
1971 64.91 +0.1956 -0.548
1972 38.46 -0.315 -0.883
1973 57.52 +0.024 -0.859
1974 92.12 -0.072 -0.931
1975 74.72 +0,.331 -0.600
1976 8z.01 +0.461 -0.13%9
1977 75.4%9 +0.344 +0.203
1978 80.2%9 +0.430 +0.635
1979 29.72 -0.471 +0.164
1980 47 .00 -0.163 +0.001
1981 368.0 -0.283 +0.344
1982 966.0 +0.102 +0.446
1983 707.2 +0.377 +0.823
1984 452.0 -0.119 +0.704
1985 5926.0 +0.160 +0.864
1986 306.0 -0.404 +0.440
1987 277.0 -0.460 +0.000
198¢ 991.6 +0.123 +0.123
1989 234.5 -0.555 -0.432
1990 490.3 -0.06%96 -0.5016

1991 539.3 +0.0233Z -0.47832
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CHAPTER : 2

GEOLOGY AND THE UATER BEARING PROPERTIES OF SUBSOIL
IN THE KHETRI AREA

2.1 INTRODUCTION

The rocka in the Khetri area belong to the Delhi
super - group of precamberian ;ge, which is subdivided 1into
the Alwar and Ajabgarh groups. The older Alwar rocks are
derived from predominantly arenaceous sedimenta, while the
younger Ajabgarh rocks were originally of a more agrillaceous
nature the transition between the two being gradatonal. All
these formations are metamorphozed to quartzites, aschists and
phyllitea. Some intrusive dolerite dykes are present, and

veins of quartz and carbonates are common.

The general strike of the formation is NNE -
SSU with asteep to gentle dips towards the UWUNW .The economic
mineralleatlon which gives rise to the ore bodies is mainly
locallised in the upper parts of the amphibole- c¢hlorite
quartzites and garnet - amphibole -chlorite quartzite. The
mineralisation occurs 1in, the form of veina, veinlets,
stringera and disseminations ( rarely masasive ), oriented in

general parallel to the folination plane.
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2.2 TOPOGRAPHY

The topographic feature of the area consists of a
cluster of hill masses between Khetri and Chirani, and three

well defined hill ranges from
( 1 ) Shampura to Singhana,
( 2 ) Khetri to.,Singhana and

( 3 ) Manuta to Isakpura and beyond.

The hills rarely rise to heights of more than 200
m. above the plains except near Khetri, where the peak of
Bhopalgarh riges to a height of 710.79 m. above the mean sea
level. The hills generally have a steep slope of 30° -~ 40°
or more. The remaing area is gently undulating and forms the
.valley floor of the Singhana river and ite principal

tributory, the Kharkhar nala.

The present topographic features of the area can
be attributed to differential errosion of the diverse
lithologlcal units of the intensgely folded rockes of the Delhi
ayatem and their intruaives. The majority of the ridges are
crystalline rocks, but some are also made up of blown sand,

such as those occuring near Khetri and Kurana.



2.2.1 Drainage

The principal river in th; Khetri area is the
Singhana river , flows from near the hill fort of Bhopalgarh
south of Khetri. It flows for a short distance northwards
upto Khetri where after it maintains a general north easterly
course. Above Singhana it is joined by aseveral tributaries.
The moast important of which is the Kharkhar nala. Among the
minor tributariea are those following past Kurana, Nanuta.and
Gotro. In the upper reaches the Kharkngr nala drains the
sand-dune covered area west of Shampura, but elsewhere it
flowa through a series of hill ranges on either s8side of
Shampura. The bed of the river is mostly made up of a thin
mantle of boulder gravel reating on phyllites of the Delhi
system. Except for a stretch of a few km. near Khetri, the
Singhana river bed comprises mostly of coarse eand and
occaslional gravel. The beds of the minor streams near Gotro,
Manuta and Kurana are made up predominantly of unassorted

gravel and cobbles.

All the atreams in the area are ephemeral in
character and rise in fresheat at times of intense
precipitation. The flood water, however ia s8oon diasipated
within a diatance of about 30 km. from Khetri, part of the
stream beda near Kharkhar and Khetri receive effluents
seepage from dune sands and retain pools of water almost

throughout the year. The Singhana river drains the waate



water of Khetri Copper Complex.

2.3 SURFACE GEOLOGY

The Khetri area is underlaln by recent’ to
subrecent alluvium and blown sand overlying the Ajabgarh
rpcks of the Delhl system comprising quartzltes, sachiats,
phylliteas, calc-granulites etc. The poat Delhi intruajives are
represnted by epidiosites, granites and pegamatites. The
stpatigraphlc succession in the Khetri area is given in next

page (Basu and Chaurasiya,1976).

Nearly half of the Khetri area is covered by the
consolidated and folded rocks of the Delhi asyastem and their
intrusgsives. The remaining area is made up of unconsolidated

recent alluvium and dune-sands.

2.3.1 Delhi System

The rocks of the Alwar series occur east of
Khetri and north east of Monuta. They are mainly composed of
quartziteas, which in the Khetri area, are thin bedded with
micaceous laminae, black lime stone , etc. are -fine grained,
reddish yellow or grey. The rocks of the Ajabgarh series,
comprising of quartzites, limestone, phyllites, micaceous

schists and calc granulites occur west of Khetri in two
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2.3.2 Post - Delhi Intrusives

The rocks intruded in the Delhi System uge, in
order of @auccession, the epidiorites ( amphibolitea ),
granites and pegmatites. While the epldiorities are aeldom
aschistose, the granites . are typically foliated. The
epidiorites and to a certain extent the granites by virtue of
their lesser resistance to weathering do not give rise to
marked aurface reliefs as do the quartziteas of the Delhi
system. Out crops of granites forming small hillocks are to

be found in the vicinlity of Gotro, and those forming of

amphibolites east of Chota Bagh.

A thin section of a sample of granite taken from
an out crop about 100m. west of Gotro was examined under
the microscope. The rock is described as medium grained,
compoased of easentially of quartz, orthoclaae,
plagloclase and hornblende with sphene, epidote and

magnetite aa accessoriea. The felapar exhibits perthitic
growth., The epidote occurs due to the sasguritization of

the plagioclaae present in the rock.

2.3.3 Recent Alluvium

Recent Alluvium is to be found extenaively in the
valley floor of the Singhana river and its tributaries. They

comprise of gtream laid deposits of clay, silts, gravel,
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pebbles and boulders, mostly surrounded to angular. These are
unconasolidated and do not have any cementing matrix, except
within the capillary fringe where the graina are cemented
with calcium carbonate, glving rise to kankar. Generally,
above the water table the materials are finer, frequently
very silty. A part from thia, the coarseness of the materiala
varies areally, being filner away from the foot - hills
depending on the prevaling stream gradient. The coarser
sediments comprises predominantly of quartz, quartzites,
amphobolite, phyllitea, 1limestone and kankar. The finer
aggregates include in addition to the above, garnet,

magnetites, mica and other ferromagnesian minerals.

The sand-gravel-boulder materialas of the alluvium
are very porous with large intergranular spaces and hence
when saturated, yeild water readily to wells tapping them.
However, the finer ones comprising silt and clay, although
very porous, yelld water leass readily in view of the fineness

of the pore @paces.

2.3.4 Blown Sand

The blown sand rests on the alluvium, or on the
older consolidated rocks. The sand is fine to medium grained,
occasionaly micaceous, and occurs extensively east of
Shampura, west of Khetri, and to a lesser extent near

Chiranl, aouth weat of Dhana and wveat of Singhana. They are
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moatly of the fixed type and support scanty vegetation.

Mechanical analysis of one sample of the dune
sand collected from a point about 3 km. east of Shampura
showed the distribution in grain size as given in table
2.3.1 . The blown sand, being looae, unconsolidated, and
highly poroua, readily absorbs rain water; but in view of the
fineness of the pore;qthe absorbed water yields very slowly.
Many of the atreams originating from the hills disappear in
the dune country near Shampura because all the water is

abgsorbed in the dune sands.
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Table 7.7 .1
Mechanlcal atalysis ot a dune wand sample

Cummulative volume percent retained
Seive Size in millimeters

0.249 0.124 0.074 0.04

0.21 44.10 97.75 100
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2.4 SUBSURFACE GEOLOGY

The basement on which the alluvium and the blown
aand were deposited comprise of the rocks of the Delhi aystem
and the Post Delhi intrusives. The thickness of the
uncons§11dated sediments 1is governed by the subsurface
topography of the older rocks as well as by the surface
relief, because of the more or less conatant trend of the
rocks of the Delhi aystem, the subsurface ridges extended
along the strike direction of the exposed rocks which stand
out due to their superlor toughneaas and reaslstance to
weathering 1in comparison to the rocks which got eroded and
were subsequently concealed by depletion of alluvium and

blown sand.

2.4.1 Thickness of Recent Alluvium
The thickness of the alluvium varies

conalderably in the valley floor of the Singhana river up to
ite confluence with the Kharkhar nala, the thickneas of
alluvium 1is greater than 15 m.The same is true for the area
between Kurana and Manuta, east of Singhana river. The
thicker sectlion of the alluvium are to be found along the
present channel of the Singhana river. In the Kharkhar
valley, east and north east of Shampura the thickneaa of

unconsolidated materials at places is more than 20m. the
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maximum recorded belng 25.6 m. The materiala excavated from

the dug wells have a great reeeﬁblance to the accumulationse
of dune sands in the vicinity. Coarser‘gralns except kankar
nodules are conspicuous by their absence. North of Kharkhar
the alluvium conslsts of boulder gravel thinly mantling the

underlying phyllites, which form the bed rock. South of
Singhana the alluvium Iincreases to about 20 m. between BPRanas

and Kharkhar, the alluvium is thiner, rarely exceeding 10 m.

2.4.2 Bed Rock

In the Khetrl area a study of excavated dumps
around dry well and exploratory drilling suggest that in the
vicinity of Gotro and further downatream, the bed rock
comprises of granite occuring below a thin mantle of alluvium
and blown sand. Granite was also encountered in some bore
holea, below a depth of 19.5 m. Elaewhere in the Singhana
valley the bed rock comprises moastly of quartzites except in
the vicinity of Barabagh where amphibolites were encoun&ered
in eome of the wvells.In the Kharkhar valley, east of
Shampura and south and asouth -weat of Singhana, the bed rock
occurs at a depth of more than 20 m. In the remaining area
the bed rock is encountered at shallow depth. The bed rock

here comprises essentially of phyllites.

A geological section is prepared taking the

lithological data of drilled bore holes at Chaonra viz. of
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KCP tubewells : C-4, C-3 and C-8 , which has been shown in
fig. 2.1 . The section indicates that the gravel beda are
thick towards Chaonra and Manipura and silt and clay contents
increaseas towards the tubewell numbers C-3 and C-8 ( i.e.
near Gadla ). Even there is a rise in the bed rock towards
the later. The thickness of alluvium is 51.83 m. near C-4 in
the south and reduces to 44 m. near C-3 and to 29 m. near C-8
located in the northen of the area.Lithologs of these
. boreholes (C-3, C-4 and C-8) are given in tables 2.4.1, 2.4.2

and 2.4.3 respectively .



Table z.4.1
Litholog of bore hole C-3

Bore Hole no. : C-3
Location : Chaonra
R.L.M. Ground Level H 381.173 m.

Lithology Depth Range Thickness
( m. ) ¢ m. )
Surface Sand o -1.52 1.52
Fine Sand 1.52 -7.62 &.10
Sand, Gravel 7.62 —-13.72 6.10
and Kankar
Clay, Kankar 13.72 - 22.87 9.15
Kankar, Pebble 22.87 -27.34 4,37
and bGravel
Boulders 27.44 —-35.06 7 .62
Sandy clay 35.06 -2Z8.11 3.03

and Kankar
Boulders Z8.11 ~-44.21 6.10

Rock 44 .21 ~-49.39 9.18

v - —— - ——— e et . St Mt e e . T e M e P MM — T — — — T — — T —— T — — - _————_ D . S s P = " S = S e —— — - ——
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Table Z.4.2
Litholog of bore hole C-4

Bore hole No : C-4
Location : Chaonra
R.L.M. Ground Level : 382.704
Lithology Depth range Thickness
C m. ) C m. )
Fine Sand 0 -3.05 3.05
Medium Sand 3.05 -10.67 7.62
Sand with Kankar 10.67 ~-14.63 3.96
Red Clay with 14.63 - 28B.96 14.33
Kankar
Sandy Clay with 28.96 -33.54 4.58
Kankar
Small Gravel 33.94 —-45.12 11.78
Boulder Stone 45.12 -51.83 b&.71

Qluartzite 51.83 -54.88 3.05

e e e e e e e e By i et e e St e . G T T S ——— ——— ——— — ——— — T o T} 3 o i o S T S . e e o S e Sy o . S o e
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Table 2.4.3
Litholog of bore hole C-8

Bore hole No. : C-8
Location : Chaonra
R.L.M. Ground Level : 381.985 m.
Lithology Depth Range Thickness
¢ ma. D ¢ m. )
Surface sand 0O - 3.05 3.05
Sandy Clay with 2.05 —-10.67 7.62
Kankar
Clay with Murum 10.67 -24.39 12.72
Coarse Sand =4.329 —-28.96 4.57
Soft Rock 28.96 —-Z1.40 2.44

Compact Rock 31.40 -Z2.83 1.53
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phyllites which poses some stability problems during stoping.

There are number of transverse faults and shear planes, plus
a number of longitudinal shear within the area of both under

around mines.

Chalcopyrite 18 the principal copper mineral in
the ore. The mineralogical composition of the Khetri and
Kolihan ore types, for which the concentrator waa designed,

are roughly as follows:

o e e e e e e . s - - e e Rm o e mm et e e e e et e e e = — = e o e e e = - = e e - Gm = e e wm e e .

Mineral Khetri ( % ) Kolihan ( % )
Chalcopyrite 3 11.7
Pyrite 1 0.1
Pyrrhotite 7 15.7
Magnetite 8 1.0
Silica 79 71.5
Others 2 -

e e v e % e s e G e e A e e o 0 b e e e T S m T e e e o f e m = - = e S o - m- o~ o .

The Kharkhar river flows in the valley
immediately in the hanging of the mineralised rocks in the
Khetrl mine area. There ls some make of water into the mine
through tranverse faults having access to the river bed . To
ensure stability the ore lenses near the hanging wall have
not been worked in the upper levela of mine. At the Kolihan
mine although the water table is only a little away below
garound surface, no aerjious water problems have been

encountered.
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The initial exploration of the depositas was
carried out from surface by diamond core drilling, and there

is a continuous on going programme of core drilling from

under ground to prove reservea: 1800 holes totalling 1,40,000

m. have ylelded 6,280 intetrwsoctions with ore.

2.5.1 Khetri and Kolihan Mines

The strike length of the deposits worked by the
Khetri is about 3.6 km.,the workings being divided into
North, Central and South blocks. The Kolihan workings are
located on three lodes and extended over a total length of
600 m. The distance between the shafts system of the two

minea 18 about 7.6 km. All levels in both minea are denoted

by their heights relative to mean sea level.

The uppermost 1level of Khetri mine 421 m. |is
gerved by adita and has been worked by trackless equipments.
The next level 350 km. is a tracked level served by inclines
from surface. All workings below 350 m. belong to the
"ghafte mine ", access to which is through two vertical

shafts sunk from surface to the 0.0 m. horizon

Mine 1levels are at 60 m. intervals, on the 300
m., 240 m., 180 m., 120 m., 60 m., and 0.0 m., horizons. The
Kolihan mine, eimilaraly, has an adit section ( the 424 m.

levels ), a decline section, in which a 1 in ¢ decline , 5.5
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m. X 3.5 m. in crosa section,serves the 364 m. and 306 m.
levels, and the shafts section, for which acceass is via a
shaft sunk from the 424 m. level.In this section
,development has been carried out on the 306 m. , 246 m. and
146 m. horizons
2.6 SOIL CHARACTERISTICS
2.6.1 Type of soil

Soils are predominantly 1light textured, weak
atructured and well drained. The s8so0il of the district
Jhun jhunu is broadly classified as sand dunes and --dasertic
soil in the northern part , alluvium in the southern part |,

red desertic so0il in the south western part

and lithosols &

regosols of hills in the south eastern part near the hilly
area. The soll found in the Khetri ls sandy and sandy 1loam
,and 1is comparatively more fertile. The sandy 1loam soil,
locally known as Dumat, is suited to irrigation and heavy

cropping. All types of crops

At places, where
course
sand

river

by silt

the river bed is composed of mostly medium to
with gravel and even boulders at depth. Uhen
maintains the linear course,

to fine grained sand. The bed of river

are grown in such asoil.

the Kantli river has meandering

coarse

ever the

the river bed is covered

Dohan also
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comprises medium to coarse sand with gravels at depth.

Soil investigation of Jhunjhunu district has been
carried out by author with a team of BI1TS Civil Engineering
Staff (1989 -1992). Considerable number of @oil testing
(field and 1laboratary) for safe bearing capacity, soil
profile, molsture content, dry density, void ratio and
relative denaity of soil samples have been conducted, the
sieve analyals results show that in those region the soil |is
mostly sandy s8ilt and percentage of clay iasa negligible in
moat of casea. Colour of the 8o0il is dark brown or camel
brown colour. Existence of cohesive 80il was found |in
isolated cases at deeper depths. However, the value of
coheaion at foundation level in all cases were negligible.

Average vold ratio and relative denailty of the soil was found

to be as followa:

0.755

n

void ratio ( e )

53.14 %

u

Relative density

Dry density 1.45 gm./cc

A chemical inveatigatlion of the 80il on area of
talling dam at Khetri copper complex has also been carried
out. The result of the investigation are given in table

2.6.1
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Table 2Z.6.1
Chemical analysis of soil sample from Khetri copper complex

S.No. Name of the test Result
1. Loss on ignition % 4,11

2. Silicon Y 46.91
3. Iron Oxide (FezO3) % 15.60
4. Aluminate (Al:z 03} % 5.93
5. Lime (Ca0) % 18.40
6. Magnisium Oxide (Mg0O>» % 3.10
7. Copper (Cuw) % 0.0z

8. Sulphuric Anhydride % 5.14
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2.6.2 VUater Bearing Properties of Sub Soil

2.6.2.1 Aquifer

Aquifers are the permeable formations having
atructure which permit appreciable quantity of water to move
through them under ordinary fleld conditiona. Thus these are
the geologic formations in which ground water occurs.

Unconsolidated sands and gravels are a typical example.

aynonyma frequently employed include ground water reservolir

and water bearing formation.

2.6.2.2 Aquicludes

Aquicludes are the impermeable formation which

contain water but are not capable of trasmitting or supplying
a aignificant quantity. Clay, shale etc. are the typical

example.

2.6.2.3 Aquifuge

Aquifuge ia an impermeable formation which
neither containa water nor transmits any water. Basalts,

granites etc. are the typlcal examples.
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¢.6.2.4 Aquitard

A geologic formation of a rather impervious
nature which tranamits water at a alow rate compared to an

aquifer but insufficient to individual wells. clay 1lenses

interbedded with sand.

2.6.2.5 Transmisasibility Coefficient

The coefficient of tranamissibility ( T ) is the
discharge through unit width of aquifer for the fully

saturated depth , under a unit hydraulic gradient and is

usually expressed as lpd/m. or 8q.m /sec . It is the product

of fleld permeability ( K ) and saturated thickneasa of the

aquifer ( b ), it has dimension (L2/T)

T = Kx b ..-.(2.6.1)
The value of the coefficient of transmisgsibility determined
by Geological Survey of India (GSI), ranges between 226 and

707 cu.m/d/m in the Jodhpura area and between 1212 to 3887

cu.m/d/m in the Chaonra area.

2.6.2.6 Coefficlent of Permeability ( K )

Permeability ( K ) is the ability of a formation

to transmit water through its poreas when aubjected to a

difference In head. It can be defined as the flow per unit






Table 2.6.2
Coefficient of Permeability aof different Soils

—— . ——  — ———— — ————— —— " — — — — —— v— — —— —— — S o —— — T —— ———— T —— — ——— T ———— {_— ——— — — — . S—

Soil type Coefficient of Permeability ( k )
( cm/sec. )

Clean Gravel 1.00 and greater
Clean Sand 1.00 -0.01

Sand ( mix. ) 0.01 -0.005

Fine Sand 0.005 -0.001
Silty Sand 0.002 - 0.000t
Silt 0.0005 - 0.00001

Clay 0.000001 and smaller
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inversely as the respective kinetic viscosities.The
coefficient of permeability of different types of soils has
been given in table 2.6.2 . Laboratory permeabllity teat of
the soll stratum near Khetri copper complex has been done in
Civil Engineering laboratory ,BITS Pilani (1991). The average
coefficient of permeability in the area was found to be

7.442 x 10 -2 m. /sec.

2.6.2.7 Porosity

Porosity is defined as the ratio of the volume of
void spade to the bulk volume of the porous medium and can be

expressed as

n= Vv / V ...-(2.6.5)
where,
n = Porosity,
Vv = Volume of volds,
V = Total volume.

Porosity may be also expressed as

n s -———=----
Pm
where,
Pm = density of mineral particle,
Pd = Bulk density.

Poroaity of different types of soils are given in table 2.6.3.
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2.6.2.8 Storage Coetflcent

Storage coefficient of an aquifer is the volume
of water discharged from a unit prism {.e. a vertical column
of aquifer standing on a unit area ( 1 sq.m ) as water level
(Piezometric level in confined aquifer -artesian condition )
falls by a depth ( 1 m. ). For unconfined aquifer ( water
table condition ) the storage coefficient is the asame as
specific yleld. The storage coefficient for confined aquifers
ranges from 0.00005 to 0.005 and for water table aquifers

0.05 to 0.30.

Under artesian conditions when the piezometric
surface is lowered by pumping, water is released from storage
by the compresaion of the water bearing material ( aquifer )
and by expanslon of the water itself. Thuas the coefficient of
storage ls a function of the elasticlity of water and the

aquifer akeleton and is given by ( Jacob, 1950 ) aa

S = Yw x b( alpha + nxDB ) ceo.(2.6.7)
where,

S = Coefficient of storage

n = Porosity of aquifer

Yw = Unit weight of water

b = Saturated thicknese of aquifer

B = 1/Kw, Reciprocal of bulk modulus of

elasticity of water

alpha = 1/ Es , Reciprocal of the bulk

modulus of elasticity of aquifer sakeleton
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2.6.2.9 Speclfic Yeild

The capaclty of a formation to contain water is
measured by porosity.However, a high porosity doea not .
indicate that an aquifer will yield a volume of water to a
well. The only water which can be obtained from the aquifer

is that which will flow by gravity.

The volume of water, expressed as a percentage of
the total volume of the saturated aquifer that can be drained
by gravity is called the specific yeild (Sy) and the volume

of the water retained by molecular and aurface tension

forceas, agalinat the force of gravity , expressed as a
percentage of the total volume of the saturated aquifer, |is
called speclfic retention (Sr) and corresponds to ylield
capacity.
Porosity = Specific yeild + Specific Retention
or
n = Sy + &Sr .-..(2.6.8)

Speclfic yield is the water removed from unit
volume of aquifer by pumping or drainage and is expressed as
percentage volume of aquifer. Specific yeild depends upon
grain size, shape and distribution of pores and compaction of
the formation. Characteristics of some common formation

materials are given in the table 2.6.3
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Table 2.6.3
Charateristics of some common formation materials

Formation Porosity Specific Yield Permeability
«C %) « %) lpd/d43
Clay 45 -55 1 -10 0.05 -100
3 4
Sand 35 -40 10 -30 5x10 -15x10
4 S
Gravel 30 -40 15 -30 5x10 - 7.5x10
3 S
Sand and grvel 20 -35 15 -25 10 -2.5x10
S
Sand stone 10 -20 5 -15 5 - 2.5x10
-5
Shale 1 -10 0.5 -5 10 - 0.1

Lime Stone 1 - 10 0.5 -5 -
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2.7 STATISTICAL ANALYSIS OF RAINFALL DATA

Jhun jhunu district of Rajasthan is located in thé
north-eastern part of the state and lies between the north
latitudea 27°38' and 28°31' and e