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THE RIVER

At the feet of that blue sky, on the whitesnow,

the river sleeps under the cover of soft clouds,

and wakes up with the touch of warm sun.

She slowly ventures ou; through the mountains and forests.
Dancing,pushing and playing with the boulders and pebbles;
she-.ultimately comesv"aan to the soft land of the plains.
The more she covers the length,the more she swells up in youth.

At the land's end she ends~Hérégourﬁéy too,

to remain eternally fh'thegﬁhth@mlégﬁgaffection of sea.
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ABSTRACT

Thirty four samples of water, suspended and bed sediments
were collected for two seasons (Dec' 86 and Aug-Sept. 87), at
selected locations of Mahanadi river and its tributaries.

’Seasonaiﬁmaﬁd"‘EEWnstream variations in the water chemistry were

.« . k3 3 -M
studied. Maha:adzﬁ river shows a higher Dbicarbonate content,

U
A e em o e T R ]
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reflectin the intense chemlcal weatherin taki ace
g 1L wea g ngﬂp\~c in the

g s e———

basin. From the water chemlstry, the aluminosillicate and
“carbonate ' minerals expected to be in equilibrium with Mahanadi
river water were calculated. From the XRD studies, these minerals

were also observed in the suspended and bed sediments. Based on

the run-off data and sediment load data from the CWC for thirteen

e T au s -t bt ’“'W
MW
stations and comblnlng these w1th present data of two- ~seasons,
N S iatnhaa il S e . W/
the discharge weighted mean composition, 1ndividual elemental

fluxes and erosion rates were calculated. Ninety five percent of
the discharge is in the monsoon season, which controls the

chemical composition of the Mahanadi river.Annually, Mahanadi

delivers 11.56 million tonnes of locad to the Bay of Bengal. The

i

tio of* dissolved to sediment transport is four.Factors

. _QMMWMMMJ
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controlltng the erosion rates are dlscussed The erosion rate is

o DR e R .

controlled by the basin area and elevation. The Mahanadi basin

lowers at a rate of 1.59 mm per year.The suspended and bed
sediment size distribution were studied and various statistical
parameters determined. The mineralogy of bulk suspended and bed
sediments show the predominance of kaolinite, montmorillonite and

illite in the clay minerals.



INTRODUCTION

Rivers . are the representatives 6f the present-day
geochemical processes involving constant mobility of materials
such as water, sediments and dissolvéd salts to the oceans. The
physico-chemical Aprocesses which are resposible for the mobility
of the materials in the present day environment might have been
operated through out the geological past, though not necéssarily
with the same intensity. Rivers and lakes with a total mass of
O.3x1020 g make up 0.002% of the total hydrosphere. Although the
total amount of these terrestrial waters is insignificant in
comparision to the ﬁass of the hydrosphere, these waters are

important geochemically; because they are responsible for most of

the weathering and erosion of the landmasses.

The two fundamental process of weathering -mechanical and
chemical- result in suspended and dissolved loads of rivers,
which represent quantitatively the most important input to the
oceans (Holland,1978). It is estimated that annually about 37,000
Km3 of water and 13.55{109 T of sediments are discharged by the
rivers to the oceans (Milliman and Meade, 1983). The components

which are not very mobile, such as sillica, aluminium, iron,

titanium and potassium are mainly exported by mechanical erosion

processes, whereas calcium, magnesium, sodium and carbonates are
removed from the basin primarily by chemical erosion
(Probst,1986). The river and stream borne soluble and suspended

loads get affected in estuaries where there is continuous mixing

between fresh water and sea water (Evans et al.,1977,Fukai et



al,1973, Krishnaswamy,1976, Sholkovitz,1976, Tgrekian, 1971,1977)
by processes such as flocculation, adsorption-desorption,
recycling through biologic processes etc. The éhemical
composition of the eroded matter depends on the mean composition
of the materials' lifted above sea level, onthe relative
effectiveness of chemical weathering compared to physical
weathering, and on the response of the uplifted materials to the
chemistry of the atmosphere(Garrels and Mackenzie,1971).
Subramanian (1979) estimated that at the present rate of erosion,
with no compensating uplifting mechanism, river basins in India
would achive their base level of erosion in 5 million years.

A stream will transport sediment only if the critical
hydraullic condition 1is exceeded. The critical stage is reached
when the transporting capacity of a stream equals that which is
required to dislodge material from the channel margin. Several
attempts have recently been made to understand river transport of
materials. The pioneer workers include Gibbs (1977), Martin and
Meybeck (1979), Milliman and Meade (1983).Milliman and Meade
(1983), estimated that nearly 30 % of transport of sediments by
world rivers take place 1in the Indian sub-continent. To
understand the deochemical mass balance between land and ocean,
the estimation of mass transfer from continent to ocean,is very
important. Since rivers are by far the most important supplier of
material to the ocean system, several attempts have been made to
understand river transport of materials.The important of these
are by Gibbs (1977), Meybeck (1976), Milliman and Meade (1983),

Martin and Meybeck (1979). Asian rivers contribute more than 70 %



of the global sediment input to the worid oceans (Milliman and
Meade,1983). In the Indian subcontinent , mass transfer studies
have been initiated by Biksham and Subramanian (1980), Jha and
Subramanian (1986), Ramesh and Subramanian (1985), Raymahasay

(1970), Subramanian (1978,1979) and others.

Textural, mineralogiéal and chemical studies on riverine
sediments offer an insight into river basin provenance and the
effect of transport on the original relationship in the
geological formations. The clay minerals of river suspensions
reflect in general the geological setting of the respective
drainage area. Large rivers with a heterogenous geology in their
catchment basins show a dgreat variability in the clay mineral

composition of their suspended load.

There 1is an enormous effect of human activity on weathering
and erosion processes as a result of ploughing agricultural
fields, deforestation, acid precipitation and all types of
engineering works on the earth's surface. Contemporary society
has realised that an understanding of our environmental
surroundings is of vital importance for the repair of prior
degradation and development of future strategies (Pagénkopf,
1976). This awareness has led to a rapid increase in the number
of studies 1involving the various aspects of natural water

chemistry.



CHAPTER I
LITERATURE REVIEW

The hydrologic cycle 1is an important contribution to
near-surface chemical processes. Approximately 80 % of the water
on the earth. is 1in the oceans, 12 % is in the pores of rocks
beneath the earth surface, 1 % is in the form of ice, 0.002 % is"
in streams and lakes and only about 0.0008 % in the atmosphere
(Garrels and Mackenzie, 1971). Although rivers and lakes make up
only a small fraction of the hydrosphere, the rate of water

circulation through them is quite rapid. Garrels.and Mackenzie
(1971) calculated that the amount of water discharging from
rivers to the sea each year is about equal to.- the total amount of

water present in rivers and lakes.

I.1. Sediment and Chemical Load of Rivers

Oon the Dbasis of 740 major world rivers, Meybeck (1976)
estimated that the annual global dissolved transport to world
oceans 1is 3.25 billion tonnes. Milliman and Meade (1983),
computed the solid material transport to the world oceans to be
around 13.5 billion tonnes per year. The amount of material
transported to the oceans by rivers depend on the size of river
basins, their homogeneity and the range of morphoclimatic
features (Meybeck ,1976).' Most of the studies on world rivers
show that solid transport is directly related to run-off,
aititude , Dbrecipitation, relief, temperature and inversely
related to basin-size and vegetation. Table I.2 1lists the major

rivers that flow to the sea in order of discharge.
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Table 1.1

Average suspended sediment discharge by continents,

Continents Suspepnded sediments discharge
' (t/kmé Jyr) (10 T/yr)
Africa 27 0.55
Asia 600 16.16
Australia 45 0.23
Europe 35 0.33
North America 96 1.99
South America 63 1.22

Gregory and Walling (1973)



Table 1.2 ‘
Major rivers that flow to the sea, listed in order of discharge.

- - e - = R R A e e Tm T e e e e e e D WP e e o o e e dm R R B ER Eh e e o e AR R R e e e wm R A TP A - e e e A S S R M e e e -

_ Annual Discharge Drainage
River Location water disé{ solids sus,solids diss./sus. a;fa
(km3/yr)  (108fr) (108t)yr) (18 knd)
Amazon S.America 6300 223 900 0.25 6.15
laire Africa 1250 36 43 0.84 3.82
Orinoco S.America 1100 39 210 0.19 0.99
Yangtze Asia 900 226 478 0.47 1.94
Brahmaputra Asia 603 61 0.58
Mississippi N.America : 580 125 210 ' 0.60 3.27
Yenisie Asia 560 65 13 5.0 2.8
Lena Asia 514 70 12 5.8 2.50
Mekong Asia 470 70 160 0.44 0.79
La Plata S.America 470 16 92 0.17 2.83
Ganges Asia 450 75 0.97
Irrawady Asia 428 92 265 0.35 0.43
St.Lawrence N.America 447 59 4 14.8 1.03
Mackenzie  N,America 306 64 100 0.64 1.81
Columbia N.America 251 35 8 4.4 0.67
Indus Asia 238 41 100 0.41 0.97

Berner and Berher,1987.



The first 13 rivers with a total discharge of 14,000 km
water per year, account for about 38 % of the total water
discharge to the oceans. Amazon accounts for 17 % of the total
water discharge to the oceans. Seventy percent of the total world
suspended 1load is from southern Asia (Milliman and Meade, 1983).
The total suspended sediment load can be used to calculate the
average mechanical denudation rate for the continents, which is
about 5.6 cm. of elevation reduction in 1000 years. Milliman and
Meade (1983) pointed out that the sediment transpoft rate from
the continents to the oceans by the rivers is not the same as

]

the total rate of soil erosion. This is because much sediment is

eroded from upland areas and deposited in lowland areas without

reaching the sea.

I.2 Review of Indian Rivers

Arranged according to drainage area, the nine major river

basins of 1India are the Indus, Ganges, Brahamaputra, Godavari,

Krishna, Mahanadi, Narmada and Cauvery. Together with 40 minor

rivers, the water discharge from the Indian sub-continent is
19 3

about 1700x10 m /yr, which represents just 5 % of the global

river input to the world oceans. Unlike the large river system of
Amazon, representing a single drainage net-work the Indian rivers
cover practically all climatological, geographical, geological
and human factors and thus offer challenges to work with

(subramanian, 1987).
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Table 1.3

Erosion rates for the continents

Load (106t/yr) Rate (t/kmz/yr) ‘
Continent ,
: chemical sediment total chemical sediment total

Asia 1490 14500 15990 32 - 302 334
Africa 710 490 1200 24 16 40
Europe 460 250 710 42 _ 23 65
Australia 20 210 230 2 21 23
N.America 700 1780 2480 32 85 117
S.America 550 1100 1650 28 56 84
Continental

earth 3930 18300 22230 23 108 131

Garrels and Mackenzie,1971.
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Table 1.4
Hydrological characteristics of river basins of India

Mean annual Drainage Mean basin TDS TSM
River éscharge a ea2 elevation
: m3/yr) (10°km<) (m) (ppm) (ppm)
Ganges 493 970 3000 178 1631
Brahmaputra 510 690 5000 148 1170
Indus 207 1165 2500 124 450
Godavari 92 - 313 400 181 1845
Krishna 30 251 420 - 360 1158
Mahanadi* 67 132 500 155 31
Narmada 41 90 760 322 130
Cauvery 21 87 630 172 30
Tapti 18 62 740 322 333
Minor rivers 104 240 - - -

Subramanian,1987.* as studied earlier
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The river water chemistry and chemical transport studies on
Indian rivers are rather scant. The Central Water and Power
Commission has carried out partial analyses of water of the major
Indian rivers over a period of years (e.g. Deb andChadha, 1964),
but their studies were oriented towards determination of the
quality of the river waters for irrigation use. Handa (1972),
studied the chemical composition of the ganga river water.
Preliminafy and broad investigations have been periodically
reported by Borole, Raymahasay, Sarin and Krishnaswamy,

Somayajulu, Subramanian and others.

Y Indian rivers are alkaline ‘and carry a greater annual solute
load than the Amazon but have a smaller annual solute flux than
similar Chinese systems. Na and Cl transport in Indian rivers is
higher than in other major river systems of the world, probably
due to the influence of the monsoon on continental run-off
(subramanian,1983).The Himalayan drainage system, consisting of
the Ganges-Brahmaputra and Indus, contribute enormous quantities

of sediments to the Bay of Bengal and Arabian sea.

The .earliest published qualitative data of clay mineral
assemblages of Indian continental shelf sediments were of Subba
Rao (1963). Subsequently, a number of workers have studied the
distribution of clay minerals in the continental margin and deep
sea areas of the Bay of Bengal (Goldberg and Griffin, 1970;
Mallik,1967; Murthy and Srivastava,1979; Rateev et al. 1969;
Siddique,1967; Venkataratnam and Biscaye,l973:).'The clay mineral

groups in the Arabian sea were reported by Goldberg and

12



Table 1.5

Average chemical composition of Indian rivers (in mg/1).

- - - s = = = e - = S e = - e A e e = T e e A e e e e e e e e e we e

Krishna
Cauvery
Godavari
Ganges
Brahmaputra
Indus
Narmada
Tapti

Subramanian,1987.
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Table 1.6

Erosion rates of some important rivers of India

River Load ( million tonnes/yr) Rate ( t/kmz/yr ) Sed/Chem.
Chem Sed Total “Chem Sed Total

Krishna 10.4 4 14.4 41 16 57 0.39

Godavari 17 170 . 187 55 555 610 10

Cauvery 3.5 0.04 3.54 490 0.5 40.5 0.01

Brahmaputra 51 597 648 88 865 - 953 9.8

Ganges 84 329 413 111 438 549 3.9

- - e - > - = = R s o - = Y W Ee e e o o e S e AR S M A e A - . = e = e EE e e e e R M M A A W e e

Subramanian,1987
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Griffin,1970; Kolla et al.1976,1981; Mattiat et al.l973; Nair
et al.1982; Rateev et al.l1969; Srivastava,1970. Naidu (1962),
studied the clay mineral assemblages off Godavari river
sediments. Later similar work was done vby' Seeralathan and
Seetharamaswamy (1982,Cauvery), Subramanian (1980), Swamy et
al.(1973,Krishna) and others on the Indian sub-continent on the

whole.

I.3 Objectives

The present work aims at examining the followings:

1.The variétion of major ion chemistry with seasons.

2.The average chémicél composition of Mahanadi river water.
3.Factors controlling the Mahanadi river water.

4.The theoretically expected stable minerals in carbonate

and sillicate system in Mahanadi river water.

5.To know, whether the theoretically predicted mineral
assemblages from the water chemistry, agree with that of

the observed minerals in the suspended sediments.

6 .The QOad and rate of chemical and sediment erosion in
Mahanadi river. Calculation of flux of individual elements.

7.Grain size distribution of suspended and bed sediments.

8.Mineralogy of suspended and bed sediments.

15



CHAPTER 1II

MAHANADI RIVER BASIN

The Indian sub-continent enjoys a unique position on the
globe for its water resources. To the north of it lie the snow
capped Himalayas, feeding the rivers eﬁerging from them,
one-fifth of their flow by snow-melts while in the south lie the
Indian ocean, the stimulus zone of two important monsoons i.e.
the south-west and north-east monsoons.The monsoons unleash
enormous quantity of water which is carried by the numerous river
systems flowing in all directions of the country. The complex
topography of the sub-continent makes rainfall heavy in some

areas while it is scanty elsewhere.

The Mahanadi is one of the major rivers of the country,

flowing east and draining 1into the Bay of Bengal. Among the

peninsular rivers in water potential and flood producing
capacity, it ranks second to the Godavari. The Mahanadi basin
extends over an area of about 1,13,717 sqg. km, upto

Kaimundi{delta head), and 1lies between longitude 80°-30'and
84°-50' east and latitude 19°-20' and 23°-35' north. The basin
covers large areas in the states of Madhya Pradesh and Ofissa and
only small areas in Bihar and Maharastra. The state-wise

distribution of drainage area of the river is given below :

State Drainage area (sg. km.)
Madhya Pradesh 75,532

Orissa 55,754

Bihar 159

Mahrastra 279

16



The Mahanadi Dbasin ié bounded on the north by the central
India hills and south-east by eastern ghats and on the west by
the Mekala range. The upper basin is a saucer shaped depression
known as Chattisgarh. The basin 1is in circular shape with a
diameter of 400 km. aﬁd an exist passage of abdut 160 km. length

and 16 km. breadth.Map of Mahanadi basin is given in Fig.lIIl 1

There are four well defined physical regions 1in the

basin,namely

The northern plateau

The eastern ghats

The coastal plains, and

The erosional plains of the central table land.
The northern plateau ’ .

bW

The northern plateau and eastern ghats are well forested
hilly regions. The coastal plains stretching over the districts
of Cuttack and Puri covers the large delta forméd by the Mahanadi
and 1is a fertile area well suited for intensive cultivation. The
coastal plains of the central table land area is traversed by the

Mahanadi and its tributaries.

II.1 River System

The Mahanadi river rises near Sihawa, which is near Nagri
town in Raipur district of Madhya Pradesh. The total length of
the river from the source to its outfall into sea is about 851
km. out of which, 357 km. is in Madhya Pradesh and the balance
494 km,., is in Orissa. Throwing off numerous branches the Mahanadi
falls into the Bay of Bengal near Flease Point about 16 km. below

the confluence of Chitartala and the Mahanadi.

17



IT.1.1 Principal Tributaries

The principal' tributaries of Mahanadi are the Jonk, the
Hasdeo, the Mand, the Ib, the Ong and the Tel, which are briefly

described below.

The Seonath : The Seonath sub-basin covers the districts of
Rajnandgaon, Durg, Raipur, parts of Bastar and Mandla districts
of Madhya Pradesh and Chandrapur districts of Maharastra. From
the source, at an eievation of about 533 m. near Kotgal in
Chandrapur to 1its confluence with Mahanadi, Seonath traverses a
distance of about 383 km. and drains an area of 30,761 sg. km.
which is near about 25 % of the total catchment area of the
Mahanadi basin. The main sub—tributarises joining the Seéﬁath are
the Kharkhara, the Tandula and the Kharun on the right bank and
the Sukhanala, the Surhi, the Dotunala, the Hamp, the Agar, the

Arpa, the maniyari and the Lilagar on the left bank.

The Jonk : The Jonk riverk rises in Khariar hills of
Kalahandi district of Orissa at an elevation of about 762 m. The
river flows for a length of about 196 m, and joins Mahanadi at
Seorinarayan. It has a catchment area of 3483 sq. km. The sub-

basin covers the districts of Kalahandi, Sambalpur and Raipur.

The Hasdeo : The Hasdeo river rises at an elevafion of 915m.
at a place nearly 10 km. north of Sonhat in the Surguja district
of Madhya Pradesh and has a total length of 333 km. Its catchment
area 1is 9802 sq. km. and the principal sub-tributary is the
Gejnadi. The sub-basin covers areas in the districts of Surguja

and Bilaspur.

18
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The Mand : The Mand river rises in the Surguja district at
an elevation of about 686 m. and flows for a length of about 242
km. wupto its confluence witthahanadi near Chandrapur. It has a
catchment area of 5237 sq. km.The sub-basin covers the districts

of Raigarh and Surguja.

The Ib : The Ib river is about 251 km. long and rises at an
elevation of about 762 m. in the Raigarh district of Madhya
Pradesh. The river traverses for about 251 km. before falling
into the Hirakud reservoir and has a total catchment area of
12447 sq. km. The sub-basin covers districts of Raigarh,

Sundargarh and Ranchi.

The Ong : The Ong river rises at an elevation of 457 m. on a
hill in the northern outskifts of the south-north running range
of mountains situated to the right of the Jonk river. The Ong
flows for a total length of 204 km. to join the Mahanadi 1l1lkm.

above Sonepur. It has a total catchment area of 5128 sq. km.

The Tel =: The Tel river rises in the Koraput‘district,
Orissa about 32 km. to the west of Jangaon and flows for a total
length of 296 km. Dbefore it Jjoins the Mahanadi about 1.6 km.
below Sonepur. The total catchmént area of this sub-basin is

22818 sqg. km.

II.2Geology

The rock formations that are prevalent in the Mahanadi basin
in Madhya Pradesh belong to the following stratigraphical

divisions :

20
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Recent, Pleistocene o Alluvium and Laterite

Lower Eocene Deccan Trap :
Upper Cretaceous Post-Gondwana intrusions
Gondwanas Mahadeva Formation

Panchet Formation
Raniganj Formation
Y Barakar Formation
oA Talcher Formation
“Cuddapahs Intrusive rocks in the
péheans Charnockites
Iron Ore Group

\\\ ' Gangpur Group

The gneisse% form a very widespread type of rock in Orissa.
Some well defined areas of Sambalpur, Puri and Cuttack districts
consist of the Gondwanas. Also a fairly large exposure of the
upper Gondwana rocks occur in the Mahanadi basin just west of the
delta. The Eastern Ghats through which the Mahanadi passes in
Orissa state consist of rock types as khondalites, charnockites,
leptynites, quartzites and minor -basic granulites, gneisses,
migmatites, anorthosites, granites and minor basic intrusives of
Pre-Cambrian age. The Precambrian sedimentary rocks 1in the
drainage basin are chiefly conglomerates, sandstones, quartzites,
shales and 1limestones. the coastal tracts constituted by the
deltaic alluvium of the river with littoral deposits. The older
alluvium is found along the Tel sub-basin and -in Bargarh

sub-division of Sambalpur district.

In the upper reaches of the basin i.e. the Madhya Pradesh
portion of the basin, the following lithological variations are

seen (with their exposure in sqg. km.):
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Figure II.2: Geological map of Mahanadi river basin. Compiled from GSI maps,



i. Granite and other

crystallines. 83131
ii. Sand Stones 9523
iii. Lime Stones 15003
iv. Shales 5733
v. Gondwanas 11746

The Geological map of Mahanadi is given in Fig.I1I1.2

II. 3 Soil Pattern

The basin consists mainly of red and yellow soils, mixed
red and Dblack soils occur in parts of.Bolangir, Kalahandi,
Sambalpur and Sundargarh disﬁricts of Orissa. Laterite soil is
found in the 1lower part of the basin lying in Cuttack and Puri
districts of Orissa. The coastal plains of the Mahanadi are

composed of saline deltaic soils.

The principal soil types found in the various districts of

the basin are
i. Bastar, Rajnandgaon and Durg : The best soils of the
districts are "Kanhar" and "Dorsa" both black and
deep. "Kanhar" is a clayey soil containing about 43.3
to 56.5 %clay and 16 to 20 %of sand. "Dorsa" contain

37 to 44 % of clay, 25 to 29 % of silt and nearly 24

to31 %of sand.

ii, Bilaspur : The black soils prevail mainly in Mungali
Tehsil where they cover 59 % of the area and the rest

is entirely Dorsa.
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iii. Raigarh ahd Raipur : The main soils are Kanhar ,
Dorsa, Matasi and Bhata. Matasi is a yellow soil.
Bhata is a red soil and full of stones.

iv., Suruguja and Mandla : A mixture of red and yellow

soils occur in these districts.

V. Bolangir :The cultivated soils are loamy in texture,
generally deficient in nitrogen and the nutrient

contents are low.

vi, Cuttack : the soils of the district vary from clays to

clay-loams, the later being found to a greater extent.

vii. Dhenkanal : Black soil or regular and old alluvium

occurs. In general they have a higher content of clay.

viii, Ganjam : Soils mixed with Laterite are found in this

district.
ix. ﬁoraput : The soils are highly sandy.

X. Kalahandi : Mixed red and black soils occur in the

district.

Xxi. Phulbani : Red and brown laterite soils occur in this

district.

xii. Puri : The soils are of sandy nature and are poor in plant

nutrients.

xiii. Sambalpur : The cultivable soils are loamy in texture

and nutrient contents are low.
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I1.4 Climate

Four distinct seasons occur 1in a year in the basin. They
are :

i. The cold weather,

ii. The hot weather,

iii. The south-west monsoon,

iv, The post-monsoon season.

In the winter, the winds are generally light and blow either
from north or north-east and the atmosphere is bright. During
December and January, very 1little precipitation occurs, but
during February 25 mm to 50 mm'of rainfall occurs in association
with the passing western disturbances. The precipitation is
mostly confined in the northern half of the catchment especially
the hilly region. The winter is not severe but pleasent. The hot
season commences in March and lasts till the middle of June by
which time, the south-west monsoon starts. Thunderstorms are
quite frequent during the hot season and some of them result in
rains., the intensity of such rainfall being comparatively more
in the hills than in the plains. The rains of this season are of
great 1importance to agricultural operations in view of the goil
preparation needed for the kharif crops. The south-west monsocon
setting by the middle of June over the entire basin continues to
be active 1in the first week of October. Durig this period the
basin réceives about 90 % of the annual rainfall. After withdrawl
of south-monsoon also a few thunder storms continue to occur. The

weather clears up by November and it is c¢old thereafter.
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I1.4.1 Rainfall : The basin average annual rainfall is 142cm. The
rainfall during the period June to September is about 85 % of the
annual rainfall, and about 90 % of the annual rainfall occurs
during the period June to October.

I1.4.2 Temperature : Generally, December is the coldest month
with the minimum temperature ranging between 10o c and 13.70 c
whereas, near the coast,it usually does not fall below 15.80 c.
May 1is generally the hottest mgnth of the year when thg mean

maximum temperature ranges from 38 c over the hills to 43 c¢ in

the plains.

II.5 Mineral Resources

A par£ of the richest mineral belt of the sub-continent
falls in the Mahanadi basin. The upper reaches of the basin
consisting of the districts Bastar and Durg have huge ”quantities
of iron ore deposits.Iron ore deposits are found in Sundargarh,
Cuttack and Sambalpur districts also. Raigarh, Suruguja and
Bilaspur districts have huge deposits of coal. Lime stone
deposits are found in Durg, Raipur, Raigarh, Bilaspur, Sundargarh
and Sambalpur. Dolomite occurences are found in Sundargarh
district. Deposits of Bauxite have been found in Suruguija,
Bilaspur, Bastar and Raigarh districts of Madhya Pradesh. Bauxite
is also found in Kalahandi and Sambalpur districts of Orissa.
China clay is found in Durg, Bilaspur, Sambalpur and Sundargarh.
Copper deposits are reported from Bastar district. Deposits of
alluvial gold have been reported from Khairagarh Tehsil of

Rajnandgaon district of Madhya Pradesh. In the coastal districts
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of Cuttack and Puri, salt is availble though not economically
exploitable. Other minerals like Lead, Talc, Soap stone, Mica and

graphite etc. are also reported from some parts of the basin.

I1.6 Industries

Rich 1in forest, agricultural and mineral resources, the
industrial potential of the basin is much better than that of
many other parts of 1India. Only a small part of the enoromous
forest wealth is at present being exploited for timber, paper and
other industries. Among agricultural based industries, mention
may be made of pfocessing industries 1like rice-milling,

manufacture of sugar and textiles, extraction of o0il from

groundnut, linseed and other o0il seeds. Mining of coal, iron,
manganese etc. 1is the other important activity in mineral rich
districts.

Iron and steel are produced at Bhillai. Many other small
engineering industries are spread all over the basin. Cement is
manufactured in Raipur, Bilaspur and Sambalpur districts of the
basin. Aluminium is produced at Korba and at Hirakud. A large

Aluminium complex has come up in Koraput district of Orissa.
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CHAPTER III.

METHODOLOGY
Water and sediment samples were collected from Mahanadi and
its tributaries in December,1986  (pre-monsoon) and

August~-September,1987 (monsoon). The sampling locations are shown

in Fig. III.l1. The pre-monsoon samples are represented by the
symbol(®) and the monsoon samples are represented by the symbol
(X) The pH and alkalinity were measured immediately in field.

The pH and EC were measured in the laboratory by CONSORT C425.
The samples were filtered through millipore 0.45 micron membrane
filters to collect the suspended matter and the filtered water
was used for elemental analyses. Chlorinity was measured by AgNO

titration, bicarbonate by potentiometric titration, sulphate by
titration method after Fritz and Yamamura (1955) and Haartz et
al. (1979). Fluoride by pH/Ionmeﬁer 135. Phosphate and dissolved
sillica by ascorbic acid and molybdo-sillicate method
respectively using' UV spectophotometer. The four major cations
Ca, Mg, Na and K were analysed by the Atomic Absorption
Spectrophotometer model GBC 902, Na, K by emission mode and Ca,
Mg by absorption mode. Slides of suspended and bed sediments were
prepared by drop-on slide technique (Gibbs,1967a), glycolated and
run on Phillips x-ray diffractometer using CuKu: radiation and Ni
filter. Size analyses for eight suspended sediments were done by
Particle size Analyser model SA-CP2 (IIT,B).The grain size
distribution of Dbed sediments were done by FRITSCH analysette
type 03.502. Details of the analytical procedure is given in

Appendix.
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CHAPTER IV

RESULT AND DISCUSSION

IV.1 Major lon Chemistry

The major cation and anion concentrations were determined in
the‘ Laboratory fbllowing various methods described in earlier
‘-chapter. The ionic balance indicates that the analytical methods
followed gave results within a precision of 5-10 %. The results
of the water analyses for both the seasons is given in Table IV.1
(A & B). A discussion on the chemistry of the river water is as

follows :

pH and Electrical Conductivity (EC) : With an average pH of
7.67, the Mahanadi river water is alkaline in nature for both
seasons (pre-monsoon and monsoon). The pH in pre-monsoon season
is slightly more alkaline than the monsodn season. The alkalinity
increases downstream. Subramanian (1979), reported for Indian
rivers that, the alkalinity increases downstream independent of
basin characteristics. The pH of most naturai waters is of
significance in all chemical reactions.'associated -with the
formation, alteration and dissolution of minerals (Stumm and
Morgan, 1981 ). Subramanian (1979), observed that additional
pH-buffering mechanisms operate 1in the Indiah river systems,
since the HCO concentrations are uniformly High and the observed

3 v
pH is higher than the theoretical values based on alkalinity.
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Table Iv.I (A).
-1
Chemical analysis of Mahanadi river water (Dec. 86, units inmg L )

smple pi EC FT 0T K037 PO, SO, S0, Na' KT cattmgtttos tem, T s*
No (rreq) (meq)

1
[]
]
]
[}
1
1
]
]
]
]
]
1
1
]
]
]
]
]
]
1
1
i
]
i
1
i
]
]
)
]
]
]
]
]
]
]
[}
]
t
]
)
]
]
]
1
)
]
]
t

1 8.26 338 0.03 22 190 - 2.5 19.0 25.70 9.16 24.23 16.7 309.31 16.07 3.78 3.72
2 8.10 131 0.014 11 84 - 1.0 14.7 10.86 8.57 14.12 8.1 152.36 3.02 1.70 1.22
3 8.16 304 0.03 33 1% - 2.0 12.4 15.62 7.37 42.67 15.9 323.98 64.76 4.18 4.29
4 7.80 180 0.015 24 140 - 1.0 14.8 11.26 7.12 35.06 5.8 289.06 12.9% 2.99 2.50
5 8.33 350 0.B9 26 220 - 3.0 17.4 24.30 9.64 32.06 15.5 347.1 29.12 4.41 3.86
6 6.82 208 0.015 34 128 - 1.5 15.3 16.74 10.65 20.51 12.1 238.48 2B.51 3.09 3.04
7 6.92 230 0.020 12 163 0.08 2.0 15.1 15.62 8.35 28.09 14.3 258.58 17.2 3.08 3.47
8 8.38 132 0.015 24 82 0.004 2.5 12.8 10.91. 6.18 17.58 7.9 163.89 5.0 2.06 2.14
9 7.37 180 0.017 22 130 0.005 2.5 16.4 19.31 6.20 21.3 13.4 231.76 13.80 2.78 3.18
10 8.48 163 0.019 11 115 0.004 5.0 13.1 13.61 8.31 2.8 22.4 211.47 9.46 2.32 3.81
11 8.57 149 0.019 22 112 0.004 1.0 15.1 11.60 6.58 18.57 9.2 196.07 15.33 2.47 2.34
12 8.40 162 0.018 24 128 0.004 4.0 15.1 13.71 7.32 17.65 14,5 225.80 10.00 2.87 2.85
3 8.32 226 0.017 22 130 0.004 2.0 16.6 17.81 9.49 21.80 13.5 235.51 4.10 2.77 3.22
14 7.68 340 0.017 34 182 0.018 1.5 18.9 19.51 16.38 32.68 16.0 314.50 4.10 3.98 4.22
15 8.13 29600 0.(2 13400 135 0.004 194.0 0.7 12620.0 845.00 413.4 2315 29922 - 2223 - -
16 8.07 30100 0.033 16530 130 0.004 212.0 0.8 14500.0 896.00 364.5 2345 34978 4271 - -




et

Table Iv.1 (B)

-1
Chemical analysis of Mahanadi river water ( Aug-Sept.87, units inmg L )

. — +
Sample pH £C F O HO PO S0 Si0 Na K Ca Mg W TM™M = 2
No. M S/am) 3 4 4 2 (meg) (meq)
17 7.26 8 0.011 34 64 - 1.5 16.6 10.07 8.02 10.72 7.1 152.02 69.60 2.04 1.75
18 7.94 290 0.042 26 250 0.01 10.0 17.5 31.26 10.25 33.68 14.5 393.24 46.00 5.09 4.49
19 7.48 188 0.012 21 120 0.009 2.5 30.1 15.30 8.94 23.18 9.0 230.04 23.20 2.62 2.68
20 7.36 135  0.013 42 122 0.008 2.5 20.7 10.25 8.84 32.06 1.9 240.02 211.20 3.26 2.09
21 7.30 111 0.012 21 70 0.005 3.5 12.2 106.07 13.07 12.58 5.1 147.53 859.6 1.74 1.84
22 7.14 126 0.012 20 105 0.007 1.5 16.4 10.56 7.19 20.83 8.7 190.19 328.8 2.32 2.39
3 7.64 19 0.015 14 145 0.012 3.0 11.9 11.84 6.68 29.58 8.2 230.22 34.4 2.10 2.83
24 7.32 105 0.020 17 62 0.012 8.0 17.1 8.28 6.50 12.7 6.2 137.38 440.0 1.71 1.64
25 6.92 69 0.017 55 60 0.005 1.0 18.9 7.79 8.34 14.98 9.7 175.73 166.8 2.57 2.13
26 7.29 140 0.016 28 145 0.012 3.0 17.7 14.24 5.57 21.56 10.5 245,59 82.4 3.24 2.70
27 7.88 170 0.022 10 120 - 4.0 21.7 12.27 8.67 17.49 8.8 202.95 562.8 2.34 2.35
28 7.45 217 0.047 25 125 0.006 3.0 17.9 13.77 13.47 23.45 11.1 233.10 33.2 2.82 3.02
29 7.38 132 0.017 18 82 0.012 2.0 19.0 11.71 6.31 15.46 8.1 162.60 51.2 1.90 2.10
30 7.43 198 0.010 14 140 0.011 1.0 13.8 13.41 12,26 20.32 13.0 227.81 198.4 2.69 2.98
31 7.08 91 0.013 18 85 0.007 4.5 13.6 11.43 8.57 13.94 6.5 161.56 ?219.2 2.01 1.9
32 7.56 146 0.020 14 145 0.011 3.5 18.7 10.12 7.09 30.06 3.8 232.30 210.8 2.87 2.13
3 7.41 135 0.011 52 90 0.010 2.5 21.3 10.90 4.69 15.90 12.1 209.41 20.8 2.71 2.38
34 7.30 112 0.010 1B 95 0.080 2.5 13.3 13.59 5.79 16.67 8.1 168.04 33.2 1.98 2.23




The EC shows seasonal variation. It is minimum in monsoon
season and higher in pre-monsoon season. For example, the EC at
Seorinarayan is 230 pS/cm. in Dec.86 whereas in Aug.87 it reduces
to 126 Hs/cm. an increase in EC reflects an increase in the ionic
strength of the solution which in turn indicates an increased

concentration of major ions. Correspondingly, the ionic strength

2
( I=%im z , where m is the molality and z 1is the charge of
ii ' i i
the i ion in the solution, the assumption being taken over all
th
ions, positive and negative. Garrels and Christ, 1965 ) of

Mahanadi varies from 0.003 in monscon to 0.0045 in pre-monsoon
season. Approximate TDS values can be computed from the measured
EC Dby converting it with the cémmonly accepted factor of 0.7 for
fresh water (Davies and Deweist, 1962). The correlation
coefficient for EC and observed TDS shown in Fig. IV.1l gives a

value of 0.895 for Mahanadi.
IV. 1.1 Major Anions

The major anions which make up more than 70 % of the total

ions in the river water of Mahanadi are Cl , HCO and SO .
3 4

The' major source of chloride in river water is atmospheric
precipitation . Barring areas of heavy industrial pollution,
atmospheric chloride concetration by evaporation can not exceed
20 ppm , in rivers from areas with a run off in excess of 20 cm
per year (Holland,1979). A good deal of non-atmospheric chloride
in the rivers is derived from sedimentary rocks, possibly by the
addition of  sub-surface connate brines. The average chloride

concentration in Mahanadi is higher (23 ppm) than the average of
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other 1Indian rivers : Ganges, 5.6 ppm ;Brahmaputra, 15.0 ppm
;Yamuna, 5.4 ppm  ;Godavari, 17.0 ppm ;Cauvery, 18.0 ppm
;Subramanian (1987) .Marine contribution has been responsible for
the comparatively higher value for the Krishna river (38.0
ppm; Ramesh,1985). Since Yamuna basin is land-locked, its low
value 1is assumed to be from rainfall,ground water discharge and
dust-storm (Jha,1986). The monsoon samples in Mahanadi show

higher chloride concentration than the pre-monsoon.

Sulphate in rivers is derived from a variety of
sources.Weathering of sulphide and sulphate minerals and the
sulphate derived from the sea are the major sources of primary
sulphate. Most of the anthropogenic sulphate is produced during
fossil fuel burning. Garrels and Mackenzie (1975) indicate an
anthropogenic contribution of 45 % for the total river sulphate.
The average sulphate content in Mahanadi is 3.0 ppm , which is
far below the Indian average of 13.0 ppm ( Subramanian, 1987).
Seasonal and longitudinal variation of sulphate concentration of

Mahanadi is not significant.

The possible sources of bicarbonate to the river water are

atmospheric CO , dissolution of carbonate rocks, weathering of
2
primary and secondary minerals and organic activities (Garrels

and Mackenzie, 1971) and the high bicarbonate content all along
the Mahanadi gives an indication of the intense chemical

weathering taking place in it. Chemical weathering of pure
++ ' -
calcite releases Ca and HCO in the molar ratio of 1:2 and
++ ++ 3 -
dolomite releases Ca » Mg and HCO in the ratio of 1:1:4
3
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(Garrels and Mackenzie, 1971). Each molecule of CO produces one
- - 2

HCO ion from sillicates and two HCO ions from carbonates.
3 3

Generally , there is a decrease of bicarbonate content in monsoon

season in Mahanadi. Ramesh (1985), reported for Krishna river
that monsoon season shows a higher bicarbonate content compared
to other seasons. This was, attributed to the fact that during

monsoon period, atmospherically regulated pCO -water reactions
may further enhance the bicarbonate alkalinity (subramanian,
1983). A plot of HCO ——Ca++ for Mahanadi is shown in Fig.IV.2.
Raymahasay (1986), has 2hown that the variation of bicarbonate in

Indian rivers 1is primarily controlled by varying silicate
fractioﬁ resulting from Xkaolinisation reactions. Based on
Raymahasay's methodology (1986), Jha (1986) has calculaied for
Yamuna rivef that carbonate minerals contributes 57 - 90 % of

bicarbonate and the rest comes from silicate minerals. Based on

the HCO content and pH, the pCOn of Mahanadi was calculated.
3 -2 -3

The values lie between 10 to 10 atm. This is a global trend

indicating that rivers are commonly out of equillibrium with the
atmosphere,

o
IV. 1.2 Dissolved Sillica ( sio )
2
0
Sillica in river water 1is present largely as H Si0O ,
4 4
derived from the weathering of silicate minerals. Dissolved

sillica at pH values less than 9 is present as monomeric sillicic
0
acid, H sio (siever, 1971). At pH values avobe 9 , H SiO
4 4 - -- 4 4
dissociates to H SioO and H Sio . Dissolved sillica
3 4 2 4
concentrations appear to be higher in the monsoon for Mahanadi.
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But Ramesh (1985), Jha (1986) reported respectively for Krishna
and Yamuna river , higher values of sillica during winter and
pre-monsson season. Mahanadi shows dissolved sillica
coﬁcentration of 17 ppm, which is higher than the Indian average
(7 ppm, Subramanian, 1987) and world average (10.4 ppm, Meybeck,
1979). The possible source of the dissolved sillica seems to be
the kaolinisation of sillicates such as feldspars, augite,

biotite etc.
IV.1.3 Major Cations

The four major cations which were studied for Mahanadi are
Ca, Mg, Na, and K which make up more than 25 % of the total ionic

concentration.

Calcium in river water is derivea largely from the
weathering of  carbonates, sulphates and sillicates. Calcite,
aragonite and dolomite are the important carbonates and gypsum,
anhydrite, the important sulphates. The Pearson's correlation
coefficient for Ca-Mg (0.99) in Fig.IV.3 shows that the source

++
for Ca and Mg could be the same. The relationship for Ca and

HCO was discussed earlier.
3
+ +

Na and K make up 8 -10 %of the TDS in Mahanadi. Millot

(1970) from his studies on hydrosphere came to the conclusion

+
that in the course of continental weathering Na turns out to be
+
much more mobile than K and dominates the latter in natural
' + ++

solutions. The present work indicates that most of Na and Ca
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are derived from continental weathering than atmospheric
precipitation ( Fig. IV.4 ). The K+ comes from the gaol;nisation
of feldspar and dark sillicate minerals like biotite, hornblende
etc. Only 15 % of the river transport of K+ is in dissolved load
while the rest is in particulate (Berner and Berner, 1987). The
low K+ content compared to Na+ may be due to its uptake by clay

minerals.

A plot of Ca + Mg - Na + K (Fig. IV.5) shows a clustering of
points at two sides . The total cation concentration in monsoon
is lower than the pre- monsoon. The Ca + Mg/ Na + K ratio of
_Mahanadi (5.86) is more than twice the world average (2.2) and
Indian average (2.5), implying that the carbonate source rock
influences the water chemistry in Mahanadi. Sarin and
Krishnaswamy (1984) observed that in the Ganges;Brahmaputra river
éYstem, the weathering of carbonates and contributions from soil
salts and/or saline groundwater dictate the water chemistry.
Subramanian and Abbas (1985) reported higher values of Ca, Mg, Ba
and Sr in the Ganga sediments than the world average, due to

contribution from the carbonate rocks of the basin.

IV.2 wWater-Mineral Equilibria

The mineral stability can be predicted by the application of
thermodynamic concepts to chemical equilibria of the water
(Kramer, 1967). The simplest example of mineral solution
equilibrium would be dissolution of a mineral such as quartz. At

pH values below 9, this can be represented by the eQuation,
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Si05 (qz.) + 2Hp0 = H; 510, (aq.)

Keq. = a H45104 (assuming a Hzo = 1)
=1 x 164 at 25 c.
(o) -4
Any solution (at 25 <¢) in which aH Si0O =1 x 10 would be
4 4
in equilibrium with quartz. Solutions with higher aH Si0O values
: 4 4

would be supersaturated and those with lower values would be
undersaturated. Similar relationship holds for amorphous sillica

-3 o

which has a solubility of 2 x 10 at 25 «c.

Water derives its composition from the parent rbck in the
weathering region, the suspended sedimeﬁts 4 owé their
mineralogical composition partly to the.parent rock and partly to
the chemical reactién of rock and water. When such reactions
reach chemical equilibrium, certain mineral assembiages.would
co-exist in the sediment phase provided the chemistry of the
water remains same. Thus, by studying the water Chemistry, stable
mineral assemblages can be predicted. All reactions were assumed
to ﬁake place at constant temperature (250 c) and pressure (1
atm.) . Berner (1971); Garrels and Christ (1967); Garrels and
Mackenzie (1971); Jacks (1973); Jha (1986); Ramesh (1983,85);
Ramesh and Subramanian (1984,87); Subramanian (1979); Subramanian
and d'Anglejan (1970) and several others have predicted the
presence of theoretical mineral assemblages using different
natural water Dbodies, expected in equilibriating sediments. An
attempt has been made in this study to apply similar conéepts to

the Mahanadi river water. From the chemical composition of
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Mahanadi river water, molality, ionic strength, activity
coefficients, activity and negative logs of ion activities for

sillicate and carbonate systems have been calculated.
IV. 2.1 Carbonate system

Carpenter (1962), has developed a diagram that shows
metastable and stable equilibria among the calcium and magnesium
carbonates (Fig.1V.6). The metastable phéses involved are
aragonite and huntite. The early mineral compatibilities are
those that would Dbe deduced from the metastable (dashed lines)
diagram, these early minerals apparently eventually equilibriate
to _give the phase relations demonstrated by the solid‘linés. The
phase diagram shows dolomite to be a stable assemblage
irrespective of the season.Subramanian (1979), reported that
dolomite 1is the theoretically expected mineral in the river
watefs of India. The x~ray diffraction studies of the suspended
sediments discussed 1in the later section shows considerable

amount of dolomite as well as calcite in all samples. Dolomite

++ ++
formation does not result from the combination of Ca , Mg and
CcO ions, but result from the combination of CaCO (calcite)
3 ++ 3

with Mg .
IV.2.2 sillicate System

The chemistry of river water can be represented in a phase
diagram consisting of K O0-Na 0-Mgo-Ca0-Al O -Si0O -H O
. : 2 2 2 3 2 2
components. The composition of Mahanadi river water has been

plotted in mineral stability diagram in Fig .1V.7 (A,B,C,D,E).The
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Figure IV.6: Equilibrium diagram in carbonate system.
Dolomite seems to be a stable mineral in

Mahanadi.



- — -

oo oo

. AR

e -
3)(u1jODY

HSqqi9
1

5
A
3

- &v@@‘ ¢ ?*
] (5 vDe'y ©
3 ..!eb..ol..nmw.--l.,
©
& £
3 3

\ 23159419 .
TV A S R S ]
e« X e oo~ =2

723
2
@
o 2
z [
£ )
5 ogeveas: ]
S DR S
021§ snoydiowy
L | 1
4 o Q ©

Log H,SiO,

(A,B,C,D) Equilibrium diagrams for sillicate system. Kaolinite,

Chlorite are stable sillicates in Mahanadi.

Figure IV.7:

46



Mg- Chlorite E.

|
]
!
{
1§
. ) ]
Microcline | 5
'a
! 19
K]
! I's
| lw
. . 12
Gibbsite c| 1 2
-2 '
5 '8
&F 3 |
»
R
33
! o
| w
i .
=5 -4 -3 =2
Log (H, SiO, )

Figure IV.7: (E) Chlorite and Illite-montmorillonite
are stable sillicates in Mahanadi.

47



majority of data points fall in the kolinite region, except for
Mg-alluminosillicate system where chlorite seemsto be the stable
mineral phase. Some samples also indicate the presence of
illite-montmorillonite. Garrels and Mackenzie (1971), have shown
that the plot of river water generally falls in k-mica region
for k-alluminosillicate system. Subramanian (1979),reported that
independent of cation considered, kaolinite is the theoretically
expected mineral 1n river waters of India.X-ray mineralogical
studies of the Mahanadi river suspended sediments show the

presence of the above predicted minerals.

IV.3 Erosion rate ig the Mahanadi river

The water and sediment discharge data was obtained from the
Central Water Commissision for the years 1980-81, 1981-82,
1982-83, 1983-84 . Table 1V.2 gives the averaée annual water and
"sediment discharge for the four vyears. More than 95 % of the
discharge 1is 1in the months of Aug.-Sept. which represeht the
monsoon season. Fig.IV.B compares the water and sediment
discharge for six locations for the four years. Since the samples
for the present study were not collected from ihe same place,
where the CWC stations are 1located, the nearby station's
discharge data were used for calculation of erosion rate,
elemen£al fluxes etc. Table 1IV.3 gives the hydrological and
erosional charecteristics of Mahanadi and the same for the CWC

gauging stations in Mahanadi is given in Table 1IV.4.
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Table 1IV.2

Water and sediment dischage for the CWC gauging stations

Basin Water discharge ( m3/sec ) . Sediment discharge ( 106 t)

1980-81 1981-82 1982-83 1983-84 1980-81 1981-82 1982-83 1983-84

Basantpur 1036 592 457 658 36.17 15.23 8.53 16.32
Rampur 92 27 39 30 1.06 0.4 0.9 0.34
Bamnidih 262 141 142 147 7.08 2.73 4,96 4.98
Rajim 148 61 47 57 13.59  1.89 0.79 0.59
Simga 245 148 111 170 3.41 1.70 1.34 2.04
Salebhata 92 51 79 57 2.03 0.63 4.02 0.85
Tikarpara 2164 1183 1349 1714 . 43.78 19.10 42.12 22.22
Kantamal 428 220 182 208 9.71 6.38 5.87 5.19
Andhiyarkore 13 8 5 15 0.9 0.39 0.45 0.49
Baronda 67 22 24 - 8.03 0.23 0.83 -

Jondhra 27 223 160 315 0.01 2.54 3.74 5.24
Kurubhata 70 56 64 77 2.47 1.58 2.60 2.55
Sundargarh 101 99 71 98 2.20 3.08 2.63 2.45
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Table Iv.3

Hydrological and Erosional characteristics of Mahanadi river

Load (million tonnes/yr) Erosion rate (t/lanzlyr)

16

Basin area Elevation Water dis,

Location  Stream  (km®) (m) {m?/sec)

chemical sediment total chamical sediment total
Raipur Kharun 16060 B6 168 1.3 0.35 1.58 76.7 22.9 9.6
Bilaspur Arpa 29645 901 183 1.46 1.28 2.74 49.3 3.3 92.6
Rajim Mahanadi 8760 1457 52 0.24 0.11 0.35 8.3 12.7 41.0
Seorinarayan Mahanadi 9730 848 3% 2.38 3.27 5.65 245.0 336.0 581.0
Sonepur Mahanad i 19600 1361 258 1.65 4.48 6.13 84.3 229.0 313.0
Boudh Mahanadi 41000 2208 1356 12.47 3.7 15.74 304.0 79.0 38.0
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Table 1V.4

HydmlogicaT and Erosional characteristics of the CWC gauging stations of Mahanadi

Location Stream Basin_area Water dis. Sediment load Erosign rate Lowering of Land
(km2) (m#ec)  (million tonnes) (t/kmé/yr) {(an/1000 yr)

Basantpur Mshanadi 57780 686 - 19.07 330 12.5
Rampur Jonk 2920 47 0.68 23 8.86
Bamnidih  Hasdeo 9730 173 5.9 498 18.9
Rajim Mahanadi 8760 78 4.20 480 18.2
Simga Seonath 16060 168 2,12 132 5.0
Salebhata Ong 4650 70 1.90 405 15.4
Tikarapara Mahanadi 41000 16 31.81 776 29.4
Kantamal  Tel 19600 260 6.79 347 13.1
AndhiyarkoreHamp 2210 10 0.56 255 9.7
Baronda Pairi 3225 38 - 3.8 942 35.7
Jondhra Seonath 29645 181 2.89 130 4.9
Kurubhata Mand 4625 66 2.30 497 18.8

16.8

Sundargarh Ib 5870 92 8.54 442




IV.3.1 Chemical and Physical Erosion Rate

The discharge weighted mean composition of Mahanadi and the
individual elemental fluxes are given in  Table 1IV.5 . The
previously calculated erosion rate in Mahanadi is compared with

other major world rivers in Table IV.6.

Dissolved transport dominates over Physical transport in
Mahanadi by ' a factor of four. The global average of sediment to
chemical 1load is 4.3 (Milliman and Meade, 1983). The natural
factors which control the suspended sediment transport in rivers
according to Milliman (1980) are, i) relief of the drainage basin
ii) drainage Dbasin area iii) discharge iv) geology of the river
basin vVv) <climate vi) presence of lakes along the river length.
All the 1Indian rivers together contribute about 6 % of the
‘chemical 1load which is high compared to its size (Subramanian,
1978). There 1is no relationship between sediment and chemical
erosion rate for Mahanadi. Judson (1964), derived a negative
logarithmic relationship between the chemical "and sediment
erosion rate. However, analyses of Indian rivers do not support
Judson's proposition (Subramanian, 1978). For Mahanadi, there is
a poor relationship between basin area and phyéical erosion rate
(cc .= 0.29), elevation and physical erosion rate (cc =0.28).
Eventhough, the chemical load of Amazon is nearly thrice that of
Brahmaputra and many times that that of other Indian rivers, the
erosion rates for any of the Indian rivers is much higher. So the
size of the basin and the river discharge has no effect dn the

rate of chemical mass transfer (Subramanian,1978). Mahanadi, like
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Table IV.5

Discharge weighted mean composition of Mahanadi river at six locations

Location  Stream F ol

HCO PO SO Si0 Na K G &
4 4 2

Raipur Kharun a.0.012 21.03 122.53 0.008 2.5 29.71 15.68 8.94 Z3.21 9.27
b.0.063 111.30 648.53 0.042 3.3 157.25 82.99 47.31 122.8 49.06
c.0.006 9.8  52.61 0.0@ 1.07 12.75 6.73 3.8 9.9 3.98
Bilaspur Arpa a.0.013 41.68 122.23 0.007 2.4 20.63 20.89 8.91 31.59 2.48
b.0.079 253.96 744.78 0.042 14.98 125.7 127.28 54.29 192.48 15.11
c.0.005 16.61  48.71 0.002 0.98 8.22 8.32 3.55 12.59 0.98
Rajim Mahanad1a.0.011 33.63  64.29 - 1.5 16.57 10.08 8.02 10.76 7.11
b.0.017 55.01 105.17 - 2.43 27.1 16.49 13.12 17.60 11.63
c.0.007 22.13  42.33 - 0.98 10.9 6.63 5.27 7.08 4.67
Seori-  Mahanad1a.0.011 19.83 106.19 0.006 1.5 16.37 10.66 7.21 20.97 8.76
narayan b.0.013 247.47 1325.12 0.074 18.84 204.29 133.03 89.98 261 109.3
c.0.005 10.35 55.4 0.03 0.78 8.54 5.56 3.76 10.94 4.57
Sonepur  Mahanad1a.0.022 10.02 119.89 - 4,02 21.52 12.29 8.66 17.59 9.08
b.0.179 81.57 976.02 - 32.72 175.19 100.05 70.50 143.20 73.92
CoOoOlO 4-93 590&3 - 1.97 10-59 6.% 4.26 8-66 4047
~ Boudh Mahanad1a.0.016 27.52 142.39 0.011 2.90 17.5 14.8 5.64 21.32 10.39
b.0.068 117.64 608.71 0.047 12.14 74.76 59.97 24.11  9.14 44.41
€.0.006 11.38 58.92 0.004 1.17 1.3 5.80 2.33 8.82 4.29

a. discharge v§1'ghted avgage concentration.(ppm)

b. flux in 10 “tonnes/km

- €. percentage of total flux.
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Table IV.6

Erosion rates of same important rivers in the world

35.0

River Dis Draipage, area Load (million tonnes/yr) Erosion rate ( tonnes/kmz/yr) sed./chem.
(1087 yr) (1Ckm*<)
chem, sed, total chem, sed, total
Krishna 30 251 10.4 4 14.4 41 16 57 0.39
Godavari 92 310 17.0 170 - 187.0 55 555 610 10.0
Cauvery 21 83 3.5 0.04 3.54 40 0.5 40.5 0.01
Bratmaputra 510 580 51.0 597.0 648.0 88 865.0 953.0 9.80
. (Ganges 433 750 84.0 329.0 413.0 111 438.0 549.0 3.90
Huang- He 48 745 22.0 1080.0 1102.0 30 1402.0 1432.0 46.7
Yangtze 1063 1950 226.0 478.0 704.0 116 246.0 362.0 2.1
Amazon 5500 6300 287.0 900.0 1187.0 46 146.0 192.0 3.1
Irrawady - 422 430 90.0 285.0 375.0 211 662.0 873.0 3.1
"~ Magdalena 236 240 28.0 220.0 248.0 117 916.0 1033.0 7.8
Mississippi 580 3267 131.0 210.0 341.0 40 64.0 104.0 1.6
Orinoco 946 - 950 50.0 210.0 260.0 52 212.0 264.0 4.0
Mekong. 666 795 59.0 160.0 219.0 74.0 200.0 274.0 2.7
Mehanadi* 67 142 96 1.9 1.5 67-6 133 80-9 0419
World -
~ average 31400 101000 3600.0 13505.0 17106.0 150.0 185.0 4.3

-

Compiled from Ph.D. thesis (Ramesh,1985).

* present work.



other non-Himalayan rivers is chemically more active. The total
erosion rate is dependent on the basin area (cc = 0.73) and

elevation (cc = 0.77) for Mahanadi.

The sediment transport by Mahanadi is quite insignificant
compared to the Himalayan rivers. Ganges and Brahmaputra together
account for nearly 90 % of the total sediment transfer from the
Indian sub-continent. The basin area of the Himalayan system (60
$ area lies 1in the mountains) is less than half that of Amazon
(12 garea lies in mountains) , but their sediment contribution is
nearly same as that of the Amazon. This speaks of the control of
relief in dictating the enviroment in drainage basin. Mahanadi at
Tirtol delivers 11.56 million tbnnes of load (9.66 million tonnes
dissolved 1load and 1.9 million tonnes-éediment load) annualy to
the Bay of Bengal. This represents about 3.5 % and 4.5 % of total
chemical and sediment 1load respectively transported by Indian
rivers. The rate of lbwering of the drainage basin of Mahanadi on
the average is 1.59 mm/yr. Judson (1964), estimated an average
erosion rate of 0.158 mm/yr for the Colorado basin and 0.038
mm/yr for the Columbia river Dbasin. Subramanian (1978),
célculated that the river basin reduces at a rate of 45.1 mm/yr
for Brahmaputra, 2.2 mm/yr for Godavari and 5.9 mm/yr for
Krishna. Based on these data, he estimated that the entire Indian
sub-continent would have been levelled to the sea in five million

years from now.
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IV.4 Physical and Chemical Characteristics of Suspended and Bed
Sediments '

IV.4.1 Grain-size Distribution

Grain-size study .is a fundamental descriptive measure of
sediments and sedimentary rocks. It is important in understanding
the mechanisms operative during transportation and.deposition, as
well as the distance of transport. Severél approaches have been
used to interpret depositional environment from grain size
distribution, such as plotting skewness versus éorting (Friedman,
1961), comparing coarsest fraction to the median size
(Passega,1964), and analysing cummulative curve shape
(Visher,1969). Middleton (1976)and Sagoe and Visher (1977),
examined the relationship between grain-size distribution and
hydraullics. In the present study, the characteriétics of the
grain—size distribution of the suspended and bed sediments of
Mahanadi river have been studied and the various statistical
parameters were determined by the method of moments. The formulas
and verbal scales are after Folk and wWard (1957). Table 1IV.7 and
IV.8 give the size distribution of suspended and bed sediments in
percentage and in Table 1IV.9 and 1IV.10, the statistical

parameters for the bed and suspended sediments are given.
IV.4.1.1 Mean size ( Mz)

The suspended sediment consists of fine clay size particles
(0.49 to 3.9 microns). The monsoon season samples have more finer
suspended sediment than the pre-monsoon. For the bed sediments

average mean size for bed sediments is 500 microns (i.e. medium
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Table V.7

Grain size distribution of bed sediments (in percent).

Size inp 2 3 4 6 7 8 9 10 11 12 1 14 15 16

1000 31.25 37.36 16.20 30.16 50.43 40.44 19.95 29.70 60.95 - 3.66 33.02

850 9.18 3.11 5.13 4.40 8.8 14.75 11.89 11.42 11.09 - 2.57  2.00 - -
600 12.67 4.01 8.9 6.65 9.39 17.46 17.71 15.34 10.25 - 58 2.33 - -
425 26.25 16.81 33.73 24.26 18.08 0.02 37.32 34.59 10.04 -  34.80 11.86 - -
355 1.6 2.18 3.08 2.69 036 22.27 1.76 - 0.17 - 2.87 0.69 - -
300 6.65 11.24 13.46 15.86 4.85 2.21 633 7.70 0.76 -  24.13 10.55 - -
250 0.43 1.60 0.34 0.37 0.62 0.3 0.42 0.3 0.083 9.34 3.64 035 3.9 6.9
180 11.50 13.58 13.28 13.30 4.69 1.52 3.34 0.08 2.25 43.52 19.27 18.62 43.34 56.47
125 0.69 5.61 4.10 2.06 2.46 0.60 0.79 0.06 1.61 34.84 2.72 15.39 47.79 31.15
90 - 3.200 0.28 - 0.1 0.3 0.02 0.01 0.09 2.46 0.07 1.8 2.13 1.37
63 - 0.92 1.00 0.3 038 0.25 0.17 0.01 034 7.16 0.39 2.66 2.50 3.58
37 0.002 0.26 0.24 0.6 0.09 0.13 0.09 0.02 0.12 2.24 0.24 0.73 0.26 0.50
<37 0.01 0.15 0.14 0.02 0.16 0.22 0.01 2.20 0.42 0.53 0.24 - -

0.16
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Table

distribution of suspended sediments (in percent)
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sand). The decrease of grain-size from Sambalpur to Jagatsinghpur
reflects the influence of dams where most of the coarser
particles are trapped.
IV.4.1.2 Standard Deviation (G )
i
Standard deviation measures the sorting or uniformity of the
particle size distribution. This reflects the consistency in the
energy level of the depositing medium. The suspended sediments
are moderately well sorted (¢ =0.9 to 2.7). The bed sediments are
poor to moderately sorted (¢ = 0.36 to 1.25). So the suspended

sediments are more uniform 1in size distribution than the bed

. sediments.

IV.4.1.3 Skewness (SK )
i

Skewness measures the assymetry of the distribution., If
fhere is more material in the coarse tail (coarse skewed), the
skewness 1is referred to as being negative. If there is more
material in the fine tail (fine skewed), it is positive. Skewness
is useful 1in identifying sedimentary environments where primary
sedimentary structures are lacking. A number of authors (e.g.
Awasthi, 1970; Cronan,1972; Folk and ward,1957; Friedman,1967;
Martin, 1965; sahu,1964; Valia and Cameroon,1977) have emphasised
the importance of skewness as an indicator of Paleoenvironment.
The average skewness of the suspended sediments of the Mahanadi
varies from very fine skewed to coarse skewed. The monsoon

sediments are more coarsely skewed than the pre-monsoon. The bed
sediments with skewness values ranging from ¢ = 0.04 to 1.70,

indicate the presence of more finer material in the distribution.
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Table 1v.9

Statistical parameters of suspended sediments (units if1¢)

Sample no. Mean Variance Std.Dev. Skewness Kurtosis

3 8.37 4.83 2.20 0.36 1.45

6 7.98 6.94 2.63 0.52 1.67
16 5.79 0.27 0.51 0.76 2.72
22 11.80 0.82 0.90 -0.76 2.90
25 11.50 0.90 0.95 -0.26 2.11
26 10.12 5.39 2.32 -1.02 2.77
31 11.59 0.88 0.93 -0.51 2.52
34 10.80 3.18 1.78 -0.31 1.75
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Table 1IV.10
Statistical parameters of bed sediments ( units ing)

Sample no. mean variance Std.Dev. Skewness Kurtosis
2 0.58 0.86 0.93 0.36 2.09
3 0.86 1.57 1.25 0.35 1.97
4 1.04 0.95 0.97 0.19 2.98
6 0.79 1.04 1.02 0.06 1.89
7 0.28 - 0.94 0.97 1.17 3.87
8 0.31 0.75 0.87 0.98 4.08
9 0.61 0.59 0.77 0.48 4,27

10 0.43 0.53 0.72 0.09 2.25
11 0.08 1.03 1.01 2.44 9.53
12 2.56 0.30 0.55 1.44 5.13
13 1.41 0.57 0.75 0.15 4.65
14 1.16 1.90 1.38 0.05 1.71
15 2.52 0.13 0.36 1.09 5.96
16 2.44 0.16 0.40 1.70 7.23

o e e e e T - e = e = e = W = = e = e - - -
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IV.4.1.4 Kurtosis (KG)

It measures the ratio between the sorting in the "tails" of
the distribution and the sorting in the central portion of the
distribution. If the central portion is better sorted than the
tails, thé distribution 1is said to Dbe excessively peaked or
Leptokurtic. If the tails are better softed than the central
portion, the distribution is said to be flat peaked or
Platykurtic. The suspended sediments in Mahanadi are very
Leptokurtic and bed sediments are very Leptokurtic to extremely

Leptokurtic.
IV.5.2 Mineralogy

Naidu et al. (1985), have reported the mineralogy of the <2
pm fraction of the bed load of the Mahanadi river. In the present
work, a qualitative study on the mineralogy of the suspended and
bed sediments (bﬁlk) was done with a view to ascertain whether
the theoretically predicted mineral assemblages agree
with the actually identified clay minerals or not. Table 1IV.11
and Table 1IV.12 give the mineralogical composition of the
suspended and bed sediments of Mahanadi. The semi-quantitative
method (Biscaye, 1965; Carrol,1970) was used to calcutate the
percentage of each mineral. The identification of minerals is
given 1in Appendix. Table 1IV.13 and Table 1IV.14 give the

percentage of clay minerals in suspended and bed sediments.
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Table IV.11
Mineralogy of suspended sediments ( in percent )

Sample no. Quartz Feldspar Calcite Dolomite Chlorite Kaolinite Mont. ITlite
1 30 - 35 21 0.33 13 - -
2 12 1 28 55 - 4 - -
3 62 1 6 12 - 11.0 8 - -
4 58 3 16 0.65 11.0 1 - 11
5 38 - 59 - - - 3 -
6 68 - - - - 32 - -
7 92 0.5 - 0.36 - -1.04 1.5 4.5
8 26 - 31 4.5 - 35.50 - 3
9 4.5 - 75.5 16.0 - 3.0 1.5 -
10 30.5 - 51.0 2.0 9 - 7.25 1
11 58.0 16 - - 12 - 14.0 -
14 25.0 - - 71.0 4 - - -
15 - 12 - 63.0 - 6 19.0 -
16 24.0 17 - 30.0 - 7.0 2
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Table 1IV.12

Mineralogy of bed sediments (in percent)

Sample no. Quartz Feldspar Amphibole Calcite Dolomite Chlorite Kaol. Mont. Nlite
3 92 1 0.5 4.5 0.5 0.5 - 1 -
4 76 18 - 0.5 1 - 2 1.5 1
5 88 0.5 0.5 1.5 1.5 6.5 - 0.5 1
6 71 22.5 0.5 0.5 0.5 - 1.5 0.5 2.5
7 78 17 0.5 0.5 0.5 - 1.5 1.5 0.5
8 89 2.5 0.5 1.0 0.5 3 - 1.5 0.5
9 82 9.5 - 0.5 0.5 - 0.5 0.5 5
10 90 3 0.5 1.0 1 2 - 1 1.5
11 88 2.5 1.5 1.5 2 1.5 - 1 1.5
12 90 5 0.5 0.5 1 - 1 0.5 1.5
13 86 10 0.5 0.5 0.5 - 1 0.5 1
14 66 4 1.5 2.0 1.5 23 - - 2
15 92 5 - 1.0 1.0 1 - - -
16 89 4 1.0 0.5 1.0 - 1.5 1.5 1.5



The suspended sediments are dominated by detritals (quartz
and feldspar) and carbonates (calcite and dolomite). In all
samples kaolinite occurs invariably with montmorillonite. Ramesh
(1985), reported chlorite to be the dominant clay mineral in the
suspended sediments of Krishna river and Jha (1986), found out
illite to be the main clay mineral in the suspended sediments of
Yamuna. Clay minerals are good indicators of the climate and soil
genesis processes. Montmorillonite is formed mostly in areas with
excellent drainage system. Chlorite and illite are inherited
minerals, formed by the degradation of chlorite and mica of the
source rock. Manickam et al. (1985), have shown for Loire river,
France that kaolinite and illite show a possitive correlation wth
discharge whereas chlorite and montmorillonite have a weak

negative relationship with river discharge.

There 1is a considerable decrease of carbonates in the bed
sediments. Quartz and Feldspar make up more than 80 % of the bed
sediments. Montmorillonite and 1illite dominate 1in the clay
mineral assemblages. Naidu et al.(1985), reported the presence of
expandable clay minerals, illite and kaolinite 1in equal
proportions for Mahanadi. This was attributed to the fact that
the pre-dominance in the drainage basin of pre-cambrian
granulites and charnockites, and weathering in a tropical humid
climate. The bed 1loads of the Ganga and its tributaries are
dominated by illite with smaller proportions of chlorite. The
Narbada, Cauvery, Tapti, Krishna and Godavari bed loads have a

greater pre-dominance of expandable clay minerals with relatively
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Table 1IV.13
Percentage of clay minerals in suspended sediments

Sample no. Kaol Chlorite Mont. ITlite
1 97 3 - -
2 100 - - -
3 70 30 - -
4 3 32 - 65
5 - - 100 -
6 100 - - -
7 10 - 4 86
8 85 - - 15
9 80 - 20 -
10 - 61 25 14
11 - 63 37 -
14 - 100 - -
15 39 - 61 -
16 - - 46 54
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Table 1IVv.14

Percentage of clay minerals in bed sediments

Sample no. Kaol. Chlorite Mont ITlite
3 - 50 50 -
4 42 - 16 42
5 - 74 3 23
6 22 - 4 74
7 46 - 23 31
8 - 63 16 21
9 5 - 2 93

10 - 36 9 55
11 - 21 7 72
12 24 - 6 70
13 31 - 8 61
14 - 85 - 15
15 - 100 - -
16 29 - 14 57
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minor amounts of 1illite, kaolinite and chlorite (Naidu et al.,

1985). Raymahasay (1987), has studied the clay minerals as tools

- for control of pollution. He observed that montmorillonite is

capable of removing larger amounts of cationic pollutants

compared to kaolinite.
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CONCLUSION

1. The Mahanadi river water is alkaline in nature. The EC

changes with season indicating the variation of ion chemistry

with season. Cl1 , HCO and SO make up more than 70 % of the
) 3 4 .

total ions. The chloride and Dbicarbonate concentration in

Mahanadi is more than the other 1Indian rivers. Sulphate

concentration 1is lower than the average for Indian rivers.
Dissolved sillica concentration is higher in the monsoon season.
The source of Ca, mg appear to be the same. Most of Na, Ca is
derived from rock weathering. The Ca + Mg/ Na + K shows that the
carbonate source rock influences the water chemistry in the

Mahanadi.

2. Mineral assemblages expected to be in eqﬁilibrium with
the chemical composition of Mahanadi river water are, dolomite iﬁ
carbonate equilibria, kaolinite, 1illite-montmorillonite and
chlorite 1in sillicate system, irrespective of the seasonal
variation. The theoretically predicted mineral assemblage confirm

with the observed suspended sediment mineralogy.

3. More than 95 %of the water discharge is in_the monsoon
particularly in the month of Aug.- Sept. The dissolved transport
dominates over physical transport, being almost four times. The
erosion rate 1s controlled by the basin area and elevation, but
there 1is 1little relationship between physical and chemical
erosionrate. The rate of lowering of the drainage basin is 1.59

mm/yr. on the average. Mahanadi at Tirtol annually delivers 11.56

million tonnes of load to the Bay of Bengal.
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4. The suspended sediment is mostly fine clay and bed
sediments , medium sand in nature. The sediments are moderately

sorted, fine to coarse skewed and Leptokurtic in nature.

5. Quartz, Feldspar and the carbonates are the major mineral
species in the sediments. Kaolinite and Montmorillonite in
suspended sediments. Montmorillonite and Illite dominate in clay

minerals of bed sediments.
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APPENDIX

Water Analysis

pH and Electrical Conductivity (EC) :

pH and EC of water samples were measured by pH-Conductvity
meter model CONSORT C425. The pH electrode is active and stable
only after wetting. For this purpose, ‘it must be immersed for at
least ten hours in 0.1 M HC' or in a buffer of pH 4 to 7. During
short interruptions the electrode should be immersed in KC1
solution, diluted HCl or a buffer of pH 4 to 7. Before using ,the
reference part of the electrode 1is topped with a 3.5 M KCl
solution. After rinsing the glectrode with distilled water, it
was -immersed in a Dbuffer solution of pH 6.87 (25O c), the CAL
knob was adjusted, then the SLOPE knob was adjusted after
immersing the electrode in a buffer solution of pH 4.01 (25O c).
After 'the instrument is calibrated, pH of each water sample was
determined. Three readings of each sample were recorded to get

accurate result. The samples were stirred during measurement to

promote homogenity.

EC was measured in microsimens per centimetre (g /cm.). The
instrument was first calibrated and set for 0.01M KC]1 standard
(1287 wsS/cm. at 250 c). Three readings of each sample was taken.

Bicarbonate : The bicarbonate was determined following the
Potentiometric titration method. Standards of Dbicarbonates

(ranging from 5 ppm to 300 ppm) were prepared. 25 ml of each

standard and samples were titrated against 0.006 N HCl . The end

+9



point of the reaction is attained when the solution comes to a pH
of 4.5. A graph was plotted for standard concentration vs. volume
consumed. Then the concentration of the samples were determined

from the graph plotted.

Cﬁloride : Chloride, in the form of chloride ion (C1”) is one of
the major inorganic anions in water. It was estimated by Mohr's
titration method. Standard solutions of chloride of various
concentrations were prepared. 25 ml. of each water and standard
solutions were titrated against 0.06 N Silver nitrate solution.
Potassium chromate was used as an indicator. The color change is
from pink to yellow. Knowing the value of silver nitrate consumed
by each sample, the concentration of chloride in each sample was
ascertained from the graph of standard solution of chloride vs.
volume of silver nitrate consumed.

Fluoride K Fluoride concentration was determined using pH/Ion
meter- 135. 25 ml. of each solution is taken, equal volume of
Total 1Ionic Strength Adjustment Buffer (TISAB : 1 molar sodium
chloride + 0.25 molar acetic acid + 0.75 molar sodium acetate
+0.001 molar sodium citfaté) is added, to equalise the ionic
strength of the solution and also to suppres the interference of
other ions, so that the electrode functions directly as a
concentration probe. The instrument was calibrated for the

standard fluoride before reading the concentration of the

samples.
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Sulphate ¢ The sulphate concentration was determined by
titration method after Fritz and Yamamura (1955) and Haartz et
al. (1979).7 Before titration, the samples were passed through a
cation- exchange resin to remove interfering cations and the
titration was <carried out in 80 % ethanol, to keep the barium
sulphate in solution. In order to activate the resin, 30 % HCL is
passed through the column. After that it was rinsed with 100 ml.
distilled water. Then approximately 70 ml. of wunacidified
standard and sample was passed through the column. The first 40
ml, of the sample was discarded and the rest was collected for

the analyses.,

Sulphate standards of various concentrations were prepared
by using sodium sulphate. 10 ml. of each standard and sample were
taken, 40 ml. of ethanol was added to it. This was titrated
against 0.005 M barium perchlorate in 80 % ethanol (prepared by
taking 2 gm, barium perchlorate in200 ml. deionised water and 800
ml. of ethanol) . Thorin was used as indicator. The color change

at the end point being pink

Phosphate : Phosphate was determined by the ascorbic acid method.
Phosphate standards of concentrations ranging from 0.01 ppm to
0.1 ppm were prepared from KH PO . 40 ml. of each standard
solution and sample 1is taken, 25 4ml. of molybdate antimony
solution and 2 ml. of ascorbic acid solution was added (strictly
in that order). The mixture was diluted to 50 ml. and the 0ptical

density was measured at 650 nm. using CECIL SPECTROPHOTOMETER

MODEL 594. Molybdate solution was prepared by dissolving antimony

YO



" tartarate in 400 ml. of 4N- H SO and making the total volume
' 2 4

upto 500 ml. with the same acid. Ascorbic acid (0.1 M) was

prepared by dissolving 2 gm. of ascorbic acid in 100 ml. of

distilled water.

Sillica : The dissolved sillica concentration was determined by
the molybdo-sillicate method. Standard solutions of different
concentrations ranging from 0.1 ppm. to 5 ppm. were prepared by
dissolving Na Si0O . 20 ml. of each standardband water samples
were taken, io mi. of ammonium molybdate solution and 15 ml. of
reducing reagent was added. Ammonium molybdate solution was
prepared by dissolving 2 gm. of ammonium molybdate in 10 ml.
distilled water and 6 @l. conc. HCL and the total volume was made
upto 100 ml. by diluting it with distilled water. Reducing
reagent was prepared by mixing 100 ml. metol sulphite solution,
60 ml. of 100 % oxalic acid and 120 ml., of 25 % sulphuric acid
and the total volume was made upto 300 ml, using distilled water.
Metol sulphite solution was prepared by dissolving 5 gm. of metol
in 210 ml. of distilled water and 3 gm. of sodium sulphite was
added énd the total volume was made upto 250 ml. using distilled
water.

The samples were stirred and kept for 3 hours to complete
the reaction. The optical density was measured for standard and
water samples at 650 nm. using Cecil spectrophotometer.

Ca, Mg, Na, K : Ca, Mg were analysed in the absorption mode and
Na, K were analysed in the emission mode by GBC 902, double beam
ATOMIC ABSORPTION SPECTROPHOTOMETER using different concentrations
of standards of corresponding elements. To avoid chemical

8

interferences, sugxesants were usad.



Identification of minerals from XRD chart :

Montmorillonite : It is identified by its 001 peak at 17 Ao in
the Mg-saturated and glycolated sample. Sometimes the broad
nature of ‘this peak 1is due to variations in expansion after

" glycolation and variations in crystallinity. Montmorillonite has
o
its 001 peak at 12.4 A in the k-satured sample.

' o

Illite : The main basal peak of the illite is at 10 A with
o o

other peaks at 5 A and 3.3 A . The peaks remain unaffected upon

glycolation and heat treatment.

Kaolinite and Chlorite : These two minerals give peaks almost at
the same spacing and hence their identification becomes

difficult. Biscaye (1964), pointed out that kaolinite in addition
to two strong peaks at 7.16 Ao and 3.58 AO, gives always a very
small peak at 2.38 AO. Similarly, chlorite in addition to 7.05
and 3.54 Ao peaks, shows a relatively smaller peak at 4.7 AO.
Therefore, whenever the chlorité peak at 4.7 Ao is present, the
peak at 7 Ao and 3.5 Ao is considered as kaolinite peak.

o
Quartz : Quartz gives a strong peak at 3.34 A and another
o]
smaller peak at 4.26 A
o
Alkali Feldspar : It shows a characteristic peak at 3.25 A .

o
Plagioclase Feldspar : The peak at 3.20 A is considered for the

identificationof plagioclase feldspar.

Calcite : shows a prominent peak at 3.04 Ao.

Dolomite : The peak at 2.89 AO is identified as dolomite.
Amphibolite : shows peak at 2.82 Ao.



Calculation of moment measures

1 2 3 4 5 6 7 8 9 10 11
Class D 12 DXxW D-M 2 3 4 2 3 4
interval Mid point  Weight Product Mid-point  (D-M) (D-M) (D-M) W(D-M) W(D-M) W(D-M)
(mm) (mm) (g9) deviation
1-2 1.5 5.31 7.695 1.043 1.025 1.040 1.053 5.443 5.520 5.592
0.5-1 0.75 8.70 6.525 0.263 0.069 0.018 0.005 0.600 0.158 0.042
0.25-0.5 0.375 12.59 4,721 -0.112 0.013 -0.001 0.0002 0.164 -0.018 0.002
0.125-0.25 0.1875 9.13 1.712 ~0.300 0.090 -0.027 0.008 0.822 -0.247 0.074
0.0625-0.125 0.031 2.49 0.077 -0.456 0.208 -0.095 0.043 0.518 -0.236 0.108
44,25 21.57 8.481 4.808 5.963




Notation used Calculation Answer Statistic
Moment Standard in
notation grain-size
calculation
my x/n (DxW)/ W = 21.57/44.25 = 0.487 mn mean (M)
Mo (x-x) /(n=1) w(D-M) / W = 8.481/44.25 = 0.192 mm variance
m2 0.192 = (0.438 mm Standard
Deviation
My (x-x) /(n-1) W (D-M) /W = 4.808/44.25 = 0.109 m
m /m2 = 0.109/0.084 = 1.298 mm Skewness
my, (x-x) /(n-1) W (D-M) /W = 5.963/44.25 = 0.135 mm
m /m2 = 0.135/0.037 = 3.649 mm Kurtosis




Phase diagram for MgO Al O -Si0O H O system
2 3 2 2

Gibbsite - chlorite :

+2
2A1 (OH) + 5Mg + 3+H Sio = Mg Al Si 0O (OH) + 10 H+
3 4 4 5 2 310 8
Gibbsite Chlorite
K = al0 = 1
H+ +5 3
' (a Mg ) x a H4 Sio4d
+ . ] -
a> Mg2a’ H,Sio, (9t )
a5 +2 a3H Sio
Mg 4 4
or Ka3 H, Sio = 1 - (1)
4 4 —_—
(a +5)
Mg
( 10 )
aH+
gFE = <«QFp° - <F °
f R
= =1961.70+5x108.7+3x312.6+2%x276.17
= 71.94 Kcal/mol
= =-1.364 Log K
-52.74
K = 10
: +2 +
From eq. (1) Log K43 Loga H Sio +5 log Mg~ - 10 Log H =0
_ 4 4
or Log (Mg+ ) = -3 log aH Sio +10.542
' 4 4
2 5

(H )

Plot a line using this equation



Kaolinite - Gibbsite :

Aly Siy Og (OH) + 5 Hy0 = 2al (OH)3 + 2H, Si.oL
Kaolinite Gibbsite
2
K = a HASiO - (1)
4
<Ff = <Fp° -<JFF3
R

2 x (-276.17)+2x(-312.6)-(905.6)+5x56.69
= 11.52 Kcal/mol
= -1.364 log K

Log K ~-8.445

From eq.(1l)log K 2 log aH Sig
or log H Sio = -4.222
_ 4 4
Amorphous Sillica :

H O + Sio H Sio
2 2 4 4
K aH Sio

<Ff
Log K-

3.67 Kcal/mol. = -1.364 log K
~-2.690



Chlorite - Kaolinite :

. +2 e
Al,Si, Og ,(OH)L + 5 Mg+ 2 + H/ Sig '+ 5 Hy0

Kaolinite ‘ +
= Mgg Al, Siz Oy (OH)g + 10 H

—

a10H+/ (aH Ssio x a Mg+2 ) ' (1)
v 4 4
= 83.46 K cal/mol. = -1.364 log K

+2 2
From eq. (1) log K + log aH Sio = -5 lod (aMg /aH+ )
4 4
+2 2
or log (aMg /a H+) = -1/5 log aH Sio + 12.23
. . . 4 4

plot a line using this equation.
Calculation of Pco =

2 .
Use the equation log Pc02 = 7.9 + log mHCO5~- pH

(B.C. Raymahasay, 1986)
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