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PREFACE 

Very little data was available on the quality of 

Indian river wacers in relation to irrigation and industry. 

Tha necessity and importance of collecting such data w8s 

pointed out by the Research Committee of the Central Board 

of Irrigation and.Power at its annual meeting in 1949. A 

systematic study of these waters was taken up by this 

research sta~ion in.1955 for pH, conductivity, salt content 

and nat.ure of salts_. Water samples· were collected and analysed 

every month from- various sites of important rivers in India. 

The data have been col~ected for five years to get an idea 

about. the monthly, seasonal and annual variations in salt 

content and their nature at a particular site. The data 

also reveals the suitab~lity or otherwise of·these waters 

for irrigation and industry. 

The authors gratefully ·acknowledge the co-operation 

of the Chief Engineers of various states and their staff 

in procurement of the water samples; help and suggestions 

rendered by the Ex-directors of the station Sarvashri D. V • 

Joglekar and M.G. Hiranandani and the present Dir~ctor 
( . . . 

Shri c.v. Gole; ~he keen interest,shown by Union Minister 

for Irrigation and Power, Honourable Dr. K.L. Rao, Ex-Member, 

Central ~ater & Power Commission, New Delhi and finally the 
.. 

help render~d by the staf~ of the Chemistry Division of the 

Station particularly Sarvashri s.c. Roy.and K. Ravindaran. 



INTRODUCTION 

A STUDY ON THE QUALITY OF 
INDIAN RIVER WATERS 

All natural water used for irrigation contains soluble 

inorganic salts, the nature of which depends upon the rocks 

and the soils through which it percolates. The principal 

dissolved· salts usually are bicarbonates,· chlorides and sul

phates of sodium, calcium and magnesium. Other constituents 

which may be present are potassium, iron, silicate, carbonate 

aluminate, borate, fluoride and sulphide. Most of these are 

present in very small quantities and are not of much impor-
I 

tance except borate. Boron concentrations less than 0.4 ppm, 

howeve~, seldom harm crop plants. The suitability of a water 

for irrigation purpose ·is determined by the concentration. 

and proportion·of the principal salts. Different views have 

been expressed by various workers regarding the upper limit 

of salinity where w~ter is not suitable for irrigation. It 

is- because the quality of water depends upon the nature of 

the soil, its management and on the crops grown in addition 

to the total salinity and nature and proportion of the indi-

.vidual ions. Puri (1) derived a general formula for expre

ssing the quality of water and designated the value so ob

tained as •Salt Index•. 

Salt Index= Total Na -(Total Ca -Cain CaC03) x 4.85 

(All quantities in the formula refer to parts per 

100,000). The Salt Index is negative for all good waters 

and positive for waters not suitable for irrigation. Salt 

Index, ac·cording to the formula is -24.5 for distilled water. 
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Kelley, Brown and Leibig. (2) proposed that quality of 
1 

.water shoul~ be determined by the ratio of cations pre-

sent in addition to the.amount.of total salts in irriga

tion water. It was reco~ended from their study that the 

ratio of sodium to ca~cium plus magnesium in irrigation 

water should not exceed, approximately 1:1. The ratio is 

. calculated on the basis' of equivalents of each element 

per million parts of water. The use of this ratio has 

been further developed by workers at the u.s. Regi.onal 

Sal~nity Laboratory }Ma~istad and Christiansen (3); 

Richards (4) I· They suggested the expression in terms 

of sodium percentage. · 

Sodium percentage ,= Na x 100 
~"'a + Mg + K + Na 

{Concentrations of all elements are expressed in milli~ 

equivalents per litre). 
I 

Magistad and Christians'en (3) divided water into three 

classes; Class 1 having salts upto 700 ppm and sodium 

percentage upto 60; Class 2 having salts between 700-2000 

ppm and so'dium percentage between 60-75 and Class 3 having 

salt content of 2000 ppm or above and sodium percentage 

above 75. Wilcox (5) considers the total concentration of 

dissolved salts, the percentage of sodium and the concen

tration of boron as the principal criterion for determining 

quality of water. He divides-irrigation waters into five 

classes on the basis of salt concentration and sodium per

centage. In :1is scheme the effects of high sodium percentage 

and pigh.salt content ~re combined into a single ~ating 

system, even though.the effects of the two factors are 
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largely independent. \v'hile classifying ~tah waters, Thorne 

and Thorne (6) made modifications in Wilcox classification 

and their catagories are designated by_the following series: 

1 A, 1 B, 1C, 1D and 1E 

2A, 2B, 2C 1 2D and 2E 

3A, JB, .3C, 3D and 3E 

4A, 4B, 4C, 4D and 4E 

5A, 5B, 5C, 5D and 5E 

The number refers to the rating with respect to increasing 

concentration of total salt and the letters to increasing 

proportion of sodium in the water or to different sodium 

percentag~s. The staff of the u.s. Salinity Laboratory (7) 

introduced a new expression of sodium hazard termed as 

Sodium Adsorption Ratio (S.A.R) and have proposed a quality 

diagram for classifyin~ .irrigation waters on the basis of 

conductivity and sodium adsorption ratio. S.A.R is calcule

ted,by dividing Na+ by the_square root of half the sum of 

ca++ and Mg++, where ions are express~d as milliequivalents 

fig.2 per litre. Fig.2 has been reproduced from "Irrigated Soils" 

by Thorne and Peterson p.110. It is a modification of the 

above referred quality diagram. The lines dividing S.A.R 

classes are empirical, based upon results of green house 

and field experiments. The conductivity scale is logarithmic 

to the base 10. This classification has an advantage over 

others in that the sodium adsorption ratio combines the 

effects of both sodium percentage and total salinity. Thus 

s.A.R is a better indication of the effect of water on soils 



-4-

than sodium percentage. used in other classifications. The 

negative slope of.the S.A.R. lines accounts for the depen

dence of sodiUliL hazard on conductivity. The corxiuctiv ity 

and S.A.R classes may be interpretted as under: 

Conductivity Classes 

c1: (0-250 micromhos/cm); \'waters in this class have 

low salinity and they can be used on most soils without 

endangering the development of salinity. Most crops will 

tolerate this water. 

C2: (250-750 micromhos/cm): Waters in this class 

have moderate salinity and can be used on soils of medium 

permeability. Extremely salt-sensitive plants will not 

tolerate this water. 

C3: (750-2250 micromhos/cm): Waters in this class 

have moderate to high salinity and can be used on soils 

of medium to good permeability. Only plants with moderate 

to good salt tolerance will grow well with these waters. 

C~: (2250-4000 micromhos/cm): Waters in this class 

hav~7~linity and.can be used only on soils having good 

permeability. Only salt-tolerant crops will grow with 

these waters. 

c5 : (4000-6000.micromhos/cm): ~aters in this class 

have very high . .salinity and can be used only on soils 

having .high permeability. Only high salt-tolerant crops 

can grow with these waters. 
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C6: (above 6000 micromhos/cm): Waters in this class have · 

excessive salinity and should not be used for irrigation. 

S.A.R. Classes 

S1: Waters in this class have low s.A.R and can be used 

on.mosL·soil~ without·endangering alkalisation of the soil. 

s 2 : ·waters in this class have. medium S.A.R and can be 

used on coarse-textu_red soils with good permeability. Irriga

tion \dth_ this water has tendency toward~ alkalisation of the 

soil unless· gypsum·is present in the soil. 

s 3 : W~t~rs in this class have high S.A.R and ~~11 tend 

to cause harmful alkalisation in most s~ils lacking lime. 

Special care has to be taken for using these waters for irri

gation. 

s
4

: Waters in thi~ class have very high S.A.R and are 

ordinarily unsuit_able for irri gatit?n unless the salinity is 

low and .gy~sum or other amendments are feasible. 

'Hardness 1 .determines the quality of water for indus

~rial purpose~. It is-defined as parts per million of calcium 

plus magnesium expressed. as c~lcium carbonate. water may be 

classified as.soft, average·and hard depending upon the 

'Hardness' , in .accordance wi tll Manual on Industrial \iaters ( 1 O_). 

Soft water 'Hardness' less than 100 ppm 

Average .wa:ter n between ·1 00- 150 ppm 

!lard water n greater than 150 ppm 
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EXPERIMENTAL 

The water samples were collected at mid-stream or 

at some distance from the bank of the river in polythene 

bottles from.1955 to 1960 and sent to the research sta

tion. The names of the rivers and sites from where water 

samples have been collected and analysed are given in· 

fig.1. The samples were filtered through Whatman No.42 

filter paper to rem~ve the suspended material. The clear· 

filtered samples were analysed for conductivity, pH value, 

various cations and anions as detailed below: 

Conductivity: This was determined by Dionic·water 

Tester and expressed as miqromhos per em, 

pH Value:- This was determined by Beckman pH meter 

model .G using glass electrode and fibre type reference · 

electrode. 

Sodium & Potassium:- These were determined by using 

Beckman flame spectro-photometer Model D.U. 

Calcium & Magnesium:- These were volumetrically 

determined by titration agains.t versenate solution 

(Ethylene diaminetetra-acetic acid, disodium salt) using 

murexide and eriochrome as indicators. 

Chloride:- This was determined volumetrically by 

titration against a standard s~lver nitrate solution using 

potassium ·chromate as incli,cator. 

Carbonate & Bicarbonate:- .These were determined 

volumetrically by titration against standard hydrochloric 
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acid using phenol-phthalein and'methyl orange as indicators: 

Sulphate:- This was detennined gravimetrically by . . 
preci~itating aa· barium. sulphate after destroying carbonates 

and bi~arbonates.with. hydrochloric acid in those samples 

where sum of .other .anio:ns was .considerably less than the sun. 

of' the 'cations. 

Boron:- This was determined by quinalizarine·method. 

Some samples· from different rivers were analysed and it was 

observed·that none of the samples showed the presence of 

Boron mo~~ than 0.05 ppm. 

RESULTS 

The analytical data are presented in Statement I.·It 

contains_, the name of the riv~r and site, year and month of 

collection, pH. value, conductivity, incli vidual. cations and 

anion~ .expresaed as parts. per million, hardness, sodium 

percentage., S.A.R and.classifi.cation as proposed by the staff 

of the_ u.s. Salinity Labora!'ory. In Statement II, are pre

sented the maximum and ruinimiun values for conduc.tivity, pH, 

individual ions,' hardness etc. far any year during the period • 

of study. The rivers have been divided int.o two groups: 

Group I -North Indian Rivers - Ganga, Gandak, Kosi, 

Brahmaputra and Yamuna. 

Group II - Ceritral Indian & South Indian Rivers 

Chambal, Narmada,. Tapti, Godavari, Krishna & Cauvery. 
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GROUP·! 

(a) Ganga;- The river which takes its source in the 

Himalayas is joined by river Yamuna'at Allahabad by river 

Gomati near varanasi by r,ivers Gh~ghara and Gandak near 
• 

Patna and by river_ Kosi some 60 miles above Farakka and, 

~alls into t~e Bay of Bengal. Its water has been analysed 

from various sites namely Hardwar, Allahabad, Patna, 

Bhagalpur •and·Farakka. It is seen from Statement II that 

maximum.values of conductivity and individual ions etc. 

are lowest at Hardwar. These values are· higher at ~llaha

bad and Patna·but decrease slightly at Bhagalpur and, 

Farakka. The decrease.at Farakka may be attributed to the . . 

river Kosi whose water' has low soluble salts, joining 

Ganga river before Farakka. There is practi~a:Uy no 

variation in maximumand minimum values from yaar to year 

at all the sites. It is _also seen that salt concentration 

of the waters is quite low. Conductivity .varies between 

122-525 micromhos/~m. pH is always on the alkaline side 

varying petween 7 .4-8.9. Other varia~ions are: Na from 

0.9-)9·5 ppm; K from 1 .?-9.8 ppm; ca from 6.9-44·3 ppm; 

Mg . .from 1.0-28.9 ppm; Cl from 1-28 ppm; and HCOj' from 

61-265 ppm. Statement I shows that conductivity is usually 

maximum during .. January to April. Magnesium though ge~erally 

lower than calcium is sometimes higher than calcium in 

January, February or lr.arch. s .. A.R. values are very low and 

all waters fall. under'c1s1 and c 2s1 classes indicating 

that they are good for. irrigation throughout 'the year. 

\\ith regard to hardness~ .waters. are generally either soft 

or average .. at all the sites, but at sites other tha·n 
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Hardwar sometimes these are hard during winter and dry 

months. 

(b) Gandak:- The river takes its source in the Hima

layas and joins river Ganga near Patna. The water samples 

have been analysed only rrom Hajipur site. Statement II 

shows tha~ minimum and maximum values from year to year 

do .not vary appreciably .. Statement I shows that salts are 

low, conductivity varying from 175-340 micromhos/cm, 

maximum being .. in ApriL pH is usually on the alkaline side 

varying from 7.6-8.7. Other variations are: Na from 1.4-7·5 

ppm; K from 2.8-8.9 ppm; Ca from 18.9-37.8 ppm; Mg from 

5.7-17.0 ppm; Cl from 3-15 ppm and HCOj from 95-153 ppm. 

s.A.R is quite low and waters are classified as c1s1 and 

c2s1 for irrigation purposes indicating that all waters 

are good. With regard to hardness, waters are generally 

soft or average. 

(c) Kosi:- The.river takes its source in the Hima

layas and joins river Ganga between Bhagalpur and Farakka 

at Korsela. Only.ene years' (1956) complete data is avail

able for study at Chatra site. Salt' concentration of the 

water is very low (StateDEnt I), maximum conductivity being 

210 micromhos/cm in April. pH is usually on the alkaline 

side ·varying from 7.0-8.5. Other variations are: Na from 

2.2-9.1 ppm; K from 1 .6-4.3 ppm; Ca from 12.0-24.5 ppm; 

Mg. from. j • 5-5.9 ppm; Cl from 6-22 ppm and HC03 from 

40-105 ppm. S.A.R is very low and waters fall in C1S1 class, 

indicating that waters are very gpod for irrigation pur

poses. \'iith.regard to hardness, waters are always soft. 
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(d) Brahmaputra:- The river takes its source in the 

Himalayas flows. through Tibet and · ::- enters India through 

NEFA and.joins river Ganga in East Pakistan. waters have 

been analysed from Dibrugarh and Gauhati Sites. It is seen 

from Statement II that there are practically no variations 

in maximum and minimum values from year to year at either 

site. Salt concentration at both the sites is low, maximum 

conductivity being 280 micromhos/cm, which is observed 

(Statement I) during February to May. pH is usually on the 

alkaline side varying from 7.1-8.8. Other variations are: 

Na from 1.0-8.2 ppm; K from 1.1-7.1 ppm; Ca from 15-38.7 

ppm; Mg from 1-16.0 ppm; Cl from 2-14 ppm; and HC03 from 

· 61-134 ppm. s.A.R is very low and waters are classed c1s1 
and c

2
s1 for irrigation and are good throughout the year. 

With regard to hardness, waters are soft or average. 

(e) Yamuna:- The river.takes its source in the Hima

layas. It for.ms.. the eastern boundry of East Punjab, then 

flows.parallel to Ganga and joins it at Allahabad. The water 

has been analysed fro.m Agra site. Only two years complete 

data (1956 and 1959) is available. Statement II shows that 

conductivity goes as hi~ as 1485 micromhos/cm varying from 

260-1485 micromhos/cm. pH value is on the alkaline side 

varying from 7.9-8.9. Statement I shows that maximum conduc

tivity is observed during Apri;t, M~y or June. Other varia

tions are: Na from 7.6-140 ppm; K from 2.3-12.8 ppm: Ca from 

12.0-84.3 ppm; Mg. from 4.1-50.8 ppm; Cl from 6-314 ppm and 

Hco3 from 107-256 ppm. S.A.R is generally low and waters fall 

in C1S1 and c2s 1 classes and are good for irrigation. Some 
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waters fall in c3s1 class. and. should be used only for high 

salt tolerant crops. With regard to hardness, waters are 

usuall.y hard but during monsoons they are average. 

GROUP II 

(a) Chambal:- It takes its source in the Abu mountains 

and flowing north-east joins Yamuna near Katauli about 32 
. ! 

miles below Etawah. \'iater samples have been .analysed from 

Kota site and indicate (Statement II) that conductivity 

varies from.170-805 micromhos/cm and minimum and maximum 

values do not vary appreciably from year to year. Statement I 

shows that. salt concentration is highest during f<lay or June, 

.Monthly variations are large. pH is usually on the alkaline 

side..and vary from 7.4-8.1!. Other variations are: Na from 

9.1-75.9 ppm; K from 1.1-6.0 ppm; Ca from 6-32.7 ppm; Mg 

from 3.1-34.6 ppm; Cl from 5-62 ppm and HC03 from 93-313 ppm. 

S.A.R values are not high and waters fall gener~ly in C1S1 

and c2s1 classes except for some samples in dry season 

which f.all. in.·c3s1 class, waters are good for major part of 

the year.fbr irrigation purposes. With regard to hardness, 

waters. are generally soft or average.except in dry.months 

when they are hard. 

(b) Narmada:- The river takes its source in the Vindya 

range,.. flows westwards. and fall.s in the Gulf of Cambay. Water 

samples· have been analysed from Mortakka and Gardeshwar 

sites. Statement II shows that wat~rs are similar at both 

the sites and the minimum. and ruaxinum values do not change 

·appreciably from year to year while month to month varia

tions (Statement I) are considerable. Conductivity v~ries 
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from 153-575 micromhos/cm and is highest during April, 

May or June. pH is usually on the alkaline side varying 

from 7. 6-9.0. Oth.er variations are: Na from 3. 6-41 .4 ppm; 

K from 0.4-3.7 ppm; Ca from 11.2-38.3 ppm; Mg from 4.1-38.7 

ppm; Cl from 4-30 ppm and HC03 from 92-3~1 ppm. S.A.R value 

is low and waters fa~ under c1 s1 and c2s1· classes for . 

irrigation purposes showing that waters are good. With 

regard to hardness, waters are usually hard but in monsoon 

months they are either soft or average. 

(c) Tapti:- The river takes its source in the Satpura 

range and flows westwards. It falls in the Gulf of Cambay. 

Water samples have been analysed from Kakrapar site. About 

one years 1 data is available for Bhusawal site as weu·. 

Statement II shows that salt concentration is not different 

at the two sites. Maximum and minimum values .from year to 

year.do not vary much; but month to month·variations 

(:Jt ·teipent I) are large. Conductivity varies from 195-1125 

micromhos/cm,, maxiL..;r 1 being in April, May or June. pH is 

on the alkaline side varying from 7.7-9.0. Other varia

tions are: Na from 10.5-125 ppm; ... K from 1.2-5.9 ppm; Ca 

from 6.0-41.3 ppm; Mg from 6.2-38.7 ppm; Cl from 7-104 ppm 

and Hco3 from 98-368 ppm. S.A.R values are not low and 

vary from 0.5 to 4.05. Some waters fall i~.c3 s 1 class and 
. . 

these should only be used on crops with high salt tolerance. 

Other waters fall.in c1s1 and c2s
1 

classes and are good 

for irrigation. With regard. to hardness, .waters are usually 

hard but in monsoon.months they are either soft or average. 
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(d) Godavari:- Thoil riv.:.r takes its source in the 

Western Ghats and flows e&3twards. It falls it. t.~e Ba'J of 

Bengal. Water samples have been analysed. from fjanded Site • 

. Statement II sbows that the minimt1m vah.es d., r.ot vary 

from year to year, but maximum values vary considerably 

as is evident from couductivit;,• value ~arying fron. 920-l..,uO 

micromhos/cm. Statemer.t I shows that salt concentration is 

highest durir,J April or ~lay. Conductivity var:i.es fro•n 

225-1 Svv micro.r.mos/cm. pH is on the alkaline side varyir•;~ 
, 

from 7. 8-!3. 9. Other variations are: Na fro1:. 1 , 5-264 ppm; 

.K from 1.3-9.0 ppm; Ca from 12.9-37.8 ppm;~~ from 6.2-48.) 

ppm; Cl from 1-174 ppm and HCOJ from 130-342 ppm. S.A.R 

value is not very high. \latera generally fall in c1 s1 , 

c2s1 , c
3
s1· classes, and a few samples f<ill under c3s2 class 

for irrigation. \"iaters in dry season falling in c~s 1 or 

c3s2 class should be u~~d only f~ salt-tolerant cr~ps 

and on perrr.eable soils. \iith regard to hardness 1 waters 

are usually h~~~ but in monsoon months they are average 

and sometimes soft. 

(e) Krishr.a:- Th~ river takes its source in the 

v.cstern Ghats und £1~.! ng eastwards falls in the Bay of 

Bengal. Water r.t•mples have been .:malysed for K:lrikal ar:d 

Nagarjunasagar Dam Sjtes. State~nt II shows tha~ tho 

minimum a~d maxL~um values from year to year vary conat

dera~ly. Values at Karikal site are hig~~r tt~n the values 

at N.J.S.D. Site. Statement I shows that conductivity is 

highest rlt-r-ing April or lwiay, varyir.g from 135-2000 m"..crN~hoa/cr•l, 

Flf is always on the alkalim E~id~ varying frnrr 7 .3-9.0. Otlier 

variations are: Na from ;.3-197 ppm; K. from 0.7-7.3 ppn.; C~ frn. 

1 O.J-41 ,J ppm; f.ii; fror:1 J .6-50.3 ppru; Cl from 6-254 ppr:l Emd 

HCOJ from 70-25C ppm. S.A.R values are low and ~1uters fall 
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in c1s1 , ~~s1 and r,?s- classes, but a few sampl3s fall. 
4 ,... I 

L1 c3s; class. \iaters are Uf.ually gcod fo:c irrigation, 

but those falling under ?3s1 ~1d c3s2 classes sho~ld be 

used for more salt-tclerant crops and on permeable 

soils. With regard to hardness, waters are mostly average 

except during dry p.aric.ds when they are definitely hard. 

(f) Cc.uv•·ry:- The river takes its source in the 

Western Ghats ~1d flows eastwards. It falls in the Bay of 

Bengal. \;ater sarqples have been analysed fr'JJTI Bhawani 

site. State~~rt II shows that salts are·moderatq with 

less variations in minimum and maximum values from year 

to year. Rtatement I s.l-tows that month to month varia

tions are not considerable. Conductivity varies from 

100-390 micromhos/cm, maximum being in May-June and 

pH is on the alkaline side varying from 7.4-9.2, Other 

variations are:· ~:a from 5.2-34.6 ppm; K from 1.4-3.6 ppm; 

Ca from 12.0-25.8 p~kj Mg from 1.8-18.5 ppm; Cl from 

8-27 ppm and Hco
3 

from 58-201 ppm. S.A.R is low and 

waters fall in c1 s1 and c2s1 classes for irrigation and 

are good throughout the year. With regard to hardness, 

waters are generally soft or ,average but sometimes hard 

.during dry mon"':hs. 

General Discussion: 

The rivers af India have been divided into two groups, 

group I includes North Indian Rivers. (Ganga, Gandak, Kosi, 
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Brahmaputra and Yamuna) ~hich are fed by the melting of 

snow during .dry periods and Group II includes Central 

Indian and South Indian Rivers (Chambal, Narmada, Tapti, 

Godavari, Krishna and Cauvery) which are usually fed by 

regeneration water during dry periods • 

. Group I river waters contain low soluble salts and 

salt concentration does not increase appreciably during 

dry periods. River Yamuna at Agra is an exception pro

bably because most of the Yamuna discharge is taken away 

by canals before Agra and during dry season th.e discharge 

·at Agra may be regeneration water. 

Group II river waters show appreciable increase in 

salt concentration during dry J:.eriods. This is because 

-the discharge .during that period is very low and is re

generation water. Cauvery is an exception. The water of 

Cauvery does. not show appreciable increase in salinity 

during.dry periods. It is because the river is fed by both 

the monsoons. 

Sodium percentage values for Group I waters are 

generally less than 40. Yamuna, however, shows some values 

during. dry periods going as higp as 65. Group II waters 

have sodium percent age more than 50 and sometimes as hi@tl 

as 70 during dry periods. Values for Cauvery river are 

usually between 30-40. 

Conductivity of water samples mainly depends upon 

the concentration and. nature or' salts present in them. Fig.J 

and fig.4 give the relation of conductivity with salt 
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concentration expressed as ppm and with salt co~centration 

expressedas meq/litre respectively. It is seen from fig.3 

that for Indian river waters, conductivity of 1000 microm

hos/cm should be taken to mean about 760 ppm, which is 

higher than the usual. value of about 640 ppm. It is due to 

the preser.c e of high bicarbonate content in the waters. 

Fig.3 shows that the ratio of conductivity to meq/litre is 

100:1 app~oximately. This agrees with the usual value • 

. Conductivity does not give any idea about the amount 

of salts carried by a river at a site during any_ period. 

For this, discharge data at th~e site is required. Some . . 
conductivity values ~ ongwi th ,discharge data are given 

below: 

I . . I 
Month OConductivityiDischargel Conductivity I Discharge 

lmicromhos/cmlin I micromhos/cm lin cusecs •. I lcusecs I 1 2 . 3 4 I 5 
0 0 I I 

January I 230 t 8083 I 450 I 2884 
I \

1 
I February 0 1 425 . 0 2321 

March I 275 6508 0 445 I 21S9 I II I 
April I 175 9825 . 520 I 1254 

May I 220 11 048 525 I 91 0 

June 1 170 1 8873 460 I 2865 

July 1 220 62103 225 1 56966 

August l 180 791 29 202 .' l1 01 509 

Septembero 1M 48004 2~0 l13 2771 

October I 1 ~0 34359 /210 I 55448 
November ., 1 88 141 86 3 20 I 16234 

December I 360 I 6374 

o I 
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It will be seen from above that when the dis charge 

increases even 100 times, condt;.ctivity does not fall even 

one thircJ_, indicating that the amount af salts carried 

by the river during monsoon periods are large as compared 

to the salts carried by it during dry periqds. 

Gr.oup I river waters have low to moderate salinity 

with less vari ati oils from month to month, \-ohe reas Group II 

river waters show high salt concentration when discharge 

is low.during dry periods. As most of the discharga.in 

Group II rivers is during monsoon periods 'when the salinity 

of water is low, the water stored (as in reservoirs) ~111 
. ' 

have a salinity almost similar to that in monsoon periods 

and will be quite 10\'i. 

Group I river waters have low s.A.R value which 

never exceeds 2. Group II river waters have slightly 

higher values durine;'dry periods and sometimes shoot upto 

7. A few samples fall in s
2 

class and should only te used 

on permeable soils. However, as pointed before, the water 

stored in a reservoir will show a vert low value for S.A.R. 

In classifying waters with regard to S.A.R and 

conductivity, no consideration is giveu to the Jresence 

of carbonates and bicarbonates. Eaton (8) however, stressed 

the importance of carbonates and bicarbonates in irrigation 

waters. In his opinion possible sodium percentage and resi

dual sodium carbonate ahould be considered for defining 

the quality of irrigation water. These are calculated as 
·~ 

below: 
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Possib~e Na% = 1 00 x Na . . \'.here 
(Ca+Me+Na) - (co

3 
+HC03 ) 

(co
3 

+ HC03l does not exceed (Ca + Mg). 

Residual Sodium Carbonate = (co3+Hco3 J -(_Ca+Mg) 

(All values are expressed as meq/litre) 

Thorne and Thorne (9) applied irrigation waters con

taining carbonates and bicorbonates under average farm 

conditions on different soil sites and did not .find 

any significant increase in sodium percantage or lime 

accumulation. On the basis of laboratory experiments 

and using.the residual sodium carbonate concept of Eaton, 

the staff. of the. u.s. Salinity Laboratory have concluded 

that waters with more than 2. 5 meq/litre residual sodium 

carbonate~ are not suitable for irrigation purposes. 

Waters containing 1.25-2.5 JD3q/litre are marginal and 

those containing.less than 1.25 meq/litre residual sodium 
' . 

carbonate are probably safe. These conclusions are tenta

tive as they are based on limited data. 

Indian river waters contain carbonates and bicar

bonates which sometimes amount to about eo per cent of 

the total anions. Residual sodium carbonate has been cal

culated for all ·the samples. It is seen that waters of 

Ganga, Gandak, Kosi, Brahmaputra, Cauvery, Krishna and 

Yamuna have residual sodium carbonate less than 1 .25. 

Residual sodium carbonate for other rivers i.e Narmada, 

Tapti, Godavari and Chambal is usually less than 1.25 

during monsoon period, but in 'Winter and dry :periods it 

lies between 1 .25-2.5, A few samples of river Tapti, 
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Chambal and. Godavari. sh.a.\'r residual sodium carbonate more 

than 2.5. 

With regard to hard'ness, most o.r the waters for 

Group I rivers are generally soft or average. Ganga waters 

at sites other than Hardwar and Yamuna waters at Agra 

ar.e hard during .winter or dry periods, hardness going as 

high as 200 to 300. Waters of Group II rivers are usually 

hard except in monsoon months when they are usually average 

and sometimes sort. Cauvery waters are mostly soft to 

average throughout the year. 

Chemical analysis of some of the u.s. river waters 

(12) is given .. in Statement III. On comparison with Indian 

river waters, it may be said that these waters differ from 

· Indian river waters in their individual salt content. 

Waters of rivers Ohio, Beaver and White W1 ich have low 

salinity and do not show much variatj_on in the monthly 

data may be classed similar to Group I river waters. In 

river Ohio, bicar.bonate is almost negligible, magnesium 

is quite low and sulphate is abundant. In Beaver river, 

bicarbonate and magnasium are low and sulphate is abundant. 

In 'Wbite river, magnesium. and sulphate are low and bicar

bonate is high- Group .I Indian river waters usually contain 

high.bicarbonate, appreciable magnesium and negligible sul

phate. Waters or river Arkansas show considerable varia

tions in th.e salinity, conductivity varying from 406-1320 

micromhos/cm and. may be classed similar to Group II Indian 

river waters4 Arkansas river waters have low magnesium and 
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bicarbonate. but high chlar~de, whereas Indian river water 

in. th~ gr.oup. ha:ve high. bicarbonate and appreciable chloride 

and magnesium. 

Chemical analys~s. of some Indian river waters as pre

sented by Kobayash~ (13) is glven in Statement IV. It appears 

that the results are the analysis of a single sample for a 

river taken on a particular date. It is seen from the results 

that the values obtained by him for individual ions and con

ductivity invar~ably lie in the range given in Statement II 

except for the pH values which are slightly on'the lower 

side. 

SUMMARY AND CONCLUSIONS 

A systematic study on the ~~ality of Indian river waters 

has been made. waters collected from different sites for 

various rivers every month.have been analysed during 1955-1960 

for conductivity, pH and various cations and anions. The rivers 

have been divided into two groups as: 

Group I:- North Indian rivers (Ganga, Gandak, Kosi, 

Brahmaputra except Yamuna) have the following salient· features; 

(1) Salinity is low throughout the ye.ar 

.(2) Monthly variations and yearly variations are low 

(3) \1aters are mostly alkaline 

(4) Calcium and bicarbonate are the predominant ions. 

(5) Sodium per.centage and S.A.R values are low. waters 
usually fall. in c1s1 and .c2s1 classes for irrigation. 

(6) Waters are usually either soft or average. 
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Group II:- Central Indian and South Indian rivers 

(Chambal, Narmad~ Tapti, Godavari, Krishna except 

_Cauvery have the follo"~-.i.ng salient featUres: 

(1) Salinity is low only during n.onsoo n period 

(2) Monthly variations are large and yearly varia
tions are appreciable. 

(3) "Waters are mostly alkaline 

(4) Sodium and bicarbonate are the predon.inant 
ions. However, during dry montl", s, chlorides 
and sulphates are appreciable. 

(5) Sodium percentage and s.A.R values are appre
ciable and sometimes above 60 and 5.respectively. 
waters usually fall in c2s,- and c

3
s 1 claoses 

<;nd. som~times in c3s 2 class for 
1rr1. gatJ. on. 

(6) Waters are usually hard during dry period 
and they are either soft or average during 
monsoon period. 

Yamuna. and qauvery are exceptions. The former has the 
(jo 

characteristics of Group II and the latter have the charac-

teristics of Group I. 

The present study shows that Group I Indian river 

waters are good throughout the year for jrrigc.tion purpose. 
' 

The Grcrup II river waters are also good dur~ ng monsoon 

period. During dry season hO"I'Iever, the total salinity, 

sodium pe:r:centage. ani S.A.R v~lue are quite hiitl for Group II 

river waters. 5uch "l'laters should be used for irrigation 

cautiously and only on pervious soils. 
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STATEMENT I 
Chemical Analysis tJf River Water Samples (Group l ) 

Year and Conduct- Parts per million of Hard- Na C1assifi-Name of river month of - ivity pH ness %age SAR cation and (site) collection micro- ·Na K Ca Mg C1 COs HCO. No. 
mhos/em 

2 3 4 s 6 7 8 9 10 11 12 13 14 IS 

(a) Ganga 19SS 10 278 7-9 11·6 9·8 24·9 10·3. 26 70 lOS IN ·49 C2Sl 
( Hardwar) 11 158 7·5 2-7 2·0 23-2 5·7 6 98 82 6·5 ·13 Cl Sl 

12 165 8·0 3-4 2·2 23-2 14-4 s 107 117 5·9 ·14 Cl Sl 

1956 1 168 7-9 3-6 2-1 24-1 6·4 7 106 94 7·5 ·17 Cl Sl 
2 192 8·2 5·0 2·5 28·0 9·5 12 6 116 109 8·8 ·21 Cl Sl 
4 230 7-7 2-3 2-4 22-4 6·7 10 99 84 S·S ·11 Cl Sl 
s 180 8·S 0·9 3·5 28·6 6·3 8 92 97 1·9 ·04 Cl Sl 
6 143 8·7 1·2 1·7 18·8 7-2 6 6 76 71 H ·06 Cl Sl 
8 122 8·2 l·S 2-7 18·5 H 7 67 59 H ·08 Cl Sl 
9 13S 7·8 1·7 2·9 19·8 4·4 7 70 67 4·9 ·08 Cl Sl 

10 ISO 8·0 2·1 1·9 21-1 4·9 6 ... 79 73 5·7 ·10 Cl Sl 
11 198 8-1 2·7 2·7 25·8 9·8 12 4 98 lOS 5·2 ·12 Cl Sl 

1957 1 200 8·6 4·2 1·8 27-1 10·1 8 20 73 110 1·S ·17 Cl Sl 
2 200 8·7 4·2 2·5 27-1 17-3 7 4 102 140 6·0 ·IS Cl Sl ..., 
8 13S 8·1 1-6 1·7 19·8 3·6 14 73 62 5·0 ·08 Cl S1 .... 
9 167 7-8 2-4 2·0 23-2 5-4 9 3 79 81 5-7 ·11 Cl Sl 

10 160 8·0 2-6 1·8 21-1 7·0 11 73 82 6·2 ·12 Cl S1 
11 18S 8·2 3·2 2·0 26·7 7-2 10 116 97 6·5 ·14 Cl Sl 
12 200 8·1 3-6 2-1 30·1 6·2 12 146 101 6·9 ·IS Cl Sl 

19S8 1 230 1·S 3-6 2·0 39-1 14·3 s. 3 IS9 is1 3·0 ·13 Cl S1 
3 275 7·6 4·6 2-3 29·2 8·3' 8 98 107 1·9 ·19 C2 Sl 
4 175 7-4 2·3 1·8 24-1 4·4 8 61 79 S·3 ·11 Cl Sl 
s 220 8·3 3-2 2·0 25·8 5·2 6 8S 86 7·0 ·IS Cl Sl 
6 170 8·0 2·5 1·7 19·8 5·7 8 18 61 73 6·9 ·13 Cl Sl 
7 220 8·0 2-4 3-7 25-8 6·2 6. . 6 85 90 5·0 ·11 Cl Sl 
8 180 7-9 1·8 2-1 21·5 5-7 6· 6 73 78 5·2 ·09 Cl Sl 
9 168 8·2 1·9 1-8 17·2 ' 6·4 6 6 73 71 5·2 ·09 Cl Sl 

10 160 8·3 3-9 2-4 18·9 8·3 8 3 82 82 9-1 ·18 Cl Sl 
11 188 8·5 3·6 1·9 20·6 9·3 6 6 8S 90 8·0 ·16 Cl S1 

19S9 I 27S 7-9 4·9 2-4 28·4 10·8 IS 12 110 116 8·1 ·19 C2 Sl 
3 240. 8·2 4·2 3·2 22-4 9·3 6 6 9S 9S 8·4 ·19 C1 Sl 
4 230 ·3·1 3·3 2-1 ·22·8 6·2 4 3 •2 83 7-6 ·1S Cl Sl 
6 17S 8·2 2·2 2·8 "23-2 4·4 3 2 79 76 5·5 ·10 C1 Sl 
7 140 8·0 1-6 3·5 . 15-4 4-1 1 70 56 5·6 ·09 Cl Sl 
8 ISO 8·6 1·8 1·8 21·5 4·6 . 1 76 73 7·0 ·09 Cl S1 

.ll 195 8·4 3-3 1·8 24·9 7-2 4 98 92 6·9 ·14 C1 51 
12 210 8•6 3·7 1•9 23·2 10'6 4 101 ti/2 1·1 • •15 01 S1 



1960 310 8·4 5-4 2-8 29·7 N 5 m 108 9·~ ·~2 C1 S1 

Hi 180 
0; 

128 90 14·8 ·33 t"l 81 
Ganga 

1955 8·2 7·5 3-3 24-9 6·7 7 
11 250 7-6 12-9 3-9 33-1 4·1 13 6 98 100 21·2 ·58 C1 Sl 

(Allahabad) 12 275 8·1 13-6 3-3 37·0 11·4 16 8 181 139 17·1 ·50 C2 S1 

1956 1 350 8·5 22·2 5·8 23·7 28·6 14 11 239 177 21·0 ·72 C2 S1 
2 340 8·3 24·8 4·2 34·0 16·5 23 212 153 25-4 ·87 C2 S1 
3 370 8·2 29·6 4·8 40·9 18·1 23 20 235 167 26·1 ·96 C2 Sl 
4 350 8·4 26·6 5·2 37-1 15·0 20 3 215 154 26·5 ·93 C2 S1 
5 360 8·6 39·5 7-8 16·7 IH 26 9 181 88 46·9 1·82 c:z s1 
6 230 8·3 7-6 3-6 25·7 8·5 10 134 100 13·8 ·33 Cl S1 
7 178 8·0 4-6 2-8 22·8 5·9 8 102 81 10·6 ·22 CI S1 
8 170 8·5 5-3 2·0 24-1 4-1 12 107 78 12-6 ·26 CI S1 
9 198 8·1 7·0 2·0 36-1 1·0 11 116 95 13·5 ·40 C1 S1 

10 215 8·0 9·0 3·5 28·4 6·7 12 134 99 15-9 ·39 C1 S1 
11 280 8·1 13·0 H 38·7 9·8 15 165 137 16·7 ·49 C2S1 

1957 1 380 8·4 20·2 5·0 44·3 • 15-7 19 20 199 176 25·7 ·66 C2 S1 
2 360 8·4 19·2 4-4 40·0 25·5 14 216 206 20·2 ·58 C2 S1 
3 300 8·8 24-9 4·2 23-7 17-8 14 20 112 133 28·2 ·93 C2 S1 
4 380 8·9 30·8 5·3 38·3 19·1 15 28 181 175 27·0 1·01 C2Sl 
5 380 8·8 32-8 5·3 33·5 20·1 16 12 216 168 29·2 HI C2 S1 
7 263 8·4 14·6 3-2 24·1 11-4 12 145 108 22-2 ·59 C2 S1 
8 186 8·1 5·8 2-8 24·5 5·4 8 109 84 12-6 ·35 CJ Sl 
9 190 8·1 7.7 3-4 24-1 4·6 11 3 98 80 16·4 ·37 C1 S1 

Ganga ( Patna) 1955 12 300 8·2 16·9 4·3 34·0 10·8 IS 12 197 130 21-4 ·64 C2SI N 
VI 

1956 I 325 8·0 24-8 2-3 25-4 24·5 16 10 265 164 24-4 ·97 C2 Sl 
2 340 8·4 26·6 4·1 33·5 12·5 22 9 209 137 28·9 ·99 C2SI 
3 300 8·4 24·0 3-9 28·4 16·8 22 11 212 140 26·5 ·92 C2SI 
4 350 8·0 26·4 S·S 37·8 18·1 28 17 220 169 22·6 ·88 C2S1 
s 310 8·6 16·4 4-6 31·0 9·3 IS 13 165 116 22·5 ·66 C2SI 
6 275 8·5 13-6 3-9 28·9 IH 16 9 137 118 19-4 ·54 C2S1 
7 200 8·4 5-7 2-4 25-7 5·7 11 6 108 88 12-1 ·26 Cl S1 
8 210 8·5 3-3 1·8 37·8 4·1 9 6 128 111 5·9 ·13 CJ Sl 
9 170 8·5 4·9 2·0 26·7 3-9 9 110 83 J()o7 ·23 Cl Sl 

II 256 8·1 11·6 3-6 35-7 7·0 12 149 118 IH ·46 C2S1 

1958 10 132 8·1 J()-2 2-7 6·9 5·7 12 3 67 41 33-3 ·69 Cl Sl 
II 305 8·5 15·2 3-2 18·1 21·2 14 12 165 133 19·4 ·65 C2SI 
12 325 8·6 15-2 3-7 37·8 12-4 13 12 183 146 18·0 ·54 C2SI 

1959 I 490 8·5 22-4 3-6 43·0 15·0 17 27 214 170 21·8 ·74 C2S1 
2 380 8·5 23-3 3·5 16·3 28·9 16 24 207 161 23-4 ·80 C2SI 
3 475 8-4 22·0 4·0 23-2 26·3 14 IS 214 168 21·8 ·78 C2SI 
4 525 8·4 25·0 4·2 37·0 16·5 17 IS 225 161 24·5 ·85 C2SJ 
s 430 8·5 24·5 H 32-7 15-2 16 12 201 145 26·5 ·88 C2 Sl 
6 340 8·4 22-() 4-2 31·0 11·8 13 3 180 127 26-5 ·85 C2SI 
7 190 8·2 7-7 H 24·9 4·6 7 2 116 82 16-() ·36 Cl Sl 
8 160 8·1 6·5 1·8 19·8 4-6 4 2 92 69 16-5 ·35 Cl SJ 
9 210 8·2 12-7 2-7 26-3 5-4 6 2 122 8~ 23-1 ·58 C1 Sl 

12 305 8·6 14·5 3-2 21·5 23-2 10 2 .201 149 16·9 ·52 C1S1 



Year aad 
Conduct- Parts per ~lion of .... Hard- ·Na Classifi-

Name of river and month of 
ivity pH ness %age 

SAR cation 
l site) collection 

micro- Na K Ca Mg Cl co. Hco. No. 
mhos/em 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1960 2 500 8·4 23-4 3·5 39·6 16·0 13 5 220 165 23-1 ·79 C2S1 

3 395 8·6 24·8 3-7 38·3 15·7 17 238 176 24-4 ·85 C2S1 

4 420 8·5 22-4 4·4 36·6 13·2 15 232 146 24·2 ·80 C2 S1 

Ganga ( Bhagalpur) 1958 10 232 8·6 10·2 3·0 21·5 10·8 12 12 122 99 17-7 ·44 C1 S1 

11 305 8·3 13-2 3-6 20·6 19-1 14 12 177 131 17-4 ·50 C2 Sl 

12 320 8-4 13-2 3-9 35-7 12-6 13 12 177 142 16·3 ·48 C2SI 

1959 I 425 7-6 16·8 3-2 39·6 14·5 20 27 183 159 18·3 ·57 C2 Sl 
2 405 8·5 18·7 3·8 18·1 26·6 16 18 189 156 20·1 ·64 C2 S1 
3 450 8·5 21·3 4·0 15·5 28·9 12 15 201 159 21·9 ·73 C2S1 
4 475 8·4 19·2 4·0 31·8 17·0 13 18 195 151 21·2 ·68 C2S1 
5 375 8·5 16·0 2·9 31·4 13·2 12 12 171 133 21·0 ·63 C2 S1 
6 290 8·4 12·6 4·3 31·0 8·8 8 2 150 114 18·5 ·52 C2 Sl 
7 230 8-1 12-6 3-4 26·2 5·9 7 110 90 22·5 ·57 C2 Sl 
8 165 8·1 4-7 2·2 21·5 2·6 3 2 98 65 12·9 ·24 CI Sl 
9 175 8·1 6·9 2·2 20·2 5-4 6 2 104 73 16·5 ·35 CI SI 

12 315 8·4 12-4 3-2 18·5 24·5 10 198 148 15·0 ·44 C2 Sl 

1960 I 405 8·4 16·1 3-2 39·1 11·9 9 204 147 18·8 ·57 C2 Sl ..... 
2 490 8·7 . 17·3 3·5 17·6 18·8 12 5 128 122 22-7 ·68 C2 Sl N .... 
3 390 8·6 20·6 4·5 38·3 11-1 14 214 142 23-3 ·75 C2 Sl 

Ganga ( Farakka ) 1955 8 145 7-7 5·0 2·9 21·5 5·4 7 89 76 11·9 ·25 CI Sl 
10 182 7-7 7·3 3·5 26·7 5·7 8 140 90 14·6 ·34 C1 Sl 
II 231 8·0 9·8 3·5 30·5 9·3 11 6 153 114 15·2 ·40 C1 S1 
12 263 8·0 11·9 3-6 19·4 20·4 13 10 178 133 15·9 ·45 C2 S1 

1956 2 265 8·3 16·8 4·3 29·2 12·6 18 14 162 125 21·9 ·66 C2 SI 
3 280 8·3 16·2 3-7 34-4 13-7 16 9 186 142 19·3 ·60 C2S1 
4 280 8·2 17-2 4·2 35-7 14·2 18 14 180 148 19·7 ·62 C2 S1 
5 425 8-1 17-3 4·9 34-4 12-9 18 6 186 139 20·1 ·63 C2 S1 
6 225 8·1 9·8 4·0 24·5 8·8 13 121 98 17·3 ·44 C2 S1 
7 198 8·0 6·4 3-4 22·8 5·7 9 113 81 14·2 ·31 C1 S1 

1957 I 280 8·6 12-3 4-1 36·1 9·8 14 12 150 131 16·4 ·47 C2 S1 
2 330 8·1 15·5 4·2 37-8 12-1 20 8 187 145 18·4 ·56 C2 S1 
3 285 8·7 18·2 2-9 28·0 16·5 14 20 134 139 21·9 ·67 C2 S1 
4 330 8·8 18·2 3-9 37·8 18·8 14 4 203 173 18·3 •60 C2 SI 
5 295 8·5 16·4 4·6 33-1 14·7 16 181 144 19·3 ·60 C2 S1 
6 260 8·6 14·3 4·0 31·8 13-4 13 4 161 135 18·2 ·53 C2 S1 
7 182 8·1 5·5 2·5 23·6 4-4 8 104 71 12·9 ·31 C1 S1 
8 179 8·2 5·5 2·5 23·2 4-1 7 104 75 13-2 ·27 C1 S1 
9 179 8·4 6·0 2-8 24-9 5·3 18 3 128 84 12-9 ·20 ·ct S1 

10 220 8·4 8·0 3·2 21·5 11-4 16 3 116 101 14·6 ·35 C1 S1 
II 300 8·5 10·5 3-4 34·4 8·3 II 171 121 15-4 ·42 C2 Sl 
12 350 8·6 11·8 3-4 35-3 11·4 . 12 6 171 136 . 15·4 ·44 C2SI 



.1958 I 380 8·0 13-3 3:,.· ns 11·9 13 6 183 144 16·3 ·48 C2 81 
i 325 7-8 16·1 H· 27•5 21·7 15 3 192 159 17-4 ·55 C2 81 
3 420 8·0 17-8 3-7 22-4 22-7 16 6 159 151 19·9 ·63 C2 81 
4 375 7-8 18·6 4-6 24-1 17·0 14 6 122 131 22-6 ·68 C2S1 
5 350 8·0 13-4 3-9 22-8 17·5 14 6 159 130 17-7 ·51 C2 Sl 
6 295 8·3 13-2 4·7 27·5 11-4 16 6 146 116 19·0 ·52 C2SI 
7 262 7-8 11·9 3-3 23-2 8·3 16 110 92 21·3 ·54 C2 81 
8 190 8·2 4·2 2-3 20·6 6·5 8 6 98 79 10·0 ·20 C1 81 
9 235 8·4 5·8 3·5 25·8 8·3 10 6 110 99 10·8 ·25 Cl Sl 

10 220 8·3 9·8 2-9 23-2 8·3 8 6 131 93 18·3 ·44 Cl Sl 
11 212 8·4 12·0 3-2 16·3 10·3 13 6 110 84 22-8 ·56 C1 Sl 
12 305 8·0 12-8 3·5 23-2 19-1 14 9 168 138 16·5 ·48 C2 81 

1959 1 380 8·2 14·8 H 36·1 13-9 18 18 183 148 17-3 ·54 C2 Sl 
2 350 8·5 17·0 3-7 16·3 26·3 14 18 180 151 19·3 ·61 C2 Sl 
3 365 8·4 16·8 4·0 24·9 20·6 14 15 189 148 19·2 ·60 C2SI 
4 415 8·3 17-3 4·5 19·8 22-7 12 12 183 144 20·1 ·62 C2 81 
5 440 8·8 17-3 4-7 33·5 12-1 12 18 171 134 21-1 ·73 C2 Sl 
6 225 8·4 11·2 4·0 24·5 6·7 7 2 113 89 20·4 ·52 Cl Sl 
7 210 8·3 8·9 4·0 22-4 7·0 6 107 85 17·5 ·46 C1 Sl 
8 180 8·6 5-3 2-4 22-8 4-6 4 2 104 76 12-6 ·23 Cl Sl 
9 195 8·6 6-1 2-6 24·9 5·7 6 3 107 85 12-7 ·32 Cl 81 

10 215 7-9 H 3·0 23-7 7-2 4 128 89 14·3 ·35 Cl Sl 
II 230 8·7 10·2 2-7 29·7 7·0 9 2 140 103 1H ·44 C1 Sl ...... .... 
12 280 8·5 I 1-4 3·0 28·0 4·2 9 2 168 87 2H ·52 C2 Sl .... 

1960 I 500 8·3 12-6 4·6 37·0 10·6 10 180 136 16·2 ·47 C2SI 
2 395 8·4 15·9 3-6 36-1 13-2 11 3 186 145 18·7 ·57 C2SI 
3 380 8·7 IH 3-8 36·5 10·1 13 198 133 16·6 ·65 C2SI 
4 350 8·7 26·4 4·9 34-8 9·6 14 3 201 126 29·6 HI C2SI 

(b) Gandak ( Hajipur) 1955 12 226 8·1 1·9 4·5 34·0 9·6 10 3 153 124 3·1 ·07 CIS I 

1956 I . 240 8·0 4·6 3-7 35-7 9·6 12 15 133 129 6·9 ·18 Cl Sl 
2 240 8·3 H 3·9 37·8 IIH 13 11 130 136 7·2 ·18 Cl 81 
3 230 8·2 5·9 8·9 37·8 10.8 IS 6 145 137 8·3 ·22 CIS I 
4 260 8·0 7·3 5-3 36·1 9·5 10 6 119 129 1o-s ·27 C2SI 
s 250 8·6 2·9 4·2 36·3 8·3 11 6 130 125 4-7 ·II CIS1 
6 242 8·5 H 5·3 33-7 6·7 12 6 lOS 112 2·5 ·13 CIS I 
7 210 8·5 1·4 4·0 31·8 5-7 14 6 118 103 2·7 -06 CIS I 

1958 10 175 8·4 3-9 3-7 18·9 8·3 6 6 95 82 8·9 ·17 Cl Sl 
II 225 8·? 4·0 3-5 25·6 10.8 8 6 122 110 6-9 ·16 CIS I 
12 232 8·5 4·3 3·9 29·7 16·8 10 12 128 144 6-() ·IS CIS I 

1959 I 305 7-6 5·4 3-4 27-5 13-9 14 12 143 127 8-() ·20 C2SI 
2 315 8·4 5·0 3·5 2o-6 16-5 10 12 134 120 8-() ·20 C2S1 
3 320 8·5 5·8 3-6 23·2 17-G 8 12 134 129 8·6 ·22 C2S1 
4 3::!5 8·6 6·5 3-7 29·7 7·2 10 6 125 10-1 11·4 ·27 C251 



Year and Conduct- Parts per million of Hard- Na Classifi-Name of river and month of ivi~y pH Iiess %age SAR cation (site) collection micro- Na K Ca Mg Cl co. HC01 No. 
mhosfcm 

5 6 7 8 9 10 II 12 13 14 15 2 3 4 

1959 5 270 7·9 3·5 2·8 26·3 9·6 7 3 122 105 6·4 ·14 C2 Sl 
6 220. 8·2 3-3 4·3 28·4 7·2 3 2 107 101 6·2 ·14 Cl Sl 
7 210 8·2 2·3 3·7 30·5 5·1 4 3 107 100 4·6 ·10 Cl S1 
8 205 8·2 2·3 3-3 30·5 5·1 3 2 116 100 4·6 ·10 Cl Sl 
9 210 8·1 4·3 3-4 26·2 6·5 4 122 92 8·9 ·18 Cl Sl 

1960 2 340 8·7 7·5 3-9 18·0 13-9 7 3 122 103 13-2 ·32 C2Sl 
3 290 8·6 6·3 3-9 32·3 6·7 8 134 109 10·5 ·25 C2 Sl 
4 290 8·4 4·4 3·8 30·5 7·0 8 122 80 10·0 ·21 C2Sl 

(c) Kosi ( Chatra ) 1955 9 190 7-8 2-6 2-6 14·6 1·5 7 61 43 10·8 ·16 Cl Sl 
10 80 8·0 2·2 1·6 12·0 2·3 6 58 40 10·2 ·16 Cl Sl 
II 110 7·0 4·1 2-1 15·5 8·0 7 40 72 10·8 ·21 Cl Sl 
12 121 7-6 6·0 3·7 15-1 3-6 8 38 53 18·5 ·36 Cl Sl 

1956 I 115 7-6 6·2 2·5 14-6 3·9 10 45 53 19·5 ·37 Cl Sl 
2 120 1-5 5·9 2·2 15·5 5·2 18 76 60 16·7 ·33 Cl Sl 
3 208 7·8 8·8 2-4 19·8 4·1 12 98 66 21-6 ·46 Cl Sl 
4 210 8·5 9·1 4·3 24·5 5·9 13 6 105 85 17-7 ·42 Cl Sl 

~ 5 138 8·3 2-6 3·8 18·4 3-6 8 83 61 17-7 ·14 Cl Sl 
6 124 8·1 4·6 2·6 15·1 3-1 10 73 51 15·7 ·28 C1 Sl 
7 132 8·0 4·0 3-4 15·5 3-6 11 76 54 12-7 ·23 Cl Sl 
8 126 8·4 4·1 3-4 17·2 2·6 8 76 54 13-3 ·27 Cl Sl 
9 130 8·1 2·2 3-4 21·5 2-3 8 82 64 6·6 ·12 Cl Sl 

10 114 7·3 3-9 2-8 17·2 5·2 11 52 45 14·8 ·21 Cl Sl 
11 135 7-7 3·8 3-6 19·8 4·1 22 90 67 10·4 ·21 Cl S1 
12 134 8·0 3-4 3-1 15·9 4·1 13 69 57 10·9 ·19 Cl Sl 

1957 135 8·1 4·2 3·5 16·3 3-4 10 73 55 13-2 ·25 Cl S1 

( d ) Brahmaputra 1955 9' 135 7·7 3·0 3-8 20·6 3·1 4 87 64 8·7 ·21 Cl Sl 
( Dibrugarh) 10 137 8·1 2-4 3·0 22-4 4-1 6 95 73 6·4 ·11 Cl Sl 

11 152 7-6 2-4 2·9 24-9 4·4 7 98 80 5·8 ·10 Cl Sl 
12 165 7·7 3·8 4·5 24·5 7·0 7 106 90 7·9 ·17 Cl Sl 

1956 3 140 7-6 3-2 4-1 23·7 3-4 8 93 73 8·1 ·16 Cl Sl 
4 190 7-8 2·1 2-4 21-1 3-4 10 87 67 6·2 ·11 Cl Sl 
5 168 8·5 1-9 5·3 26·1 3·6 8 9 86 80 4-4 ·09 Cl Sl 
6 182 8·1 1·0 5·7 29·8 3-4 11 lll 89 2·0 ·04 Cl Sl 
7 158 8·1 1·6 4·0 21-6 6·2 13 95 80 4·0 ·08 Cl Sl 
8 125 8·5 1·5 3·0 19·8 2·3 4 73 59 4·9 ·07 Cl Sl 
9 142 7·9 1·7 3-7 23·2 3-1 8 82 71 4·7 ·08 Cl S1 

10 148 7-8 2-1 4·5 25·8 2-6 10 85 71 5·6 ·10 Cl S1 
11' 158 7·9 2-6' 4·5 24·9 3-4 8 85 . 77 6·6 ·12 Cl Sl 
12 179 8·0 3-2 4-4 24·5 4·9 8 96 82 7-4 ·15 Cl Sl 



1957 I ISZ 8·-2 2-8 4-1 28;0·· 5:4· 13 6 87 93: :S·9. "•12 CfSI 

3 159 8·7 8·0 3-4 32-7 3·1 14 4 89 95' 14·9 ·36 Cl Sl 

4 135 8·7 2-6 . 2-9 21-1 '6·5 4 4 65 . 80 6·3 ·12 Cl Sl 

5 215 8·8 3·0 H 38·7 5·1 4 19 116 121 4·7 ·11 Cl Sl 

7 150 8-1 4·0 4·7 22·8 2-1 5 93 66 10·8 ·21 Cl Sl 

8 176 8·4 1·0 4·7 29·2 2-3 5 124 83 2-4 ·04 Cl Sl 

10 170 8·1 2-6 3-8 27·5 2·1 14 3 92 77 6·3 ·12 Cl Sl 

1958 2 250 8·0 5·8 4·1 27-1 9·0 7 3 101 lOS 1(}2 ·24 Cl Sl 

3 230 8·0 3-4 3-3 25·8 5-9 7 101 89 7·0 ·IS Cl Sl 

4 175 7·5 2-6 3-6 20·6 16·0 8 6 73 118 4·0 ·12 Cl Sl 

5 210 7-9 2-4 6·1 30·1 7-2 6 104 lOS 4·3 ·09 Cl Sl 

7 155 7-8 1·8 2-8 15-1 6·S 6 6 79 65 5-6 ·10 Cl Sl 

8 190 7-9 1·5 4·2 25-8 4·1 6 6 92 82 3-9 ·06 Cl S1 

9 ISS 8·2 1·8 5-7 19·8 4·1 6 6 73 67 4·9 ·09 Cl Sl 

10 ISS 8·4 3-4 3-7 20·6 . 4-9 4 6 82 72 8·9 ·17 Cl Sl 

11 17S 8·5 3-9 3·7 21·5 6·2 9 6 85 80 9·2 ·19 Cl Sl 

12 187 8·3 4·7 4-1 19·8 9·3 7 6 llO 88 9·7 ·21 Cl Sl 

19S9 I 228 8·2 4-4 3-2 19·8 9·8 12 15 98 90 9·1 ·20 Cl SI 

2 280 S·S 4·6 3-3 19·0 10·8 4 12 9S 93 9·4 ·21 C2SI 

3 198 8·3 3·S 3-6 21·5 S·2 6 6 88 1S 8·6 ·17 Cl Sl 

4 240 8·0 3·S 3·5 24·5 2-6 9 IS 67 72 9·0 ·17 Cl Sl 
s 17S 8·4 2-6 3-4 19·5 4·9 3 104 69 H ·13 Cl Sl 
6 160 8·2 2-1 4-4 21·S 3-4 4 2 88 68 5-8 ·II Cl S1 t:l 
7 130 8·0 2-1 3-6 19·0 2-6 2 2 82 58 6·7 ·12 Cl SI 
8 155 8·0 2-7 4-2 2H 3-4 2 2 88 67 7-1 ·IS Cl Sl 
9 16S 8·0 2-7 4-9 22·0 4-1 2 101 72 H ·14 Cl Sl 

10 185 7·6 5·3 4·9 22·8 4-4 4 101 15 12-3 ·26 Cl Sl 

Brahmaputra l9SS 9 ISO 7-1 2-6 4·S 25-4 1-3 12 84 69 7-2 ·13 Cl SI 

( Gauhati) 10 128 8·2 2-9 2·S 2(}2 3-4 5 85 65 8·6 ·16 CIS I 
11 1S2 7-6 6·1 3·2 23-7 2·8 6 9S 71 15·0 ·32 C1 Sl 

1956 I 162 8·2 4·2 H 2S·8 5·1 7 6 104 88 9·0 ·19 Cl S1 
2 166 8·1 4·6 1-1 29·2 3-9 12 7 93 89 9·6 ·21 CIS I 
4 180 7-7 2·1 3·5 2(}2 3-6 10 3 81 65 6·2 ·II Cl Sl 
6 160 8·4 1·2 3-7 23-3 4·1 6 134 15 3·1 ·06 Cl Sl 
7 14S 8·3 2·0 3-3 22·8 3-4 6 85 71 4·8 ·11 Cl Sl 

12 188 8·1 4-2 4·0 25·8 5-4 10 98 87 !H ·19 C1 Sl 

19S1 1 192 8·2 3-8 4·0 27·5 6·2 14 4 ,94 95 7-7 ·16 C1 S1 
3 13S 8·6 3-6 H 19-4 S·4 6 4 77 71 9·4 ·19 C1 Sl 
7 139 8·1 1·4 2·S 18·5 4·9 6 81 67 3-5 o07 C1 S1 
9 135 8·2 2-3 3-4 19·8 2-8 7 3 67 61 H ·13 Cl Sl 

10 17S 8-4 3-7 H 24·1 S·2 8 85 82 8·5 ·17 Cl Sl 
II 180 8·8 5·3 3-f) 24-1 6-7 8 3 98 88 11-1 ·24 CJ Sl 
12 190 8·4 5·0 4·0 25·8 4·6 8 110 S4 107 ·24 Cl Sl 



Year and Conduct- Parts per million of Hard- Na Classifi-Name of river and month of ivity pH ·• ness %age 
SAR clition (site) collection micro- Na K Ca Mg a co. HC01 No. 

mhosjcm 
2 3 4 5 6 7 8 9 10 II 12 13 14 15 

1958 220 8·5 4·0 3-2 24·9 5·9 10 12 61 87 4·0 ·18 CI Sl 

2 280 H 8·2 4·1 29·7 1·5 12 '112 105 11·4 ·35 C2 SI 

4 200 7·5 3·0 3-3 22-4 7-2 6 6 67 86 6·8 ·13. Cl SI 

5 175 7-8 3·5 3-9 26·7 1·0 8 73 109 9·0 ·17: CI SJ 
6 150 7-8 2-4 3-9 19·8 3-6 8 6 61 65 6·7 ·12 C1 S1 
7 142 7-7 1·8 2·8 16·3 4·1 6 73 58 6·2· ·08: CI S1 
8 171 7-9 2·5 3·7 20·6 4-1 6 6 73 68 7·0 ·13 C1 S1 
9 175 8·1 2-8 4·0 20·6 5·2 6 85 73 7-1 ·14 C1 SI 

10 154 8·2 3·0 2·9 18·1 5·2 6 3 88 67 8·5 ·16 C1 S1 
12 190 8·4 4·5 3-6 25-8 5·7 9 6 98 88 9·8 ·21 : C1 S1 

1959 I 230 7-6 5·0 4·0 25·8 5·7 9 9· 101 88 lll-6 ·23 C1 SI 
2 260 8·4 5-l 3·2 21·5 9·6 7 9" 101 94 1()-1 ·23 C2 S1 
3 218 8·3 4·9 3·5 24·1 5·2 6- 6- 88 82 10·9 ·23 Cl S1 
4 225 8·6 . 4·2 4·8 24·9 4·1 5 6 110 80 9·5 ·20 C1 SI 
5 140 8·1 2·1 3-9 19·4 2-6 3 76 59 6·6 ·11 CI SI 
6 170 8·3 2-1 4·3 25-4 3-6 3 2 92 78 5-l ·10 CI SI 
7 170 8·1 2·6 4·5 21-1 4·9 2 2 82 73 6·5 ·13 C1 Sl 
8 150 8·1 2-6 3-8 22-4 3-4 2 2 82 70 6·8 ·13 C1 Sl 

...... ... 
9 165 8·0 2·7 3-7 22-4 4·1 2 76 73 7-2 ·14 CI Sl 0 

10 135 8·1 2·3 2·3 17-6 4·1 3 73 61 7-2 ·13 Cl Sl 
11 170 8·0 4·4 3·0 23-2 4·1 3 95 75 10.7 ·22 Cl Sl 
12 190 8·6 4-4 2-8 25-4 4·9 3 104 84 9·8 ·21 Cl SJ 

1960 I 215 8·5 4·9 3-2 31·8 3-4· 5 110 94 9·7 ·22 C2SI 
3 210 8·3 4·4 3-4 24-1 4·1 5. 88 77 10·4 ·21 Cl Sl 
4 190 8·1 3-7 5·6 21·9 0·8 3 79 58 10·9 ·21 CIS I 

(e) Yamuna ( Agra) 1955 10 260 8·0 8·2 4·8 35·3 6·7 16 165 116 12-9 ·33 C2 S1 
II 360 . 1·5 23·5 8·5 40·4 11·9 24 198 150 24-1 ·86 C2S1 

1956 4 620 8·3 62-7 6-6 36·7 19·1 76 .. 9· 219 171 43-3 2·08 C2 Sl 
5 900 8·5 109 12·8 30·4 32·8 145 226 211 51·5 3·26 C3 Sl 
6 450 8·4 39·2 7·5 33·5 9·8 57 6 143 124 39·0 1-53 C2SI 
8 250 8·3 7-6 2-3 26·7 4·1 18 107 84 12·6 ·35 C2 SI 
9 284 8·7 13-8 3-3 35-7 7·5 24 8 128 120 19·5 ·.54 C2 SI 

10 350 7·9 27·2 4·5 40·9 7-5 22 177 134 29·9 1·01 C2 81 
II 360 8·2 19·6 3-9 43-9 5·5 19 192 132 23-7 ·73 C2SI 
12 540 8-4 46·7 4-1 45-6 7-7 48 16 201 146 40·2 1-69 C2S1 

1957 2 550 8·1 43-5 7-8 43-4 20'6 44 205 189 31·6 1-37 C2 81 
4 550 8·8 5H 5-3 47·2 24·0 60 24 159 218 33-1 1·52 C2S1 

1958 9 400 8·5 20·6 5·0 22-4 21·7 24 6 134 146 22·7 ·74 C2 81 
10 330 8·6 25-6 6·9 17·2 25·8 30 18 . 162 151 25·8 ·91 C2Sl 
12 605 8·2 ~Jot 6·4 41·3 23-2 58 18 226 200 34·9 1·55 C2S1 



1959 2 485 8•5 98·2 3-3 2i•5 16·5 54 ~6 256 123 62-7 3-88 C2 Sl 
3 430 8·5 19·6 4·2 12·0 31·0 20 18 171 159 20·6 ·67 C2 81 
4 1,100 7·9 86·9 8·0 i2·G 49·0 107 IQ 214 m 43-4 2:41 .C3 Sl 
5 1,130 8·5 87·6 8·4 44·7 27-1 107 6 256 225 44·7 2·54 C3SI 
6 1,100 8·3 liS 10·4 38·3 33·3 149 3 220 234 50·2 3·26 C3 Sl 
7 700 8·5 63-3 10·4 35·3 18·6 73 3 192 166 43-5 2-14 C2 Sl 
8 295 8·3 7-5 3·5 44·3 6·7 7 6 153 139 10·3 ·28 C2 Sl 

10 315 8·3 13-9 4·4 37·8 8·8 10 3 162 m 18·6 ·52 C2Sl 
11 390 8·8 22-4 5·6 23'7 23•5 24 2 162 157 22-7 ·77 C2 Sl 
12 1,485 8·9 140 9·5 84·3 50·8 314 11 223 422 41·2 2·95 C3 Sl 

1960 1 1,355 8·6 117 7-4 61·5 34-8 172 210 299 45.2 2-95 C3 81 
3 1,160 8·6 102 9•0 28·4 32-5 148 3 122 206 50.4 3·09 C3 Sl 
4 1,350 8·6 129 9·6 54-2 34·1 171 3 232 277 49-7 3-37 C3 Sl 

Chemical Analysis of River Water Samples (Group II) 

(a) Chamba1 (Kola) 1955 8 172 7·8 12·2 4·5 20·2 3-9 14 93 66 26·9 ·85 Cl Sl 
9 228 8·0 11·6 2-6 31·8 6·2 6 174 105 18·9 ·49 CIS I 

11 430 8·1 49·1 2-8 28·4 23-2 33 12 268 167 38·9 1-65 C2 81 
12 475 8·3 57·5 4·2 22·8 24-8 40 IS 282 159 43-2 1·98 C2 Sl 

1956 3 480 8·5 76·7 3-9 14·2 26-6 44 17 276 145 52-7 2·75 C2S1 
4 520 8·1 81-1 4·3 17-6 28·9 48 31 278 163 51·2 2·75 C2S1 s 800 8·7 79·8 5·2 15-9 28·9 48 37 273 159 Sl-3 2·75 C3 Sl ..... 6 600 8·8 82-7 5·2 10·2 29·2 49 25 267 145 54-3 2·97 C2Sl ~ 10 295 8·2 22·8 2-4 33-9 8·3 17 177 118 28·9 0·91 C2Sl 

11 390 8·1 35·6 3·5 30·5 16·3 29 220 144 34-3 1·29 C2 Sl 
12 440 8·3 40·7 4·7 28·8 19·6 40 16 216 154 35-8 1·44 C2SI 

1957 2 soo 8·6 48·3 4·5 23-8 22·7 36 24 230 167 38·0 1-69 C2SI 
3 450 8·9 51-9 3-2 14·2 26·6 38 28 193 146 45·8 2·08 C2SI 
4 460 9·0 61-1 3-2 14-6 26-4 38 22 216 147 47-1 2·19 C2SI s 510 9·0 66·7 3·8 2()-6 28-1 41 32 211 169 45-7 2·25 C2SI 
6 550 8·4 75·9 4·8 23-2 27-6 47 313 173 48·2 2·50 C2SI 
7 170 8·2 13-2 H 16·8 3-9 12 100 58 32-6 ·76 CIS I 
9 190 8·2 9·9 2-1 24·9 H 20 116 75 21·7 ·49 CIS I 

10 340 8·5 26·4 2-7 24·1 14·2 25 6 171 120 31·8 1·05 C2SI 
11 450 8·6 33·0 4·0 32-7 12-2 28 9 189 133 34·1 1-25 C2SI 
12 450 8·4 33-6 3-9 21·5 13-9 24 6 207 112 38·5 ·97 C2SI 

1958 2 450 8·7 41·5 4·1 25·8 16·3 26 7 165 132 39·8 1·57 C2SI 
3 490 s-o 35·6 3·6 28·4 11·4 26 6 159 118 38·7 1-43 C2S1 
4 490 N 39·1 5·9 25·8 13-4 32 171 120 28·3 l·SS C2SI s 525 8·3 39·9 4-1 25·8 2o-4 30 18 171 149 36-l 1-41 C2SI 
6 425 8·1 39·9 3-9 24-1 16·5 30 6 195 129 39-S 1-53 C2 Sl 
7 520 8·3 39·5 5·9 28·4 18·8 32 6 207 148 35-6 1-41 C2SI 
8 240 8·2 9-1 1·8 24·1 7-2 12 6 104 90 17-4 -42 C2S1 
9 280 8·5 9-8 2·6 19-8 16-() 10 6 159 116 15-o -40 C2Sl 

10 370 8·6 36·8 3-2 19·8 17-<l 26 IS 183 120 39-1 1-46 C2S1 
12 420 8·6 44·3 3-7 18-l 21·7 30 24 201 136 4()-8 1-66 C2SI 



Year and 
Conduct- Parts per million of Hard- Na Classifi-Name of river and month of ivity pH ness %age SAR cation (site) collection micro- Na K Ca Mg Cl CO a HC03 No. 
mhos/em 

2 3 4 5 6 7 8 9 10 11 ·12 13 14 15 

1959 I 585 8·3 51·5 3-2 26·7 20·9 38 36 207 154 39·6 1-82 C2SI 
2 605 8·7 59·6 3-9 12-9 34·3 38 36 247 174 41·8 1·96 C2SI 
3 660 8·6 64·3 4·1 6·0 34-6 36 24 256 159 45·9 2·22 C2SI 
4 700 8·6 69·4 4·3 8·6 24·8 36 30 244 125 53-1 2-69 C2SI 
5 805 8·7 73-6 6·0 18-1 26·1 42 18 281 154 49·8 2·58 C3 Sl 
7 415 8·4 5()-7 4·0 21-1 17-3 26 3 210 125 45·9 1·98 C2SI 
8 195 8·2 9·2 1·9 24·9 4·9 5 3 113 83 19·0 ·44 Cl Sl 
9 230 8·2 10·6 1·9 26·2 6·7 10 2 131 94 19·4 ·47 'CI Sl 

10 380 8·4 26·2 2-8 31·8 12-9 20 2 207 133 29-4 ·99 C2 Sl 
12 390 8·7 36·2 2·9 22-4 20·4 25 2 217 140 35·2 1·33 C2 Sl 

1960 I 690 8·8 74-8 2-8 25-8 )8.6 62 6 159 141 52-7 2·15 C2SI 
2 495 8·6 38·7 3-4 31-4 15·7 24 5 204 143 36·1 1·40 C2 St 
3 420 8·7 39·7 4·0 31·8 11·9 28 223 128 39·2 1·53 C2SI 
4 420 8·8 41-1 3-4 16·8 15·5 30 3 198 106 44·6 1·73 C2 St 

(b) Narmada 1955 8 130 7·8 4·2 Jo7 18·9 4·6 17 88 66 11-6 ·22 Cl St 
(Mortakka) 9 122 8·1 3-6 1·5 18·1 4-6 5 92 64 10·7 ·20 Ct Sl 

10 185 8·3 7-4 1·6 21-1 7-7 8 153 85 12·5 ·35 C1 Sl 
,...., ... 
N 

1956 I 340 8·1 23·0 1·7 33·5 20·6 16 4 274 169 22-7 ·78 C2 Sl 
2 340 8·3 29·2 2·0 29·8 21·7 18 II 255 164 26·3 ·99 C2 Sl 
9 158 7-8 5-4 1·8 24-1 4·6 13 110 80 12·5 ·29 Cl St 

10 175 7-9 6·0 1·8 24·5 6·7 8 116 89 11·3 ·29 C1 St 
It 192 7·6 7-3 2·0 25·8 6·2 13 131 90 14-6 ·34 Cl Sl 
12 340 8·1 19·0 2-9 31·8 18·8 12 226 167 20·3 ·64 C2 St 

1957 I 350 8·5 22-2 2-4 33-5 19·6 15 20 214 165 22-4 ·15 C2 St 
2 350 8·4 21-4 2-4 31·8 17-6 16 10 209 153 23·0 ·75 C2 Sl 
3 300 . 8·6 . 26·8 H 14·6 22-7 13 6 197 131 30·9 1·0 C2 St 
4 360 8·5 26·9 H 27·5 26·8 14 10 244 181 24·5 ·87 C2SI 
5 350 8·6 28·0 1·2 23-7 25·5 14 26 193 165 26·9 ·95 C2 S1 
6 380 8·7 34·2 1·2 22-4 27-6 15 26 224 171 30·3 H3 C2 S1 
7 153 7-9 7-6 1-4 19·4 4·1 6 99 66 19·7 ·35 CIS1 
8 154 7-9 4-3 0·4 19·8 5·2 8 104 71 11·6 ·23 Cl S1 

to 280 8·5 12·0 1·5 12·0 24·8 12 12 147 133 16·1 ·45 Ct S1 
11 400 8·4 21·8 2·0 24-1 17·0 16 6 232 131 26·2 ·82 C2 St 
12 480 8·6 21·6 1·8 23-4 20·6 18 12 220 144 24·2 ·78 C2 Sl 

1958 I 450 8·5 26·2 1·8 18·1 20·1 14 6 256 128 30·1 1·01 C2 St 
2 425 8·4 28·7 H 29·7 22·9 24 4 250 170 26·7 ·96 C2 S1 
3 445 8·3 29·5 1·6 24·5 28-l . 15 12 229 179 26·2. ·96 C2 Sl 
4 520 1-6 29·0 2-5 23·1 38·7 16 15 214 220 22·1 ·85 C2 St 
5 525 8·0 32-4 2-S 23•2 2il·6 18 18 207 169 29·1 1·08 C2SI 



6 460 8·4 28·4 2·1 l9·~ 28·i 20 12 292 166 33·1 .-96 ci Sl 
7 225 7-8 5·0 1-6 31·8 6·7 10 6 134 108 :s·8 ··i1 Cl Sl 
8 202 8·2 5·8 1·5 23-2 6·2 I 8 6 92 84 12-7 ·27 C1 81 
9 230 8·5 5·6 1·6 27-5 9·2 12 6 122 108 9·9 ·24 C1 81 

10 210 8·6 8·4 1·4 24·1 8·3 12 12 116 95 15·7 ·36 C1 81 
11 320 8·5 16·0 2-3 31·0 16·5 12 24 183 146 18·8 ·51 C2 Sl 
12 360 8·7 23·2 2·1 15·5 27·9 16 18 219 155 24-3 ·81 C2S1 

1959 1 450 8·4 26·4 2·0 28·4 22·2 16 24 183 164 25-7 ·90 C2 81 
2 380 8·7 24-1 2-4 24·9 26·8 12 27 223 174 22-8 ·80 C2 81 
3 495 8·1 28·3 2·2 23-2 25·3 14 18 232 164 27·0 ·96 C2 81 
4 530 8·6 30·9 2·5 20·6 2H 12 15 262 165 28·6 1·05 C2 81 
5 400 8·7 35·5 2-4 18·5 28·1 12 12 281 164 31·7 1·21 C2 81 
6 475 8·3 40·9 3-7 20·2 28·9 12 2 311 171 33-6 1·37 C2 Sl 
7 180 8·3 4·2 2·0 24-1 4·6 5 2 104 80 10·1 ·20 Cl Sl 
9 270 8·3 10·3 1·4 34·4 10·8 6 3 177 131 14·5 ·39 C2 81 

10 270 7-9 10·3 1·3 29·2 11-4 7 2 171 121 15-6 ·41 C2S1 
11 310 8·7 21·7 2·0 34·0 16·8 12 3 210 154 22-9 ·75 C2S1 
12 305 8·8 22·9 1·8 26·7 19·6 . 11 6 201 147 24-7 ·81 C2S1 

1960 1 435 8·6 22·0 1·7 24·5 19·4 11 226 141 25·0 ·80 C2S1 
2 500 8·4 26·9 1·9 30·5 22·2 11 268 168 25·5 ·91 C2S1 
3 410 8·8 32·0 2-7 29-2 23·0 11 277 168 28·8 1·07 C2SI 
4 440 8-2 36·2 2-1 28·8 19·9 12 6 262 154 33-2 1·26 C2SI ... ... 

Narmada 1955 9 212 8·2 7-4 2·2 32-3 6·7 8 154 109 H ·31 ClS1 
( Gardeshwar ) 10 205 7-8 9·0 1·6 30·1 6·2 14 162 101 16·0 ·38 ClS1 

11 292 8·2 16·9 1-4 33-5 14·4 12 9 214 143 20·3 ·61 C2S1 
12 325 8·0 25-2 2-2 29·2 23-2 12 8 215 169 24-3 ·84 C2 81 

1956 1 350 8·2 26·8 2-1 20·2 20·2 18 14 242 133 31H 1·00 C2S1 
'1 320 8·3 30·6 2-2 23-2 24·8 26 14 235 160 29·0 1·04 C2SI 
4 360 8·1 38·0 2-3 20·6 25·0 30 20 249 ISS 34·5 1·33 C2 81 
s sso 8·3 37·5 3-4 18·9 27-3 26 6 284 160 33-3 1-30 C2 SJ 
6 310 8·7 24·0 3-4 26·9 13-7 20 9 184 124 28·9 ·94 C2S1 
7 261 8·0 10·8 2-2 31·8 9·3 14 172 118 16·3 ·43 C2SI 
8 198 8·6 6·8 1-7 28·4 6·7 10 3 134 94 12·8 ·29 Cl Sl 

10 300 8·1 15-2 2-1 37-8 11·9 12 210 143 18·5 ·SS C2SI 

1957 3 320 9·0 30-0 1·6 21·9 21·7 14 16 187 145 30-9 ·90 C2 Sl 
4 360 8·7 32·0 2·0 24-1 25-5 20 8 248 166 29-4 l-oB C2 81 
s 360 8·7 35-2 1·7 18·5 27-3 19 12 236 160 25-5 1-21 C2S1 
6 310 8-2 11·6 H 38·3 11·6 II 217 144 14·8 ·41 C2 Sl 
7 184 8·3 4·0 ·9 26·2 4-S 14 110 84 9-3 ·18 Cl Sl 
8 300 8·6 16·2 1·2 26·7 17·0 21 153 138 20-2 ·59 C2SI 
9 320 8·2 20-8 1·7 22-4 19·9 18 3 208 139 24·2 ·76 C2SI 

10 320 6·0 2()-4 1·7 20·6 21·2 18 207 140 23·6 ·75 C2SI 



Year and Conduct- Parts per inillion of Hard- Na Classifi-
Name of river and month of ivity pH ness %age SAR cation 

(site) collection micro- Na K Ca Mg Cl CO a HCOa No. 
mhos/em 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1958 10 213 8·6 13-8 1·6 11·2 12·6 12 9 128 81 26·7 ·67 C1 Sl 

II 350 8·8 22·0 2·0 24·9 20·1 17 24 189 146 24·2 ·80 C2 SI 

12 350 8·5 22·0 2·2 16·3 26·8 14 18 207 153 23-4 ·79 C2 Sl 

1959 I 420 8·4 24-8 H 24-1 21·2 14 36 180 148 26·5 ·88 C2 Sl 

2 425 8·7 29·9 2-1 13-8 28·4 14 30 214 153 29·5 1·05 C2 Sl 

3 490 8·7 32·0 2.5 20·6 26·3 16 18 247 161 29·8 1·09 C2 S1 

4 575 8·5 40·9 3·0 23-2 25·0 15 24 262 162 34·8 1·09 C2 Sl 

5 515 8·6 41-4 2-2 21-1 24·5 18 12 275 155 36·4 1-16 C2 Sl 
6 430 8·6 41.) 3·5 23-7 21·2 18 6 238 147 37-1 1·48 C2 Sl 
7 170 8·2 3·5 1·7 21·5 4-4 4 101 72 9.3 .)7 Cl Sl 
8 230 8·6 9·1 1·2 30·1 7-2 7 3 137 105 15-7 ·38 C1 Sl 
9 310 8·4 13·3 1·4 37·0 12·6 9 3 207 145 16·5 ·48 C2 Sl 

10 305 8·6 14·4 1·5 31·8 12-4 9 6 177 131 19·2 ·55 C2 Sl 
11 305 8·8 21·5 1·8 30·5 17·0 12 2 220 146 26·8 ·91 C2 Sl 

1960 I 460 8·7 27-6 1·7 21-1 19-6 18 229 134 30·6 1-04 C2 Sl 
2 515 8·5 34-1 2-2 24-1 23-2 16 5 238 156 31-6 1-18 C2S1 ....... 
3 505 8·8 36·7 2·2 27·5 24·3 19 281 169 31·5 1·22 C2 Sl "' .,.. 

(c) Tapti ( Kakrapar) 1955 10 325 7-6 18·7 1·7 42·1 7-8 18 262 137 22·3 ·75 C2 Sl 
11 375 7·5 34·8 1·8 36·1 17-5 30 275 162 31·5 1-18 C2 Sl 
12 450 8·1 50·3 3.0 24·5 21·4 41 22 254 149 41·7 1·79 C2 Sl 

1956 I 480 8·3 59·9 H 15·1 32-8 49 21 279 173 . 42·5 1·96 C2 Sl 
2 540 8·2 65-9 H 22·8 27·8 60 11 317 171 45·1 2·19 C2SI 
3 540 8·3 81·5 H 23-2 28·6 58 6 308 176 49·7 2-66 C2 Sl 
4 600 8·1 94·3 3-9 24-9 29·7 74 20 270 185 52·0 3·01 C2 Sl 
5 975 8·3 96.3 4·0 24·9 29·4 86 9 368 183 52-7 3·08 C3 Sl 
6 450 8·7 51-1 H 31·4 15·2 63 16 197 141 43-4 1·86 C2 Sl 
7 205 8·3 10·5 1·7 22·0 6·2 15 118 81 21·8 ·51 C2Sl 
8 285 8·5 14·2 1·8 29·8 12·9 18 6 168 128 19·3 ·54 C2SI 
9 294 8·3 22-6 2·5 30·9 10·3 18 186 120 28·2 ·90 C2 Sl 

10 200 8·3 22-8 2-4 31·4 9-6 20 180 118 29·1 ·91 C2SI 
II 420 8·4 42-7 2-4 30·1 16·7 35 234 144 38·7 1·55 C2 Sl 
12 320 8·2 35·2 2-4 19·8 11·9 25 171 98 43·0 1·54 C2Sl 

1957 l 500 8·7 57-9 3-7 24-1 24-4 51 32 203 149 41·5 1·98 C2 Sl 
2 580 8·6 73·5 4-7 19·4 29·2 56 28 252 170 47-8 2-46 C2 Sl 
3 720 8·4 107 3:6 20·2 30·4 104 313 177 56·3 3-49 C2 Sl. 
4 640 8·9 90·3 3-8 24-1 28·9 .69 32 268 181 51·0 2-93 C2St'-
5 700 8·9 99·1 5·3 26·2 32-8 76 32 179 202 51-l 3·01 C2 Sl 
6 740 8·7 106 4-6 25·8 34·1 83 8 262 207 52-3 3·20 C2SI 
7 380 8·3 32-8 2·2 28·8 14·2 32 217 131 34-8 1·25 C2 Sl 



.:8 :3oo "8·6 'iS:2 ·.1;9 ¥6 :io-1 it :·:9 :1'7,1 .1'34 ·22·5· ~ ·68 C2.Sl 

9 300 '8·5 32;4 2-8 24·5 7-2 32' 6 '134 . 91 42-7 '1-47 C2 Sl 
10' 510 8·6 55·9 3;7 21·5 15·5 40 6 238 118 49·6 2·25 C2Sl 
11 600 8·6 59·9 3-3 16·3 18·6 42 12 256 118 51·5 2-40 C2 Sl 
12 710 8·7 81-1 3-7 14·6 22·7 50 6 293 !52 56·4 3·12 C2 S1 

1958 I 800 8·5 75-9 3·7 28·4 28·6 66 9 298 190 45-9 2-41 C3Sl 
2 850 8·0 11·5 4·0 18·5 33·5 74 12 317 186 46·9 2·47 C3 Sl 
3 900 8·3 84-7 4·1 13·8 25-3 80 15 244 140 56·1 3·14 C3 S1 
4 1,075 7-1 106 5·9 12·0 31·5 100 18 299 161 67·5 3·63 C3 Sl 
5 1,060 8·1 105 5·7 30·5 24·5 98 18 268 178 63-7 3-43 C3 Sl 
6 1,100 7·9 112 5·7 24-1 28·4 101 30 298 179 56·8 3-66 C3 S1 
7 290 8-1 22-4 2·2 19·4 9·0 14 6 109 86 35-4 1·04 C2 Sl 
8 330 8·3 24·0 3-3 23-2 10·8 20 6 140 103 32·7 1-02 C2Sl 
9 232 7-9 10·5 1·6 19·8 9·8 12 6 98 90 20·0 ·48 C1 S1 

10 340 8·7 36·4 2·2 12·9 16·0 28 18 159 99 43·8 1·59 C2S1· 
11 450 8·7 45·9 2-9 19·8 21·7 33 30 195 140 40·9 1·71 C2Sl 
12 375 8·6 38·8 2-8 18·9 18-1 26 18 189 123 40·0 1·51 C2 S1 

1959 I 660 8·4 63-9 2·8' 24·9 25·0 47 36 238 167 45·0 '2·17 C2 S1 
2 690 8·7 68·9 3·5 9·5 36·6 52 24 293 176 45-4 2·25 C2SI 
3 740 8·7 78·3 4·3 6·0 38·7 60 36 275 176 48·4 2·57 C2Sl 
4 900 8·7 98·4 4·2 16·8 33·0 72 36 305 180 53-6 3-12 C3 Sl 
5 1,005 8·7 108 3-9 18·9 25-6 74 33 329 167 57·6 3-82 C3 Sl ... 
6 785 8·6 97 5·2 28·0 25·3 77 6 348 115 53-1 3-19 C3 Sl Ul 

7 210 8·2 10·5 2-3 20·6 7-1 7 2 122 84 20·6 ·SO Cl Sl 
8 211 8·2 13·1 1·8 21·5 . 7·5 9 3 116 85 24·5 ·62 Cl Sl 
9 350 8·4 15·0 1·8 42-1 13-7 9 s 214 162 16·5 ·51 C2 Sl 

10 460 8·4 30·9 2-4 37·8 18·6 20 275 172 27-7 1·03 C2SI 
11 420 8·7 43-2 2-3 30·5 19·9 30 3 247 158 36·8 1·50 C2SI 
12 550 8·7 61·9 2·8 19-4 30·2 43 3 290 173 43·0 2·05 C2SI 

1960 I 770 8·7 68·9 H 29·2 23-7 so 305 171 46·1 2-29 C3 81 
2 720 8·8 72-4 H 29·2 23·5 so 6 275 170 47-4 2·40 C2 Sl 
3 690 8·9 81·8 3-4 11·6 25·8 62 6 250 135 55·8 3·06 C2SI 
4 790 9·0 88·8 3-6 22-4 19·4 67 8 268 136 57-1 3-29 CJSI 

Tapti (Bhusawal) 1955 9 300 8·3 15·9 1-6 40·4 11-4 11 220 148 18·7 ·57 C2SI 
10 195 8·2 14·5 2-3 23·7 6·7 12 168 88 26·0 ·67 CIS I 
II 430 8·3 27-7 1·2 41·3 2()-6 22 21 232 188 24-1 ·87 C2SI 
12 410 8·0 Jo-4 1·7 24-1 18·8 27 6 261 138 32-2 H3 C2SI 

1956 I 325 8·1 31·2 H 22·4 18·6 25 8 183 133 33-7 H8 C2SI 
2 5110 89·9 3·5 19·8 32·8 64 14 336 185 5()-9 2·09 C2SI 
l 590 8·5 99·9 3-4 16·3 29·1 76 23 310 161 56-9 3-41 C2SI 
4 650 8·2 112 3·9 19·8 31·2 76 37 325 178 57-2 3-63 C2SI 
5 1.125 8·3 125 4·9 17·2 32·8 98 37 363 178 59·4 4-()S CJSt 
6 325 8·6 35·6 4·0 23·3 10·1 26 16 IS3 100 42·5 1·55 C2 Sl 



Year and Conduct- Parts per million of Hard- Na Classifi-
Name of river and month of 

iyity pH ness %age 
SAR i:ation 

(site) collection micro- ·Na K Ca· Mg Cl CO a HCOa No. 
mhos/em 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

( d ) Godavri ( Nanded ) 1955 8 287 7·9 19·9 2·6 32·3 8·5 12 191 116 26·7 ·81 C2 S1 

9 225 8·1 17·6 1·8 26·0 6·6 8 153 92 28·8 ·80 C1 S1 

10 360 7-9 39·2 2·5 32·7 11-1 25 232 128 39·5 1·53 C2 S1 

II 500 8·3 59·1 2-6 34·8 14·7 24 18 278 148 46·0 2·06 C2SI 

12 550 8·2 15·9 4·3 29·2 23-2 44 10 279 169 48·7 2·55 C2Sl 

1956 I 610 8·1 94·3 4·9 26·7 24·3 51 11 282 167 54·3 3-21 C2 Sl 
2 690 8·5 104 5·1 28·4 25·5 70 29 244 176 55-3 3-42 C2S1 
3 780 8·0 117 6·0 30·1 21·9 78 6 302 165 59·6 3-98 C2 Sl 
4 920 8·1 148 7·2 31·8 32·0 96 11 307 211 59·4 4-41 C3 Sl 
5 850 8·6 120 6·8 27·3 24·7 80 6 261 169 59·5 4·01 C3 S1 
6 550 8·6 73·5 5·3 26·9 14-9 45 9 200 129 54-1 2·93 C3 S1 
7 250 8·5 15·5 1·7 24·9 9·0 16 6 130 100 24·8 ·67 C2S1 
8 320 8·7 24·8 2-4 33-9 10·3 21 9 163 127 29·3 ·96 C2 S1 
9 340 8·3 32-8 2-4 31·8 10·3 24 186 122 36·3 1·31 C2S1 

10 320 7-9 24·8 2·3 37-4 8·8 18 192 129 28·9 ·94 C2 S1 
II 450 8·1 46·7 4·0 33·1 13-4 30 

3o 
223 137 41·7 1·96 C2 S1 

12 570 8·7 67·9 4·2 31·0 20·4 48 119 163 53-4 2·32 C2S1 ... 
1957 I 700 8·6 90·7 4·8 30·5 24·3 68 22 230 178 55·0 2·96 C2S1 .... 

2 750 8·7 110 4·2 19·4 28·9 76 28 187 169 58·1 3-69 C2 S1 
3 850 8·8 125 5·4 30·5 34·6 85 28 • 226 221 54·7 3-68 C3 S1 
4 940 8·8 140 6·8 31·8 34·3 102 30 224 223 51-1 4-11 C3 S1 
5 8·7 172 8·1 33-1 34·3 116 30 211 226 61·5 5·00 C3 S1 
6 910 8·5 140 7·6 37·8 30·7 116 16 234 222 56·9 4·08 C3 S1 
7 273 8·3 17-9 1-4 27·5 8·0 17 154 102 27-3 ·77 C1 S1 
8 265 8·3 22·8 1·4 24·9 1·5 14 •• 6 149 94 34·3 1·02 C2 S1 
9 380 8·1 39·9 2·7 21·5 15·0 28 153 ll7 42·0 1-61 C2 S1 

10 400 8·6 42·3 2-9 14·6 18·6 30 9 153 ll4 43-9 1·73 C2 S1 
II 800 8·3 87·1 4·2 30·1 24·3 50 9 183 176 51·0 2-87 C3 S1 
12 880 8·5 98·3 4·7 21·5 23-7 54 9 293 152 51-4 3-47 C3 Sl 

1958 1 1,000 8·6 ll8 5·0 15·5 29·4 68 6 268 161 60·1 4·04 C3 S1 
2 1,150 8·3 114 5·3 31·4 27-9 79 18 213 194 55·2 3·56 C3 S1 
3 1,400 8·2 129 6·0 18·1 38·2 100 18 195 204 57·0 3-89 C3 S1 
4 1,650 8·3 160 8·2 35·3 33·0 ll2 18 231 226 59·6 4-64 C3 S1 
5 1,800 8·5 203 8·5 31·8 42·3 138 18 225 256 62-2 5·52 C3 S2 
6 1,700 8·3 264 5·5 27-1 48·3 174 12 293 254 68·8 7·00 C3 S2 
7 270 8·2 17-6 1·6 21-1 8·0 1 6 134 86 30·3 ·82 C2S1 
8 325. 8·2 18·0 1·5 28·4 10·3 14 6 146 114 25·2 ·73 C2 S1 
9 270 8·6 16·6 4·5 26·7 6·2 10 6 134 93 26·9 ·15 C2 S1 

10 450 . 8·5 55·9 H 19·8 15·0 34 9 186 m 51·2 2·29 C2S1 
11 610 8·7 75-9 5-4 27-5 20·6 46 24 226 155 50·5 2-6ei C.2 S1 
12 5'85 8•6 71·9 3-9 12-9 28·4 40 30 195 151 53-6 H6 C2S1 



1959 I 910 7-8 99·9 5·3 30·1 25-3 63 24 262 181 59·8 . 3·24 C3 SI 
2 1,090 8·6 117 5.3 19·8 27-4 78 48 342 164 59·2 4·00 C3 SI 
3 1,350 8·7 150 7·2 20·6 39·2 90 18 286 215 59·2 4-46 C3 SI 
4 1,560 8·6 176 7-7 15·9 47·0 92 30 268 236 61·0 5·00 C3 Sl 
5 1,755 8·8 203 9·0 20·6 40·5 128 21 290 221 66·1 5·94 C3.S2 
6 470 8·7 52·6 3-7 27·5 9·3 29 3 177 108 50·3 •2·21 C2 Sl 
7 315 8·2 28·3 3-2 2H 7-2 16 2 146 98 37·5 1·25 C2 SI 
8 260 8·6 20·1 1·3 23-2 7-2 II 3 134 88 32-7 ·92 · C2 Sl 
9 350 8·6 26·2 2·1 14·6 20·4 14 3 180 122 31·5 1·03 C2 Sl 

10 465 8·2 43-9 3·0 29·7 17·8 23 3 226 148 37·5 o77 C2 S1 
II 505 8·8 66·6 3-2 28·4 18·8 33 6 220 148 48·3 2·35 C2SI 
12 600 8·9 73-6 3-7 30·5 22-2 38 6 250 168 48·0 2-46 C2 SI 

1960 I 985 8·7 104 4·5 26·2 24·5 58 2 259 117 56·6 3-47 C3 S1 
2 1,150 8·7 127 5·3 28·1 29·7 67 6 275 193 57·8 3-97 C3 S1 
3 980 8·9 131 5·5 30·5 27-6 71 6 250 190 58·9 4·12 C3 S1 
4 1,400 8·8 187 8·0 35·7 34·3 106 8 281 230 62-6 5-35 C3 S1 

(c) Krishna 1955 8 195 7-8 10·2 1·5 25·8 5-2 15 liS 86 20·1 ·48 CI S1 
( Karika1) 10 198 7-9 8·2 1·3 32·3 5-4 14 153 103 14·5 ·35 C1 S1 

II 350 8·3 36·0 2-3 30·1 11·4 40 6 174 122 38·5 1·40 C2S1 
12 500 8·1 57·5 2-9 34-4 17·0 70 8 195 156 43-9 2·00 C2 S1 

1956 3 610 7-8 82-7 4-1 30·4 24·2 103 6 186 176 49·9 2-70 C2S1 ... 
4 880 7·8 142 5·3 19·8 32-8 149 II 203 185 61·8 4·53 C3 S1 .... 
s 1,525 8·2 156 6·4 23-7 30·7 198 11 215 186 63-7 4·98 C3 Sl 
6 540 8·5 73·5 4·0 25·5 9·0 80 6 121 100 60-3 3-16 C2 Sl 
7 310 8·5 24·6 2-6 23-7 9·5 35 6 141 99 34-4 1·08 C2SI 
8 265 8·1 28·9 1·6 23-7 4·1 21 114 78 44-3 1-44 C2 SI 
9 288 8·5 28·0 H 29·7 4·9 28 125 92 39·4 1·25 C2 Sl 

10 350 7-7 47-8 2·0 23-2 5·2 40 134 79 56·0 2-33 C2 Sl 
11 540 7-9 63-1 2·0 41·3 12-1 70 192 152 47-1 2-22 C2 SI 
12 480 8·4 49·9 4·9 34·0 12-6 ss 12 161 138 43-9 1·85 C2SI 

1957 2 850 8·6 102 3-9 35-7 25·5 125 18 181 196 52-6 3·18 C3SI 
3 1,020 8·2 148 4·3 33-5 32·0 152 8 207 217 59·0 4-37 C3 Sl 
4 1,150 8·5 171 4-7 3(1-1 43-1 187 18 187 255 59-() 4·64 C3 Sl 
s 1,320 8-6 192 5·9 30·1 50-3 193 34 138 285 59·1 4·94 C3 Sl 
6 830 8·3 124 1·4 31·4 IH 123 153 134 66·5 4-68 C3SI 
7 380 7·8 51-1 1·4 29·7 7-7 37 151 106 50-8 2·15 C2SI 
8 ,200 1·9 ls-6 1·0 21·5 17·0 30 3 147 125 21·3 ·61 CIS I 
9 300 8·0 22-2 1·5 16-3 16·8 25 3 148 Ill 30-2 ·91 C2SI 

10 380 8·0 36·3 1·5 17-6 16·8 43 3 122 114 40-S 1-47 C2SI 
12 380 8·5 33·0 2-7 27·5 1-7 30 146 72 40-7 1·43 C2SI 

1958 I 630 8·5 57-S H 52-S 5·2 60 189 152 44·5 2-()3 C2SI 
2 1,075 7·3 87·9 4·5 34·4 27-4 120 189 200 48·2 2-71 C3SI 
4 1,100 1·~ 108 4-9 28·8 33-() 134 6 159 ]!.» 52-1 3-25 C3SI 
5 750 7-5 61·9 3-7 30·9 15-7 76 6 141 143 50-0 2-41 C2 Sl 



Year and UJnauct- Parts per'million of Hard- ··Na Classifi-Name of river and month of ivity pH ness %age SAR cation (site) collection micro- Na K Ca Mg Cl CO a HCOa No. 
mhos/em 

2 3 4 s 6 7 8 9 10 II 12 13 14 IS 

1958 6 515 8·3 51-9 2·8 12-9 19·6 46 6 183 ll4 51·8 2·37 C2 Sl 
7 270 8·1 10·1 1-6 28·4 . 9·3 14 6 134 liO 16·5 ·42 C2 Sl 
8 203 7-7 9·7 1·2 19·8 4-1 16 98 67 23-6 ·52 Cl S1 
9 174 8·4 1·5 1·3 17·2 5·2 16 6 92 65 22·9 ·41 C1 S1 

10 300 8·0 25·6 1·3 21·5 9·3 30 6 ll9 92 37-2 1·15 C2 S1 
ll 405 8·5 44·7 2·2 20·6 13-4 53 12 llO 108 46·7 1·88 C2 S1 
12 710 8·5 85·9 2·8 25·8 24·3 116 15 146 166 52·5 2-91 C2S1 

1959 I 920 8·0 89·9 2-8 28·4 27·9 ll4 18 171 187 50·6 2-85 C3 S1 
2 1,070 8·3 95·8 3-7 23-2 30·4 121 36 226 185 52-4 3·08 C3 S1 
3 1,260 8·6 132 4-4 17·2 28·4 144 36 250 161 63·3 4·55 C3 S1 
4 1,410 8·4 159 5·0 21·5 39·2 144 15 189 217 60·8 4·70 C3 S1 
5 2,000 8·6 197 7-3 40·4 50·3 254 9 214 311 57·2 4·86 C3 S2 
6 480 8·1 61·7 3·0 22-4 4·6 46 2 128 75 63-2 3·09 C2 S1 
7 390 8·5 31·8 3-1 33·5 9·0 20 2 168 122 35-6 1·25 C2S1 
9 135 8·0 6·7 0·7 15-l 3·6 9 70 53 21·3 ·41 C1 S1 

11 425 8·6 40·9 2-1 29·2 13·9 46 6 98 130 49·3 1·88 C2 S1 
12 325 8·8 39·3 1·8 25·8 5·2 25 137 86 49-1 1·83 C2 S1 ... 

1960 I 840 8·4 77-1 2·6 34-4 . 20·6 83 186 171 48·8 2·55 C3 S1 00 

3 1,125 8·7 152 4·2 24-1 31·7 130 192 191 62·5 4·78 C3 Sl 
4 1,090 8·6 125 4·3 22-4 27·6 138 2 107 170 60·6 4-17 C3 S1 

Krishna 1955 8 230 8·1 18·3 1-6 27·9 4·9 15 140 90 30·8 ·94 Cl S1 
(N.J. S. Dam) 9 300 8·4 38·8 2·0 26·7 4·6 6 6 165 86 48·9 1·83 C2 S1 

1956 5 540 8·6 77·9 3-1 19·9 14·4 69' 16 168 109 60·1 3·25 C2 S1 
6 420 8·6 51-9 3-1 22·0 8·5 44 9 140 90 51-3 2·65 C2 Sl 
7 160 8·5 5·8· 0·7 18·8 14·4 11 6 76 106 10·5 ·24 Cl S1 
8 234 8·4 18·4 27·5 4·6 19 122 88 31·2 ·85 C1 S1 
9 300 8·2 23·8 1-4 36·1 6·2 26 168 ll6 30·6 ·96 C2 Sl 

10 350 8·2 36·7 1-4 33·5 6·7 32 171 ll2 41·3 1·52 C2 S1 
11 410 8·2 51·9 1-4 30·1 9·3 42 180 ll4 49·5 2·13 C2 S1 
12 540 8·5' 67·1 3·5 32·3 14·2 59 12 179 140 51·0 1·95 C2 S1 

1957 1 720 8·5 95·9 4·0 27·5 20·9 91 14 191 156 58·1 3·36 C2 S1 
3 680 8·9 97·1 3·0 25·8 21·9 91 28 150 156 51-1 •3-40 C2 S1 
4 600 9·0 87-9 2·6 23·2 20·6 83 18 150 144 56·7 3-21 C2 Sl 
5 700 8·3 102 2-9 24·1 22·2 101 195 lSI 58·8 3·57 C2:H 
6 610 8·1 99·9 2·5 25·8 9·6 82 183 105 67·0 4·25 C2'll 
7 298 8·4 26·0 1·4 31·8 8·3 20 166 114 33-1 1·06 C2 S1 
9 246 8·1 16·6 1·2 20·6 20·8 21 3 183 97 26·9 ·61 C1 S1 

10 480 8·5 58·3 2-1 10·3 21·2 50 3 98 114 52·0 2·38 C2 S1 



1958 3 BOO 7-7 89·5 3·5 23-7 39·0 114 9 116 222 46·3 2-61 C3 Sl 
4 800 8-1 71·9 J,J 25·8 15·2 82 6 134 128 54·3 2·76 C3 Sl 
5 1,300 8·4 124 4-6 28·6 23-6 161 6 153 170 60·3 4-14 C3 Sl 
6 675 8·4 81·5 3-2 17-2 16·5 72 6 159 110 60·4 2·36 C2Sl 
7 350 8·2 19·6 1-6 30·1 10·3 22 6 146 118 26-1 ·79 C2 Sl 
8 280 8·1 24-4 1·3 28·4 5·9 18 6 122 96 35·3 HI C2 Sl 
9 270 8-4 15-2 2·0 23-2 8·8 16 6 122 95 25-4 ·67 C2 Sl 

10 350 8·5 47-9 2·0 13-8 9·3 34 9 128 73 57-9 2-43 C2 Sl 
11 500 8·7 67·5 2-6 17-2 14·5 51 18 140 103 57-9 2-90 C2 Sl 
12 650 8·6 88·3 3-7 14·6 24-8 80 18 183 140 51-1 3·25 C2 Sl 

1959 1 775 8·2 83-9 3-4 23-6 21·7 79 18 183 148 54·5 2-82 C3 Sl 
2 sso 8·6 52-6 3-2 22-4 15·5 54 36 134 120 48·0 2·10 C2 Sl 
3 615 8·5 51-3 2·7 13-8 19-1 60 12 146 114 51·6 2-35 C2 Sl 
4 545 8·4 48·8 2·6 22-4 13-2 44 12 153 lll 48·2 2·01 C2 Sl 
5 500 8·7 80·6 3·0 21·9 12-9 50 3 162 109 60·8 3·36 C2 Sl 
7 225 8·3 15-7 2·0 19·7 6·7 15 2 101 71 30·0 ·78 C1 Sl 
9 210 7-9 14·6 1-4 19·7 4·6 14 107 69 31-4 ·76 C1 S1 

12 490 8·9 64·3 H 22-8 14·5 44 3 190 117 53·5 2·59 C2 Sl 

1960 2 620 8·4 62-6 2-3 21·5 12-6 52 149 106 55·5 2·64. C2 Sl 
3 450 8·3 50·3 1·8 21·5 9·1 42 134 91 53-8 2·29 C2 S1 
4 515 8·6 60·3 H 19·8 9·0 47 2 107 86 53-8 2·26 C2Sl 

(f) Cauvery 1955 11 190 7-9 8·1 2-1 17-2 6·5 15 131 70 19·7 ·42 Cl Sl 
... 
"' 

(Bhawani) 12 185 7-8 18·6 2-1 17-2 18·1 16 132 118 25-2 ·75 C1 S1 

1956 1 212 8·1. 21·4 1-8 18·9 12·9 14 7 153 100 31·2 ·92 C1 Sl 
4 260 7-9 25-6 2·1 2l·S 12·9 n '9 186 107 33-7 1·07 C2 S1 
5 290 8·7 28-4 3-6 19·2 14·7 ~ 172 108 35·3 H8 C2 S1 
7 262 8·0 19·4 2'1 21·2 10·8 18 162 98 29·6 ·85 C2SI 
8 100 8·1 5·2 2-7 12·0 1·8 12 58 37 21·7 ·37 Cl 51 

10 168 8·0 15·0 3-4 14·6 5·2 17 104 58 34·5 ·85 C1 Sl 

1957 1 278 8·7 25·6 3·0 21·S lH 27 16 126 100 35·0 HI C2SI 
2 280 8·2 26.() 2-7 21-1 12-4 21 163 104 35-1 HO C2Sl 
3 288 8·8 3(}0 3-3 2H 12-4 21 6 159 104 37-7 1·27 C2SI 
4 290 8·8 28·8 3·3 22-8 13-4 19 10 163 113 35·0 H7 C2Sl 
s 280 8·8 30.() 1-8 20-6 13-7 20 12 163 109 37-2 1·24 C2SI 
6 245 8·4 25-4 1·8 19·4 10·1 20 159 91 37-4 H6 Cl Sl 
7 166 8.() 12-7 2-3 12-9 6·2 15 101 58 31·4 ·72 Cl Sl 
8 ISS 8·1 12-7 2-3 12.() 6·7 16 84 58 31·3 ·72 C1 Sl 
9 ISO 8·2 11-8 1-4 14-2 3-9 14 3 73 52 32-4 ·71 Cl Sl 

10 19S 8·1 16.0 1-7 14·6 6·7 20 3 104 65 ~4-4 ·87 Cl Sl 
12 2.65 8·5 25-2 H 20-6 9·3 22 9 134 90 36·9 HS C2SI 

·1958 1 280 1-9 24-1 1-6 25·8 9·8 22 171 lOS 32-7 1.01 C2Sl 
2 360 7-7 25·6 1·9 23-2 lH 8 3 153 lOS 34·2 J.08 C2SI 
3 37S 1·S 25·2 1·8 21-1 13-9 9 6 134 111 32-1 J-()4 C2SI 



Year and Conduct- Parts per million of Hard-
Name of river and month of ivity pH ness Na SAR Class iii-

(site) collection micro- Na K Ca Mg Cl CO a HC03 No. %age cation 
mhos/em 

2 3 4 5 6 7 8 9 10 11 12 13 14 IS 

1958 4 390 7-4 27·6 2·2 22-4 18·5 20 6 146 125 32-1 ·87 C2 51 
5 325 7·9 30·0 2-4 18·1 12·9 20 6 153 99 39·0 1·30 C2S1 
6 350 8·3 30·0 2-3 14·6 14·5 22 6 134 97 39·5 1-31 C2 51 
7 280 8·1 20·6 2-1 12·9 11·9 18 6 116 82 34·8 ·99 C2Sl 
8 160 7-8 6·8 1-4 14·6 4·6 12 6 73 56 20·1 ·40 Cl Sl 
9 175 8·4 15·6 1.5 17·2 5·2 12 3 101 65 38·3 ·85 Cl Sl 

10 200 8·7 16·2 1·6 12-9 8·3 14 9 101 67 33-8 ·85 - Cl 51 
11 198 9·2 17·8 1·9 12·9 8·8 16 24 67 69 35·0 ·92 C1 51 
12 292 8·0 22.4 2·3 14·6 11·9 19 12 128 86 35·3 1·04 C2 51 

1959 1 350 8-2 26·0 1-8 18·9 11·9 16 24 140 97 36·3 1.14 C2 51 
2 395 8·6 31·6 1-7 20·6 17·0 20 18 183 123 35·5 1·24 C2 51 
3 425 8·6 33-9 3-2 22·8 13-4 18 6 201 113 38·6 1·38 C2 51 
4 460 8·6 33-9 2-4 20·2 16·5 19 18 183 119 37·5 1·32 C2S1 
5 420 8·6 34·6 2-2 2H 15·7 20 15 198 118 38·3 1·38 C2Sl 

~ 



STATEMENT II 
Showing maximum and minimum values for individual clraracteristics ( Gro_up I) 

Conduct· Parts per million of Hard-
Name of river and Year of ivity Na pH ness SAR 

(site) collection micro- Na K Ca Mg C1 co. Hco. No. %age 
mhos/em 

2 3 4 s 6 1 8 9 10 11 12 13 14 

(a) Ganga ( Hard war) 1956 min 122 1·1 0·9 1·7 18·5 H 6 67 59 1·9 ·04 
max 230 8·7 5·0 3·5 28·6 9·8 12 6 116 109 8·8 ·21 

1957 min 135 1-8 1-6 1·7 19·8 3-6 7 73 62 5·0 ·08 
max 200 8·7 4·2 2·5 30·1 17-3 14 20 146 140 7-5 ·17 

1958 min 160 7-3 1·8 1-7 17-2 4-4 s 61 71 3·0 ·09 
max 275 8·5 3-9 3-7 39-1 14·3 8 18 159 157 9-1 ·19 

1959 min 140 7-9 1-6 1·8 15-4 4·1 1 70 56 S·S ·09 
max 275 8·6 4·9 3·5 28·4 10·8 IS 12 110 116 8·4 ·19 

Ganga ( Allahabad) 1956 min 170 8·0 4·6 2·0 16·7 1·0 8 102 81 10·6 ·22 
max 370 8·6 39·5 5·2 40·9 28·6 23 20 239 177 46·9 1·82 

1957 min 190 8·1 5·8 2·8 23-7 4·6 8 98 80 12-6 ·35 f! max 380 8·9 32·8 5·3 44·3 25·5 19 28 216 206 29·2 HI ..... 
Ganga ( Patna) 1956 min 170 8·0 3-3 1·8 25-4 3-9 9 108 83 5·9 ·13 

max 350 8·6 26·4 S·S 37·8 24·5 28 17 265 169 28·9 ·99 

1959 min 160 8·1 6·5 1-8 16·3 4·6 4 92 69 16·0 ·35 
max 525 8·6 25·0 4·2 43·0 28·9 17 27 225 170 26·5 ·85 

Ganga ( Bhagalpur) 1959 min 165 7·6 4-1 2-2 15·5 2·6 3 98 65 12·9 ·24 
max 475 8·5 21·3 4-3 39·6 28·9 20 27 201 159 22·5 ·73 

Ganga ( Farakka) 1956 min 158 7·8 4·9 2-3 22·4 4·6 9 98 75 8·5 •IS 
max 425 8·4 IN 4-9 35-7 14·2 18 14 186 148 21·9 ·66 

1957 min 179 8·1 S·S 2·5 23-2 4·1 7 104 75 12-9 ·27 
max 350 8·7 18·2 4-6 37·8 18·8 20 20 203 173 21·9 ·67 

1958 min 190 '1-8 4·2 2-3 16-3 6·5 8 98 79 JQ-0 ·20 
max 420 8·4 18·6 4-6 37·8 22·7 16 9 192 159 22·8 ·68 

1959 min 195 8·2 5-l 2-4 16-3 4·2 4 104 76 12-6 ·23 
max 440 8·7 17-3 4·7 36-1 26-3 18 18 189 lSI 2H ·73 

(b) Gandak ( Hlijipur) 1956 min 210 8·0 1-4 3-7 31·8 5·7 10 lOS 103 2-5 ·06 
max 260 8-6 1-3 8·9 37·8 JQ-8 IS JS 14S 137 JQ-S ·27 



Conduct- Parts per million of Hard-
Name of river and Year of ivity pH ness 

Na SAR 
(site) collection micro- Na K Ca Mg Cl co. Hco. No. %age 

mhosfcm 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 

1959 min 210 7-6 2-3 2-8 20·6 5·7 3 107 92 4·6 ·10 

max 325 8·6 6·5 4·3 30·5 17·0 14 12 143 129 l1·4 ·27 

( c) Kosi ( Chatra ) 1956 min l14 7-3 2-2 2·2 14·6 2-3 8 45 45 6·6 ·12 

max 210 8·5 9·1 4·3 24·5 5·9 22 6 105 85 21·6 ·46 

( d) Brahmaputra 1956 min 140 7-6 1·0 2-4 19·8 2-3 8 73 59 2·0 ·04 
( Dibrugarh) max 190 8·5 3-2 5-7 29·8 6·2 13 9 lll 89 8·1 ·16 

1957 min 135 8·1 1·0 2·9 21-1 2-1 4 65 66 2-4 ·04 
max 215 8·8 8·0 7-1 38·7 6·5 14 19 124 121 14·9 ·36 

1958 min 158 7·5 1·5 2·8 15-1 4-1 6 73 65 3-9 •06 
max 250 8·5 5·8 6·1 30·1 16·0 9 6 104 118 10·2 ·24 

1959 min 130 7-6 2-1 3-2 19·0 2·6 2 67 58 5·8 ·11 
max 280 8·5 5-3 4·9 24·5 10·8 12 15 101 93 12·3 ·26 

Brahmaputra ( Gauhati) 1957 min 135 8·1 1-4 2·5 19·4 2-8 6 67 61 3·5 ·07 ... 
max 192 8·8 5·3 4·0 27·5 6·7 14 4 IIO 95 10·1 ·24 

._. 

1958 min 142 7-1 1·8 2·8 16·3 1·0 6 61 58 4·0 ·08 
max 280 8·5 8·2 4·1 ~9·7 7·5 12 12 l12 109 l1·4 ·35 

1959 min 135 8·0 2-1 2·3 17-6 2-6 2 73 61 5-l ·10 
max 260 8·6 5.1 4·8 25-4 9·6 9 9 110 94 10·9 ·23 

(e) Yamuna ( Agra) 1956 min 250 7-9 7-6 2·3 26·7 4-1 18 107 84 12-6 ·35 
max 900 8·5 109 12·8 45.6 32·8 145 16 226 211 51-1 3·26 

1959 min 295 7·9 7·5 3·3 12·0 6·7 7 162 123 10·3 ·28 
max 1,485 8·9 140 10·4 84·3 50·8 314 36 256 422 62-7 3·88 

Group II 

(a) Chambal (Kola) 1956 min 295 8-1 22-8 2-4 10·2 8·3 17 177 liS 28·9 ·91 
max 800 8·8 82-7 5·2 33-9 29·2 49 37 278 163 54·3 2·75 

1957 min 170 8·2 9·9 1-1 '14·2 H 12 100 58 21·7 ·49 
max 550 9·0 75-9 4-8 24·9 28-1 47 32 313 173 48·2 2·50 

1958 min 240 7·4 9·1 1·8 18·1 7-2 10 104 90 15·0 ·40 
max 525 8·6 44-3 .5·9 28-4 21-7 32 24 207 149 40·8 1-66 



1959 min 
max 

195 
805 

( b) Narmada ( Mortakka) 1956 min 158 
340 max 

1957 min 
max 

1958 min 
max 

1959 min 
max 

153 
480 

202 
525 

180 
530 

Narmada ( Gardeshwar) 1956 min 
max 

198 
550 

(c) Tapti ( Kakrapar ) 

Tapti ( Bhusawal) 

( d ) Godavri ( Nanded ) 

1957 min 
max 

1959 min 
max 

1956 min 
max 

184 
360 

170 
515 

200 
975 

1957 min 300 
max 740 

1958 min 232 
max 1,100 

1959 min 210 
max 1,005 

1956 min 325 
max 1,125 

1956 min 250 
max 920 

1957 min 265 
max 940 

1958 min 270 
max 1,800 

1959 min 260 
max 1,755 

8·2 
8·7 

7-6 
8:3 

7-9 
8·7 

7-6 
8·7 

7-9 
8·8 

8·1 
8·7 

8·0 
9·0 

8·2 
8·8 

9·2 
73-6 

5·4 
29·2 

4·3 
34·2 

5·0 
32-4 

4·2 
40·9 

6·8 
38·0 

4·0 
35·2 

3·5 
41·4 

8·1 10·5 
8·7 "96·3 

8·3 18·2 
8·9 107 

7-7 10·5 
8·7 112 

8·2 1()-5 
8·7 108 

8·1 31·2 
8·6 125 

7-9 ISS 
8·7 148 

8·1 17-9 
8·8 140 

8·2 16·6 
8·7 264 

7·8 2()o 1 
8·9 208 

1·9 
6·0 

1-8 
2-9 

0·4 
2-4 

I·S 
2·7 

1-3 
3-7 

1·7 
3-4 

·9 
2·0 

1-1 
3-S 

1·7 
4·0 

1·9 
5·3 

1-6 
5·7 

1·8 
5·2 

1-1 
4·9 

1-7 
7·2 

1-4 
8·1 

1·5 
8·5 

1-3 
9-() 

6·0 
31·8 

24-1 
33·5 

12·0 
33·5 

18·1 
31·0 

18·5 
34-4 

18·9 
37-8 

18·5 
38·3 

13·8 
37·0 

15-1 
31·4 

14·6 
36·6 

12·0 
30·5 

6·0 
42-1 

16·3 
23-3 

24·9 
37-4 

4-9 
34·6 

4·6 
21-7 

4-1 
26·8 

6·7 
38·7 

4·6 
28·9 

6·7 
27-3 

4·5 
27·3 

4·4 
28·4 

6·2 
32-8 

7-2 
34-1 

9·0 
33·5 

7·5 
38·7 

l()ol 
32-8 

8·8 
32·0 

14·6 7-S 
37·8 34·6 

12·9 6·2 
35-3 48·3 

14-6 7·2 
3()-5 47-G 

s 
42 

8 
18 

6 
18 

8 
20 

5 
16 

10 
30 

11 
20 

4 
18 

IS 
74 

21 
104 

12 
101 

7 
77 

26 
76 

16 
96 

14 
116 

1 
174 

II 
128 

2 
36 

11 

26 

4 
24 

2 
27 

20 

16 

36 

21 

32 

6 
30 

36 

8 
37 

30 

30 

6 
30 

2 
48 

113 
281 

110 
274 

99 
244 

92 
292 

104 
311 

134 
284 

110 
248 

101 
275 

118 
368 

134 
313 

98 
299 

116 
348 

153 
363 

130 
307 

149 
293 

146 
268 

134 
342 

83 
174 

80 
169 

66 
181 

84 
220 

80 
174 

94 
160 

84 
166 

72 
162 

81 
183 

91 
207 

86 
190 

84 
180 

100 
185 

100 
211 

94 
226 

86 
256 

88 
236 

19·0 ·44 
53·7 2·69 

11·3 
26·3 

·29 
·99 

11-6 ·23 
30·9 1-13 

8·8 ·21 
33-l 1·08 

10·1 ·20 
33-6 1·37 

12-8 ·29 
34·5 1-33 

9·3 ·18 
30·9 1·21 

9·3 ·17 
37-1 1·48 

19·3 ·51 
52-7 3·08 

22·5 ·68 
56·4 3-49 

20·0 ·48 
67·5 3-66 

16-S ·51 
SJ-7 3-82 

33-7 H8 
57·2 4·05 

28·9 ·67 
59·6 4-41 

27-3 ·77 
61·5 5·00 

26-9 ·73 
68·8 7·00 

31·5 ·77 
66·1 5·94 

....... 
e 



Conduct- Parts per million of Hard-
Name of river and Year of ivity Na 

pH ness %age SAR 
(site) collection micro- Na K Ca Mg "CI co. HC01 .No. 

mhosfcm 
2 3 4 5 6 7 8 9 10 11 12 13 14 

( e ) Krishna ( Karikal ) 1956 min 265 7-7 24·6 H 19·8 4·1 21 114 78 34-4 1·08 

max 1,525 8·5 156 6·4 41·3 32·8 198 12 215 186 63·7 4·98 

1957 min 200 7-8 15-6 1·0 16·3 7-7 25 122 72 21·3 ·61 
max 1,320 8·6 192 5·9 35·7 50·3 193 34 207 285 66·5 4·94 

1958 min 174 7·3 7·5 1·2 12-9 4-1 14 92 65 16·5 ·41 
max 1,100 8·5 108 4·9 30·9 33·0 134 IS 189 209 52·5 3·25 

1959 min 135 8·0 6·7 0·7 15-1 4·6 9 70 53 21·3 ·41 
max 2,000 8·8 197 7-3 40·4 50·3 254 36 250 217 63-3 4·86 

Krishna ( N. 1. S. D. ) 1956 min 160 8·2 5·8 0·7 18·8 6·2 11 76 88 10·5 ·24 
max 540 8·6 77-9 3·5 36·1 14-4 69 16 ISO 140 60·1 3·25 

1957 min 246 8-1 16·6 1-2 10·3 8·3 20 98 97 26·9 ·61 
max 720 9.0 102 4·0 31·8 22·2 101 28 191 156 67·0 4·25 

1958 min 280 7-7 15-2 1·3 17-2 5·9 16 6 116 73 26·1 ·67 :t 
max 1,300 8·7 124 4·6 30·1 23·6 161 18 183 222 60·4 4-14 

1959 min 210 7-9 14·6 1·4 13·8 4·6 14 101 77 30·0 ·76 
max 775 8·7 83-9 3-4 23-6 21·7 79 36 190 148 60·8 3-36 

(f) Cauvery ( Bhawani) 1956 min 100 7-9 5·2 1·8 12·0 1·8 12 58 37 21·7 ·37 
max 290 8·7 28·4 3-4 21·5 14-7 25 9 136 108 35-3 1-18 

1957 min ISO 8·0 11·8 1-4 12·0 3-9 IS 73 52 31-3 ·71 
max 290 8·8 30·0 3·3 22·~ 13-7 27 16 163 113 37-7 1·27 

1958 min 160 7-4 6·8 1-4 12-9 4·6 8 73 56 20·1 ·40 
max 390 9·2 30·0 2-4 2~rs 18·8 22 24 171 125 39·S 1·31 



STATEMENT III 
Chemical A11alysis of some U. S •. river., 

Conduct- Parts per million of Hard· 
Period of ivity in Name of river collection micro· pH ness 

mhos/em Na K Ca Mg Cl HC03 so4 ·No. 

2 3 4 5 6 .7 8 9 10 11 12 

Ohio river 1945 
(South Heights P. A.) 

Oct. 1-10 219 6·2 10 2-6 20 5-6 8·8 10 70 73 
Nov. 1-10 309 4-8 17 3·2 28 7-6 14. 10 106 101 
Dec. 1-10 226 6·2 9·7 2·8 21 6·0 6·3 5 82 77 

1946 

Jan. 1-10 253 5·8 13 0·8 24 6·8 8·0 7 92 88 
Feb. 1-10 385 4-4 20 1·9 31 10 13 0 144 126 
Mar. 1-10 217 4·9 9·5 1-6 19 5·6 9-1 6 74 70 
Apr. 1-10 289 5·0 13 1·7 25 7-6 17 5 105 94 
May 1-10 402 4-4 23 2·5 35 11 5·9 0 163 147 
Jun. 1-10 208 5·9 8·6 0·8 20 5-3 15 6 76 72 
Jul. 1-10 288 6·0 15 1·7 25 7-3 25 7 98 92 --Aug. 1-10 501 4-2 32 44 12 0 192 171 .... 
Sep. 1-10 602 4-2 39 3-4 49 13 34 0 I 207 186 VI 

Beaver river 1945 
( New Brighton P. A. ) 

Oct. 1-10' 272 6·8 9·8 3-2 30 7-2 14 40 69 104 
Nov. 1-10 328 6·9 13 3-4 36 7-9 18 43 82 122 
Dec. 1-10 326 7·0 11 H 35 8·6 17 43 82 123 

1946 

Jan. 1-10 244 6·7 7·6 2-7 27 6·4 11 35 66 94 
Feb. 1-10 366 6·9 18 3-7 38 9·9 21 59 85 136 
Mar. 1-10 220 6·8 6·8 2-2 24 6·1 8·8 30 57 85 
Apr. 1-10 388 6·9 16 4·0 41 9·1 22 38 108 140 
May 1-10 510 6·7 22 4-S 56 12 31 41 ISO 189 
Jun. 1-10 288 7-2 11 3·0 34 7·7 12 52 73 116 
Jul. 1-10 388 6·6 17 4-4 43 8·7 19 52 lOS 143 
Aug. 1-10 421 6·6 18 5·9 47 9·6 22 46 119 157 
Sep. 1-10 454 6·6 18 6·1 51 10 24 44 136 168 

White river 1945 
(New Port Ark ) 

Oct. 1-10 243 8·3 2-8 1·8 36 15 8·0 145 7·0 146 
Nov, 1-10 300 8·3 H 1·7 40 18 6-S 193 4·9 174 
Dec. 1-10 312 7-9 9·6 2-7 36 IS s-o 200 4·2 152 



Conduct- Parts per million of Hard-
Name of river and Period of ivity pH ness 

(site) collection micro- Na K Ca Mg Cl HCOa so4 No. 
mhos/em 

2 3 4 s 6 7 8 9 10 11 12 

1946 

Jan. 1-10 298 5·2 1·8 35 14 3-8 177 H 145 
Feb. 1-10 252 8·2 4·2 l·S 33 12 3·0 lSI 4·9 132 
Mar. 1-10. 213 8·0 3-S 1.8 26 11 2·8 132 4·7 110 
Apr. 1-10 276 8·3 7-8 l·S 32 13 3·5 170 4-2 133-
May 1-10 224 7-8 5·2 Jo6 27 9·1 2·2 134 5·9 107 
Jun. 1-10 210 8·1 2·2 1-7 27 10 2-2 131 3-4 108 
Jul. 1-10 302 8·0 6·0 1·8 36 16 4·0 195 4·0 156 
Aug. 1-10 267 8·0 3-9 2·0 34 16 3-8 184 3-S 151 
Sep. 1-10 292 8·0 4·0 2-1 33 19 3-2 197 4·0 160 

Arkansas river 1945 
( Little Rock Ark) 

Oct. 1-10 449 36 38 7 66 lOS 21 124 
Nov. 1-10 966 121 58 13 207 149 43 198 
Dec. 1-10 1320. 170 67 16 305 154 45 233 

--1946 .... 
0\ 

Jan. 1-10 1160 160 59 8·8 277 126 36 184 
Feb. 1-S 938 118 54 13 215 120 44 188 
Mar. 1-10 666 77 38 9·1 129 98 34 132 
Apr. 1-10 748 70 54 11 146 114 30 180 
May 1-10 421 ss 27 5·7 90 75 20 91 
Jun. 1-10 406 47 31 s-2 73 90 22 99 
Jul. 1, 8-10 1150 162 ss 11 268 133 44 182 
Aug. 1-3, 8-10 923 129 47 12 212 129 39 166 
Sep. 1-S 1220 156 70 IS 272 168 51 236 



STATEMENT IV 
Chemical Analysis of some Indian rivers given by Kobayashi ( 12 ) 

Re5idue on Parts pernilllion of 

Name of river and (site)' evaporation pH 
K Cl HC03 so~ ppm. Na Ca Mg 

Brahmaputra ( Pandu) 91·3 7-1 2·S. 3-29 21·5 3·2 0·1 8H 

( Pancbratra ) 100 7-2 3-6 2·76 25-3 3·8 0·6 90·7 

Ganga ( Raiwala) 106 7-2 3·2 1·70 24·0 5·5 0 88·9 

Ganga (Allahabad) 169·5 7·5 27-1 2-86 39·5 5·4 16·0 211·8 

Yamuna 209·7 7-1 15·3 4-66 42-8 10·7 6·3 195-4 11 

Cbambal 7-5 33-4 I 34-1 20·7 223-8 

Ganga ( Mongbyr) 7-4 17-6 43-7 7·2 198·7 

Kosi 67 7·0 2-4 2-17 14·0 0·1 52-9 --... 
Mabanadi 7·0 5·7 1·57 13-8 0·8 74·6 .... 

Godavari 7-3 27-4 2·04 24·2 8·9 168·2 

Aganda Cauvery 224·6 7-4 25·6 2-17 21-4 12-2 13-6 153-9 

Tapi 314·8 7-5 44-6 3·00 36·5 8·7 30·0 28()-6 4·0 

Narmada 184-7 7·5 18-1 1·93 3()-8 8·6 5·2 196·6 2-4 

Sabarmati 408·3 7-3 66·9 :4-79 44-1 20·3 55-3 312-7 8·4 
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CWPRS TECHNICAL MEMORANDUMS 

SUBJECT CLASSIFICATION 

Subject 

Water studies & Hydrology 
Rainfall & Runoff 
Regeneration & Losses 
Quantity of Water 

Fluid Mechanics 

Design of Hydraulic Structures 

River Training & Flood Control 

Irrigation, Drainage & Reclamation 
Surface & subsurface irrigation 
Water requirements of crops 
Soil survey and crop pattern 
Drainage 
Reclamation 

Navigation 
Ports, Harbours & Estuaries 
Inland Navigation 
Coastal Erosion 
Ships & Navigation Crafts 

Structural Design 

Soil Mechanics & Foundation Engineering 
Investigations 
Stability, deformations & 

displacements of earth structures 
Foundation studies including geophysical 

Construction Materials & Practices 
Concrete Technology 
Building & other Materials 

Instrumentation 

Model and Prototype comparisons 

Other miscellaneous 

Symbol 

HLO 

FLM 

HYD 

HYR 

IRD 

NAY 

STD 

SFE 

CMP 

IST 

MPC 

MIS 
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