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WELL WATERS FRG THE TRAP AREA
. _,OE._WESTE§}¢ ~-INDIA: - p

1.
Introduction.

The. examination of the well waters of Western India, and more
partionlarly from the area covered by the Deccan trap is of very considerable
interest from two points of. view. In the first place the waters are interest-
ing as resulting from the action of water on the Deccan trap itself, and hence
give very important indications of the direction which the decomposition of
the rock takes in the more or less deep-seated fissures. Bnt they are of per-
haps greater in!erest because of the agricultural importance of these watera,
Except for a comparatively small area served by canals and tanks, and not
until recently excoeding perhaps one hnndred and fifty thousand acres in the
Bombay Presidency (excludiag Sind), almost the whole of the irrigation in
Woestern India is condacted from wells, and the number of wells in the
several districts is as follows * :— '

' Poona - _ e 22,177

Satera ' . 26,046

Sholapur e 20,865

Deccan - sss 4 Ahmednagar . o 29,904
Nasik - L. 21619

East Khandesh «o 19,705

|_West Khandesh e 1,826

 (Belgaum " 12,660

Ksmatak «a 4 Bijapur ‘ wo 6,654
Dharv;nr . 4,885

 Kanara e 18,205

Ratuagiri . . G501

Honkan " Kolabn : o 1,555
\ Thana . . B,087

[ Surnb .: . 4T

Broach we 1,153

British Gujsrst ... { Kaira o 10,988
o Almiedabad ' s 15,763

| Panch Mahals - 2,582

e

# Statistical Atlas of the Bombay Presidency, 2od edition, 1900,

B %o
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Thus, in the various dislricts, there are wells as follows :—

{ Poona - " ws One well per 112 acres cultivated land,
Salara O | »  »
Sholapur es » » 118 » »
Deccah . .. < Ahmednagar ... » » 104 » . om
Naaik o ow om0,
. Ensl: Khandesh ... » » 100 » »

| West Khandesh ... , , 171 v om
rﬁe)gaum T » w» 169 » )
Karnatak ... B_ij’apur e w  »  ATE » :;
 Dharwar e e w485, »
( Knnara C e . 18 -, »
Konkan ... A Retnagiri . " o B "
Eolaba vee ” » 482 ” »
T . Thana son. » " 198 » ”
{ Surat ves » o 106 » »
Broach e w0,
Bg‘f;fm}.., { Ksira e e BT
Abmedabad ... 4 100 » »
\Panch Mahals ... » » 21  »

Not ouly, therefore, is the total number of wells enormouns, amounting
to the “very large figure of 241,700, by farthe greater number used for
irrigation,—but also they are a very important factor in the agriculture of
the country, their frequency varying from one well per nineteen acres of
cultivation of all classesin Kanara, to one well per five hundred and forty
acres of cultivation in Broach. :

The cultivation on these wells, as I shall show, is vitally affected by the
_character of the water drawn up from them, and hence the study of the well
waters and the variations in their composition is by no means a useless task.’

The wells in the Deccan trap present several important features with'
regard to the depth at which water is found and the condition in which the
_water exists which must be indicated before the special character of the
problem can be realised. In depth, the wells on the trap area proper like
the Deccan varies from say ten feet or even loss, up to fifty feet or perhaps-
‘& little more, but by far the greatest number are between twenty and forty
feot deep.® Nearly all of them on the Deccan itself involve digging or

g * Tho same appears to be the case in Madras, though the geological formation is very
ifferent,
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blasting 1{hrough at lcast one layer of hard trap rock, and the water when
found is either actually 'flowing from fissures in the hard trap rock itself
or coutained in gofter layers between layers of such trap rock. The water
actually used has hitherto rarely been found wunder any gieat pressure. 1f
water is not found at.a depth of forty feet, the chance of mecting with it
at a lower level has been usually considered to ke comyaratively slight, and
thongh many wells are continued lower, the cost becomes so very great and
the chance of water so remote, that they a1e rarely carried much below the
higher depth T bave indicated.

When found in the trap arca, the water is almost always what may be
termed ‘fissure water’ that is to say, it is not a gencraliscd subsoil water
which is tapred, but waier flcwing in definite fissures in a definite direction.
if the well happens to meet a fissure. containing water, well ard good,—
if it'does not do so, then the well is a failuve. The result of this is very
marked. If means that the dizging of g well is a risky business, as there ia
by no means a certainty of meeting waler. The Decean, the typical trap
area, is full of wells which have beer dug and been failures. ‘l1here are no
data to determine cxactly the yercentage of failurcs among wells dug by the
people, but I do not think it can be less than forty per cent. The digging
of wells in the Deccan is so expensive 1hat this would probably deter anyone
from. digging wells atall, were it not that water is all 1hat is required to
convert an almost barren situation into a garden, and the presence of a
snecessful well will often raise the value of land to five times its previouns
amount. -The digging of a well is hence a speculation, exceedingly risky
indeed, but the returns from which, if snccessful, are very large.

This fact of the water Leing almost entirely in fissures in n typical trap
area has another efect. It makes any attempt at digging an ordinary well
by tube boring or by any other means of digging a narrow trial hole, of very
uncertain value, unless the presence of watr has been made fairly certain
beforehand. The chance of meeting a fissure in o hole sixteen feet in
diameler is such that there are, as I have said, probably forty per cent. of
failures : but the chance in meeting a fissure containing water in & narrow
tube bore is very much smaller, and hence tube boring has not until recently
been introduced. In recent years a modification has been used to deepen
existing wells in the mse of the ‘jumper bar’ which enables a bore to be
easily made ten to twenty feet below the existing level of the well,—and a
certain amount of success has been obtained. .And still more recently boring
up to two hundred feet has been underiaken by the agricultural department

. of Bombay, with a fair measure of success in {apping sub-artesian water,
especially where some means have been taken beforehand to detect the actmal
site where the current is flowing. -

So far I have descriked a typical situation on the irap area. In digging
a well, a man has to take his chance of meeting a fissure containing flowing
water. Thisis the general case. But there are a considerable number of
enclosed valleys even in the typical trap area, where there is a generalised
underground water supply overa limited area. This is what would be
expected,—and numerous instances conld be quoted. One for instance, is at
.Chikodi in the Belgaum District. Where this cccurs, there is nsually a
T smiling group of villages, often some special intense cultivation, and av air
" of well-being by no means found in most places.

Sach ste the conditions which are fourd on the Deccan. The areas in
the South of the Presidency when the trap has been left. behind to the North,
and when the prevailing rocks are shales, sand-stones, hematitic quartzite,
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and finally the granites and gnei;ses of Southern India, the conditions are .

quite different. In the last case, wells are not so frequent: in the sand-
stone they are very deep. ' : :

Tn the Konkan snd Southern Gujarat, there is no doubt that the bulk
of the supply which feeds the wells is derived unltimately from streams
coming from the trap hills behind to the East. But water is much more
generally found there than in the Deccan and the risk of failure in digging
wolls is usnally much less; The difference between wells quite close to
gether is so great, however, as to show that the sources are different,

In Northern Gujarat, on the alluvisl plains lying North and East from -
the head of the Gulf of Cambay, the conditions again are quite different.
The tract as I have said, is alluvial. Generalised subsoil water exists
hetween every layer of fine alluvial clay,—and ultimately, if the boring goes
deep enongh, artesian or sub-artesian water is usually tapped. The position
is, n fact, much more like that prevailing in the alluvial regions of
Northern India. I do not'intend in the presentpaper fo refer again to
the well waters of this region, but hope to deal with it in a later paper.

In spite of the interest of the question, there appear to be very few data
on record as to the composition of the well and spring waters of the area.
with which we are dealing. The Bombay Gazetteer, the primary aunthority.
up to the early eighties of the last century, rarely notes more than that the
water of a certain river or a certain village is bad, or salt, or unsuitable for
irrigation. And since that time few investigations have been made. Itis of
courge natural that the examples likely to come befor¢ a chemist are pre-
cisely those exceptional waters which contain a larger nmount of salt than
usual and are hence unfit for irrigation. And among my records there are
several such which I will quote. Bnt to get a general idea of the character
of the well waters of the area, these must be considered merely as excep-
tional instances, and not as representative in any sense. -

II.

Types of Well Waters in the Trap Area.

Before giving details of the actual analyses of any samples of water, [
may state that in all cases only the more common mineral constituents were
determined, and not even all of these. The determinations usually made
were the alkalinity, where such existed, determinegd with potassium hydrogen
. sulphate, using phenol phthalein a3 indicator : the sulpharic acid assulphate :

the carbonates, the lime and magnesia, the chlorides, and, in addition, the
total solid matter contained in the water. The potash was not determined,
as for the primary purpose of these investigations it was not necessary to
know its amount, - ' . .

The analyses have alwnys been calculated for the purposes of the
present paper as follows:—The total salts have been given as parts per
100,000 of the water,—and then the percentage composition of the salts has
been indicated, the calcium ( Ca ), magnesium (Mg), carbonic acid ( COs ), |
bicarbonic acid (HCOs), sulphuric acid (SUs), and chlorine (Cl),
being separately indicated. No attempt has been made to combine these into
salts in the general tables of analyses which have been given. Where such
an artificial combination leads to the elucidation of any point, attention has
been_called to it in the text. One exception to this method has been admit-
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ted : .the alkalinity has béen caloulated to sodium carbonate ( Naz CO; },-and
the figure for this has been introduced into the analytical figures given.

. This being understood, I may go on to indicate the actual figures
obtained for the analyses of & number of well waters from various parts of
the trap area, before considering more in detail the figures obtained in a
‘more special study of certain selected cases which T have conducted for nearly
I‘Bix’ years,

\ - The frst set of analyses is from one of the small enclosed valleys lying
urrounded by trap hills which occasionally occur in the Doccan, and which
at their best give a peronnial supply of water to & small area. The case in
‘question was the valley of Chikodi in the Belganm district, & place where
the intensive cultivation of betel vine has become a very important industry.
The water in the wells stood at about twenty to twenty-five feet from the
surface of the ground in Febrnary 12, 1910, when the samples were taken.
They were all being used constantly and almost daily for irrigation and so
the water in the wells was being conatantly renewed. None of those wells,
unlike the vast majority of wells on the Deccan, penetrated the rock, They
‘passed throngh murum, that is to say, partly decomposed trap rock, and
finally reached the so-called ‘* shedwu,” another soft material of finer texture,
robhbly produced by the carrying of the fner particles of murum to a
,fower level by aqueous action, It was in this material that the water was
ound,

The actual analyses of the water were as follows :—

el | el | e | o
‘Potal Salts ( parts per 100,000 ) ... | 310 | 800 28-0 | 300 | 800
Containmg; . ) p.o [p.o |[p.c Do |Dos
Calcium _ w. | 129 187 | 171 | 18-3 | 16'0
Magnesivm : C 1| 78| 64l 180 107
_ Chlorine - o (371|187 | 79| 187 | 208
: Sulphurio acid ( S04 ) ] © e | 85| 40| 48 2'7. 40
Carbonie acid (COs ) o | 841 ) 298} 829 | 847 | 29:0
Alkalinity (as sodium carbonate) | 216 | 1440 | 829 ] 160 | 247

Although the amount of salt present in these waters is very small, yet
they illustrate one or two points which are characteristic of the waters found
-all over the area. The first of theso is the relatively large amonnt of soluble
magnpesinm in these waters. This amounts to the following proportions of
ht'he total solids :— :
No.1—-127p.c.
No.2— 73 ,,
No.3— 64 ,,
No. 4-~130 ,,
No, =107 .,
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The second point is the presence of definite alkalinity, which can best be
represented as sodium.carbonate ( Nag COs). Thisis one of the most.
characteristic feature of Western India waters and we shall meef some very
striking cases In the present case it is very small, equivalent only to from
42 to 74 parts per 100,000 of the water, but forms a considerable part of
the total salts present. ’

From this case of waters flowing from a relatively short distance into a4
closed area we may turn to & numnber of waters obtained under more ordinary
Deccan trap conditions, where the water is cbtained from trap fissures,.is
always flowing, and is often derived from a considerable distance, I will
take as the first examples a series of four types of water all cbtained from
the immediate neighbourhood of the town of Malegaon in the Nasik District,
aud hence in a typical trap region.

Of these the first is an analysis of the water at the well at the dak
bungalow taken in December 1909. It gave figures as follows :—

Total Salts ( parts per 100,000 ) . 500
Containing— ) p.- ¢
Calcium ' ... 136
Magpesium \ aee 132
Chlorine . ' s 194
Sulphurie Acid ( S04) e 92
 Carbonic acid ( COs ) w 370

This reprezents about the best of irrigation waters in the trap area. The
large proportion of magnesinm it still obvious amounting to 13-2 per cent. of
the total amount of salts., There is no alkalinity, however,—and the total
salts enly amount to fifty parts per 100,000. :

The second set of analyses is of two wells, lying close to one another
about one mile due East of Malegoan City.

~ They gave figures as follows :—

‘Well No. 1. Well No, 2.

Total Salls ( parts par 100,000 ) ‘ 108-0 120-0.
Containing— - ' ' p. o Pp- ¢
Calcium ) T4 83
Magnesium 82 61
Chlorine e | . 154 231

Sulphuric acid (SOs) 87 | . s
“Carbonie acid ( COg T \ 253 175
Nitric acid (NO3 ) - o = 196 12-7
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. Here we get the new feature appeaﬁng of the presence of niirates.
"Thig is -not, however, usual, but often. occurs near towna. It 15 also
illustrated by the next analyses. '

-The third set of analyses was taken from wells between thirty and
forty feet deep in Malegaon City or just ontside the walls. They are excep-
tional from the very large amount of magnesium they contain (amounting

» to thirty-one and twenty-nine parts per 100,000 ) as well as from the pre-
} sence of considerable quantities of mitric acid :— :

!_ ' ) Well No.1. | Wall No. 2.
" >
Total Balts ( parts per 100,000 ) . _ - 3240 260-0
Containing— o . S : p- o P- C.
Calcium ' w ] . 15 141
Magnesium ' 96 11-1
~ Chlorine ' _ 30' 89'5
Sulphurtio acid { 804 ) . Cars 85 148
Carbonio acid ( 003 ) ' e 27 48 -
Nitrie acid ( NOs ) - 58 82

These contained so much of magnesium and other salts as to be undrinkable,

The last set of analyses from the neighbourhood of Malegaon was {rom

a series of wells in a line North and South, about two miles to the East of the

_city. They were brought to my notice bécause of the effect of the water in-

making the soil very impervious to water, and hence very hard and diffi-

cult to wet. THhe water was evidently part of undergionund water from a
similar sonrce. The actual figures of the analyses were as follows:—

- . wWell | Well | Wonl | weil | wenl | wen

No.1l. | No. & | No.3. | No. 4. | No, 5, [ No. 6.

“Total Salts { parts per 100,000 ) e |110°0| 92:0 (1200 76'0( 80°0 82'6'

Containing— ‘ - po|pc|p.c.|]p.c|[Dpc |D .c.

Calcium : oo | 22| 28| 28| 82| 40| 34

Magnesium v | 86| b4 42| 66| 56| 57

Chlorize ' | 164 165) 92| 16'8| 20| 203

. Sulphurio acid (50s) - w | ‘22| 17| 20| 82| s0| 20

', Cabonio acid ( €03 ) : | 289 27°0] 282 45:8) 417| 424

Nitric acid ( NOs) - v ' 107] 204] 201| . | o |
Alkalinity (as sodium carbonate) ... | .. 46| 27| ..
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Here the most striking point is the large quantity of alkaline bi-carbo-
nates, and the small quantity of other sodium and. potassium salts, except
nitrate in certain cases. I have often noticed that these are the conditions
which lead to soft irrigation water being injurious to a black cotton soil. If
chlorides or sulphates in larger quantity accompany these alkaline bi-carbo-
nates, they are relatively innocuous : if the bi-carbonates of the alkalies are
present, as in the present case in quantity greater than the chlorides, then
they are injurions and can only be used as irrigation waters with danger.

T have quoted these samples of water from Mal;ag'uon in detail, because
they show the exteat to which waters in the Deccan may vary in the course.
of two or three miles. :

Waters very similar to some of those quoted can however be found in
the same part of the Decoan. A set of samples very much like those de-
scribed above as damaging to the texture ofj soil was obtained from the -
village of Bahmana in the Amalner Taluka of East Khandesh, They had
the same reputation as those cifed from Malegaon, and they were hence
tf:ollisiderad to be unfit for irrigation. Their analyses gave fgures as

ollows :— . T

N1 | nos | Nos | Nek | New-

Total Balts (parts per 100,000) | 80| soo| s00| soof 000 .
Containing— _ p6| pol po| poal| po
Calcium 10| 10| 10 10 12

* Magnesinm . 30| 24 40 &4 22 .
' Ohlorine - | w| 129| 120| 120 13| are
 Sulphuric acid (804) o) 80| 15 B 12
Carbonio acid (CO8) w| a86| 4o4| s0a| as05| sss
Alkalinity (as sodium oarbonate) .| 14| 52| 6| g0 ‘21

Here we have the conditions in the previous case carried to a much
more marked extent. The alkaline bi-carbonates become the prominent
constituents of the water. Relatively spesking the ohlorine is in small
amount. The calcium almost disappears, and the magnesinm, thongh only
present in small amount, yet is in much greater quantity than the calcinm.

The actual effect produced by these waters on the black cotton soil
(regur) which covers all the neighbourhood is well described in the original
letter reporting the matter to me. * When the crops on the land are irri-
gated for a year, it says, ‘“‘ the next year's rain water cannot be absorbed into
it, and the cultivator has to discontinue drawing well water for irrigation
purposes. Recently when I was encamped at Bahmana on the Pangra riveF,.
some of the cultivators came up to me with the same complaint . . . I found
that the soil on which an irrigated crop was raised last year, was hardened
and covered with a white matter.”

The actual effect on the soil was to deflocculate the colloid olay materia)
in the soil, go that, on mixing with water, the solid matter remains suspended
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for pmctic.:n.lly an indefmite period. This seems alwu.y's to hn.pinen (as nlrcady
remarked) in black cotton soils when, in the water used for irrigation, even

a small amount of alkaline carbonates or bi-carbonates are not accompanied
by a larger quanity of chlorides or sulphates.

This condition of things which, though not usual, is by no means un-
common in the Deccan trap ares, is found in an extreme form in a sample
of water in ‘a well, opened for irrigation, but of oourse useless for this
purpose, at Kopargaon in the Ahmednagar district. The analysis is not
complete as it was done when my investigation of Deccan well waters was
only just commencing, but it contained—

Sodium carbonate (Nag COs ) " wee 1370 parts per 100,000
Caleium carbonate 80 , , w
Magnesium carbonate L & L
Sodium chioride . 37,

This is, of course, ag already remarked, an extreme case.

These last cases, though not unusnal, do not represent the character of
the water in the bulk of the wells on the Deccan: if they did, then irriga-
tion under present conditions would be impossible. A few samples typical
of the general character of the well waters and taken from the various patts
of the Decoan from the ordinary wells are as follows ;= ’

No. 1--Well on the Government farm, Dhulia, taken in  February
- 1911, o

No. 2—-Weli'at Pimpri, near Poons, taken in Jannary 1909.
No. 3—Well at Poona, faken in May 1911.

Well No. 1. | Well No, 2. ; Well No. 3.
. 4 - o

Total Salts (parts per 100,000) 800 | 318 '38'9

Containing-— ' p. o p- o p.
Oaloium L 20 243 41
Mognesium T . wl 70 57 33
Chilorine vl 814 67 2677
Sulphuric acid (804) - R 30 93 18°6

. Garbonio acid (CO3) | o | ars | a2
Alkalinity (as sodju:m carbonate) xe - w &7

These may be taken ab normal, but on the Decean trap we often meet
with waters containing very much more salt than these. Some have already
been given. So long as they do not contain a large excess of alkaline
carbonates or bi-carbonates in excess of the amount of lime salts and of the
chlorides and sulphates, they are useful for irrigation uvtil the amount of
salts reachea 200 parts per 100,000 (or 02 p. ¢.} or even = little more,

" B 3602
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- The analysis of two of these follows :—

‘No. 1is from a well in the Kolbapar State taken in- 'March 1910.
Tt is donbtful as an irrigation water.

No. 2 is from a well at Bijapur, taken in November 1910. It is.
too salt to be used for irrigation. -

Wall No.1 Well No. 2.
Total Salts (parts pe;r =1®,000) C e | . 2040 29970
Containing— po’ | P .
Oaloium - : ' - _' . 159 632’
* " Magnesium | : T ] -l 104 48
" Chlovine o 10 | e
Sulphuric'acid (804) R . - 428 - 277
Carbonio acid (COg) ' 96 . 41
_ Alkalinity (vs sodium carbonate) e 18 ' 11

Before passing to other clneses of well waters in our area it may be we'l’

to collect together the percentage comporcition of the salts in a number of
iypical waters already cited. Thus we get—

M . ‘a . V S P
n)!e- Mne~] (4 {61

%ﬁ%ﬁ%ﬁﬁ@

 |wlow | Al | et | RO NN POt
. ] po(pojpo|lpe|pe|peo |po Pl-- a.
Caleium e | 1291136 | 42 41| 26| 107 80| 159
Mag‘ne'sium. 127 | 182 82| 111) 54| s0 -io 104
Chlotine o | 171 | 194} 15:4 | 895 | 165 | 1291 912 190
Sulphnrioacid .| 851 o2 .8'7 148 . 17 ‘9, 30/ 428
Garbonic acid | sl srol 58| 48| 20| ase| 30| 96
Nitric acid ol | | 108} s2lo0al o] L
To;:: o .0153) (pa.rts" 34-0" 500 11080 |2¢0n | 92:0 | 800 | 800 gom

There is a genoral similarity abont these 1
are the waters from which {:hty typical analyses, different as®

ey are derived, a d w
characters as follows : — nd we may tabulate the“'

1. The amount of mngnesiom is abyut e na] to that of 1i
from some amonnt below to considerably abo 1 at of 1me, varying

ve. Magnesi .
tity present is o declded characteristic of the Decean vgwter:“‘ in the quan
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“ 2. Chlorine is wonderfully couslant varying from 15 to 21 jer cent, of
the total salts, if we exclude tho city waler, where chlorine is natu:ally
present in large amounnt.

. 3. In vearly all cases sulphurie acid is only present in small propor-
tion. The exceptions are from the Souih Deccan. - .

4. The alkalies and alkaline earths are present in largest propoition as
rarbonaies cr bi-carbonates in most cases, and, hence, 5o far as the hardness of
_these waters is caused by lime and magnesis, it is chiefly temporary hardness.

When we leave the Deccan snd examine waters which, though still in
the trap area, a1e found below tLe Western Ghate, between these mountaine
and the tea, there is not nearly such a siriking difierence in the charncter
of the ralts contained, as might have been expected. Ofien there is a much
larger qanntity of sodinm chloride, a8 in the samples to be cited from Surat.
But this is evidently more or less an accidental cirenmsiance, and is by no
‘means univertally found. I will quote the analyees of fonr samples— )

"No. 1 is from a well within two or three miles of the sea near

Alibag, in the Kolaba District. The water was within ten
feet of the surface (November 1910).

No. 2 'is from the village of Agashi, near Bassein, in the Thara
District (November 1910) very near ihe coast.

No. 8 is from Tarapur, in the Thana Dislrict, alto quile near the
coast (Sepiember 1911),

No. 4 is.from Athwa, near Surat, ome five miles fiom -the sen
coast, and quile near to the 1idal portion of the Tapti river,

- No.l | No.2. No.3. | No.4

Total Salts (parts per 100,000) .| 660 1000 | 440| 1300
6ontaining-—-. . P & P 0. p. ¢ p. c.
" Caloium . ol 6T 92 | 168| 15
Magnesiwn. - -, ol 81 e8| e6| 20
_Chlorime - | 204 137 204 407
Sulphuric acid (S04) | e2] 139§ Tee| s
Carbonic acid (CO3) | 381 348 | 81| 151
Aikaliuit-y (as sodium curbonato} ' ver |- . (Alkalinity 54 83

- - no‘ti;il d;.bermm

These figures are strikingly similar {0 these obtained on tho Deccan and
previously discnssed-—if we exclnde the large amount of common salt in
some of the samples from consideration, - BT

Such then, in the general lines, appears to be {ho comppsition of the
well waters derived from the Deccan irap ares, whether above or below the
‘Western Ghats. ‘The next question, and a very interesting and somewhat
iinportant one, id 1o ascertain to what exient the charscler und quantity of
tho salts vary at different times of the yearin the same well. The water
ig nearly always shorter in amount in the months of May and early June
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each year, and this should affest the amount of salt in the water, and also
the praportion of the varions salts. In order to ascertain to what extent
this takes place, I have been conducting analyses monthly from wells from
threa ccntres for over six years aud the resalts of the analyses from two of
these may now ba presented. :

| s _ )
Well Wuler trom Dhulia.

The three cenfres chosen for this investigation were Dhulia, in Khan-
desh, situated on one ‘of the most typical parts of the Ducean teap platean
area : Surat, near the Gujarat coast, and the tidal Tapti river, on an allavium
derived from the Deccan trap and fed so far as noderground water is con-
cerned, chiefly from the trap hills to the East: and Dharwar, which lies
not on the Deccan trap at all, but on the shales and quartzites which lie t2
the South of it and separato the frap area from the gneisses nud granites
of South India. I will cousiler the results of my examination of the waters
from the first two of these centres in snocess’on.

The well at Dhulia, forty to forty-one feet deep, whose water has been
examined, has a constant supply the whole year through, and the depth of the
water in the well varies from eight feet to two feet at different periods.
The water is in constant use, and so tlie analyses represent the water which
is actually circulating in the rock at the time. The wateris a pure fissure
water, and arises directly from the hard rock.

Analyses have been made from Januwary 1908 to April 1913, nearly
every month, and the total amonnt of salts present is shown in the following
table, in parts per 100,000 of the water :—

Total Solids.—Parts per 100,000 of water.

1008, 10089, 1910. . 101l IﬂiB. 1913,
Jopuary . .. 61-5% 640 700 770
Fobruary o4-7e 72:8% | 580 80:0 700 760
March Cwe| - 469%F Ta0*} 560 700 7o |, 750
April . 104-0 700 710 740
May wloszor]| L. " 760 70:0 760
June | . BEav| " 660 74-0 s0g |
July 52:6% 700 | 780 660 710
. August w| 860 | 920 80-0 740
Septembar ... | 56:2% 600 880 68-0 4.
October | 5300 640 800 650 680
November .| 484%| 600 | 1200 600 | 750 . "G
Docember  on|  B35% | 640 00 | 690 760

* The figures with an astorick are not dirctly detormined, but aro obtained by addiog togeth
amount of the individun] ealts found in tho water. Numerous actual P gethor the
. crror thus introduced is very gmall. . ae determinations have shown that the
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.The first thing that strikes the observer about these results is their
extraordinary constancy. They feel the effect of the changes in the season
from the dryness of the early part of the year to the wet period between June

- and September much less than would have been expected. If we take all the
years together it is curious fo notice that the amount !of salts in the water
seems to reach a mazimum in August, and the depth of the water in the

¥ well is as low then as at any time of the year. Itis evident, therefore, and the

i regult is important, that the water which is drawn up from rock fissnres in

, wells like that at Dhulia is not surface water, but répresents the tapping of
a very considerable underground water reservoir. This might have been

" concluded from the fact that the supply though diminishing in the hot
months never ceases. The constancy of the composition makes it, however,
more certain. The sudden jump in November 1910 i3 quite unexplained.

The next point is the variation from year to year This is not very
marked here, but it seems clear that in 1908 the water did not contain so
much salt as in the succeeding years. The rainfall for the years from 1907
to 1913 at Dhulig is shown in the following table, but it must be .confessed
that these fignres do not explain the difference :—

.

‘. 1007. 1008, 1009, 1010, Im1. 1912, 19134,
Jnﬁuary | 010} ... '} 008
. February v | 055 o
March I IR S T2 R T S
- April e 04T | oo | e | o001
May ' RO T 096 018 004
June vl 415 | 407 | 62¢ [ 1314 | 128 [ 119 | sses
July ..| 688 | 620 | 895 | 668 | 178 | 597 | co8
August . .| saz | 589 | 181 | s17 | 127 | 190 | 168
Septembor © ] 121 | 113 | 658 | 850 | 013 | 004 | 461
October I 013 | o017 | 175 | o1 | 111
" November 051 |. 342 447
Decembar o | o2 | L oo | os2
Total .| 1658 | 1719 | 2006 | 2876 | 7es | 1467 | 201

The variation iv the individual tonsiituents affords. some very interest-
!Si’ng results. T
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* *The alkalinity, defined as. already described in this pajer, hos & most
marked teasonal variation, as is chown in the following table As before all-
figores are in paris per 100,000 :— e ‘ -
Alkalinitiq.—Parts per 100,000 of Sodivm Carbonate
- (Nay00;) 1n water. '

8. 1000, 1510. i, | e 1013,
.Tanr.;nry 156 _. . e -1'B
Felraary .| 119 R T BT I A ‘_' 07
- Merch | &8 | 188 ] 58 11| .
April - 101 - 4
May | e . 32 | 11 96
Jue | . | T | . Cass | 104
July 611 15
CAugust | e g2 | . 1 . s
September ... - e 11
* Qotober _ - ’
November  ...| .. w |1 18
Docember .| ... g2 | .. 44

These figures can only mean one thing, that during the dry part of the
year the alkalinity tends to accumulate, -and that it is reduced during the
rainy season to a negligible quantity. "Each year the alkalinity reaches a
maximum at a different period, bat always between January and June and
disappears during the rains. :

I have already stated that the proportion of salis in the water is fairly -
constant throughont the year; ‘I'he game may be said of the composition of
these salts, I can only be astonished how close the composition is maintain-
cd to the aveiage thronghout the year. The average composition is shown
. in the following fipures ;—=

p.c.

Calciam i 7L
Magnesium : . 99
Chlorine aee 155
‘Suolphuric acid (S04) ' Ler 19
Carbonio acid (COg) © e 87D
Nitric acid (NOs) =~ . 32

‘Total Ealts in water = 69-1, parts Fer 100,000,

-~ The actual figures for each month are shown in the appendix to this
paper, but there are several matters to which attention may be drawn. -
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The magnesinm present is normally a little greater than tho calcium,
though they fluctuate inter se a good deal. The relative proportione do not
appear in any way to depend on season. This excess of magnesium 1is, as I
have already remarked, a special characteristic of the waters in the Deccan:
trap. Most of both the lime and magnesia seem to be present in the form of
carbonates, the amonnt of sulphate being uszally very small.

;; Occasionally, however, there is a sudden increase in the amount of

sugahates in the waters. This increase is maintained for two or three months

and then disappears. Thus, if the proportion of snlphuricacid (as sulphates)

be tabnlated, we have the following figures: — = .
- " Sulphuric acid..

(Percentage of Total Salts.) .

P

1008, | 100m. . 1010, . 1011, S ez f 0 1oms,
- p e p. C. p. C. p.c I p.wc. p.-;_.

January - ... 47 T 68 . 52 42
February ... 38 49 |7 54 81 53 48
March 61 33 wd | 59 88
Aprilt - Lol L e 87 41 B 38
May 32 88 g2 49
June ¥y | . 62 | 149 1. 61
Jaly . .. a2 | 65| 212 [ 167 21
'.AUgus't- 43 | 225 187 50
September ... 110 76 | 168 88| . 56
October ... 81 46 | 144 s1  d_ 86
November .. _15'8‘ 41 4'8 87 38
Detember 12-6 82 70 7 82

During -this period there have been three sudden increases in the amount
of sulphnric acid One of these was in the latter part of .1908,” from Sept-
ember onward, and the others during the monsoon season of 1910 and 1911.
There seems to be a suggession in fact that the increase in sulphuaric acid
océurs {(when it does occur) as s result of the rainy season, in other words
of the percolation of an additional amount of water through the rock fissures.
Sulphur exists to a nct animportant extent in trap rock, and it may well be
that this 18 the case. I have found in the Nira Valley that on increasing the
¢ amount of drainage waters passing throngh a black soil, derived from trap,
tnining & rather large ameunt of alkaline salts, & considerable quantity of
¢ splphur is removed by drainage water and actually deposited as such. The
same may be the case in the rock fissures from which the Dhalia well water
comes, under certain circnmstances. .

No such regularity can be observed in the amount of chlorine, Thisl
varies from 83 to 40-2 per cent. of the total salts. The latter figure is, how-
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ever, n.bnorr;:.ul, and the maximum apart from this is 228 per cent.  The
maxima and minims occur, however, at all parts of the year.

One of the curious features of thess waters consists in the occasional
- presence of nitrates, and the variations in their amount. They occur and
disappear with the most extraordinary irregularity as follows : —

Nitric Aeid.
(Percentage of Total Salts.)

1008, 1000, 1010, 1911, 1012 1013,
January T I 76 o ' 5';! &3
Februsty .| = 75 % A T 57 | 5B
March. I P T [ S 61 53
April 169 56 69
May 13-4 67 | ..
E_luna . 57
July ane sue &1
August e -25.-2 - 67 .
September ez e . - 6'6
October 738 105 e 69
Novembet;.. 6T -7'8 . 61 ve
December ves Cees 7'2- - 58 53

[r 2

There, thus seems to be no.r-ela.tionship to season or auy other immedinte-
ly visible factor in the amount recorded by my analyses* :

IvV.

Well Waters from near Surat.

The second record, similar to that at Dhalia, has been made for a gronp
of wells nt Athwa, about three miles away from Surat. These represent
a coundition of things quite dissimilar from that at Dhalia. The wells
are below.the Western Ghats,—a few feet only above the level .of goa,
and near the tidal portion of the river Tapti. They are mnot sunk into,
rock, but only into the alluvinm, -composed of murum, and shedu-like)
elements which underlie the deep black cotton s0il of which the surfacé;

-* Tt was suggested at the meeting of the Bombay Presidency Soience Association at
which part of this paper was first presented that these figures are of exceeding interest
in connection with the question of the ccenrrence and distribution of the nitrifyi
organism. I quite acknowledge this and hope I may have the opportunity of following
up the matter. -



SERIES OF WELLS AT ATHWA, SURAT

|

Direction of Tapti river. —>

Scale BUD Feet =1Inch.
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composed and which probably lie over trap rock. The water is much more
-generalised than nsuallyis the case on the Decean, and whenever a well is dug
water of some sort is usually obtained. This is, evidently, however, not from
& general reservoir of sub-scil water, as itdiffers in composition and depth in
different wells witiin a short distance from one another. The fact that the -
supplies are from definite underground stresms is also indicated from the
- fact that when a woll is emptied the water usually flows into it chiefly, if
not entirely, from the eastern side. .

Nearly all the wells in this part of Gujarat are, however, somewhat salt,
due either to the fact that the subsoil in which the water originates was
originally washed by the sea, or else to a continnal seepage from the sea. I
think the Jatter is probably the source of the brackishuess which is found
almost everywhere, because of the series of resnlts which followed the
famines of 1896 and 1900. During {hese years the sources from which the
wells in #ujarat are usually supplied dried up, and many of the wells
gradually became salt.  Many have remained 80, and useless ever since:
others have gradually after several years become sweet again, This can
only be the result, itseems, of sea .water coming in, when the fresh water
current from the east, which usually kept it back, failed.

The variation of well waters within a few hundred yards is shown by
the analyses of the water from this group of wells at Athwa. All the seven
wells guoted are within about three quarters-of a mile, and several are nsed
either for irrigation or for drinking purposes. The following table indicates
‘the ‘enormous variation in the total salts and the chlorine contained in these
waters for several typical months. Aljl figures are given in parts per 100,000
of the water :— : ' .

I—Vuriation in Composition of Athwa Well Waters.
(Pearts per 100,000.)

April 1g08. August 2009, | Octobar 1010, July 1011,
Wells., . .

Dot | optorine. | Tot | chiorine. | IO ) chlorime, | 2ol ‘ Chlorine.
No. I .| 2007| 934| 7e0|  175| 1100| 414 2600| 1202
No.II - ..| 2035 | 1028 1800| ‘660| 2600 1377 | so20| wmse
No.mr .| 1s31] wmia| wmso| a25| 1800 759 aseo]| 1s0
No.Tv .| 1s12| @627 1040 p6% 1500 | 616 | 1540 528
No.V .| 1350 6r6| 1500| 500 1500| ss6| 1820 488
‘No.VI -..| 13w0| 71| 1120] e00| 2000| 991| 1820 528
sWo.vIL .. .. 700| 168| 1300 414| 700| 16

These fignres are merely & random gelection from monthly determina-
tions during six years, but they are sufficient to indicate the very different

. Befors to Baplember-1909. Thoe sample for August 1909 in this s:7ies was missing.

B 360—3
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charagter of the underground sources from which these wells derive their
supply. In the case of well No. 1, the supply is evidently dependent on a
stream of very varinble character whose weakness admits salt water at many
times of the year, On the other hand, well No. 1V is very largely independ-:
ent of the difference between the seasons, and only varies with the years.
The difference between these wells is shown by the following table of the
total salts in parts per 100,000, for the various quarters of the year:—

IL.—Variation in _Gompasit-ion'of_ Athwa Well Waters..
' - Total Solids (Parts per 100,000).

T Well No. II. l Well No. IIL. { Weli No. IV. -
1908-~March : T 2080 159-0 110-0
April and June . 212-0 157-0 1240
July and September wel . 2010 . 159-0 1546
October and Decembor 2020 1624 166-1
1909—Febma.ry and March - -~ 231-0% 1680 1870
April and June N 2450 - 1657 134-0
July and Beptember 197-0 119-8 10404
October and Decembor . 20000 129-0 113-0%
- 1910—January and March I _ 2870 | 1690 e
Apzil and June | 283-0 158-0 134+0§
July and September - 2710 1870 - 1860
QOctober and December 2740 1950 | 1470
1911—January and Maroh ' | 2700 2870 | 1830 |
April and June ol 8700t 120-0 1
July and September 811-0 2650 152-0
QOctober and December ’ o] - 2270 2410 168°0 -
1912—Jannary and March R 3030 2730 1&4'0
« April and June T e 3060 26769 1670
~ July and September 8060 188-6 146-0
October and December 304-0 1946 | 1670
1813—January and March 2980 2006 1773
April and June : 2920 | 1980 | 1727
July and September 2 32440 1860 162-3
October 3310 1930 1550

g . A —

Thess figures show an extraordinary constancy for well No, III during
the early part of the period and for IV throughont. In two out of these
three cases the effect of the dry season of 1911 was most evident. In wells
Nos. 1I snd 1I1; emphatically dependent as they are on several streams, the
sources on which they usnally depend were drying up in that year and the
water, especially during the rains when it should be very fresh, coutained:
more salt than at almost any time during the duration of iny records. '

‘This may cause serions thought in connection with one point,—the ‘
results of short rainfall in Gujarat on the character of the water in the

) Februnry only.  + September only.  § October and November only.  § May and June only.
Il Aprilonly. 9 April and Junc only. :
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wells. I have already mentioned the effect of the dronght of 1899 on many
of the wells of Glujarat. An increase of salt occurred which has made many
wells permanently useless, while many others are only just recovering from
the effect. There may, from these figures, probably be a similar sequmel to

- any year’s serious drought. The following results from the other Athwa
~wells illustrate this point further :- . :

“Total Salts.
1 L L. | 1v. | v, I, vIL.
August 1908.] ... 1670 | 1260 | 1230 | 1085 166
August 1909, - 760 | 1800 | 1180 | .. -] 1800 | 1720 700
L
August 1910.] ... 2800 | 2800 | 1500 | 21800 | 1800 | 1060

August 1911, 266-0 | 8240 | 2550 | 1400 | 1600 | 2610 | 1460
August 1912, 1130 | 8040 | 1620 | 1470 | 1200 | 1860 | 1980
August 1918, 188:0- | 8060 | 1980 | 1610 | 1810 | 2140 | 1870

Some wells show the effect more than others. Well No. II in which
the change has perhaps been greatest is perhaps hardly to be compared with
the others, because an oil engine has been fixed on this well, which ig, T
-fancy, drawing out more water than the fresh water supply can provide.
But apart from this, the change in most cases is very evident and seems to
indicate that the permanent effects of a long drought may not be limited to
its action on cattle and men. : .

. One thing is, however, quite evident. Where there is a very large
difference between the quantity of salt in the water in different years, there
the difference seems principally due to the presence of additional sodium
chloride. - Where the content of salte in the water is constant, in different
years, there the amount of sodium c¢hloride is also constant, in other words,
there is little seepage. The point is this. Where there is 8 variable fresh
water supply, there the sea water takes advaniage of the fact and soaks into
the well. The only protection for a well against becoming salt is the vigour
and size of the fresh water stream which keeps back the seepage of the sea
water. This has one practical result in indicating the extreme dan of
utilising oo great a proportion of the water available in a well. This is
illustrated by the figures already given for well No. II. There ar cil-engine
has been put into this well with the result that its water is now the most
salt of the group. ' c

Before proceeding to disouss the variations in the composition of the .
salts in the water from each-well, as I have done in the case of the well at
~Dhalia, it will be well to indicate the rainfall for the years from 1907
" t0 1913 at Surat. This is shown in the following table, worked out for each
month for the six years with which we are dealing, Although it is practi-
cally certain that these waters are not local waters, yet the distribution of
the rainfall so far as the season of the year is concerned does not differ °

markedly from that in the ares from which these waters are almoab
oertainly derived. : :



20

Rainfall at Surat, 1907-1913.

o0 | -1008, 1909 1010, 1911, 1912, 193
January .| 008 82 1. e e | - 008 |7
February ... > 0-02 .
March o ., R
aprit . 008 | .| oo0s .|
Jume " .| 483 283 | 11091 | 1497 | 543 | 708 | 2014

July .| 184y | ssss | 2rss | 860 | 265 | sesr | s05-
August .| 1698 | 648 | ‘62z | 1092 | .83r | 630 | 544

September .| 020 | 886 | 695 | 110 | 292 | 295 | s
‘Ootober v ... ooL { 006 | 128 “1-20' 018
November ...| ... - | oo2 359 |
December ...| ... . 042 .

Total .| 2996 | 4745 | 6396 | 86+48 | 1963 | G749 | 8765

The distribution of the wells is shown in the attached sketch.
We will now consider each well in suceession.

Wall No, I.—(Rose Apple Tree Well) lies to the Eastern extremity of a
line of four wells, nearly one thousand feet from one end to the other. The
total depth of the well is 334 feet. In this case, and only in this case in all
the series, there is a chance of surface drainage running into the well during
the rainy season. The figures for June, July, August and September are,
hence, not very reliable in this case. The water stood six feet deep in the
well just after the monsocon commenced in 1912. This water is only used -
occasionally. :

‘The actual figures of the analysis of the water will be found ‘in the
appendix, but on account of the possibility of surface drainage into this well,
I do not wish to discuss the figures in detail. -~

Well No. II—(Qil-engine Well).—This lies 297 feet to the Wast of the
last, and has a total depth of forty feet. In:the early part of July 1912
there was a depth of water of thirteen feet in the well.. On account of the’
excellent supply of water given in this well, as oil-engine was fitted some
years ago, and the water which it has pumped has been constauntly ueed '
gince. From the change in composition, and inorease in the amount of
sodium chloride, I am inclined to think that the pump has been taking. a
little more water than the streams feeding the well have been able to supply,
and the balance has heen.made np from the ‘tidal Tapti river or other
saline source. ' ' . :
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. The actual fignres of the analysis of the water will be shown in the
appendix. ‘ . .
The total amount of the solid matter has varied groatly, as is shown by
* the following fignres :—

L Total Solids—O0il-Engine Well. -
(Parts per 100,000.) '

1008, 1900, ‘ 10100 l v | wm | o
January - .| . " 9310 2600 | 1800 807-0 807-0
Febraacy . . | . 2600 | 8200 | 8010 | 8080
7ZjMaroh . ssee | L 2800 3100 8000 | 9850
Apil .| 2086 | 2s0 °| 240 870°0 3050 | 2800
Msy .. v . | 2500 2800 8070 300-0
June .| 2200 | 2400 | 2940 . | 80710 294-0
Juy .| 2980 | 2200 | sizo 8090 8000. | 8380
Avgust .| 1676 1800 2800 | 3260 | 8070 | 8060
- Beptember ...| 2070 190-0 220-0 306-0° -. 8080 8580
October ~ .| 2200 e | 2600 2760 | 8030 8810
November .| 1798 | 2420 | 2610 | 1320 070 | .
" December l 1970 |- so00 | 3000 2740 3080 | . ..

!

" T have already referred to the increase in the total solid matter which is
going on in this well, partly I believe due -fo the fixing of the oil-engine, and
partly due in 1911 to the abuormally dry character of the season.

Throughout the period under consideration, alkalinity, calculated as
sodinm carbonate ( Na, CO, ), is either absent or forms ounly a 'very small
proportion of the total salts present. As a matter of fact, it occurs quite
irregularly, and seems to have little relation to seagson. There is no sauch
relationship to season as was found in the well water at Dhulia.

[For St;:tc'mant,mx page 22.
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The actual figures are as follows :~

Alkalinity—Oil-Enigine Wells.

( Percentage of Total Salts.)
1008, "mo. " 1910, A_ 1911, | 1012, 1913.
. p. o P 0. . . o . O PeO P O
January ' . 21 19 -
Febnuﬁ’y T 18 15
March  ..| . N ¢4 | 1 2d
Apil ..l 81 - | 14 20 | 19 | ..
May ... _— - RO A 14 e
Jume | . 24 - wo | 12 | 08
Ny o e U 19 w | 02
August ... . 10 | 18 7 | 14
September .| ... 17 - w |15
October .| e | e s0 | 12
. November...| .. -| 87 O
December ... . 14 13

Nitrates are almost always absent from this water.,. They appeared,
however, in small proportion on two occasions, in April 1909, apd in
August and September of the same year. I cannot, in any way, account
for this-appearance. ’

The vavigtion in the chlorides is very remarkable. They go down very
considerably in the rains in some cases and then gradually rise egain. - The
extent to which they go down, and the time at which the fall occurs depends
apparenily as the amount and time of the heavy rainfall in the districts
feeding these wells. The actual figures are as follows:— .

[For Statement ses page 23.
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 Chlorine—Oil-Engine Well.
( Percentage of Total Salts.)

1008, T 1009. | ) mo.' ' ia:i. 1012, 108
:ﬂ’ _ - : P 0. P-C: -p.c. ‘pec. “PeOs P 0.
?']\Ja.nu‘a_ry Y Yo | g0 | a3 | 609 527
" February .| .. | 514 50-0 52-4 512 506
March .| 454 - 477 531 527 L4
April w.f 505 505 ‘51-2 558 611 556
SMay T 518 | 588 o 51-9 496
" June wl 807 | 867 | a7e 520 | 494
" July | sos | 494 431 860 g8 | sug .
Aigust .| se1 | ses | sos a8 518 555
_September  ...|. 54 259 515 877 510 50:8
October .| b5 491 530 51:8 515
November .~ ...[ 511 32'5 562 872 | 517
Decamber .| 471 50t | 529 B8'1 51 e

) - g - B " e

The fall in the proportion of chlorine during the rains hardly appesrs in
1908,-1912 and 1913, but in 1909, 1910 and 1911 it is very ma.rkemdeed
though the date on which it appears is different. Fn 1909 there was liftle
effect shown. in the July sample, while in 1910 and 1911 the effect of the
raing -is siready markedly felt in that month. I cannot mske out the

* connection between this and the rainfall. ' ‘

. Magnesium is almost always present in larger amount than Calcinm.
I have already referred in connection with the well at Dhulia to this almost
nniversal - characteristic of trap waters. The proportion between the two,
however, wvaries comsiderably, and the presence of excess of magnesia
(over lime).is by no means universal. Taking the amonnt of magnesinm
as the hagis, the proportion of lime is as follows ;=

[For Statement sea page 24 -
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Qaletum .y pogine Well.

Magnesium

[ Percentage of Caleiam ( Mg.=100).]

1008 ‘1009, | ledo. 1L, o2 | e &
.p. e. | p-o P. o p; o | po .o
Jaowary | . . om et | w | .m
Februaty .| ... 72 36 61 65 60
 Marh .| 14 30 66 57 64
April ..] 108 m | 1 193 7% | 82
' May R I 8 | . 12 |8
June .| 8 8 | e | .. | er |-m
July | 86 78 54 50 - | - T2 83"
August .| 188 186 91 112 48’ 8’
Scptember . _...| 77 85 65 | 146 64 81
October .| 104 w [ 50 17 | e | e
" November  ...[ 104 | 98 1 70 68
Decernber .| T4 66 7 .| 64 68 f

The variations are, obvioasly exceedingly wide, and it is not possible to
draw conclusioas except with exceeding uncertainty. It would appear
probable, however, that there is a fendency for the proportion of calcium to
magnesinm o be high in the dry weather of April and May, decrease with

- the first rains, and then increase im the later part of the rains. The
proportion.is high in April and in Augast of each year. '

" The salphuric acid, and the carbonic acid are very constant in
proportion, the former even more than the latter,—and on the whole they
vary together,—increase in proportion when the ohlorine diminishes in the
rains, and also decreases when, as in the later records, the chlorine has

increased in proportion. - :
Well No. ITI.—(Roofed Well)—=This well lies almost due West of that
~ last considered at a distwnce of 34lfeet. It is thirty-eight feet deep, and
in the early part of July 1912 there was a depth of eleven feet of water.
This well is only used very occasionally, and the principal interest of my.
- geries of figures is to show how the depth of the water, the salts in the water
- vary in a well which is not used and into which no snrface water whatever

can drain. .

The variation in the level of the water at different times of the various
years is shown in the following table, and is very interesting as showing the
effect of the season oa the force of the streams feeding the well.
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Distanco of the water from the sarface of the ground :—

1008. . 1000\ 1016. \ 1011. i 1013. ‘ 1018, l Avorage.

&, T, ft. it. it % fi.
Januar'y I . 20 29 29} 29 29
;February 26 | 203 28} s03 | 209 28§
March .| .. 26 29 98 | -3s0 80} 283
Apil .. 28 20 50 80} 290}
May a7} 803 29} 80} 99)
June .| 26 264 283 30} 823 28 284
July 25 | 263 273 | o9 27 28 213
August 283 233 22 80 243 253 | 243
Sopeomber ... 22 | 293 253 24 25} o
Qctober 28 26} 95§ 263 25 823 273
November ... 26 28 273 303 a7 " K
Decomber ...| 25} 28} 274 803 29 28}

The water; as a matter-of fact, hardly rises till July, and reaches its
to say, nearly two months after the

highest level in September, that is

actual time of highest rainfall.

The variation in the composition of the water ciroulating

‘and feeding thfn

well is perhaps sufficiently shown by the fignres for the total solid matter,

Details of composition may be fyund in the figures in the appendix:— .
: Well No. III—Total Salts, .
1008, 1000, 1910, 1911, 1010, 1013,
January ' po s p.c ) ;73.0 ) 2%000 ‘ 221200 1!1.!860
February  w.| oo 1655 1680 | 8000 | 2780 1970
March . .| 1690 | 1706 | 1700 | 8000 | 2740 | 2070
April 1530 1670 .| 1600 2680 | - 2050
May | e 1680 | 1500 1980
Tuoe | 1605 | 1620 | 1680 . a7a0 | 1970
Tuly o 1m0, | 1sz0 1840 | 2540 2410 1520
August | 1264 | 1180 2800% | 2660 1520 1980
JSeptember .| 1780 ‘1080.| 180 | %850 | w30 1780
October 1220 1800 | 2250 | 2010 1930
November 1420 | 1600 | 1250 | 2850 | 1060
Decempber ... 1830 | 860 | 2800, | 2620 | 1870
| ® Omitted from caloulations below. -

B 869—4
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This well, representing the actual water eirculating in the soil withont
constant removal, shows well the effect of the drought of 1911 ‘on” the
amount of salt in the water. The average content, in parts per 100,000 for
the years recorded is: 1908 (8 months )—159-9; 1909- (11 months)—
144:0; 1910 (11 months )—166:0; 1911 (9 months)—264:0; 1912
(11 months )—228'0; 1913 ( 10 months )— 195'0. The effect is apparently
only, passing off two years after. g

~ Well No. IV (Village well).—This well will probably give a better

indication than any of the others of the actual variation in the composition

of these subsoil waters. . It is not employed for irrigation, but is the well

regularly used for drinking by the people of Athwa village. The use of it,

therefore, very regular, but is not excessive. The well itself is closed in.

Tt lies 297 feet due West from well No. TII and 638 fcet due West from well
" No. II. The total depth is twenty-seven feet, and it usually hus a depth of

five feet of water, The distance of the surface of the water from the surface-
_ of the ground is shown in the following figures :— ' .

1069. 1909. 1910. l 1011, ] 1012, 1018, Average.

#o |t ft, ' R S BT
January ...l . R B | est 285 | 26 | 263"
VFobmary a7 26} 27} 27 .27 :
Marck .| .. 26 . " o7y . | o1 27y | ‘ay
April 20} w | o7 | 213 | 73
“May el 29 28 29 274 283
June - .| 26 26 l 274 30 ' 273 73
Jay .. 2 - 26 28 92 24} 954 "
August  ..[ 88 | .. ) o4 27 24} 28 2-4;
Soptember .| 24 | 23 | ‘aa | oi 2ay | 223 | 243
October ~ ...] 25% EYRR P 25} 24} 80 25%
November ...| 27 243 TRl P P B 253
Docember ... 26} 27} o8 | 29. |- 273

This shows a mnearly constant level fro.a December to June, differing

- a little on one side or other of the mear owing to more or less water beine
-used on any day. . Then in July there is & rise of two feet or so, » furthe?-
foot in Augnst, and this level is maintained through September.  Then the
water gradually drops to the dry season level, reaching it by.iDecember,
The rise is about a month later than the coming of the rain: the fall is
about & month later than its ceasing. ' ' : -
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This well has beert tbroﬁghout the least saline of any.of this series, and
by far the most comstant in composition. The following table shows the
total amount of Bolid matter in the water :—

Total Solids—Village Well..

N Parts per 100,000.

1008, 1009, 1010, 1011, 1019, 1918,
Jamuary | e - v | 00| 80| 1800
Fobruary  w| .. | 1881 .. | 100 1880| 1800
March .| 00| 1ses| .. | 1s00| 150 1830
April .1 10| ass0| .. | 1200| 1700| 1590
May w| e [ 1338 1400 | .. | 147°0 162-0
Juno - Ceee| 1176 | . 1160 1280 - ... -163-0 2070
oy L) 1268 .. | 10| 140! 140 16170
August | 1227 . 1500 | - 1490 1470| 1610
BSeptember  ...| 2145 1040 [ 1400 1690 1450 .. 1650
October .| s87| 1060| 00| wzo| 60| 1550
November ... 1167 1200 | 1300 1680 . 1680 .
‘December - .| 1889 v | 1600, ‘1800 1760 | . .-

- The first point about these figures is the very great difference between
them and those given already for well No. II, although the latter is only
638 feet away, and the large difference even between this and well No. I,
These alone would prove that we are dealing not with any generalised sub-
soil water, but with a number of streams which cross the line of these wells, -
streams which are distinet in origin and in character. The second point to
notice is the relatively very great constancy of the amount of salt carried by
‘the water of this well. With the exception of 4 sudden increase in Sep-
tember and October 1908, and & slight fall (not moreover always present)
usually in the rainy season, the fignres vary very little, in spite of the con-
stant and daily use of the water. This indicates a distant source and .a fair
underground reservior from which this particnlar well is fed. Thisis con-
firmed by the fact that in the long drought of 1900-01, wher nearly all other
wells dried ap, this one still gave a supply sufficient for drinking for the
village. It i8 also confirmed by the fact that the drought of 1911 made very
Jlittle difference to the amount of salts contained in the water of this well.
*While there has been a slight gradual increase in the amonnt of salts, it is
evidently independent of the drought in that year. The actual figures of

the average salt content for each year are a6 follows :— _ .

1908 (2 months) «es143 parts per 100,000,
1909 (8 months) 126, .



1910 (8 months)
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1913 (10 months)  «uel69

»

»

»”

+0:139 parts per 100,000.
1912 (12 months) - 000l 58

”

»

”»

) The fact that we have a very constant supply .of water of very constant (
composition gives a special interest {o tho water of this well, and we may
consider the amounts of the constitnents present in some detail. -

In the first place this water is never alkaline. Thisis in marked con--
trast with the previous waters we have considered. The carbon dioxide has
always been present in quantity enongh to form, at least, bi-carbonates.
Secondly, the water is, in all cases except one, fres from niirates. This is

what might have been expeoted in a

fissure.

water originating in a deep seated

The proportion of chlorides in the salts is muck less than in the last
. well considered, and varies much less. The actnal fig:sres ave as follows : —

Ohlminé-eVilZags' Well. . .
- (Percentage of Total Salts.)

’ January
Fehrnary
March
April
May

" June
July
‘August
éapbembm:
" Octobar

November

Decgmber

1910, 1911 1 e | a3
Po p.o. P o P G p. 0 p.c
45'8 303 “88'5
" 875 46| 863 983
818 40°5 362 387
402 895 _ 876 898 01
886 00| .. 88-2 861
86:0 854 383 3677 464
i | . 865 | 843 400 349 |
405 4077 s54| 995 409
516 829 870 | 869 420 389
491 31-8 ney 390 . 8839 42:3
se4 [ 813 413 871 883
! oo _-‘49.'-1 453 856

\i

Here with the exception of a sudden increase in the proportion of
chlorine in September and October 1908, a less marked onepatp the end
of 1910, and perhaps one in June 1913, there is very little variation. The

,offect of the rains is negligible, either one way or the other. -
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" The results of the determination of the sulphuric acid (as sulphates)
presents one point of interest. During the monsoon season of 1911 (the:
year of drought) ocourred the only large inorease ip the amount of this con-
stituent which lasted for any length of time. In that year there was a rise
in the amount of sulphates which lasted from July to September. Tt is
interesting to compare this result with that already noted from the well at

.-)Phulia, (see page 15). As in the water from Dhulia, the sulphates only .
jform a relatively minor constituent in these deep-seated trap well waters,

The proportion of caleiam to magnesium is indicated in the following
‘table s . ‘

- Oalcium o :
L oaren 1.
Magnestum Village Well

" (Percentage of Calcium to Magnesium.)

(Mg=100.)
1908 I 1909, | 1910, ' ‘ 1911 l 1m2. I 1013,

. p.C p-c p. pe P ‘ p-o
January - v 202 70 . 49
February s . - 70 ™ 85 T 63 Gl
March | ™l .. e 55 51
apil .| 8| T 68 61 62 80
my_ R 7| |l .. 2(2) 59
June L 78| . 16 a5 . 68 107
July Loes| - 111 18|  do| .

Caugast .| 18| . 119 53| &7 70
Soptember ... s| 9| 43 77 46 82
CQotober .| 129, 93 551 | 35 64 &8
' November ... s9| = 49| 56| 60 36
December .. 01| .. . o7 39 75

' It is difficult to interpret - these fignres in the light of any seasonal
changes at Surat itself, as would probably be expected in what is evidently
@ deep fissure water, but the proportion of calcium while generally less than
the magnesium in each year takes a rise, followed by a fall, and this again
by a second rise, - The period is not the same each year, but so far as they

Vshow anything, they are not inconsistent with what has been already pointed

-

y out for well No. II._
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The three remaining wells at Athwa are interesting, because each of

them; during the continuance of this experiment were deepened by ome or
more borings in the bottom of the well as follows :— :

Original depth Dateof Depth of .
of well. i EBoring. Boiings,
Woll No. V (Steppod well) © ... |. 8lfeeb - | March- | 25fest
: . . 1909 (2horings ) .
Well No, VI ( Panas well) : 45 feet | May 1909 43 feet =
Well No, VII { Bhatar New Well ) T 43 feet December 46 feeb
} L _ 1909 .

The bores, in cach case, only penetrated through soft material, and
did not in any case reach the trap rock which probably underlies this area.
There was 0o waterial rise of ‘the water in the wells as a result of these
. borings, and itis evident that artesian or sub-artesian water-was not tapped

in any case. . ‘ ‘ Wt

Well No. V ( Stepped well } lies 1,497 feet almost due South from. the
line of four wells already discussed. It is a large stepped -well in fairly
constant use for human consumption chiefly, and little for hirigation. In

_July 1912 it contained seven feet of water. The fotal solids in the water,
before and after boring, is shown in the folowing table :— ’

Total Solids ~Stepped Well.

Paris per ‘100,000.
1008, | 1009, ‘ 1010, 1911, © 1618 1013;
Jonuaty .| o 1600 | 1500 1440 1400
Fobruary ...[ . 1281 | 1400 | 1500 | 1330 | 1370
March® .| 1810 1602 1880 .in'o | 1330
Aprit .| 1850 -| 1407 | 1600 1200 1350 | 1240
May .| .. | 1630 | 1400 1800 | 1300
June .| 1210 | 1600 1260 o | 1at0 1310
Jwy .. 1190 1480 | 1080 | 1320 1270 _. 1110
. dugust .| 1086 | 1500 | 1300 | 1500 | ‘1290 1810
September...| 1550 | 1000() 1300 |_1320 | 1200 1100
October ~ ...[ 2150 180 | 1500 £9-0 136'0 1260
November ..| 1090 | -1200 ? 0r0 | 1800 | ..
Decamber ...| 1180 | 1400 | .1500 | 1360 1810
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‘In the frst place, the boring seems to have made no difference to the
amount of the total solids present in the water. -This is perhaps what would
be expected unless water nnder pressure were found in the boring which
is not the case. In the second place, the water here feeding this well is
affected very quickly by the roinfall, as the reduclion in the total solids in
the water follows, in each year, shortly after the heavy rainfall has been
“yeceived. This well represents in fact the exact opposite of the - Village
-tvell’ last described. There the water seemed independent of the local rain-
fall : here it is extremely sensitive to it. It is, therefore, essentinlly a local
water. : -

" The next point of interest is that this very largely local water is very
-often alkaline. The following table indicates the results :— .

- Alkalinity —Sodium Carbonate (#az COa) in Water.
' . Parts per 100,000

108, 1600. 1010, l 1011 . 1912 1013,
January .| e N S-S B B Y 07
February ..| - .’ e 48 81 .0-7
Mami_i Y S T . | 0 81 07
Apil .| 88 " b8 122 | 126 104
May | SR (RSO KVUR B
June .. 24 a7 - 07
July - 61 2:2 -
pugust | oo 18 | 42 49 | - 8T 44
September...| ... &8 | .. | 98 96 80
October ... 21 - - w7166 44 59
November ... ... " 87 | 108 " 99
December .| - ... | 48 | 11 74 9.9

These results are peculiar, but are fairly regular. The maximum is
reached as a rule in April. The amount of alkalinity falls in May, and
vemains low till August sfter which it gradually rises till October aud
pYovember, falls a little in December to Febrnary and then rises again to the

'rﬁmximnm At present, I do not understand the distribution.
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The following table shows the variation in the proportion of chlorine to
the other constituenis in the water :— :

. Chlorine—Stepped Well, -

' ( Percentage of Total Salts. ) ¢
1008, 1009. 010, | 10m. l 1012, © 1018,
. P. 0. ‘ ) P- . P o." ] p- o P- o p- ¢.
- January ... 426 o431 | 892 38'6
February ..|. .. 337 426 | 395 805 366 °
March .. 464 450 ¢ _ 503 e © 461 " 885
Apdl L. 456 48 115 459 | - 436 430
May 468 449 387 370
June .. ‘440 222 |. 459 874 | 849
Jaly .| 415 | 440 a9 | 369 373 859
Aug.ust\' |, 418 a3 | 880 825 8388 . | 851
September...| 498 339 401 | 857 | 987 596
October .| 511 360 391 76) | 857 409
. November..| 420 as | (129) 485" 864
December ...|  43.9 420 arz | 419 405

These figures show that although the water in the well is largely of
rolatively local origin, yet there is no ses water seepage. 1t lies 1,500 feet
further from the tidal river Tapti than the Jast series, and is evidently not
inflaenced by it to any appreciable extent, The figures show the reduction in
the proportion of chlorides which would be expected in the rains, when the
less soluble decomposition products would naturally be present in-larger pro-
portion than at other times. On the other hand, the proportion of chlorides.
is always higher than in a pure rock fissure water like that of Dhulia.

The variation in the amount ‘of sulphates and carbonates presents mo
special features for remark. It certainly cannot be said that their propor-
tion regularly increases or decreases with the season. The proportion of
calcium to magnesium on the whole becomes greater after heavy rain,
though the results are somewhat irregular,

Well No. VI ( Panas Well) lies 1,627 feet almost due South of 1
last, and is thus still further away from the tidal river Tapti to which I Eﬁ
inclined to attribute most of the sea water seepage inta the series of wells
I am discussing. It is a good well, however, constantly used for i:’riga.tion
rather deeper than the others ( forty-five feet ) and containing in J uly -1912,
water eighteen feet desp. A boring was made forty-three feet deep, in the bot-
tom of the well in May 1909, but the water did not rise, and it has produced
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very little change in its composition. The content of solil matter in this
well throughout the duration of my records is as follows :— '

Total Solids—Panas Well.
Parts per 100,000,

?’% 18, w9, | w0 | om0 s, 1613,
January ... . 2700 220-0 2040 - 1850
Februsry .| .. 1800 | 1700 299:0 2600 | 2150
March ... 1240 1900 8500 2410 1900
Apil .| 1840 1820 28500 | 1400 | 2880 2180
Ma} B P 8000 293-0 1680
June o 2260 108°0 2780 1740
Juy | 1620 1800 2540 1320 2610 1480
August po| 1m0 | 1720 1800 251-0 1860 2140
September ...| 2650 126:0 1800 |. 2200 | 1810 2080
October ...| 200.0 1860 2000 1800 | 1950 2090
November...| 111-0 180-0 2080 2350 227-0
December ...| 1814 | 2007 | 2300 2960 | 2270

Here we have a case in which the amount of solids in the water seems
‘totally independent of the rainfall. Sometimes in the rainy season the solids
decrease : sometimes it is the opposite. It looks rather as if the rainy
seagson awakened new and additional supplies, which have a quife. different
‘composition from that which normally supplies the well. For this
- reason, —that we do not appear to be dealing with o single supply or a single
seriea of supplies, I refrain from discussing these figures in detail. The

actnal figures of analysis will be found in the appendix. .

Well No VII ( Bhattar Well ).~This well which is the newest of the
series, lies 1,221 feet to the south of that last disonssed. 1t was forty-three
feet deep, entirely in soft material, and in July 1912 it contained water
fourteen feet deep. ~ The amount of water in the well followed very closely
( » month later } the coming and passing of the rainy season.. The well was
deepened by boring in December 1909, and this rather tended to lower the
height of t{e water and to increase the amounnt of salts in it.

B 868=5
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" The amounnt of solids in the wafer during the course of these tests
shown by the following table :— ‘ :

‘Total oollids-—.Bkdtta_r Well.
Paris per 100,000,

.
:

w0, | om0, . 1910, W
Janmary .| - 93 [ .160 188 | 1%
Pobruary .| .. 120 140 10 | . 1
March el e 120 ' 194 139 |. 132
Apiil SO I N L. 180 | 140 187
May o] 2 148 151 | 198
June w 144 - 189 194
July .| o s0 190 78 133 g5
Avgust ...l 70 08 | me | s 187
Beptember .., S 130 - 129 123 TN
October = .|~ 60 | - 130 |- 129 us | 1
November' "..| 76 | 188 | 143 180
December .0 100 | 164 138 145

- Though so near to the other wells this one vearly alwaye is distinctly
alkaline and bhas been getting more constantly so. 1t is a standing illustra-
tion of the impossibility in this part of Gujarat of calenlating what will be
the value of the new supply, slthough water ke found at the same level as
in wells near by, withont actual test. As g matter of fact this is a distinetly
questionable water from an irrigation point of view. '
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- Alkalinity ==Bhattar Well.

( Cavourarep s Na2 CO3-)

Parts per 100,000
1909 1910 1911 1912 1018
0 —_—— —
P ¢ P G P G P p. ¢
January 87 87 266 29
February 64 74 16
. March 101 58 59 | Noe.
April . 129 90 59 281
"May " Nome | .. 183 44
" Jans - None, © 104 - A1
July 43 None. 122 10°4 52
. August . 08 None, .4'8 67 14'8
+ Beptember - None. 7 49 52 44
6atoba_:_ ool 349 None. 269 81’ 89
November 188 163 1111 07 "
December, None. None. . 207 2-2 .

o 'fh’e difference of this well from the. otheré, which nevertheless e so

close, is indicated by the comparativel

small proportion which chlorine

forms of the total salts contents, while the carbonic acid forms a much
larger ralative amount than is found in the other wells. This perhaps can
best be illustrated by taking the average figures for these constituents in
each year for the four most typical wells in this Athwa series :— )

8. |- Jeca | 110, | 1. | 108 | 10,
a, |00s| oL |cos| @ [cos| . Jcos| . |cos) on |cos.
- -f- - ! —— —_— e — et e g
p.o,lp,c,!p. ¢:|p.¢. P. &, P O.| P. O-| P 0[P & |P..Co| P G P- 02
o ’ #l & # . | e ’ Ho+
. Well No. 1I | BO-71 87 |447| 98" 60-4 7-3 {47-1|7-0 |51-5 | 6-5 b1-8 6-2
1ot ¢ 8§ § | o PO P 10T (O
cen » I ..|46-1 18-0 89-8|17-8 48-8 13-2 49-1) 6.0 |49-2 |' 6-6 47-2' 7-9*

_ : . 1~ #+
PR \ A 40-% 15-% 85-5/20.3 897 18.7 ss-: 14-; 87 3 15.8/ 895 14-3

‘ 1] 1 4
» . » VI svef ses | ane !19-1 85-21 39-9 27-5| 80-9 281/ 29-1 | 28-1 27-2; 29-1

] »

%9 months only. + 7 months only. § 8 months only, § 11 months only. I 7 months

only.
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While therefore the chlorine is usunally in each year af least twice and
usnally three times the amount of the carbonic acid in the salts in the
waters of other wells, - in the one which we are discussing the chlorine is.
only just equal to the carbonic acid and often below it in amount. In fact,
while it is not a typical trap water such as those cited on page 10 and
as those previously discussed from the Dhulis well, it is much more near tof"
these pure trap waters than any of those we have considered at Surat, :

The other constituents of this water do not 're'quir.e ‘further’ special
disonssion. The actual figures will be found in the appendix.

~ Conclusions drawn from the examination of the Surat (Athwa) Well
Waters.—1t remains to summarise the conclusions which may be drawn from
the long series of analyses of the well waters from Athwa (Surat).
In doing so it must be remembered that they occur in a soil evidently
derived from trap rock, from weils which do not penetrate the ruck, and are
waters which as they enter the wells from the Kast may be considered as
being at any rate in large measure derived from the trap ranges o the East.
Keeping this in mind, I think the following conclusions may be drawn,

‘(1) The sources supplying these wells do not Tepresent ‘a generaﬁéed
subsoil water, but rather a series of separate streams which are running
from Kast fo West, and which are tapped by the wells, .

(2) When not altered by infiltration from saline sources,~chiefly in this
caso the tidal river Tapti, they approach the composition of the normal trap
waters previously presented, except that in every case the chlorine is consi- -
derably higher than i a trap fissure water on the Deccan. This is parti-
cularly seen in the relationship between the lime and magnesia, and in the
snlphates. It is best shown by Well No. VII, which is most remote from
sea water contamination. ' -

(3) All these waters contain much more solid mattor than 'is usual in
most of the trne trap waters on the Deccan, but leaving aside the sea water
infiltration, this is what would be expected as they mmst have had & muck
longer course in trap rock and trap rock residues than the Decoan waters.

* (4) Other things being equal, the amount of salt in the water depends
on the strength of the fresh water stream throngh the well. If this becomes
feebler, then infiltration increases, and the evident sea water contamination
is high. Thisis illustrated Well by Well No. II, and by general rise in the
proportion-of chlorine'in the very tzry yeor 1911, -

_ (5) Thongh the conolnsion under (4) seems to apply to nearly all these
wolls yet there are wells which are fed from such constant sources that there
seems to be no infiliration at any time, even during & very dry year, and the
cornposition doés not seém to vary much Ht any time. It is evident that
such wells (as Well No. IV in the present series) draws its water from aj
Jarge eupply which is not immediately and largely dependent on the rainfall
in the near vicinity or even in the same season. In the case of Well No. IV
any effeot of the drought of 1911 appears gradually in 1912 and 1913,

(6) The -variation in the alkalinity of the waters of these reven
adjacent wells is remarkable. So far as most of them are concerned, the
alkalinity is extremely small. Even the apparéntly deep séated supply in
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Well No. IV is never alkaline. " On the other haud, Well No. VII is gene-
rally alkaline and so distinotly so as to make it a dangerous water for use in
icrigation. Even here it varies enormonsly, In 1910 it was not alkaline
for the greater part of the year, in the next season (a very dry one) the
‘alkalinity rose to a maximuni, and has, on the whole, tended to decrease

‘}r’?}uring the more normal years which have followed. A similar cause of
events can perhaps be traced in some of the other cases,

.(7) The rize =and iall “of the relative quantities of ocaleinm aud
magnoesinm in these watefs is curions. So fac as one can see, there seems to
. be a teudensy for the proportion of caloium to magnesium to take a rise in
each year followed by a fall (generally in the beginning of the rains), this
being-again followed by a second rise. The period is not the same each year.

(R) The proportion of the total salts formed by sulphates ia small.
Bat just as was pointed out in the oase of the well at Dhulia, it seems
subjevt to ourions sudden rises, often at the beginning of the ra'ns, but by
no means always so, which last for three or four months, when the propor-
tion becomes normal again. ' ’ o



APPENDIX,

- %

AxALYsEs oF WATER FROM WELL AT DHUGLIA,

- Comgposition of Salts in Well-water.

Mareh

e, fn%e'. 1008. 11& fome 108, geag: bfgggﬂf
p-6 | p.o. | pio. 'p.‘o. p.c.|{ po | polp-o
Potal Salts 615 | 647 | 469 | 510 | 584 | 626 | 562 | 530
(Parts par 100,000) : -
Containing— r s
Caleinm wl- 1| 62| 124 | 87| 109 185 | 150 98
Magnesium 60| 80| 151 160 | 149 | 150 | 75| 158
Oblorine o s el o2e| w5 | 70| 228 | 190 162
Sulphurio acid (804) .| 47| 88| 61| 83| 43 #2| 00| 81
Oarbonio acid (00g) * .| 898 | 89:4 | 886 | 498 | a0 | 416 | 38| a7
Nitrio acid (NOg) wf | 78| o | e L e [ | 7
Alkaliniby (as sodium oar| 254 | 184 | 128 | ... | o | ... "
bonate)* )
2005, | 1905, | do0p. | Sooe | ooy, | Ame: | Sept: |Optobor
p.‘o p-6 ] p.o|po|pol|pelpe|pe
Total Salts | 484 | 555 | 728 | 740 | 700 | 860 | 600 | es0
(Parts per 100,000) ' .
Oontaining— )
Caleium w| 16| 86| 71| 48| 67| 46| &7 s
Magnesinm W 108276 208 | 73| 108 86| 19| 88
Chlorine ' .| 228 | 120 | 185 | 186 | 196 | 68| 125 101
" Sulphrio acid (804) 168 [ 196 { 49| 887 66| 43| 95| 46
Oarbonio acid (00g) .. 281 | 447 | 361 | 865 | 883 | 838 | s8] 406
Nitrio scid (NO8) wf 67| | 57| a9 o | 2m9| .. | 208
Alkalinity (as sodium car+| .. 4| . a4

bonate).




© 89

Nov, Dee. |Joonary] Feb. | March | Aprit | M June
1909, | 1009, | 1010. | 1910. | 1el0, | 1uio. [ 101 1010,

’ 2 L | ee | po P01 PO | D0 [P | Pl po

TotalSalts 1600 60| 640 6800 | 560 {1040 | 760 | 680
(Parte per 100,000) _ : .
Containing— .

Calojum -] 58| 69 66 55| 86| 110| 58| 42
Hagxiegium o ) ue|1a|1as] 98| 100| 48] s8] qo
Chlorine . sslase| 120! 160! 22| s1| 10f s0s

Sulphurioscid ($04) .| 41| s2| e8! 57! s4 .87| 38 62
~ Carbonio acid (COg) | 442|804 | 417 | 410 | 446 | 208 ) 867 { 371
Nitrio acid (NOg) wf 8 w2] 76| o | .. | 169 184

- -Alkahmty (as sodium ear| ... 60| .. 45| 941106 41
bonate).

Joly | Aog.. Sept. Octobcr Nov. Dee. Peb, { Mareh
1010. | 1sio. 1ol Imo 1010. | 100 | 111 | 1pa1.

pofpelpe;peipo|poelpe . &

" Total Salts ' .| 180 920 880 ' 800 |1200 700 | 800 | 700
(Parts per 100,000) ‘

Containing— - _ '
‘Caloium e se| s ws| oar| e sof e
Mognesiom  * ] 80| 60 &7 908} o4 84| v1| 92
Chlorine o} 185 | 138 ] 127 128 402 | 107 | 216 | 194

| -
Sulphuric ncid (S04) .. 212 | 225 | 168 144 | i8| 70| 81| 47
Carbonio acid (CO8)- ... 847 | 208 | 811 ' 864 | 207 | 880 | 869 869
Nitric acid (NOg) :

Alkahmty (as sodinm ar-] .. 09

16
bonata).




- Ap: June | July | Aug. | Sept. |October| Nov.
lglﬁl.l 1‘%1‘]{ 191l.. 19].1’.. lﬂﬁ. 1011, 1011, 1911,

pe [pe|pe | poolpo | peo. p.'o.i p: G

. Total Salts - | 700 | 700 | 740 | 680 | 800 | 680 | 650 ss_-d“
(Parts per 100 000) . : : A
o bow N
. Containing— ) . : :
Caloium SRR R 6-31 68| s8| 64| 64| 73 72
Magnesium w| B4| 84| 82]108) 84 Ya| 72| 84
. Chlorine ] 60| 150 | 125 | 160 | 192 | 181 | 125 | 108

Sulphuric acid (804) ... ‘4..14 83| 149 | 167 |~187| 86| 31| 37

Carbonic acid (COg) | 810 | 400 | 828 | 40-0 | 344 | 802 404 | 391
. ~

Nitrio scid (NOg) .| ..

Alkalmﬁy (as ‘sodium card .- | 16| 191] 90| .. 16| .. [ 28
bonate) ! 5 .

en [T ‘eed aee en es een

De¢, |Jamuary| Peb. | March | April | May | June | July
I0il. | 1913 | 1012, | 101Q. | 1918. | 1912, | 1018. | 1018,

p.o.|®o|pe|polpe]|pe|pel po

Total Salts .| 680 | 900 | ¥0-0 | 770 | 710 | 760 | 800 710
(Parts per 100,000) ) : '

Containing-— ; : .
Caleium W) 60| 81| 621 51| 46| 67| 65| &6
Magnesium ‘_ wf 11| 11| 126 70| B4| 70| 69| 86
Chlorine L a8 a8 | 116 | 110 | 145 | 168 | 180 | 199

Sulphurio acid (804) .| 47| 62| 88| 58| 57| 48| 50 40
Carbonio acid (COg)  ..{ 866 | 882 ] 87-1 | 874 | 855 817 | 8841 | 389
| Nimioaid (NOg) - .} 88| 57| 87| 01| 56| er| s6] 50

Alkalinity (as sodiom car-- 64| ... | 81| .. | 104{ 126 120 | 20
bonate) . s
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< Tytal Salts ‘ o
{Parts pae 100,000) -
Containing— = -
Calcinm -
. Mag:nesium
Chl;rix;e
Sulpharic scid (504)
Cachonic acid (COg)..

Nibric acid (NO8) ...

Alkalinity (as sodiuﬁ'.t
carbonate)

Feb,

.| gept. |ooton . - i
B B | B | e | B | e
P | D0 | PoC | P pe0fpuo|po|p.o | P.oe
740 | 740 | 680 | 750 | 760 | 770 | 76°0 | 750 | 740
59| 48| 47 58| 57| 51 57| 58] 48
4 ) ,
44201 81| 78| 73| 90] 92| Bt| TT
J 129 | 129 | 142 | 129 | 127 | 186 | 197 | 129 | 181
49| 55) 85| 88| 82| 42] 48| 88| 98
88'8 | 322 | 88-4 | 963 | 871 | 864 | 971 408 | 998
65} 65 58| 60! 53| 68] 62| 53| 61
80| wo | i | e ] e | 18] 09 ...

B 8508
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Analysis of Water from Wells at Surat.

- WeLL No- 1. '

'Obmpbai;}-ion of salts in Well water.

e g |t | | e | 20| e B
‘ ' . peipcipelpelpeo p.c | polp is.
Total Salts L1024 | 2007 | 2208 | 1654 | 1300 {1280 | 780| 4a0
{Parts par.200,000)° ‘ ' Lo
Containing— _ : .
Caleiom a2l 71| 7e| 15| 54| ealars| 109
Magnesinm 86| 49| 56| 26| 46] 44} 86| 59
Chlorine a54| 467 435 | 488| 472 444 23:0| 159
Sulphurio acid (804) 43 28| a0, 68 69 1] 47
Carbonio acid (CO8) .| 208| 182] 17a| 191| 15°5| 136| 246 400
Nitrio acld (NO3) N O O A T
Alkalinity ‘(a8 sodium 42, 86| 444 -4.-7 17! 84
carbonate). ‘
S | T | B | | A || AR 52
¥ Pe & |PeC| PP |P-&| PG | PGP oca
Total Balts ..| s80] 460|1200] 1660 | 160-0} 1860 | 1800 | 1600
(Parta per 100,000)
Oontaining— 7 .
Calcium .1 19| 87| 50| or| 40 18| 88| g
' Magnestam | 54| 61| e9| 55! 44| a8 | 87
Chlorine . | 129| 141] s27| o8| 46| 40| 47| 603
 Salphurio acid (804) .| 168| 62| 88| s7] 48| 68| 41| 102
Carbonio acid (008)  ...| 826] 405 16-3| 13:2| 188! o8| 196| 118.
Nitrlo acid (NOB) ; o | o
%g ts,. sodinn v | 69] o | L] 20| 60| w6 ..
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June | Joly Ootober | Mareh Aﬂ’il July |Angost] Sopt.
1010. 1910. l 1010, 1811. vl 18ll. 1011, 191l

p.e|pe|pc|p.o|po] D o]|po]pe

tal Salts .. | 1940| 760]110:0 [ 122:0| 2600 2600 2580 980
"(Parts per 100,000.) ] . '
-Containing — '
Galeum - .| 19| 68| 47| oo0| 46| 83| 48 131
Magnesium | ws| 11] 48| 20| 84| 63| so| 78
Chlorine © | 43| 2r2| 87| 547 08| 462| 464| 341

Sulphuric acid (S04)  ...| 42| 43| 38| 74! %1} &8 90| 96
Carbonic acid (CO3) wo| 18| 171| 199| 16-5| 88| 02| 78| 177

Nitrie.acid (NOB) O PR TN - . P B o
Alkalinity (as sodiam wo | | e | 48] 10] 87 10} 91
carbonate). ’ :

BRI Al I et el Bl It
. pel|lpe|pelpe|pe|pelpe
Total Salts . Voseo] 1180 | 1940) 1060 | 1380 | 380.0 | 1980
(Parts per 10q,009) ’ . .
_Oontaining—.- _
Caloium - | 64| 128 98] 132 63| eo| v
. Magnesium .| so| e8| e3| 40| 20|  s6| 18
Chlorine- ' .| 819] 85'8| 85-s} 83-0| 861 -82'0{ 826
" Sulpharic scid (S04) .| 40| 100]- 74| 48| 4] o%|- 25
" Carlonie doid (CO8) o) 9| 1rF| 18] 178| 150 |[~aee) a1
Nitricadid (§08) " we] wn f e e | e | e |
Alkalinity (a8 sodium 1 os] 18] w8} .. | 68| 86!l &8
carbot}abe).. . ; -
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WeLr No, II.

Composition of Salis in 1ell water.

Mareh | April | June Jaly | Avgust | Sopt. Qet, Nov.
1g08. |1194. 1008, 1908. 1008, 1008. | 1908. 1008

pe.|melpelpe|pel|po|pelp e

Total Ealls wir | 203'8 | 203-5 | 220°3 [ 237-6 | 1674 | 2060 | 2288 | 1705
(Parta per 100,000) .

Containing—
Qallom | 1al s8] 56|l s3] eol s1| 72l &8
Magnesinm oo | 86 B2 65| 77, 66] 68| 60 5'5
Ohlorine .| 454l 505} so7| 508 642| 45| 28| B2

Sulphuric acid (804) .| 60 12| 50| 69| 24, 44 47| 48
Carbonio acid (CO8)  ...| 26| 12| 88| 80| 81 7-1‘ 8] 99

Nitric Gcid (NOS) ase ran wes s Y T e ane e
Alkslinity (asjsodiam % IR R R R A e

carbonate). l

Dec. | Feb, | April | May | Juno | July | August| Bept.
1908. 1809, 1809. | 1000, 1809, 1004, 1909, 1909..

| .
p. C.|P. c.1p. € P Bolp. S| P Cl s [P’

Total Salta .. [1970 2310 24641 2502 2400 | 230-0 | 180-0 ‘1900
(Parts per 100,000) }
Containing— ' .
Galoium w| 58| B4 49 49| 57| 60| 71| 78
Maguestum | 78| 78| 69| e8| 65| s3] sal oo
Chlorine | #r1| 1] s05| 818! 57| 494| o6 380

Sulphario seid (S04), .| 46| 68| 47| 41| s8] e5| 105| 64 .
Carbonic acid (0O03) oo | 14°7 98 90 86- 84 94| 192 | 110
Nitlric mid (NOB) ay sy ey 0'6 sen Y] X3 1'7 0‘7

Alkalinity (amsodinm vea ] 11} “e 2'4 m 10 1
cubon{tg). ’ ‘ . _ W
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Nov,

March  April

1009, | IBOA. 1‘2‘1!3' f;}:l 1919, 1 1%1?03 i';]l‘l?
P.¢ |pP.c|D e p.é Pt | D.oc I P e.. P &
YCotal Salts . | 242-0| 800-0 260-0 | 2600 2800 [ 2740 2600 . 3940 .
{Patts per 100,000) A
Containing— =
Caleiom o] #4] 48] 49! 40| 21! 44| 42| &
.Magne;iq.‘m w | 48] 3] 69} 11| yo| 9] 49| 74
 Chlorine 82'6| 601| 50'0{ 500{ 477| 512l 586| 476
Sulphuric acid (S04) 78| w4| 55| w3 60| 52| 57 teci
" Carbonic acid (COS) - s1| 70| 86 70 ¢8| 77| 87| 11'6
" Nitcic aied (NO3) «  we | wor | on w
" Mkalinity (as sodinm 87| 14 a4 14 | ..
* carbonate,)
LN
oo, [N B | e | Mew | o | e | B
Pet [Pat. | poc|p e |poc. ! p.c|pe|p e
Total Salts .. | 8120 | 2800 | 220°0 | 260-0 | 261-0° 8000 | 1800 , 820°0
{Parts per 100,000)
Con;.ainiﬁg—
Caloium 81| 40| 54| 87| 05| 17| 27| 19
Magnesiom wo| 571 aa| 88| 78| 45| 22f 4] 82
Chlorine | 48] 5057 515) 401 583 529) 488) 524
‘Bulpharic acid (S04) 40| 78| 64| 48| 1| 26| 43| %6
. Carbonio acid (CO3)  ...| 60| 49| 67| 81| 28| 74| 181 0
Nitric acid NO83)
“Alkalinity (as sodivm T ET ) R R “ | 21|18
carbonata),
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March

VAugust

Bo t._

Mo AN | S | il vl Il
) p..c. p.c.|Dpoc } p-¢ | p.ec|pe. p c. ] ]_: o
. Total Salts .. | 810°0 [ 8700 320-0’320-0 8660 | 2760 | 132-0 | 274°0
{Parts per 100,0002 ] . :
Containing—
Calcium - 2'1 291 84y 471 78| 18| 51| 41
Magnesium 82| 15| e8] «1| sof v5| 78| &3.
Chlorine _ 58:1 | 553| 860 44'8 | 877] 530| 872| 6@L
Sulphurie acid (S04) eT| 22| 97| 99| 86| 50| 87| 54
Garbonic acid (CO8) 61| 26| 43| 61| ... | 50| 181 o7
Nitrie acid (NO83) I - .
Alkalinity (as sodiam 17{ 10 19 so| 49| o5
carbonate), .
Toms. | o |ier | A0 | TaL | Tom | I [ A
peipc|p(pe|pe|pe|p ofp.-e
Total Sults .. | 807:0|301-0 | 3000|8050 | 807 0 | 307-0 | 809-0 | 8070
'(Pavts per 100,000) ’ )
Containing— - _ )
Calcium | s1| #3| 23] s2| sa ¢7| 59| 85 |
- Mognesium - w| T8 T8 7B 69| 7v2| 72| 72| vs
. Chlorine ! 509 511} 526 51| 518| 519| s1-3) 518
_Sulpluric acid (S04)  ...{ 4T| 52 '5-? 47| 9 53, 49 55
.- Corbonic aeid (CO8) .-~ ...| 67| 70| 52| 71 ss 51 67 62
Nitric acid (NO3) ) IR [ FRTVR IROVR T
- Alkalinity (a8 sodium 19 14| 19| 19| 14y 14| ... | 16
carbonate). ’ T .




s | | | | | e e e
p.'e. . PeC|Poc | P e p.c|poc|pe ‘p. e,
&otal Salts T | 2080 8030 307°0 | 8080 8070 | 8080 | 2850 | 2810
(Barts per 100,000) -
Conbining— | o
Caleium o . ae| 39| 43| 48| 68| 48| 48| s9| 65
Magnesinm o | 62f 69| 8| 82| 78] 72| 77| 68
Chlorine v | 610| 512{ 51| 511 527 | 506 | 514 | 567
Salphuric acid (SO4) . .| 54 59| 51| 57| 46| 47| 86| 50
Carbonic acid (C03) .| 67| .66 70| 71| 70| 74| 76| 12
Nitric acid (NO3) v e v - "
Alkalinity (as sodium’ 14| 12| .. I ve .
carbonate), '
{ ] Dl o Mpen] e
P& [P0 (P e.lp. 'c.‘ P- G | p. c
| | o
Total Salts . ... | 800.0] 2040 ' 8330 806:0 8330 8310
(Parts per 100,000) :
Containing—
Calcium w | 58 B1| 21| 58| 44] 41
Magnesinm ) 68 7’0' 66| 76 5'4. 68
- Shlorine % o | 408 4éjs- 511 564 | 607 516
Sulphurie acid (S04) w| &1 88, 49| 61} 24} B2
Carbonie acid (003) s9| 713 61| 29| 69| o3
Nitric acid (NOS) P 7 I O I
“Alkalinity (as sodium carbonate) 06, 04| 14; ..
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Werr No. IIL

A | i |3 e Tl o e | B
po | poc |po |p o. p.o |po|po |p. o £
Total Salts .| 1580 | 1605 | 173:0 | 1260 | 1780 ! 2790 | 1420 1830
(Parts per 100,000) - ' |
Containing— _ : .
Calcinm ol 74| 20| 41| 72| 44| 85| v7] 83
Magnesiom . so| ea| 53| 51| 41| 29| e8! as
Chlorine o 46°6| 48:8| 445 | 487| 447 516| 430, sg2-
Bulpliurie acid (304) .| Not | 64| 71) 28| 43 85| 70| 79
minod .
 Corbonlo acid (COg) = .| 156 | 148| 121 126| 93! 72| 144} 184
Nitric seid (NOg) W (VR o T (T (R v (RO B
Alkalinity (as sodium catho-{ 77| 89| ... " . "
- nate). ‘
B \Yaren | et | Moy | dume | gur At | o8
poipe |popo [po|po|po|pe
Total Salts .| 1654 | 1705 | 167-2 | 1680 { 162-0 | 1920 | 118-0 | 108%
(Parts per 100,000) : : :
Containing-— ) . _ ;
Calcium of. 89] 85| 86! 21] 44| 43| 108| g7
Magnesium . 64| 58| 52| 56| 40| e8| s3] eg
Chlorine .| 898| 422| 481| 451 469| 896 s60| 575
Sulphuric scid (S04) .| 21| 60| 55| 42l 9| 84| 199] 4
Catbonio scid (COg) _ .. 161{.148| 148| 140| 160| 160 178 19
Nitrio acid (NOg) | s 07 1of ... | #2| 18
Alkalinity (u-odmm earbos | ... . - 2'-8 19| 78
nate).




9

I
Qetcher| Nov. | Dec. |January, Feb, | March | April | May
I00§. | 180%. | 100w | 1eI0. I 1010. | 1910. | 1w10. | 1610.

p.o. | p.o | pP.o Pt | PO

p-S | D0 [ Do

Motal Salts .| 1290/ 1800| se-0- 1700 1680 1700 160-0 | 160-0
{Parts per 100,000) ! ,

Containing— f
Caleiom ) ee| 40| 7| so) 88| 24| 80| 29
Moguesiom . .. 64| 47| 109 L6 45| 47 46| 49
Chlorine ' | aro| 415| 298| s0a| 400} a8} 406| 807
Sulphuric acid (80,) .| 48| 76| 129 70| 59| 77| 10] 191
Carbomic acid (COg) .| 207 185! 208 89 161! 188| 164 | 187
Nitric.acid (NOg) :
Alkalinity (as sodiom carbo.| o | 50 40| i | o | 50| 48

nate). ) ’ ] ‘

June | July | August

Sépt. October| Nov. Dec. | Junuary
1010. 1910. 1410, 1010, 1910,

1010, | 1010, | el

p.c.‘ p. o | PO | PG| PG | PO | PO | PeC

Total Salts {1640 | 184:0 | 280-0 | 148-0 | 1800 | 135-0 | 280-0 | 2600
~ (Parts per 100,000) - - . .
Containing— ’ .-
Calclum - .| se| 81| 16 19| 81| 16| 86 28
Magnesiom .| e8| 44| 24| 46] 46| 87| 76| 31
Chlorine. . | se7| 42| 496] aa8| 42:1| e2:8| se7| 657
Sulphuric seid (804) .| 75| ‘61| 40| &5) 40 Not | 14| 88
deter-
mined
Carbonic acld (COg) | 10| 148| 77| 1244 147| 280} 51| 80
Nitric acid (NOg) 5% A (VU SRR IRV [V R BT B
Alkslinity (as sodinm carbos| ... | - 19| .. 184 .. 240
m;u). - -

B 309=7



Feh, | March | July [Awgnst| Sept. |October| Nov. | Deo.
1011, 1911. 1011, 1011. 1011, 1611, is1l. | 1ml,

fp-. 6 |po|po|pe|po|po|po|po

Total Salte ' wi| 800:0 | 8000 2540 | 2550 | 2650 | 2250| 2550 2620
(Parts per 100,000) ,

Containing— 7 . _ _
Calcinm W 81| 82| 28| 41| 89| 51| 49| 33
Maguesiam w 16| 18] 68| 56| &85! 64| 71| 58
Chlorine . s2s| ar7) aes| 61| 41| 05| 96 490

Sulphuricacid (804) .. 19| 21| 128| 94| 108] 88| 69| 88
Corbonic aeid (COg) .| 66| &6 48| 76| T4l 74| 64| 41

Nitric acid (NOg)
Alkalinity (ss sodinm carbo-| 30 287 29| 14| 88, 49 27 14
nate). .

Jnouary| Feb. | Morch ; April | June | Jaly ) Augnpt | Sept.
1012, | 1012. | 1012. | 1elg. | 1012. 191{ 1912, 19}:2. ’

Total Salts .| 212:0( 2780 9740| 2680 2720 241:0| 1520{ 1780
(Parta per 100,000) A B ‘
Containing— 7 . S
Calcium wf 6] 49| 45| 81| 52| 48! 60| B0
Magnestom - 55| 58 ea| eo| be 50 75| 86
Chlorine .| 4s8| 50| 04| s12 48'8} 495, 4T8] 484

Sulphoric acid (804) .| 47| 46| 50 49| 58 4‘9‘1 81 78
Osbonic acid (C0g) .| 61| 61 -60| 68| 64! 71, 61| 70

. . o

. Nitric acid (NOg) % RO PV T T O S

|
Alkalinity (as sodiam carbo-] 24| 10| 18| o8 97. 16, 09| 17
nate). . : . :

| i
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i-Oetober Nov. | Dee. January| Febd, EMnrch Aprll‘| May
101, | loiz. | 1018, | de13.°[ 1013, | 1019.-] 1613, I 1918,
. | PO [P e |p.o.|p.¢ | p.o |PO |poc |p.o.

Total Salts .../ 201°0 | 196-0 | 187-0 | 1980  197-0 | 207-0 | 305°0 | 1950
(Parts per 100,000) ° :

Containing— _ )
Caloium - ) o 88| 42| 39| 44| 58| 64| 0| 42
Magnesium W 63 48| b5 45| 71| 48| 41| a7
Chlorine a0l 4s2| 498] 477] d2:a| 458 495| a10

' Sulphurio acid (SO4) 61! 46| 61| 41] 64| 58| 42| 48
Carbonio acid (COg) J 70t 67 7Bl 74| *9| 68| 80| 59
Nitrioacid (NOg) '
Alkalinity (as sodinm carbo-| .. 03] 08 .. 2:8
nate). |
June Jaly August Hoptember Qotobar
1913. 1913. 1018, 1013, 1913.
p- © p- C p. o p- O P o

Total Salts - . 1970 1820 1980 1790 1930
(Parta per 100,000) ‘ :

Calcinm : L e 51 44 50 49 89 -
Magnesium sed 49 - 96 88 46 ‘20

- Chlorine v - ATB 481 468 489 891
Sulpburio scid (804) .| 46 42 &6 | ° 48 59

Carbonioacid (COg) i 80 78 75 88 | 124
Nih'io acid (NQ’.) 1 ees e e .
Alkalinity (aa sodium carbos|* ... 19 80 16 38
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WeLrs No. IV,
| | e s [ B
peipolpofpo.po|po PO | PO

Total Salts - 1 1810|1176 |126'6 |123°7 |214'5 | 2167 {1167 | 1869
(Parts per 100,000) :

Containing— ! , - .
Caloium 60| el es| 74| 88| se| 55| 80
Magnesium l 19| 60| 97| 65| 73| 28| 62| 8
Chlorine | 402 | 360 | 866 | 40 | 516 | 491 | 864 | 850
Sulphurioc acid (804) ... 40| T5| 83| 60| 86| 28| 88| &%
Carbonie acid (CO8) ' l 140| 205 | 162 | 167| 93| 96 186 | 167
Nitrio acid (ROa) ! PP R T I w |
Alkalinity (as sodium oar-| 17 [« 45| .. | .. | .. 07| ... | b6

bonate)- ) .
toon. | Sono."| 38 | don. | Toon, | T6ke. | eee] Toow
p-o|pc|p.o|p e |po [p.o|p.o | P 0.

Total Salts - ..|188+1 [ 1865 | 1680 |138-8 1160 | 1040 5106-0 1200
(Parts per 100,000)

Containipge
Caloium | 82| 28| 21| 80| 41| 5O 45| 2%
Magnesium " u] 46| 85| 81| 89| 28| 52| 49| &

:  Chigrine ' .| 876 | 878 | 295 886 | 354 | 822 | 918 | 812
Sulpburic Al ®4) .| 57| 54| 48| 46| e4| 70| 68| 7o
Corbonio asid (608) .| 199 | 188 | 178 | 175 | 221 | 200 | 20| 220
Witrio acid (NO3) ' W 1
Alkalinity {(as sodium car-| 58| 109 ] 115 T5| e 661 ..

bonate). - f




May June | July | Angust te Oftobsr‘ Nov. | Dec.
-1810. | 1910. | 1910. | 1810, | 1810, | 1010. | 1810. | 1010.

PO fpc| po|po|po | po|pe|po

) Balts ...| 1400 | 128-0 | 118:0 | 150-0 | 1400 | 150-0 | 1800 | 1600

. ts per 100,000)
Oontaining— . 3 :
Oaloium w 29| 28 81| ¢8| 20| 21| 18| 8b
" Magnesium .| #1| 49| «6| 86| 67| 88| 27| 86
Ghlorine .| 400 | 88-3 | 866 | 407 | 870 | 411 | 412 481

Sulphurio acid (804) .. 188 48| 52| s2| 67| 11| 87| 89
Carbonio acid (008) ... 195 | 210 | 206 | 147 | 189 | 216 | 152 | 181

Nitrio acid (NO8)  wed wee | woe | won | wee | v | o b o e
Alkalinity (as sodiam oatee ... | oo | .. | 88| . | . | .88 OT
bonate),

January| Feb. | March | April | July | August | Bopt. | October
1911, | 1011, | 101l 1611, | 104, 1oil, | IO, 1011,

2 PO | PuOe | o0 | PeO | PG (PO [ PsO. | PO

Total Salts - .. 1500 {1200 | 1800 |1200 | 1540 |1490 | 1500 [1720
(Parts per 100,000) , |

Containining—

Caloium . 9oo| e8| 62| 88| 83| 26| 27| 18
. MAgheaium | 49| 74| 28| 54| 26| 49| 85| &9
Chlorine | e58| 416 | 405 | 275 | 848 | 854 | 869 | 890

Sulpburic scid (804) ... 55| 65| 68| 41|180] 129|128 74
Osrbonio acid (CO8) .| 105 | 140 | 134 | 180 | 104 | 14%6 | 12:3 | 186
Nitrio acid (NO8) - «oo| e "

Alkalinity (as sodium car-| 77| 44| 86| 101| 80| e5| 61| 86
bonlte{.




o | BE PR S | TR | M | S | s
P ol po |p.o[po|po|po{poipo.
Total Salts | 1650 (1800 1610 | 1550 1550 1700 | 1470 | 1534,
(Parts per 100,000) e tial
Containing— _ . -
Oaléium - o 41| 18| 24| 38| 80| 28| 01| 86
Magnesinm w| TO| 45| 857 45| s6| 87| 48] b4
Chlorine . .| 870 | 483 | 808 | 862 | sea | 888 | 880 | 86-6
Sulphurio sid (804) .| 59| 62| 99] 50| 0] 1085| 70| 78
Carbonic acid (00g) - .| 186 | 188 | 156 | 181 | 174 | 165 | 186 | 156
Nitrio acid (NOg) o e e | e
Alkalinity (as s;xlium car-| 73| 84| 08| 28| 28| 43 100] 88
bonate). : . aiit]
o [ | s (o B | B el 28
. P o p:0 | p.o | p.o. [p.o ip.0 | po | P o._:
Total Salts : ..{ 1470 1470 | 1450 1480 | 1680 | 1750 | 1690 | 1800
(Parta per 100,000) ;
Containing—
Caldium o 80| 40| 19| 27| 17| 83| 18| 98
Magnesium sa| e7| 41| 41| 46| 48| 88| 49
Chlorine | 408 | 395 | 490 | 882 | 882 | 856 | 885 | 888
 Bulphurio acid (304) w1| o8| s8| 71| 78| 78| s8] o
Carbonio g0id (CO8) .| 17-1 | 16% | 160 | 157 | 16:8 | 16 | 165 | 159
. Niioacid (NOg) o] e | S R RV I I
" Alkalinity (sa sodium car-| 15| 80| 51| .. | 09| o8| o8| 12
bonate).




Tt | M| e R
poipo |p.o |po|pofpo|pe|po

" Jal Salts .. 1880 | 1690 | 1620 2070 | 161:0 [ 1670 | 1650 1660

~ (Parts per 100,000} . .

Oontaining— N
Oaloium C . 21| saf as| e8| 9| 87| 81| 18
Magnegium - 40 o| 40| 44| 83| 53| 88| 80
Chlorine .| 887 | 401 | 861 | 464 | 849 | 409 | 88:8 | 428"
Sulphurie acid (804) ..| 44| &7 64 47| 68| 86| 83| 08
Osrbonio acid (008) - o161 149|176 | 78| 162 106 | 126 | 188
Nitrio acid (NOg) s
'.Alkalinity (a8 sodiumocar-| 04| 83| .. 18101 22 ..

bonate), "
WeLr No. V. .
e | e | | o || s | B
|pe|p.o|po|po|po|po|poip e

Total Salts ..181-0 1350 | 1210 {1190 | 1085 | 1550 | 2150 | 1000
(Parts per 100,000) . .

Containing—

* "Oslcium’ e e | 481 67| 78| 118| 80| 53| 106
. Magnesium e2! 40! 50| 72 66| 85| 32| 638
Ohlorine | 464 | 4566 | 440 | 415 | 418 | 498 511 | 420
Sulphurio acid (S04) 84| .. 40, 72| 78] ¢2| 28| s2
Carbonio acid (CO8) 180 | 161 | 165 | 167 | 185 | 118 | 85| 170
Nitrio acid (NOg) L o
Al];aﬁnity {as  sodium 66 64 19| .. . 00 -

carbonate). .




b6

! Dec. | Feb. | Mach | April.| May | June | July | Aug.
1008. 1909, 1909, 1009, | 1000, 1900, | 1008. | 1809,

Ip.ofp e|p. e p o|po|po|polp e

Tota] Salts *..1180 | 1280 [160:0 [141+0 [168-0 (1240 |148°0 |150%C
(Parts per 100,000} ' AN
QOontaining—
Oalainm - . 4| o6| 62| 50 41| 88| 65| 88
‘Mognesium o B5| 64| 58| 89| 68| 21| 64l 44
* Oblorine . 489 837 450 | 486 | 463 | 232 | 440 | 8338

Sulphuric acid (804) .| 59| 48| 47| 56| 35| 27| &3] 45
Onrbonic acid (00g) ... 146 | 176 | 140 | '8:9 | 140 | 69| 140 | 180
Nitric seid (NOg) l o { oo e [ | e | | o | 58

Alkalinity "(as sodium car- | .., Il .. 11
bonate},

ert. Qet. | Nov. | Dee, Jan. Fob. | March | April”
1009, | 1509, | 1809. | 1B08. | 1810. | 1810. | 1910. | 7810.

o (D o|Po|po|p.o]|p o pe|po

Total Salta ...(100-0 [118'0 (120:0 (1400 | 1600 | 1400 |1880 [160-0

(Parts per 100,000)
Oontaining— )

Calcinm .| 64| 64|.68| 42| 57| 42| 88| B0
Magnesium " . 80| a7| 69| 78| 70| 68| 40| &4
Chlorine - | 339 ] 860 | 416 | 420 | 426 | 426 | 508 | 41'5
Sulphuric acid (804) .| 108 | 52| 61 55| 48| 29| 69| 41
Oarbonio acid (COg) .| 180 | 222 | 162 | 148 | 156 | 176 | 128 | 171
Nitric acid (NOg) . 144 _ »

Alkalinity (as sodium car-| 48| ... 80, 84| .. 58| 83

bonate}, o
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Moy | Jame | oz | gk | o0 | . | ek Lfé‘i“.s.
p: o p e | PG | PG PG | P O pP-o | PO
Total Salts .. 1440  126:0 | 108-0 : 1800 [130:0 | 150:0 | 400 |1500
(Parts per 100,000} :
" Containing—
Calcium 41| 47| 18| 68 24| 87| 60 45
~ Mognesium . o osT 67 10 5|.54| 53[ 15| 28
Ohlorine v 449 ! 459} 479 890 | 401,] 891 | 189 | 412
Sulphuric acid (804) .. 83| 97) 50| 75| 69| 60 51| 21
Carbonio acid (CO3) 153 | 168 | 184 | 162 | 152 | 16:4 | 527 | 265
Nikbrie acid.(N03) " v . vor
Alkalinity (a sodium car- | ... - . 5-2 “ o | 269 | OF
bonate).
Jake | B | An) A% | SR | W | RO
PO [P 0P O | PaC|Pi O| Pu O PeCyPe O
Total Salts .| 1800 ! 1500 | 1200 |132:0 | 1500 [1820 , 58:0 |1010.
Parts per (100,000) ’
Containix-lg— '
Oalcium 96| 66| 98| 56| 85| 48| 40| 19
Magnesium g8, 20| 46| 68| 52| 46) 50| 61
Chilorine 431" 895 ]| 459 | 869 | 826 | 857 76| 488
_Sulphurio acid (804) 48] 65| 41| 76| 190] 80| 77| 04
Carbonic neid (COg) 117 | 128§ 130 ( 202 184 | 207 88'51 180
Nitrio a.c'nd_(NOs) " . B PR TR R ve 1w e | e
Alkalinity (a8 sodinmcar-| 20| 81| 101| 46| 82 7T4] 232 91
bonata). . -
. ]

ﬁ 869.-3
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Dec,

- Do | | B || R |
p- o | p-o é.o.'p.u. pP-& | P C p.c.'p.o.
Total Salts : .. 186:0 | 1440 |188:0 {1110 | 135:0 |130°0 | 1440 {1270
(Parts per 100,000 ) :
Containing— . s 1L
Calcium -28| 19| 89} 57{-20! 40])- 47| 47
Magnesium 71| 41| 62| 75| 44| 63| 43| b8
‘Chlorine - ’ 419 | 999 | 894 | 460 | 436 | 887 | 374 | 878
Sulphurio acid (804) .. 48190 | 47| 53| 79| 71| 40| 40
' Carbovio acid (C08)” .| 127 | 61| 149| 218 | 121 | 172 | 180 178
Nitric acid (NO3) . . v | w i
Alkalinity (as sodiomcar-| 64| 51| 61|~78| 3| 51| 05( 17
_honate). ) . [ ‘
LR Ang. s«;;.t.I Oct. | Nov. | Dee. | Jan. | Peb. | March
[ - 1012, 10ig. 1018, 1912. 1018, 1013, 1918. 1918.
P-C | P- C} P 0.' P-0|P. G p. 0. | P. 0.' p; [+H
Total Salts .. 1290 | 1960 11360 1870 | 181-0 | 1400 | 1870 | 1880
(Parts per 100,000) .
Containing— i
Calcinm 46| 81 291 49 55 61 47| 48
Magnesinm - 49 85 58 4-9 59 50 52 59
Chlorine . 887 | 887 | 956 | 864 | 405 | 886 | 366 ! 385
Sulphuric acid (S04) 88| 48| 70| 42| 60| 44| 42! 43
Carbonio acid (COg) 147 | 181 | 168 | 185 | 206 | 191 | 192 | 184
Nitrie acid (NOg) ee . m ien e
Alkalinity (a8 sodium car-| 28| 76| 82 16{ 06| 05| o6
bonate). . :
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vl I O Gl I e -l
s p- o | p. e p.o.ip.o.ip.o.“).o.;p.o.

?ro(t;; gii;ser 100,000 ) .|1240 [1300 {1810 [1110 {1810 119-0!126-0'

dontﬁininé—

" Caleinm 58| 49 6B | 46 88 58 | 67
Magnesinm 65) 67( 57 43¢ 58 87| 486
Chlorine 430 | 870 849} 853 | 851 | 895 | 408
Sulphurie acid (804) 85| BT 47| 47| 63 41 49
-Carbonic acid (CO3) 148 | 194 | 187 | 210 | 175 | 151 | 168
Nitric scid (NOg) e
Alkalinityl(as sodium carbonate).... ga| .. “ W 83| 24 47

WeLL No. VI.
o | | dme | o | e e
P:0 | PG [P0 [p.C | P00 | PO { PO | po

Total Salts . .. [129°0 [119:0 |134'3 (1262 | 15244 [1166 | 2649 [200:0

- (Parte per 100,000) : ’

Containing—

Calclum | 06 40} T2 82| 84| 91| 29| 85
Magnesium el B6| 47| 44| 63| 78| 61| 19| 29
Chlorine . .| 865 | 884 | 426 | 40'8 | 4200 | 448 | 547 A51-s‘
Sulpharic acid (S04) - wel 71| 81} TO| 57| 108 TO)| B1| 24

* Carbonic acid {COg) .. | 196 | 210 | 166 | 182 | 12-7 | 124 | 68 718
Nitrio a6id (N0} woo| woe | e | v | e [ow f e e | e
* Alkalinity (as sodiumoarbo- | 156 | 49| 82| 54| . | v | w | 18,

nate). . - : " i
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| B | | | e | [
p.c {po |po 'po [po |po p o |po.
Total Saits 1110 | 1814 | 1500 | 1249 | 1895 | 1080 {1800 | 1020
(Parts per 100 000)
Containing— .
Onleium w| 87| .42 46| 44| 09|-83| 73| 81
" Magnesium © .| 81} 48] 7TT|.e6| 50| 32| 70| 22
Chlorine 413 | 408 | 409 | 412 | 4104 | 449 | 475 | 94'8
Sulphuric aeid (804) 55| 53| 68| 89| 86| 49| ga| &6
Icarbonic acid (00g) .. | 188 | 147 | 195 | 15-7 | 181 | 200 | 11-8 91
Nitrio acid (03) SV DR | 10| 12 .. ' 47
Alkalinity (as sodium ocarbo- ' 68| .. 07
. ‘nate), ;
s | N | B | o | B e |
p-o | P& [ p-o. [P0 |po [ poip.c | PO
Total Salts : vor | 1260 | 1360 | 1600 | 2500 | 2700 | 17040 1000 2300 "
(Parts par 100,000) : ' :
Oontaining— .
Caloium 95| 79| 78| 65| T4 51| 481 66
Maguesium w| Ta| 64| 107| 64| 56| 58] 68| 65
Chlorine © we| 888 886 | 516 | 402 | 493 | 465 | 444 | 474
Bulphurio acid (804) .| 76| 116 | 78] 91| 68 ' 43| sa 44
Catbonic acid (00;) 157|150 80| 74| 817131 | 83| 82
Nitrio acid (NO3) - w| 10 e -
" Al¥alinity (as sodium oarbos| 46 | .. . 58| 27
nate). . -




et

X Moy | June { July !August| Bept. |October| Nov. | Deo.
- 1610, 1010, 1910, 1610, 19?0. 1010. 1910. 1010,
. p-%|po|paolpol|petpolpo.]po.
lemﬁx ' .. | 3000 | 2980 |2540 |180-0 {1800 |200-0 {208-0 |280-0
-Parts per 100,000)
Containing— )
Calcium « .| 40| 50] 50|19 57| 63| 29[ 19
Magnesium _ o] 45| 18] 50| 182 61| 78] 14| 29
Chlorine ] 818 | 428 | 364 518 | 495 | 655 | 511
Sulphuric acid (S04) . -50) 48| 88| 133| 57| 53| 26] 84
Carbonic acid {CO3) 75| 70| 77| 10| vo[102]| 51| T8
* Nitrio acid (NO3) VR IR B
Alkalinity (as sodium carbo- .o W 18] .. 26| 16
nate}. . .
i ]
Jan. Peb. | Maroh | April | July !iugunt Bept. | Oct.
1011, 11, 1011, 1811 1811, 1011, 1011: 1011,
PO [P0 | PG | PO | PO {0 | PC| PO
Total Salts ... 12200 [222-0 | 3500 {1400 | 1820 |251-0 [229-0 {1800
(Parts per 100,000) h )
Containing—— .
 Caloium ol asl 87| 21] 28| 88| 45| 54| 51
Magnesium ool 21| 14| 68| 55| e8| ea| 115
Chlorine 450 501 | 523 | 458 | 400 | 447 | 448 | 582
Sulphurio acid (804) .| 46| 56| 48| 41| 69| e8| 84| 81
Carbonio acid (00g) - .| 97| 49| 82| 116 |158| 83|04 86
Nibrio acid (NOS) : L1 wes s wes (Y1) e e T nee,
Alkalinity (as sodiuzicarbo-| 15 19] 10| #6| 84| 118| 15| 20
nate). . .
]
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' Nov | o | Jam | T [t dmE | 8 |5
) p.o|p.o|po|[po|pe|po|pe]|pea
Total Salts - .. l2850 2060 | 2040 {2800 |2410 |288:0 [2030 26%
{Parts per 100,000) ’ n
Containing— .
Calcium 03| e8] e8| 67| 71| T5| 18| T
Magnesium w| 117|204 72| 68| T2| TO[ 80| 6%
" Chlorine ol 518 489} g0l 475 477 | 498 | 531} 504 .
_ Bulphuric acid (S04) 61| s1| 45| aa| 27| 44| 46] 43
Carbonic acid (COy) | 80| 101 63| 73| 98| 79| 69| 66
Nitrio acid (NOg3) . - - -
Alkalinity (as sodium oatbo-| 11| 10| 22| 18| 21| 10| 07| 19
nate). -
| S | N | B | B
-G | pCjpoc|pe p ¢&.|p.c’|pc|po
Total Salts ... | 1860 |181-0 |195:0 | 2270 |227-0 |185:0 | 2150 | 1900
- {Parts per 100,000) )
. Containing—
Calcium o7 | 122 | s2| ev| wo| 77| 82| 90
Maguesium sl 91 94| s1{ 1! 75| 76| 85| 94
Chlorine , 52'8 | 480 | 494 | 460 | 479 | 415 | 488 | 462
Sulphuric acid (80 ) 65| T4 08| 63| b55( 66| 40| 82
Garbonio acid (003) 102 95| 92| 90| 90136 | 95] 120
Nittioadid (NOg) o goo | soo | o | oo fowee | oo | -
Alkalinity (as sodiumcarbo-| 81| 32| 26| .. wee I'é .... .
nate). ' . T : o
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) O | | A | g |
polpo|pe|pelpelpol po

fqtal Salts .. .. 12180 |1680 | 1740 | 1480 | 2240 2030 2090

J&rtsperlO0,000) ) ‘

~ Containing—

o Caleium 68| 107 §'4 41| B2 66 57
Magnesinm . | 64] T6| BT 17| 58| 46| &1
Chlorine ' 5O'5 | 447 | 41°4 | 41-1 | 476 | 545 | 478
Sulphuric acid (80,) 46| ba| 47| 48| b67) 55| b4
Ghrbonic acid (CO3) 61| 115 106 148 86| 45) TT
Nitric acid (NO5) - R P w b |

. Alkalinity (as- sodium carbo-| 84| 08| 17| 10| 17| .. | ..

nate). . .
WeLL No. VIIL

fo. | oon. | Teore| Boe. | Toon | Feew. | oo | o

3 pC|pets |PeCa|pC|DeC]pec fPC | poc

Total Salts : ..|128'5 | 800 | 700 | 600 | 760 [1000 | 830 |1200
(Parts per 100,000) .

Containing—=%

' Caleinm - W 18| 40| 135 16| 26| 28| 66! 28
Magnesinm of 14| 88 79| 25|123| 47| 50| 43

. Chlorine .| 198 214 | 282 208 151 | 167 | 175 | 280
Sulphurie ncid (SO4) ..} 10 77| 287 | 271 ] 70| 4u| .. 44
Carbonic acid (COg) ~ ..} 385 | 367 | 230 | 236 | 440 | 448 | 483! 827

" Nitric acid {NO3) - '

. Alkalinity (as sodium oar-|.505 | 62| 12| 415|181 | ... | 40| ..

bonate) .
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March | Aprll |- Moy Fane | July |August| Sopt.  Oct
1910,, 101)10. 10]’.‘0,: 1910. 1010. 1910 1010, 1910,

p &|pe|peipe|pe|pelpe | P

Total Salts .| 1200 {1640 [ 1480 | 1440 {130:0 |106-0 | 1300 |130Q
(Parts per 100,000) . o {&
Containing— e ' =
- Coloinm W 30| 48| sz 41| ar| 26| 27| 21
Magnesinm W 37| 41 ga) 63| 83] 48 33| 43
Chlorine .| 850 862 | 205 [ 270 | s0s | 256 | s11 | s1s

Sulpharic acid (S04)- .| 71] 95| s8] 71| 0| o7 | 56| 58
Carbonic acid (C03) .| 218 | 198 | 256 | 257 | 281 |- 216 | 276 | 2677

Nitric acid (NOs) 0 IR U R T O (R (e
, Alkalinity (ae sodium car-| . 84 ) 74} .. - o v e
bonate) ] : .

Nov. | Dec. | _Jan, | Feb. . March | Apri! | July | Augmst
1910, | 1910, j§ IOLL, | 1011, | 1eil. | 1011. | 1%i1. | 101l

S

, " |pee.|[p.e|p e |Po|Dp oo [ P- & P
Total Salts | 1280 {1640 '160°0 1400 [1340 1300 700 J1460

(Pasts por 100,000) {

- Containing— . )

Calcinm Wl 0] 21| 30| 40 44 24 ; 42 [ 08
Maguesium . | 271-85) 28| 40| 48| 72 &6 1 36

- !
Chlorine = . - . 286 | 357 | 366 | 850 | 391 [ 304 235 i 233

Sulphurie acid (804) o] 22| 60f 41| 49| 60| 41: 134 | 105
Carbonic acid (CO3) - .| 311) 217 | 170 ) 21-6 | 1589 | 296 ' 287 246
" Nitric acid (NO3) 0% U EU R IRV ERUURE R S B

. |
Alkalinity (ss soliom car-| 126 | .. | 23{ 45| 48| 69) 174| 38
bonate) - .
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2o | on i‘m. _1]9)121“.' i, | dorg | Aoraht ity
pelpe|peipel|pelpelpe|pe
! Snlts .| 129:0 | 129-0 1142°0 |138'0 {153-0 |139:0 | 18390 ;1400
,}urta per 100 000)
:mtmmng—- i P .
Culcium . 18 15 4-4 11 81 31 84 34
"Magnesinwm 08) 45| 88| 521 b1 . 44| 86| 8¢
Chlorine ) 258 | 2411 328 | 891 816 800 | 310 | 270
Sulphuric acid (804) Tl 99| 49| 42| 31| 26 32| 82
Carbonic acid (C0s) .| 294 | 265 | 238 | 140 | 219 | 289 | 300 | 207
Nirric ;cid (Nbs) .;. . : i oo
Alkalaity (a8 sodivm car| 87| 200 78| 150 | 174 | 53| 42| 42
bonsate) ' * " .
p. .
ag | e | 2o e e | [ | B
‘ ‘p. e | P l p-o!p.c|pe|pe (pe {pe
[otal Salts v 151°0 1139-0 -132-0 11280 {128-0 | 143-0 [ 180-0 | 1450
{Parts per 100,000). e : . ‘
Jontaining— _ : : ‘ f T
Calcinm = 23 | 81, 42! 14| 21| 838
Magnesiam . 97| 29, 85 ‘ 50| 42| 86| 26| 41
Chlorine 285 253[ 2561 281 | 270 | 452 934 | 277
Sulphuric acid (S0,). - .38 82| | 2-7; 32 99 Mi 41| 44
Carbonie acid (CO3) e 2941 312 w. 82:3 | 284 80-7 | 264 , 831 | 266
Nitric nc:d (NO3) " ee ; e “
A“cahmtv (Y] ao(lmm ear-|" 88| 74 : 73 ] 52| 64 i 66| 05| 156
bonnte) ' -

B 3609
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: Y . .
o | | | M| B
peipeipel|pe p.c.Ep.c. pelpe
Total salts ..1126-0 ;139-0 | 1320 13'.:";0 128-0 l121_-‘0 125:6 137&%
{Parts per 100,000) - .
Containing— ' .
© Calelom 25| 28| 39| 82| s1 22| 23| 29
Magnesium, 27| 88| 40| 24| 80 85 21| 80
"Chlorine 25-3 | 319 30'4_ 293 23'45 221 | 230 '25‘0
Sulphuric acid (304) 45| 29| 30| 20| 85! 86{ 45| 74
Carbonic acid (CO4) 317 | 264 | 200 | 289 | 843 | 335 | 8387 264
'gigricncia NO3) R W R TP
Alkalinity (as sodium car-| 28| 1.0 :20'5 84 89| 41| 108
bonate) . . . ‘ -
o, | 100,
pc|pe
Total Sal's - 1280 {1210
. (Parts per 100,000) - .
éontaining—-—-
‘Calcinm - o] 22 20"
Mogunesinom 27 37 .-
" Chlorine 801 | 31'8
Sulpluric acid (80,) w| 59| 84
Cavbonie acid (COj3) ] 249 | 205
Nitric acid (NOg)  wd o | .o
Alknlinity (ns sodium car-] 35| 73
Lonate)




