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. - -,. -~- . .-~_--- 1 
WELL WATERS FR~ ·THK·TRAl?. AR.EA 

:._ .OR-WEST~N ~-INlHA, ' 

I. 

Int1·oduction. 
The examination of the well waters of Western India, and more 

pa.rtionla.rly 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· 
1ng as resulting from the action of water on the Deccan trap itself, and hence 
give very important indications of the direction w.hich the decompoaition of 
the·rock bkes in tne more or less deep-seated lissnrcs. Bnt they a.re of per· 
haps greater in:erest because of the agricultural importance of these water•. 
Except for a comp,.ratively small are,. served-by canals and tanks, and not 
until recently exceeding perhaps one hundred and fifty thousand acres in the 
Bombay Presidency (excluding Sind), almost the whole of the irrigation in 
Western India is conducted from wells, and the number of wells in the 
several districts is as follows • :-. . 

Deccan 

Karnatok 

Koukan 

Britiab Gujarat 

(Poona 

··I Satara 

1 

Sholapnr 

Ahm:ecln~~.z,trar 

Nasik · 

lEast Khandesh 

West Kbondcsh 

(Belgaum 

~ Bijapur 

lnharw~ 

J
Kanara 

Ratnagiri 

l Kolabn. 

'fbnna 

(~umt 

BroRcb 

Ka.ira 

Ahmedabad 

Panch }fahala 

• Statistical Atlaa of the Bomboy Pr,.idenoy, 2nd edition, 190ij. 

22,177 

26,946 

... 20,865 

29,90~ 

21,679 

19,705 

7,826 

12,660 

6,654 

4,835 

18,205 

6,501 

1,555 

5,0;)7 

7,U7 

. ·1,153 

10,966 

15,763 

2,582 



2 

Thus, in the various districts, there are wells as follows :-

(Poona One well per 112 acres cultivated land. 

I 79 I Sn.tara " " " " I Sholapur " 
, 118 " " 

Deccan ... ~ Ahmednaga• " " 
10£ 

" " 
\ Nasik " " 

110 
" " .lEast Khandesh " " 

100 " " 
West Khandesh 

" " 
171 " 

, 

{Belgaum " " 
169 " 

., 

Karnatak l!fjapur .. , £76 .. " 
lDharwar , 

" 
485 " " 

JKanara " " 
19 " " 

Ratnagiri • 65 
" " " " Konkan l Kolaba .. .. 482 " " 

Thana " .. 193 " .. 
( Surat 

" .. 106 " .. I Broach " " 
640 

" " 
British } 

Oujarat "". ~ Kaira " " 
67 " " 

l Ahmedabad Ill 
" 

.100 
" " 

Panch ll!ahals " " 
281 

" " 
Not only, therefol'l>, is the total number of wells enormous, amounting 

to the ·very large figure of 241,700, by far the 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 ol888es in 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 1"8ter 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 ill 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 eay ten feet or even less, up to fifty feet or perhaps­
a little more, but by fsr the greatest number are between twenty and fortY 
feet deep.• Nearly all of them on the Deccan itself involve digging or 

• Tho same appears to be the case. in Ma.dras, though tho geological formation is very 
di!l'erent. 



s 
blasting through at least one layer of hard trap t·oek, and the water when 
found is either actnally ·flowing from fissmes in the hard trap rock itself 
or cootained in softer layers between loyers of· su(·h hap rock. The water 
actually nsed has hitherto mrely been found under any gteat pressure. 1£ 
water is not found at.a depth of forty feet, the chance of meeting with it 
at a lower level has been usually considered to be comraratively slight, and 
thou~h m~ny wells are continued lower, the tost becomes so 'cry gt•eat and 
the chance of water so remote, that they a1 e ra1 ely carli•d mucb below the 
h;ghei' depth l Lave indicated. · • 

When found in the -trap area, the water is almost always what may he 
termed 'fissure water' that is to say, it is not a gencralisrd subsoil water 
which is lapfed, hut wafer Hewing in definite fissures in a definite direction. 
Jf the well happens to meet a fissure. conlainiug water, well and good,­
i£ it does not do so, then the well is a failm e. The result of this is vei-y 
marked. It means thnt the digging of a well is a risky business, as there is 
t•y no means a certainly or meeting wafer. 1'1Ie Deccan, the typical trap 
area, is full of wells which haTe been dug ancl been failures. 1 here are no 
data to determine exactly the T ercentage of failurrs among wells dug by the 
people, but I do not think it can be Jess than forty rer cent. The digging 
of wells in the Deccan is so exFen•ive that this would probahly deter anyone 
from· digging "ells at all, were it not that water is all that is rrquired to 
convert an almost barren situation into a garden, and the presence of a 
successful well will often raise the value of land to five times its previous 
amount. . The digging of a well is hence a speculation, exceedingly risky 
indeed, bnt the returns from which, if successful, are very large. · 

This fnct of the water bcing'almost entirely in fissures in a typical trap 
area baR another effect. 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 Talue, unless the presence of wat<r has been made fah·ly certain 
beforehand. 1:'be chance of meeting a fissure in a bole sixteen feet in 
diameter 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 a narrow 
tnbe bore is very much smaller, and hence tube boring bas not until recently 
been introduced. In I'Ccent years a modification bas been used to deepen 
existing wells in the use of the 'jumper bar' which enables a bore to b~ 
easily made ten to twenty feet below the existing level of the well,-and a 
certain amount of success bas been obtained. .And still more Jecently bering 
up to two hundred feet bas been undertaken by the agricultnral department 

. of Bombay, with a fair measure of success in lapping sub-artesian water, 
especially whei'C some means have been taken beforehand to detect the actual 
site where the cnrrent is flowing. 

So far I have desCiibed a typical •ituation on the trap area. In digging 
a well, a man bas to take his chance of meeting a fissure containing flowing 
water. This is the general case. But there are a considerable number of 
enclosed Talleys tven in the typical trap area, where there is a generalised 
underground water supply over a limited area. This is what would be 
expected,~ and numerous inst.anc_es could be qno~d. One for ins.tance, is at 

, Cbikodi m the Belgaum Dlfrta~ct. Where this occul", there IS usually a 
t smiling group of villages, often some s~ecial intense cultivation, and an air 

of well-being by no means found in most places. 

Such are the conditions which are found 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, hmmatitic quartzite, 
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and fim.Uy the granites and gne;;.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. 

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

In Northern Gujamt, on the alluvial plains lying North and East from, 
the head of the Gulf of Camb~y, the conditions again are quite different. 
The trsct as I have said, is alluvial. Generalised subsoil water exists 
l1etween every layer of fine alluvial cla.y,-a.nd ultimately, if the boring goes 
cleep enough, artesian or sub-artesian water is usually tapped. The position 
io, in fact, much m~re like that prevailing in the alluvial regions of 
Northern India. I do not 'intend in the present paper to 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 authority. 
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 ba.d, or salt, or unsuitable for 
irrigl\tion. .And since that time few investigations have been made. It is of 
course natural that the examples likely to come before a chemist are pre· 
oisely those exceptional waters which contain a larger amount of salt than 
usual and are hence unfit for irrigation. And among my records there are 
several such which I will quote. But to get e. 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 Tmp Area. 

Before giving details of the actual analyses of any samples of water, I 
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, determined with potassium hydrogen -
sulphate; ueing phenol phthalein a3 indicator: the sulphuric acid as sulphate: 
the carbonates, the lime and magnesie, the chlorides, aud, in addition, the 
total solid mstter 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 always 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 he.e 
been indicated, the calcium ( Ca ), msgnesium (Mg), carbonic acid ( C03 ), "! 
bicarbonio acid ( HCO. ), sulphuric acid ( su. ), and chlorine '(Cl), 
being separately indicated. No attempt has been made to combine these into 
salts in the general tsbles of analyses which have been given. Where such 
an artificial combination leade 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 been calculated to sodium carbonate ( NB:J C03 ),·and 
the figure for this has ·been introduced iuto the analytical figures given, 

.. This being understood, I may go on to indicate the nctual figures 
obtained for the analyses of a number of well waters from various psrts of 
the trap area, before considering more in det..il the figures obtained in a 
more special study of certain selected cases which I have conducted _for nearly 
1six years. 
' \ The first set of analyses is from one of the small enclosed valleys lying 
~urrounded by trap hills which occasionally occtir in the Deccan, and which 
at their best give a perennial supply of water to & small area. 1'be case in 
·question was the valley of Chikodi in the Belgaum district, a place where 
the intensive cultivation of betel vine bas become a very important industry. 
The water in the wells stood at about twenty to twenty-five feet from the 
surface of the gronnd in February 12, 1910, .when the samples were takeu. 
1'hoy were all being used constantly and almost daily for irrigation and so 
the water in the wells was being constantly renewed. None of those wells, 
unlike the vast majority of wells on the Deccan, penetrated the rock. They 
'passed through murum, that is to say, partly decomposed trap rock, and 
finally reached the so-called "shedu," another soft material of finer texture, 
probb.bly produced by the carrying of the 6ner particles of murum to a 
lower level by aqueous action. It was in this material that the wate1·. was 
found. · 

The actual analyses of the water were as follows :-

'fetal Sails ( parts per 100,000 ) ... 
. 

Containing- . 

Calcium ... 
Magnesium ... 
Chlorine ... 
Sulphuric aoid ( so, ) ... 

Carbonic aoid ( COs ) ... 
Alkalinity (as sodium carbonate) ... 

I Woll I Well.' Won !· Well I Well 
No.1. No. 2. , No. s. No, -6. No. G. 

34•0 80·o 28•0 80·0 80·0 

p. c. p.o. p, •• p ••• P• c. 
12·9 18•7 17'1 18•3 16•0 

12•7 7-8 6•4 18·0 10•7 

17•1 18•7 7·9 18•7 20•8 

8·6 4·0 4·8 2•7 4·0 

84·1 29•8 32•9 84•7 29•0 

21·5 u·o ~2·9 16•0 24•7 

Although the amount of salt present in these waters is very small, yet 
they illustrate one or two point. which are cho.ra.ctelistio of the waters found 

-illl over the a.rea. The first of tbeso is the relatively large amount of soluble 
magnesium in these waters. This amounts to the following proportions of 

II. the ~tal solids :-

No. 1-12·7 p. c. 
No.2- 7·3 . ., 
No.3- 6·4 ., 
No. 4-13·0 , 
No. 5-10·7 , 
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The second point is the presence of definite allia.linity, which can best be 
represented as sodium-carbonate (Nag COs ). This is one of the most. 
characteristic feature of Western India waters and we shall meet some' very 
striking cases In the present case it is very small, equivalent only to from 
4·2 to 7 4 parts per 100,000 of the water, but forms a conside1"able part of 
the total salts present. · 

From this case of waters :floWing from a relatively short distance into ~ 
closed area we may turn to a number of waters obtained under more ordinary 
Deccan tl-ap conditions, where the water is obtained :fl'Om tl-ap 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 obtained from 
the immediate neighbourhood of the town· of Malegaon in the Nasik District, 
aud hence in u. 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 I 00,000 ) 50·0 

Containing­

Calcium 

Magne•ium 

Chl•>rine 

Sui ph uric Acid ( SO, ) 

Carbonic acid ( COs ) 

P· c. 
13·6 

••• 13•2 

••• - 19•4 

... 9·2. 

37·0 

T!.is repreaent• about the best of irrigation waters in the trap area. The 
large f>roportion of magnesium it still obvious amounting to 13·2 per cent. of 
the total '!mount of salts. There is no alkalinity, however,-and the total 
salts only "'!lount to fifty parts per 100,000. 

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

They gave tlgn1·es as follows:-

Well No.I. Well No.2. 

Total S:11l1 ( parts p>r 100,000 ) 108·0 1~0·0-

0Jntaiuing- p. o. p. c. 
Calcium 4·2 S·S 

~~anesium 8•2 6·1 

Chlorine 15•4 23~1 . \ 
Sulphuric acid ( SO• ) 8-7 6·8 

"carbonic acid ( COs 1" •25·8 17'6 

Nit<ic acid (NOs ) ~ 19·6 12•7 



Here we get the new feature appearing of the presence of nilrotes. 
This is . not, however, usual; but often occurs near towns. It is 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 outside the walls. They are ercep· 
tiona! from the very large amount of magnesium they contain ( amounting 

•
1
. to thirty-one arid twenty-nine parts per 100,000 ) as well as from the pre­

. sence of considerable quantities of nittic acid:-

~--------~----~--~----~---
Well No.1. Well No. 2. . -

Total Salts ( parts per 100,000) 

Oont&ining­

Calcium 

Magnesium 

Chlorine 

Sulphuric acid ( so, ) 
Oarbonio aoid ( OOa ) 

Nitric aoid (NOs ) 

• 

... , 

324'0 260•0 

p ••• P· o. 
14•5 14•1 

9·6 11•1 

80•5 89'5 

8·5 14•8 

2•7 4•8 

5·8 8•2 

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

· The last set of analyses from the neighbourhood of Malegaon w11s from 
a series of wells in a line North and Sooth, about two miles to the East of the 

. city. They were brought to my notice because of the effect of the water in· 
making the soil very impervious to watel",. and hence nry hard and -difli· 
cult to wet. Tlie water was evidently part of nnderg1 onnd water from a 
similar source. The actual figures of the analyses were "" follows·:-

' Well I Well 'I Well I Well I Well I Well No.1. No.i. :No.3.' Nc..,. No.6, No.6. 

·Total Salts (parts per 100,000) ... 110•0 92'0 120•0 76•0 8o·o 82•0 

Containing..,.. P- •. P• a. P· a. P• Co P• c. p. c. 

Calcium ... '2•2 2•6 2'8 8·2 4•0 3-4 

Magnesium ... 8·6 5'4 4•2 6•6 5•6 5•7 

Chlorine ... 16'4 16•5 9·2 16'8 20'7 20•2 

0 Sulphuric acid ( SO• ) ... '2·2 1'7 2•0 8•2 a·o 2:9 . 
-
. Corbonio sold ( COs ) 

·~· 
28·9 27•0 28•2 45•8 41•7 42•4 

Nitrio acid (NOs ) 

::: I 
18·7 20•4 29•1 ... ... ... 

Alkalinity (as sodium carbonate) ... 4-6 2·7 ... ... .. . 
-- . .. . -- .. . 
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Here the most striking paint is the large quantity of alkaline bi-carbo· 
nates, and the small quantity of other sodium and· potassi'1'm salta, 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 tho alkalies a.re 
present, as in the present case in quantity greater than the chlorides, then 
they are injurious and can only be used as irrigation waters with danger. 

I have quoted these samples of water from Malegaon in detail, because 
they show the exteot 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 howeve~ be found in 
the same part of the Deccan. 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 cited from Malegaon, and they were hence 
considered to be unfit for irrigation. Their analyses . gave figures as 
follows :- · · 

Well Well Well Well Well 
No.1 No.3. No.8. No.4. No.&.· 

Total Salts (parts per 100,000) ... 80-0 80·0 80·0 so·o 100•0 

Containing- P· a. p. o. p. o. p. c. P· c. 

CalCium ... 1•0 1·0 1·0 1•0 1•2 

Magnesium . ... 8·0 2•, 4-0 .S·S 2•2 

Chlorine - ... 12·9 12•9 12·9 17'2 27·8 

Sulphuric aoid (SO 4) ... ·9 S·O 1•5 •5 1-2 

Carbonic acid (00s) ... 48·6 49•4 50•4 49•5 86·5 

Alkalinity (as sodium carbonate) ... 1-4 5•2 2·6 ~-0 2•1 
. . . 

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 speaking the ohlorine is in small 
amount. The caloinm almost disappears, and the magnesium, though only 
present in small amount, yet is in much greater quantity than the calcium. 

The aotual effect produced by these waters on the black cotton soil 
( regu.r) whioh 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 river,, 
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 clay material 
in the soil, so that, on mixing with water, the solid matter remains suspended 
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for prBctic;lly an indefinite pedod. This seems always to happen (as already 
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 qnanity of chloddes or sulphstes. 

This condition of things which, though not usual, is by no means un· 
common in the Deccan trap area, 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 (Na_, COs ) 
Calcium carbonate 

,., · 137·0 parts per 100,000 
s·o , , 

Magnesium carbonate 
Sodium chl~n-ide 

... 13"6 
37·7 

This is, of course, ns already remarked, no extreme case. 

" " 
" " 

" 
" 
" 

These last cases, though not unusual, 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 he impossible. A few samples typical 
9f the general character of tho well waters and taken nom tho various patts 
o£ the Deccan from the ordinary wells are as follows :- · 

No. 1-~Well on the Government farm, Dhulia, taken in l!'ohrnary 
W11. . . . . .. 

No. 2-Well at Pimpri, near Poona, taken in January 1909. 

No. 3-Well at Poona1 taken in May 1911. 

' 
Total Salts (parts per 100,000) 

Contllining-­

Oa.lcium 

Magnesium • 

Chlorine 

Sulphuric acid (S04) 

. Carbonic acid (COs) 

Alkalinity (as sodium carbonate) . . . .... 

[ w~iNo.t. 

I 80·0 

p ••• 

,8'0 

7·0 

21'4 

3·0 

840 

I Woll No. a. I Well No. a. 

I 
81·8 ~- 88·9 . 

I P· o. P• o. 

24•8 H 

6•7 8·8 

6'7 26·7 

9·8 18•6 

47·8 22•6 

6•7 

These may be taken ab normal, but on the Deccan trap "'" often meet 
with waters containing very much more salt than these. Some hsve 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 sulphstes, they are useful for inigation until the amount of 
s:>lts t•eaches 200 parts per 11!0,000 (or 0'2 p. c.) or even a little more, 

' B 5011-9 
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The analysis of two of these follows :- . 
No. 1 is from a :well in the Kolhapnr State, taken in· March 1910. 

It is doubtful as an irrigation water. · 
No.2 is from a. well at Bijo.pnr, taken in November 1910. It is. 

too salt to be used for irrigation. 

Woli No.1 Well No.2. 

Total Bolts {parts per '100,000) 204·0 .297·0 

Containing- p. c. P• c. 

Calcium 15·9 6•2 

Magnesium 10·4 4.·8 

Chlorine ]9·0 21·G 

Snlphnric·ncid (S04) 428. 27·7 

Carbonic acid (COs) 9·.6 4'.1 

Alkalinity {lls sodium carbonate) .... 1·B 1'1 

Before pnssin~ to other cl:;sses of well .~ters in our ar~i. it may be we'l. 
to collect together the percentage compoo1tion of the salts in a number of 
tvpical waters already cited Thus we get--. 

~·) rs/ . (61 (60 .... Mn. e- )fo.Je- (6\ (71 (81 
(I) .... Male- Kolba-

Chlkodi .... Enst of """' 
~Dtli• D11h· DhnllD. por 

No.1. Dok Citl W01) in line ..... Govt . SA!f; ]Inn- .. , t'it;r. wa•era No.1. Purm . water. plow. No.1 No.2. 

------ - -- ----.. p c. p. c p. c. p' c. p 0 p. c. p·. c P· c. 
Calcium ... 12·9 18•6 4•2 14•1 2•6 1"0 3·0 15•9 . 
Magnesium ... 12·7 18'2 8•2 11•1 5•4. 8·0 70 104 

I 
Chlorine ... 17'1 19•4 15•4 89•5 165 129' 21·~ 19•0 . 

·9 ! 3·0 Sulphuric a.cid ... 8·5 9·2 8·7 14•8 1•7 42•8 

Oa.rbonic acid .... 84'1 37·0 25·8 4•8 27·0 48·6134·0 9•6 

Nitric acid ... ... .... 19•6 s·.2 204 ... I .... . .. 
I 

Total Salts {parts 84·0 50·0 lOBO 2COn 92·0. BOo() I BO·O 20!0 p•r 100,000). ... .. 
- -

T!iere is a general si!"ilarity about t~ese typical analyse•, differen~ 
are the waters from whtch they are der1vea, and we may tabulate their 
characters as follows:-

1. The a'!'onnt of m"gnesin!" is •b>ut equal to that of lim.e, vn.rying 
from some amount below to constderably above. Magnesium in the qnan· 
tity present is a decided characteristic of the Deccan waters, 
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2. Chlorine is wonderfully constant varying from 15 to 21 ler cent. of 
the total salts, if we exclude the city water, where chlorine is natumlly 
present in largo amount. 
. 3. In Learly all cases sulphurie acid is only pl'esent in small}'ropor· 

tion. The exce1-tions at·e from the South Deccan. · . 
4. The alkalies and alkaline ea.t·ths 11re present in largest prop01 t;on as 

r·arbona1es tr bi·carbonates in most cases, and, hence, so far as the hardness of 
these waters is caused by .lime and magnesia, it is chiefly temporary hardness. 

. When we leave the Deccan and examine waters which, though 6till in 
the trnp area.; ate found below tLe·Western Ghat., between these mountains 
and the ~ea, theta is not nearly such a striking difference in the chamcter 
of the •alts .:ootained, as n;ight have been expected. Often there is a much 
larger q anntity of sodium chloride, as in the samples to be cited from Sumt. 
But •his is .evidently more or less an accidental circumstance, aLd is by no 
·means univer.ally found. I will quote the analy•es of four oamples-

'No. 1 is from a well within two or three miles of the sea near 
Alib&g, in the Kolaba District. The water was within ten 
feet of the sul'face (Nov~mber 1910). . 

No. 2 'is from the village of .Agaahi, near Bassein, in tlie ThaLa 
District (November 1910) very near the coast. 

No. 3 is fmm Ta.rapur, in the Thana District, a.Joo quite near the 
coast (September 1911). 

No.4 is. from Athwa, near Surat, some five miles :&:om. the sea 
coast, and quite near to the tidal port.ioo of the Tapti river, 

. 
No.I I· No.2 • No.3. No.4. . ---

Total Salts (parts per 100,000) ... 66·0 100•0 H·O 130·0 

qonta.ining- P· c, P• o. P• c. p. c. 

Calcium ... 6·7 9·2 16•4 1'5 ... 
Magnesium . . · ... 8-1 4·8 G·G . 2•6 ... 

, Chlorine ... -20<4 13•7 20•! ~0·7 ... . 
Sulphuric acid (S04) ... H 13·9 6·6 3'8 ... 
Carbonic acid (CO 3) ... 38•1 au 31'1 15•1 

Alkalinity (aa sodium carbonato) ... ... (AlkaliniLy 5•4 8•3 
not determin- ... . cc!.) 

. . .. ... 
~'hese .6gures are strikingly similar to these obtained on~ Deccan and 

previously discussed-if we exclude the large amount of common salt in 
some of the samples from conoideration. · • · 

}j .Such then, in the general lines, appears to 'be tho comppsition of the 
\well waters de~ived from the Deccan trap area, whether above or below the 

Western Ghats. The next question, and a very iuteresliog •md somewhat 
important one, is to ascertain to what extent the chat"Scter 'lm<l quantity of 
tho salts vary at different times of the year in the same well .. ~'he water 
is nearly always· sh01tcr in amount in the months of May and early June 
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each year, and this shoald affect tho amount of salt in the· water, and also 
the pr.>podioa of the varions salts. In order to ascertain to what extent 
this takes place, I have been conducting analyaes monthly fro:n wells from 
threa centre! for over six yenra a.ud the results of the analyses from two of 
these may now bo presented. 

. m;, 
Well Wu.ter .from Dlmlia. 

The three centres chosen for this investig~tion were Dhnlia., in Khan­
dash, situated on one· of the most typical parts of the Doccau trap platean 
area.: Snra.t, nea1• the Gnja.ra.t coast, and the tid•l.Ta.pti river, on an a.llnvinm 
derived from the Deccan trap and fed so far a.s underground wa.t2r is con­
oerned, ohieBy from the trap hills to the East: and Dharw .. r, which lies 
not on the Deccan trap at all, but on the shales and qnartzitos which lie to 
the South of it and separate the trap area. from the gneisses rmd granites 
of South India. I will cousi ler the results of my examination of the waters 
from the first two of these centres in snocess'on. 

The well at Dhnlia, forty to forty-one feet deep, whose water has been 
exa.mined,.hao 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 conotant use, and so the analyses represent the water which 
is actually circnla.ting in the rock at the time. The water is a pure fissure 
water, and arises directly from the hard rock . 

.Analyses have been made from Janno.ry 1908 to .Aprill913, nearly 
every month, and the total amount 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. I 1009. I 1010. I . lOll. I 1012. I 1013. 

J'anua.ry ... 61·5• ... 64c0 . .. 70·0 77•0 

February ... 64·7• 72·8• 58·0 8.o·o 70·0 76'0 

March ... 46·9• 74·0• 56·0 70·0 77·0 75'0 

April ... ... . .. 104·0 70·0 71·0 74•0 

May_ ... 52·0• ... 76•0 70·0 76·0 ... 
' June ... 53·4• ··- 66•0 74•0 80·0 .. . 

July 52·6• 70·0 
. . 

78•0 66·0 ... 71•0 ... 
Augnst ... ... 86•0 92•0 80·0 74·0 ... 
September ... 56·2• 60·0 88·0 68·0 '14·0 ··-
October ... 53·0• 64·0 80·o 65•0 68·0 . .. 

'· 
November ~ .. 48·4• 60·0 120·0 60·0 75•0 . .. 
December ... 55·5• 64•0 70·0 69•0 76·0 . .. 

• "" a The figures ~\han Illite t ~ not 4tif'I!Ctly detcrminOO, but aro obbnned by adding together the 
amount of the indlvid~lsa.lts (onnd m \bO water. Nnmcroua actual dotcrmiuntions hn.vo shown that tb 
error thus lu\roduced 11 vcr, small. , o 
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. The first thing that strikes the observer about these results is their 
extraordinary constancy. They feel the effect of the chBllges in the season 
from the dryness of the early part of the year to the wet period between J nne 

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

'!'well is as low then as at any time of the year. It is evident, therefore, and the 
1 result is important, that the water which is drawn up from rock fissures in 
~wells like that at Dhulia is not surface water, but represents the tapping of 
) a very considemble underground water reservoir. This might have been 
· concluded from the fact that the supply though diminishing in the hot 

months never ceases. The constaucy of the composition makes it, however, 
more certain .. The sudden jump in Noyember 1910 i3 quite unexplained. 

· The next point is the variation from year to yeat• This is not very 
marked here, but it seems clear that in 1908 the water did not contain RO 

much salt as in the succeeding years. The minfall for the years from !907 
to 1913 at Dhnlia is shown in the following table, but it mnst be confessed 
that these figures do not explain the difference :-

• 

anuary J 

F ebruary 

March 

pri! .A 

M 

J 

J 

ay 

nne 

uly 

August 

s cp.tcmbcr 

October 

ovcmbcr N 

D eccmbor 

... 

... 

... 

... 
• ... 

... 
... 
... 
... 
... 
... 
... 

Total ... I 

1007. ]008. 

O·!O ... 
0·55 ... 
... 0•27 

0"47 ... 
... ... 

4•15 4·07 

6·83 6•20 

8·aa 5•89 

1•21 1'13 
• ... 0·13 

... ... 

... ... 

16•58 I 17'19 

10011. ~DlO. lOll. 1912. I 1m a . 

0·08 ... 
I 

... . .. . .. 
... ... .. .. . .. . .. 
... ... . .. . .. . .. 
... ... . .. 0·01 . .. 

096 ... . .. .0·18 0·0~ 

6·24 13·14 1-28 H9 8·88 

3·95 668 1-78 5·77 6·28 
. 

1-81 8•17 1•27 190 1-68 

6·58 850 0·18 Oil4 4"61 

017 1"75 0·01 1-11 ... 
. .. 0·51 . 842 N7 . .. 

0·27 .... ... • .. . 0·52 

20·06 28•76 I 7·84 14•67 21•91 

The variation in the individual oonstitnents affords some very interest-. 
~gresnlts. 
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· The alk~liuity, defined· as already described in thiS parer, has a most 
marked Eeasonal variation, as ia shown in the following table .As before all· 
ligures are in pnrls 1-er 100,000 :- · 

anu..ry 

Felruary 

Mcroh 

April 

:May 

Juno._ 

July 

Aug us~ 

September 

October 

NoVember 

December 

Alkalinity.-Parts per JOO,OCO of Sodiu11~ Carbonate 
(Na 0 003 ) in •vater . 

. --
1008. I 1{1(.0. I 1010. I lDll. ·I ]{112. 

. I ... 15•6 ... ... ... . .. 
... 11·9 ... ~~6 ... 2·2 

... 5•3 15•8 5·3 1"1 ... 
10•1 

.. 
.7·4 ... . .. ... ... 

... . .. ... 3·2 1"1 9•6 

... ... 22•7 ... 13•4 ··10·4· 

... ... ... ... 6•1 1"5 

... ... 3•2 ... ... 5·9 . 

... ... ... ... 1'1 . .. 
. . ... ... ... ... ... . .. 

... ... ... 1•1 1"8 ... 

. 

I 
.. 

"' ... ... 3·2 ... 4•4 ... 
. . 

I 1013. 

·1"5 
. 

o·7 

... 

. .. 

... 

... 

... 

... 
.... 
... 
. .. 
. .. 

. 'l'hese figures can only mea-n one thing, that during the dry part of the 
year the alkalinity tends to accumulate, -and that it is reduced during 1he 
rainy season to a n~ligible quantity. Each year the alkalinity reaches a 
maximum at a different feriod, but always between Janu~t:Y and June and: 
disappears during the rains. 

I have already stated that the proportion of salta in the water is fairly 
constant throughout the yeat•; 'J'he same may be said of the composition of 
these salts. I can only be astonished how close the composition ia maintain­
ed to the avetage throughout the yenr. 'l'he avem;ge com'position ia shown 

. in the following figures:-

Calcium 
p. c. 
7"1 .· 

Magnesium 9·9 
Chlorine 15·5 
Sulphur:o acid (S04) . ... 7·9 
Carbonic acid (COs) 3i'5 
Nitric acid (NOs) ••• 3·2 

Total Salts_in water= 69·1; rarts rer 100,000. 

-- .The aetna! figures for each month m·e shown in the appendix to this 
raper, but there are several matters to which attention may be drawn. 
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The magnesium present is normally a little g~·eater than tho calcium, 
though they fluctuate inter se a good deal. The relative proportions do not 
appear in any way to depend on season. This excess of. magnesium is, as I 
have already remarked, a special characteristic of the waters in the Deccan; 
trs p. Most of both the lime and magnesia seem to be present in the form of 
carbonates, the amount of sulphate being usually very small. 

f . Occasionally, however, there ia a sudden increase in the amount of 
1 sulphates in the waters. This increase ia maintained for two or three months 
Jand then disappears. Thus, if the proportion of sulphuric acid (as sulphates) 
be tabulated, we have the following £gnres :--: . 

Sulphuric acid . . 

(Percentage of Total. Salts.) . , .. 
--~~----~~----. ~ ------- ---- ----

1008. I 10011. I ](HO. I lOll, 
I 

Jfi12. I· 1013. 

·-
p c. p. c. p. o. I p. c. i p. c. p. o. 

Jnnun.ry '" 4•7 6·3 I '5•2 4·.2 ". ... 
I February ... 3·8 4•9 5·7 3·1 5·3 4·8 
I 

Mn.rch ... G·1 3•3 4'4 4•7 

I 
5·9 3·8 

April . ... ... ... 8·7 4'1 '5'7 3·8 

May ... 3·2. ... 3·8 8·2' 4.-9 .. . 
June ... 4·3 ... 62 14·9 H ... 
July" ... 4•2 6•5' 2.1-2. -16 7 4 11 ... 
August. ... ... 4r8 22'5 18·7 5·0 ... 
Septemlier ... 11·0 7'6 16•3 3•6' '61& ... 
October 3·1 4•6 14·4 81 0 3'6 ... ... 
Noveriiber ... , 15•8 4•1 4'8 3•7 3·8 ,,,; 

Del! ember ... 12•6 8•2 7·0 4:7 8•2 ... 

During -this period there have been three sudden increases in the amount 
of sulphuric 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 sulphuric acid 
occurs {when: !t does occur) as a result of the miny season, in other words 
of the percolation of an additional amount of water through the rock £ssnres, 
Sulphur exists to a net unimportant extent in trap rock,_ and it may well be 
.that this ia the case. I have found in the Nim Valley that on increasing the 

'{.amount of drainage waters passing through a black soil, derived from tmp, 
~tnining a mther large amennt of alkaline salts, a considerable quantity of 
l S)7Jphur is removed by dminage water and actnally deposited as such' The 

same may be the case in the rock fissures from which the Dhnlia well water 
comes, undf:l' certain ·circnmstn.ncea. 

. 
No snch regularity can be observed in the amonnt of chlorine. This 

varies from 8·3 to 40·2 per cent. of the total salts. The latter fignre is, how-
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ever, abnor~~l, and ~he maximum apg,r~ from this is 22·8 per cent. The 
marima and minima occD.r, however, at all parts of the year. 

One of the curious fea~ures of these waters conshts in the occasional 
· presence of nitrates, and the variations in their amount. They occur and 

disappear with the most extraordinary irrego.larity as follows :-

Nitric .Acid. 

(Percenbge o£ Total Salts.) 
·--

1008. I 1909. I 1010. I 1911. I 1912. I 1913. 

• 
January ... ... . .. 7•6 ... 5•7 6'3 

February ... 7•5 6-7 ... ... 5•7 5•3 

:1\Iarch. ... ... 4·9 ... .. . 6·1 5•3 

April ... ... ... - 16·9 ... 5-6 6·2 

May ... ... ... 1H ... 6•7 . .. 
June ... ... ... ... ... 5·7 .. . 
July ... ... . .. .. . ... 5·1 ... 
August ... ... 25·2 ... . .. 6•7 . .. 
September ... ... ... ... ... 6·6 .. . 
October ... 7•3 10·5 ... ... &·9 .. . 
November ... 6·7 7-8 ... ... 6•1 . .. . 
December ... r ... 7·~ ... &·8 5·3 ... 

-There, thus seems to be no relationship to son.son or any other immediate­
ly 'Visible fador in the amount recorded by my analyses.• 

IV. 

Well Waters from near· Suraf. 

The second record, similar to that at Dhnlia, has been made for a group 
of wells a.t .A.thwa, about three miles away from Snmt. These represent 
a conditioa of thing• quite dissimilar from that at Uhnlia. The wells 
are below· the Western Ghats, -a few f•et only above the level . of sea., 
and near the tid&! portion of the river Tapti. They are not sunk into., 
rock, but only into the alia. vinm, ·compos~ of •nurum, and $lwdu-l~ 
elements which underlie the deep black cotton soil of which the snrfac.,.;,.~ 

. • It was suggested at the meeti.D.g of tbe Bombay Presidency Science Association ~t 
~hich part. of thi_s paper was fi~st presented that these figur~ ~re ?f exceeding interest 
m connection w1th the que;;t1on of the occurrence and distributxon of the nitrifying 
organism. I quite acknowledge this and hope I may havo the opporto.nity of following 
up tho matter. • 



i 

SERIES OF WELLSAT ATHWA,SURAT 

4 ,3 , 2 ,I 
Q 297 )()< 341 ~ 297'>0 

\. 
\ 
\ 

'\ ,, '...-0 
\7-'~-' 

6~. 

Scale 800 Feet= linch. 
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composed. and which probably lie over trap rock. The water is much more 
. generalised tha.n usually is the case on the Deccan, and whenever a well is dug 
water of some sort is usually obtained. This is, evidently, however, not from 

_a general reservoir of snb-ooil water, as it differs in composition aud depth in 
different wells witilin a short distanoo from one another. The fact that the. 
supplies are from definite ~derground straams is also indicated from the 
fact that when a well is emptied the water usually !lows into it chie!ly, if 
not entirely, from the eastern side. 

Nearly all the wells in this part of Guja.ra.t are, however, somewhat salt, 
due either to the fact that the •ubsoil in which the water originates was 
originally washed by the sea, or else to a continual seepage from the sea. I 
think the latter is probably the souroo of the bra.ckishuess which is found 
almos~ everywhere, because of the seties of results which followed the 
famines of 1896'and 1900. During theoe years the sources from which the 
wells in ~ujarst are usually supplied dried up, and many of the wells 
gra.dnally became salt. Many have remaiued so, and useless ever since: 
others have gradually after several years become sweel again, This can 
only be the result, it seems, of sea .water coming in, when the fresh w11:ter 
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 quoted are within about three quarters-of a mile, and several are used 
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. All figures are given in parte per 100,000 
of the water :- · 

WtiltS, 

No. I 

No.U -

No.m 

No. IV 

No. V 

No. VI 

No. YII 

I.-Variation in· OompoBition. of Athwa Well Water•. 

(Parts per 100,000.) 

April' 1008. Augnst 1009. Octobor 1910. Julr lOU. 

I Chlorine. I Chlorln.o. I Cblorl ... TOtal TotAl ToW Total Chlorine. 8.Jlts. &Its. &Its. &Ita. 

-
... 200·7 9N 76•0 17"5 110·0 41•4 2600 120·2 

-... 203'5 - 102·8 180•0 66'() 260•0 127'7 8020 115•2 

... 158•1 71•2 118•0 42•6 180•0 75•9 254·0 1180 

... 181•2 52·7 104·0° 88•5° 150•0 61•6 154•0 . 52•8 
' 

... 185·0 61·6 150·0 50·0 150'() 58•6 182•0 48•8 

... 134·0 57-1 172·0 60·0 200•0 99•1 182·0 52•8 

... ... ... 70·0 16•8 lSO·O 41"4 70•0 16·5 

· These figures ore merely a random selection frOm monthly determina­
tions during six years, bnt they are sufficient to indicate the vm.-y different 

•. Jlefml to BtpLtmber·ll09. The llllDlpl8 for Aqut 1909lD tbr. r.rie. was mii&!Ill· _ 
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clun'aelter 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 variable character whose weakness ~mits salt wnte: at many 
times of theyear. On the other hand, well No. IV 1B v~ry la~gely mdepend· 
ent of the difference between the seasoD,s, 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:-

II.-VaTiation in Oompo1ition of. Athwa Well Waters .. 

Total Solids (Parts per 100,000) .. 

Well No. U. l Well No. III.\ Well No. -IV. 

190So-Maroh 203·0 159·0 no·o 
April and 1nne 212•0 157·0 J24.•0 
July and September 

:l 
201·0 159·0 154•8 

October and, December 202•0 162:4 156-1 

1909-Fcbrnary and March 231·0• 168'0 137•0 
April and June ... i 245·0 165•7 134•0 
July and September 

:::~ 
197•0 119·3 104·0t 

Outober and Deoembor 200·0 129·0 113·0t 

1910--Jannary and March 267•0 i69·o 
· Apl:il and June . 283·0 158·0 134'0§ 

July and September 271·0 187·0 136·0 
October and December 274·0 195•0 147•0 

1911-January and March 270·0 287•0 133'0 
A pri1 and June 370·ot 120·0 I 
July and Sept-ember ... 311·0 265·0 162•0 
October and December 227·0 241·0 153'0 

1912-J anuary and Maroh 303·0 273·0 164•0 
· April and June 306•0 267'5,. 167·0 

July and September ... 8060 188·6 146•0 
· October ancl December 80!1·0 194.·6 . 167'0 

191So-J an nary and March 298·0 
,. 

200·6 177'3 
April and June 292·0 198·0 172•7 
July and Septembar 324·0 186•0 162·3 
October 831·0 

I 
193·0 155•0 

These figures show an extraordinary constancy for well No. III during 
the early part of the period and for IV throughout. In two .out of these 
three cases the effect of the dry season of 1911 was most evident. In wells. 
Nos. liiU!d 111; emphatically dependent as they are on several streams, the 
sources on which they usually depend were drying up in that year and the 
water, especially during the rains when it should be very fresh, contained­
more salt tban at almost any time during the duration of my records. · 

·This may cause serious thought. in connection. with one point.:..,_the ~ 
results of short rainfall in tiujarat on the character of the wnter i~ the 

Februn;ry on1y. t September only. t Ot'tober and November only. § )lnr and June only. 
ll - April oDl~.. , Aprll lpld June only. 
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wells. I have already mentioned the effect of the drought of 1899 on many 
of the wells of Gbjarat. An increase of salt occurred which has made m&ny 
wells permanently useless, while many others are only just recovering :from 
the effect. There may, from these figures, pl'<•bably be ·a similar sequel to 
any year's serious drought. The following results from the other Athwa. 
. wells illustrate this point further :- . 

·Total Salt• . 

I. ... n. Ill. IV. v. VI. VII. 

August 1908. ... 167·0 126•0 123•0 103·5 16•6 ... 
August 19Qg, 76•0 1800 118·0 ... 130·0 172•0 70·0 

• 
August 1910. ... 280·0 280•0 150•0 l30·0 180·0 106·0 

·August 1911. 256·0 824.•0 255•0 149•0 150·0 251•0 14.6•0 

August 1912. 118·0 804•0 162•0' 147•0 129·0 186•0 128·0 

August 1Q13.1 138•0. 806•0 198•0 161·0 131·0 214•0 187•0 

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, beca.use an oil engine has been fixed on this well, which is, I 
fancy, dra.wing out more water than the fresh wa.ter 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 a.ction on cattle and men. · . 

·One thing is, however, qnite evident. Where there is a. very large 
difference between the quantity of salt in the water in different ye&rs, there 
the difference seems principally due to the presence of additional sodium 
chloride. - Where the content of salts in the water is constant, in different 
years, there the amount of sodium chloride is also constant, in other words, 
there is little seepage. The point is this. Where there is a. tJariable fresh 
water supply, there the sea water takes advantage of the fact and soaks itito 
the well ~'he only protection for a well against becoming sa.lt is the vigour 
and size of the fresh water stream wh;ch keeps back the seepage of the sea. 
water .. This has one practica.l result in indica.ting the extreme danger of 
utilising too great a proportion of the water availa.ble ·in a. well. This is 
illustrated by the figures already given for well No. II. There an oil·engine 
has been put into this well with the result that ita wa.ter is now the most 
salt of the group. · · · 

Before· proceeding to diScnss the variations in the composition of the 
salta in the wa.ter from each "Well, as I have done in the case of the well a.t 

'\Dhnlia, it will be well to indicate the rainfall for the .years from 1907 
'to 1913 a.t Surat. This is shown in the following table, worked out for each 

month for the si:s: years with which we are dealing. Although it is praoti· 
oally certain that these waters are not loca.l waters, yet the distributiOn of 
the rainfall so far as the season of the year is concerned does not differ 
ma.rkedly from that in the area from which · these wa.ters are a.lmost 
certainly derived. · 
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:Rainfall at Surat, 1907-1913. 

-
1007- I ·1008. I 1909. I 1910. I 1911. I 19151. I 1913. 

January ... 0·08 •82 ... ... 0•08 .. . ... 
February 

. 0•02 -... ... ... ... ... .. . ... 
March ... ... . ... .. . ... 0•18 .. . ... 

.. 

. ' April ... 0·05 ... 0•04 ... ... .. . .. . 
May ... ... ... .. . ... .. . .•. 0•01 

1une . 4•88 2•88 11•91 14·27 '5-48 7·04 20·14 ... 
July ... 18·4~ 88·85 27•84 8·69 2·65 86·81 8•06. 

August ... 16·28 6·48 . 6•22 10·92 • 8•87 I 6•80 5·44 

September , .. 0·20 8-96 6•95 HO 2·92 I 2•26 8•82 

·ootober ... ... 0•01 0•06 1·28 . .. 1•20 0•18 

November ... ... ... ·- 0·22 ... 8•59 .. . 
Deoember ... ... . ... 0•42 ... .. . . .. ... 

-1 - - -
Total I 29·26. 47-45 68•26 86-48 19•63 57'49 I 37·65 ... 

' I 

The distribution of the wells is shown in the attached· sketch. 

We will now consider each well in sncoession. 

. Well No. I.-(Rcse Apple Tree Welll lies to the Eastern extremity of a. 
line of fo~ wells, nearly one thousand feet from one end to the other. The 
total depth of the well is 33! feet. In this case, and only in this case in all 
the series, there is a chance of surfa.oe drainage running into the well during 
the rainy season. The figures for J nne, July, August and September are, 
hence, not very reliable in this case. The water stood six feet deep in the 
well just after the monsoon commenced in 1912. This water is only used · 
occasionally. 

-
The aetna.! figures of the ana.! ySia 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.-(Oil-engine Well).-This lies 297 feet to the West 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 t)lis well, as oil-engine was fitted some 
years ago, and the water which it has pumped has been constantly used · 
since. From the change in composition, and increase 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 been. made np from tbe ·tidal Tapti river or other 
u.line source. · 
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The ..Ctual figures of the analysis ~f the water will be shoWn in the 
appendix. 

- The total amount of the solid matter has varied greatly, as is shown by 
the following figures :-

1908. 

Janua.ey . ... 
~·· 

February ... ... 
Maroh ... 294•0 

April ... - '208•5 

May ... ... 
June ... 220·0 -
=foly ... 228·0-

August ... 167"5 

September .•• 207•0 

-Qotober ... 229•0 

November ... 179·8 

December ... 1 197•0 
I 

TotaZ Solids.-Oil·Engine Well. 

(Parts per 100,900.) 

I 1000. I 1910; I 19U. I • 

231•0' ~60·0 '160•0 I 
I -. .. 260·0 820•0 

... 260•0 310•0 

244·0 274·0 870·0 

250·0 280·0 . .. 
240·0 294•0 ... 

-
220•0 812·0 802•0 

180•0 280·o- 824•0 

190·0 220·0 806•0' - . 

... 260•0 276•0 

242•0 261•0 182•0 

800·0 300·0 274•0 

lOli. I 1918. 

807·0 807•0 

801•0 808·0 

800·0 28&·0 

805•0 280·0 

807•0 800·0 

807•0 294•0 

809•0- 888·0 

807·0 80~:0 

808·0 888•0 

8oa·o 881•0 

807'0 ... 
808·0 ... 

· I have already referred to the increase in the total solid matter which is 
going on in this well, partly I believe due to the fixing of the oil-engine, and 
partly d~e in 1911. to the abnormally dry chamcter of the season. 

Throughout the period under consideration, alkalinity, calcnlated as 
sodium carbonate ( Na 2 C0 8 ), is either absent or forms only 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 season. There is no such 
relationship to season as was found in the well water at Dhnlia. 

[For Statemont.1ee pago 22. 



The actual figures are as follows·:~ 

A!TmUnity-0>!-Etigino Wol!s. 

( Percentage of Total SaltsJ 

January .. . 

February .. . 

March 

April 

May 

Juue 

July 

August 

September ... 

October 

November ... 

December ... 

1908. 1 · · 1109. t 1910 •• 

P· 0.' P• o. P• o. 

1911. 1 191.9. 1 1913. 

P• o. 

2'1 

1'8 

1'7 

1•0 

P• o. p.o. 

Nitrates are almost always absent froin this water. . They appeared; 
however, in small proportion on two occasions, in April 1909, and in 
.August and September of the same year. I cannot, in any way, account 
for this·a.ppearance. · 

The vatiation in the chlotides is :very Nma.I·kable, ·They -go ·down: very 
considerably in the rains in some cases and then ~mdually rise again. · The· 
extent to which they go down, and the time at wh1ch the fall occurs depends 
apparently as the amount and time of the hea.vy rainfall in the districts 
feeding these wells. The actual figures are as follows:- . . 

[For Statement ••• page 28. 



1008. 

• 
:; 
I P· c •. 

Ja.n~ary ... ... 
February 

·~. 
... 

March ... 46-4 

April ... 60•5 

-May ... ... 
-

June ... 50•7 

July ... 50•5 

Auguet ... 54-1 

_September ... 54•5 

October ... 52·5 

November ... 51•1 

n.C~ber 47"1 
. . 

OhlOTine-Oil-En gino Well. 

(Percentage of Total Salts.) 

T 1009. I 1010. I l&U. 

p . .o. p.o. p.o. 

. .. ~O·O 48•8 

51-4 50•0 62•4 

••• 47•7 68•1 

50·5 51•2 55·8 

51•8 58·6 ... 
55•7 47•6 . .. 
49•4 48·1 '86·0 

86·6 50·6 44•8 

28•9 51·5 87•7 

. .. 49·1 58•0 

82•5 58·2 87•2 

59·1 52•9 58•1 

I 1912. I 1918. 

·p.c. p.o. 
' 

50·9 62•7 

61·2 60•6 

62•7 51•4 

51'1 55•6 

51·9 49•6 

52·0 49•4. 

51·8 61·~ 

51•8 55•5 

51•0 60•8 

51·8 li_l'5 

51•7 .... 
5i:i '!' 

The fall in the proportion of chlorine during the rains hardly appears in 
1908, ·1912 and 1913, but in 1909, 1910 and 19II it is very marked indeed 
!hough the data o:O: which it appears is different. In 1909 there was little 
effect shown in the July sample, while in 1910 and 1911 !he effect of the 
rains ·is already markedly felt in that month. I ~nnot make out the 
connection between this and the rainfall_. 

. Magnesium is almost always preRont in larger amount than Calcium. 
[ have already referred in connection with the well at Dhnlia to this almost 
11niversa.l- characteristic o~ trap waters. The proportion between the two, 
howeve,, . varies considerably, and the presence of excess of magnesia 
(over lime) .is by no means universal. Taking the amount of magnesium 
ns the basis, the proportion of lime is as follows :-

• 
[For Statemimt aeopago 2i • 



anuary J 

F obraary 

Maroh 

prii 

y 

A 

Ma 

J uno 

uly J 

A 

s 
0 

ugust 

optembor 

otober 

.N ovember 

D eoember 

... 

... 

... 

... 
••'• 

- ... 
... 
... 

.... 
.... . ... 
... 

· Oalciwrn 

Magnesium 
Oil-Engil16 Well. 

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

1008. I --I 1009. . 1910. 1011. 

p .•• p. o. p ••• p.o. 

... ... 71 61 

... 72 86 . 61 

14 ... 80 66 

106 71 75 193 

... H 86 ... 
. . 

86 88 61 ... 
56 78 54 50 

188 186 91 112 

77 85 65 148 

104 ... 50 17 

104 98 11 70 
. 

74 66" 77 64 

1019 . ],919. ,. 
P· o. P· o. 

70 58 

65 60 

57 64 

75 "82 

72 78 

67 74 

72 88 

48 78 

64 81 

60 61 

66 ... 
68 ... 

The von-iations are, obvioilsly exceedingly wide, and it is not possible to 
dra.w conclusions except with exceeding uncert~inty. It would appear 
prob1ble, however, that there is a tendency for the proportion of calcium to 
magnesium to be high in the dry weather of April and May, decrease with 
the first rains, and then increase in the la.ter part of the ra.ius. The 
proportion. is high in April and in August of each year. 

· The sulphuric acid,. and the carbonic aoid are very constant ·in 
proportion, the former even more than the la.tter,-and on the whole they 
vary together,-increi\Se in proportion when the chlorine diminishes in the 
rains, and also decreases when, as in the la.t.er records, the chlorine has 
increased in proportion. · 

Well No. III.-( Roofed Well)-This well lies almost due West of that 
.last considered at a dist·mce of 34.1 feet. It is thirty·eigb.t 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 oooasioMlly, and the principal interest of mz. 

· aeries of figures is to show how the depth of the water, the salts in the wa~ 
vary in a well which is not used and into which no surface water whatever 
can drain. 

The variation. in the level of the water at different times of the various 
Y""'ra is shown in the following table, and is very interesting as showing the 
effect of the season oo the force of the straams feeding the well. . 
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Distn.nco of the water from tlte surface of the ground :-

1008. I 1000. I I 1010. I 1911. I 10lll. I 1918. I Anrap. 

ft. ft. ft. ft. ft. ft. It, 
January "' "' ... 29 29i 29 29 

lebruary ... "' 26 
l· 29 
. 29i 28l SO! . 29! 28f 

' li!Ioroh ... .. .. 26 29 28! . so SOi 28f 

_April ... "' 28 29!!: ... so 80z 29i 

Uay ... . .. 27i so~ 29l ... SO! 291 

June ... 26 26l 28i!; SOil S21 28 28i 
• 

July 25 
. 

26i!; ". 27!!; . 29f 27 28 27t 

August ... 231 23l 22 so 24! 25f 24! 

Bcpoomber ... ... 22 22! 251 24 25i 24 

Qctcbor ... 28 26!; 25! 261 25 82i 27i 
• 

November ... 26 28 27!1 

I 
SOil; 27 ... 27f 

December .•• 25!!: 281 27!!: SOt 29 ... l!Si 

The water; as a matter -of fa.ct, hardly rises till July, and rsa.ches ite 
highe.;t level in September, tha.t is to sa.y, nearly two months after the 
actual time of highest rainfall. • 

The variation in the composition of the water circulating 'and feeding thi1 
well is perhaps sufficiently shown by the figures for the total solid matter, 
Details of_ composition may be DJUnd in the figures. in the appendix:-

We!! No, III-Total Salt•. 

1008. I 1009. I 1910. I lDU. I 1919. I 1918, 

·p.c •. P· a. p c. p.c. p.c. p ..... 
January ... ... ... 1700 260·0 272•0 198·0 

February ... ... 165•5 168·0 800·0 278·0 197•0 

Morch . ... 159•0 170•6 .170·0 800·0 274•0 207-() 

April ... 15S·O 167•0 160·0 ... 268·0 .• . 205·0 
• 

May ... ... 168·0. 150·0 ... .. . 193-() 

June ... 160•5 162·0 164·0 ... 272•0 197-o 

July ... 17S·O. 1S2·0 184·0 254·0 241•0 1820 

August ... 126'4. 118·0 280·0• 255•0 152•0 198•0 

September ... 178•0 108·0. 14811 285•0 178·0 179•0 
. 

October ... ... 122·0 180•0 225·0 201•0 1980 

November ... 142•0 180•0 125·0 2S5•0 196•0 ... 
December ... 183•0 86·0 280·0, 262'0 I 187•0 ... 

• OIDitted from oaloulat10no below. 
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'This well, representing the actual water circulating in the soil without 
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. ·< 

. Well No. IV (Village 'Well).-This well wili probably give a better ' 
indication than any of the others of tho actual variation in the composition 
of these subsoil waters .• It is not employed for irrigation, but is the well 
regularly used for drinking by j:he people of A thwa village. The use of it, 
therefore, very regular, but is not excessive. The well itself is closed in. 
It lies 297 feet due West from well No.·III and 638 feet due West ft•om well 

· No. II. The total depth is twenty-seven feet, and it usually has 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:~· 

J IUluary 

obruary 

h" 

F 

Marc 

April 

y 

June 

u!y 

ugust 

eptember 

J 

A 

s 
October 

... ... 
... 
... 
... 
... 
... 
... 
... 
... 
.... 

Novep>ber _ "'l 
December ... 

JOOs. I 1009. I 1010. I 1911. l 1012. I 1018. j Averogc . 

. 
ft. ft. ft. ft. ft. ft. ft. 

... . .. .. . 25!- 28t 26 26! . 

... 27 . .. 26!- 27!- 27 27 

... 26 •v 27!- . 27 27! 27 -... 29} ... 27l 27 27!1 27f 

29 28 ... 29 27!1 28!1 

26 26 ... 27!- so . 27} 27!1 

26 26 28 22 24!1 25! . 

28 ... 24 27 2~ 28 24} 

241- 28i 24 27' 24} .. 22!1 24} 

25! 24 28 25! 24! so 25! 

27 24!1 24! 27!- 23 ... 25! 

_26! ... 27! 28 29. ... 27! 

This shows a nearly· constant level fro .a December to J nne, differing 
a little on one side or other of the mean owing to more or less water beina 

. used on any day. Then in July there is a rise of two feet or so· a furthe~ 
foot in August, and this level is maintained through September.' Then the 
water ~~ually drops to the dry season level, ':"aching it by ,!December, 
The nse IB about a month later than the commg of the rain': the fall is 
about a month later than its ceasing. · 
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This well has beeri tbro~ghout thele~st saline of any.of thla series, and 

by far the most constant in composition. The following table shows the 
total amount qf lo!id matter. in the ~ter :-

Total Solid-Village Well .. 

-. Parts per 100,000. 

1908. 1000. 1 _ 1010. 1011. ltiUI, lDlS. 

J~muary ... ... . .. - ... 150·0 181•0 169•0 
. . 

February .... ... 138·1 .. . 120·0 155·0 1tiO·O 

March ... 110'0 136'5 ... 130·0 155·0 183•0 

April ... 131'0 lii8•0 ... 120·0 170·0 159·0 

May ,;, ... 138·8 140·0 ... 147•0 152•0 

Juno ... 117•6 116·0 126•0 ... 153·0 207-0 

July ... .126•6 ... 118•0. 154·0 147o() 161·0 . 

August ... 122•7 ... l.50·0 . ·149·0 147·0 161·0 

September ... 214·5 104o() 140·0 159·0 145·0 165·0 

October ... 115'7 106·0 1600 172·0 163·0 155·0 

November ... 116·7 120·0 130·0 168o() 168o() ... 
December 185·9 160·0 . 180·0 1~5·0 ... ... •• 4 .. 

. 

· The first point about these figures is the very great difference between 
them an.d those given a!rea?y for well No. II; altho!Igh the latter is only 
638 feet away,.and the large diffel'l!nce even between this and well No. III. 
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 distinct 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 11 sudden increase in Sep· 
!ember and October 1908, and a slight fall (not moreover always present) 
usually in· the rainy season, the figures. vary very little, in spite of the con­
stant and daily use of the water. This indicates a distant source an<l .a fair 
underground reservior from which this particular well is fed. Thb is con­
firmed by the fact that in the long drought of 1900·01, when nearly all other 
wells dried up, this one still gave a supply sufficient for drinking for the 
village. It is also confirmed by the fact that the drought of 1911 made veij 
little difference to the amount of salts contained in the water of this well. 

l'\Vnile there has been a slight gradual increase in the amount of salts, it is 
evidently independent of the drOught in that year. The actual figures of 
the average salt content for each year are as follows:-

1908 (9 months) ,,,143 parts per 100,000. 

1909 (8 months) · ... 126 , , 



1910 (8 months) 

1911 (10 months) 

1912 (12 months) 

28 . 

,,.139 parts per 100,000 . 

... 1~ ,, 

••• 158 " 
" 
" 

1913 (10 months) ... 169 , , 

The fact that we have a very constant supply .of water of very const~nt \ 
cOmposition gives a special interest to ths water of this well, and we may 
consider the amounts of the constituents present in some detsil. 

In the first place this water is never a1kaline. This is in marked con­
trast with the previons waters we have considered. The carbon dioxide has 
always been present in quantity enough to form, at least, bi-carbonates. 
Secondly, the water is, in all cases e1<cept one, free from nitrates. This is· 
what might have been expected in a water originating in a deep seated 
fissnre. · 

The proportion of chlorides in the salts is much less than in the last 
. well considered, and varies muoh less. The actual fiy·.res are as follow• :-

January ... 
-

February ... 
March ... 
April ... 
May ... -
June ... 
July ... 
August ... 
September ... 
Octobor ... , 
November, ... 
December ... I . 

I 

OhlOTin-.Vil!age· Well. 

(Percentage of Tots! Salts.) 

~. 1000. 1910. lOU. 

p.o. p. o. p. o. p.o. 

... ... . .. 45•8 

... 87'6 ... 41•6 

... 87•8 .. . 40·5 

40•2 89·5 ... 87·6 

... 88•6 40•0 ... 
86·0 85'4 88•3 ... 
86·6 ... 36·5 84•8 

40·5 ... 40·7 85·4 

51·6 82-!i 87•0 86•9 

49·1 31•8 41·1 39o() 

86'4 81•2 41·2 87-1 

8fi•O ... -43•1 45·2 

• 

,10151, ·, ' 1913, I 

P• o. p. o. 

80·8 88·5 

86•9 88·8 

86•9 38•7 

88·8 40•1 

88•2 86•1 

36·7 46•4 

40·9 84•9 

89•5 40-9 

42·0 38·9 

88·8 42·8 

88'3 .. . 
85·6 .. . 

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

• effect of the rains is negligible, either one way or the other. 



· The results of the determination of the sulphuric acid (as snlphates) · 
presents one point of interest. During the monsoon season of 1911 (the· 
year of drought) occurred the only lsrge increase 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 J nly to September. 1t is 
interesting_to compare this result with that already noted from the well at 

,J)hulia (see page 15). .As in the water from Dhulia, the snlphates only 
!form a relatively minor ·nonstituent in these deep-seated trap well waters. 

The proportion· of calcium to magnesium is indicated in the following 
'table:- · 

Oalcb.t_m • V'iilag• Well. 
Magnenum · 

(Percentage of Calcium to !fugnesium.) 
(Mg=lOO.·) · 

1008. 1000. 1· 1910. lUll. 1012. 1013. 

' 
P· c. P· c. • p. c. p c . p. c. P· c. 

January· ... ... ... . .. 202 70 49 

Febru~ry 70 . 85 62 6-1 ... ... . .. 
~{arch ... ... 74 ... 221 55 51 

April ... 86 68 ... 61 62 80 
. 

May_ ... .... •77 71 ... 2 (?) 69 

June ... 78 146 45 ... 68 107 

July ... . 68 ... 111 123 ·'io 91 

August ... 185 ... 119 53 37 70 

September ., ... 46 96 48 77 46 82 

October ... 129 92 55. 35 64 68 

November ... 89 49 56 60 36 ... 
,December ... 91 ... 97 39 75 ... 

' It is difficult to interpret ·these figures in the lig_ht of a~y ~onal 
changes at Surat itself, as would probably be expected m what 1s evidently 
a deep fissure water, but the proportion of calohtm while generally le•s 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 

~show anything, they are not inconsistent with what. has been already pointed 
1 out for well No. II .• 
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The three remaining wells at .A.thwa are interesting, because .each of 
them; durillg the continuance of this experiment were deepened by one or 
more borings in the bottom of the we11 as follows :-

I Origlnol d•pth I D~te of I n .. ptb or 
of well. Boring. Borings. 

\ 
Well No. V (Stepped well) ... 1 31feel Uarch · 25 feet 

1909 ( 2 borings) 

Well No. VI ( Panas well) 4~ feet Usy 1909 43 feet 

Well No. VII ( Bhstar New Well) 43 feel Decenibcr 46 feet 
1909 

The bores, in each case, only penetrated through soft material, and 
did not in any case reach the trap rock which probably underlies this area.. 
There was no zra.terial rise of' the water in the wells as a result of these 

. borings, and it is evident that artesian or sub-artesian water-was not tapped 
in a.ny case. • ' • 

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 hunian consumption chiefly, and little for ilrigatioo .. In 

. July 1912 it contained seven feet of water. The total solids in the water, 
before and after boring, is shown in the following table :- · 

Total Solids-Stepped Well .. 

Parts per 100,000. 

. 
JDOS. IOOU. 1010 .. 1911; 1919. ltJt3. 

'. 

I January ... ... ... 160•0 180·0 144·0 140·0 

February ... ... 128•1 140·0 150·0 133·0· I 137-o . 
March· ... 1310 160·2 1880 ... 111•0 i 1330 

April ... 1350 1407 160·0 120·0 1350 
I 

i 124·0 

Uay ... ... 1630 144·0 ... 130•0 130·0 
-

June ... 121·0 160•0 126 0 ... 144·0 1310 -

July ... 1190 1480 108·0 132·-o 127·0_ 111·0 

August ... 103·6 

f 
15.P·O 1300 150·0 129·0 131•0 

September ••• 155·0 100·0 (?) 130·0 132·0 126·0 119·0 
! -I , ' October ... 2150 
I 

118·0 150·0 59·0 136•0 126.0 

November ... .109·0 I ·120·0 ? 101·0 137·0 ... 
December ... 118·0 I 140·0 -160·0 136·0 131•0 I ... 

I I 
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In !he first place,. the boring seems to have made no difference to the 
amonnt of the total solids present in the water. ·This is perhaps what wonld 
be expected nuless water nnder pressure were found itt !be boring which 
is not the cnso. In the second place, the water here feeding this well is 
affected very quickly by the rainfall, as the reduction in the total solids in 
the water follows, in each year, shortly after ·the heavy rainfall has been 

'.leceived. This well represents in fact the exact opposite of the ·'Village 
.. well ' )ast described. .There the water seemed independent of the local rain­
_fall : here it is extremely sensitive to it. It is, therefore, essentially 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-SotUum Carbonate (.Va• GOa) in lVale·r . 

. Parts per 100,000 

1008. I 1000. I 1010. I 1011. I 1912. 

Jan~ary ... ... ... .. . 8•7 -7·4. 

February ... ~ ... ... . .. 4·8 8•1 . 
]\larch ... 8·7 ... 10•1 . .. 8•1 

April ... 8·8 ... 5·8 12·2 12•6 
~ 

May ... ... . .. ... ... 6•7 

june ... H 3·7 ... ... 0·7 

July ... ... ... . .. 6•1 2•2 -

August ... ... 18 4·2 . 4•9 8·7 

September .•. ... 4·8 . .. 9·8 90 . 
October ... 2-1 ... . . .. 16•6 44 

NoVember .... ... 8·7 10·8 9·2 ... 
I 

December ... ... 48 1-1 I 74 2·2 

i 

I 1013. 

0•7 

0·7 

0·7 

10·4 

... 

... 

... 
N 

s-o 

5•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 
remains low till August after which it gradually rises ~ill Olll<?ber and 

~ovember falls a little in December to February aud then nses agam to the 
?>aximum' At present, I do not unde1-stand the distribution. 
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The following table shows the vatiation in the proportion of ~hlorine to 
the other constituents in the water:-

Ohlorine-Steppetl Well. 

( Percentage of Total Salts. ) 

1008. I 1001). [ 1910. I lDU. I 1012:. I lOlli. 

. 

. p .•• p:o. p ••• P• a. p .•• P· o. 

J' a.nua.ry ... ... . .. 42·6 43·1 39·2 39'6 

Febru•ry ... ... 33·7 . 42·6 395 39.5 36•6. 

• 46·1 1\fa.rcb ... 46•4 45•0 50·3 ... s8·5 . 
April ... 45·6 48•6 41•5 45·9 43•6 43·0 

May ... ... 46·8 44·9 ... 39·7 37•0 

June ... 44•0 22•2 45•9 ... 37'4 34·9 

July ... 41•5 44·0 47•9 36·9 37·3 35·3 

August_ ... 41•3 33•3 39·0 32•5 . 88·9 35·1 

September ... 49•9 33•9 40·1 85 7 88-7 39·6 

October ... 51•1 86•0 39•1 7•6) 35•7 40•9 

November .•. 42•0 41•6 ( 12·9) 49•5 36-4 .. . . 
December ... 43.9 42·0 41•2 41•9 40·5 ... 

--c 
These figures show that although the water in the well is largely of 
relatively local origin, yet there is no sea. water Reepage. It lies 1,500 feet 
further from the tidal river Tapti than the last series, and. is evidently not 
influenced by it to any appreciable extent. The figures show the reduction in 
the proportion of chlorides which would be expected in tbe rains, when: the 
less soluble decomposition products would naturally be present in·larger pro­
portion than a.t other times. On the other hand, the proportion of chlorides 
is always higher than in a pure rock fissure water like that of Dhalia.. 

The variation in the amount 'of sulphates and carbonates presents no 
special features for remark. It certain! y cannot be said that theW. proper· 
tion regularly increases or decreases with the season. The proportion of 
calcium to maguesium on the whole becomes greater after heavy min, 
though the results are somewhat irregular. · 

· Well No. VI (Panas Well) lies 1,S27·feet almost due South of ill£. 
last, and is thus still fnrther away from the tidal river Tapti to which I a~ 
inclined to attribute most of the sea. water seepage into the series of wells 
I am discussing. It is a. good well, however, constantly nsed for irrigation 
rather deeper than the others (forty-five feet) and containing in July -1912, 
water eighteen feet deep . .A. boring was made forty-three feet deep, in the bot­
tom of the well in May 1909, but the water did not rise, ana it has produced 
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very little ch .. nge in its compo3ition. The oonlent of solid matter in ~his 
well throughono the duration of my records is o.s follows :-

TotaZ So!ids-Panae Well. 

Parts per 100,000. 

1008. 1000. ·. j mo. .. T 1011. 191i. ~~-.-
---

J'anuary .... .. ... 270·0 220·0 29i·O 185·0 

February ... ...• 180•0 170·0 222·0 280·0 215·0 

Moroh ... ... 124·0 190·0 850•0 2U·O 190·0 

April ... lSHl 182·0 280·0 140·0 

I· 
288•0 218·0 

May ... ... ... 800·0 . .. 298·0 168•0 

June ... 126·0 108·0 278•0 . .. I ... 17i·O 

July ... 152·0 180•0 85i·O 1820 261•0 148•0 

August I" 
117•0 17Z·O 180•0 251·0 186•0 214·0 

September ... 265'() 126·0 180•0 229·0 I 181•0 208-D 

October ... 200.0 186·0 200•0 180·0 

I 
195•0 209·0 

November ... iu·o 180•0 208·0 285·0 227·0 ... 
December ... 181'4 250·0 280-D 2~6·0 

I 
227·0 ... 

. 

Here we ho.ve a ca.se in which the amount of solids in the water seems 
totally independent of the rainfall. Sometimes in the rainy season th~ solids 
decrease : sometimes it is the opposite. It looks rather as if the rainy 
season awakened new and additional supplies, which have a quite. different 
composition from that which normally supplies the well. For this 

· reason, -that we do not appear to be dealing with a single supply or a single 
series of supplies, I refrain from discussing . these figures in detail. '!'he 
actual figures of analysie will be found in the appendix. · · • Well No VII ( Bhattar JVeZZ ).-This well which is the newest of the 
series, lies 1,221 feet to the south of that last discussed. It was forty-three 
feet deep, entirely in soft material, and in ,July 1912 it contained water 
fonrt.een feet deep. · The amount of water in the well followed very closely 
( a month lat-er ) 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 the water and to increase the amount of salts in it. 

B 869-0 
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The amount of solids in the wat·P.r dut·ing the course of these teste 
shown by the following table :-

;r 

F 

111: 

anuary 

ebruary 

arch 

A 

111: 

pril 

ay 

J 

J 

A 

une 

uly 

ugust 

September 

October 

Novembor· 

December 

... .. 

... 

... 

... 

. ... 

... 

... 

. ::: I 
... \ 
... 
... 
I 

·Total oJo!ids-Bhattar We!!. 

Parts per 100,000. 

10011. 1 • 1010. 1011. 

... 92 . 160 

... 120 HO 

... 120 134. 

... . 164 130 

124 148' ... 
... 144 ... 
80 100 78 

70 106 146 

... 180 129 

60 180 129 . 

·76 128 142 

100 
' 164 188 

-191l!. 1913. 

-
158 126 

-
189 189 

139 132 
.-

HO 137 

.151 128 

139 124 

183 125 

128 187 

' 123 . 123 

148 121 

139 ... 
145 ... 

.. 

Though so near to the other wells this one 1:early alwaye is distinctly 
alkaline and has been getting more constantly so. It is a standing illustra­
tion of the imFOSsibiJity in this psrt of Gojarat of i>alcnlating what will be 
the value of the new supply, although water be fou:nd at the. same level as 
in wells near by, without actual test. As a matter of fact this is a distinctly 
questionable water from an inigation point of view. . · 
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AlkaUnity.-Bhattar Well. 

( CALOULAfBD AS NA9 cos·.) 

f 
Parts per 100,000. · _ 

1909 I· 1910 1911 1919 1918 

• --- ·-·-
P· c. P• o. P• o. P· c. p ••• 

J&Iluary 3'7 8'7 28•6 9·9 

February 6'4 N 1•6 

March 10·1 6'8 5•9 . None. 

April 12•9 9•0 6'9 28•1 

'May None. 18•8 4·, 

· June- None. 10•4 .11'1 

July 4·2 None. u·a 10•4 5•9 

August 0•8 Noue. 4•8 6•7 u·s 
· Septembar None. 4•9 6•2 4•4 

October 24·9 None. 26•9 8'1 8·9 

November 18·8 "16•2 11'1 0•7 

December_ None. None. _ 20•7 9•2 

· Tlie difference of thiS well from the others, which nevertheless lie so 
close, is indicated by the comparatively small proportion which chlorine 
forms of th_e total salts contents, while the carbonic ecid forma a muoh 
larger ralstive amount than is found in the other wells. This perhaps can 
beet be illuetmted by taking the average figures for these constituents in 
each year for the. fonr moet typical wells in this Athwa aeries:- · 

. Well No. II 

' I, .. III 

.. .. IV -

.. .. VII 

I 
1908. 1- .111(19. L-~--'-'--~--~1 '""· 

Ol.jOOI-1 OL IClOI\ m.jcoa.l OL rooa-)ci:""fco•.l OL leo•. 
~-1 I --- -~ ---

· I I 
P·•·IP·•·t .. p.c; p. •· ;p. o. p.c. p. o. p. c. p.,c. p.c. p.o . 

• · I - :,. • . 
• • • t t 

... 50-7 I 8./7 144./7 9•8' ~ 7-2 47·1 7-0 51-6 6·5 61-8 6-2 
. l t § § I • o f ,! § tl t 
... 46-1 18-0 89-8 17·8 48-8 18·5 49·1 6-0 49·2 '6·6 47-2 7-9 

l l t l l t' t t . , . t' t 
... 40-7 16-2 86-6 20-2 89 7 16-7 89·1 14-~ 87 2 . 1&-8 89-6114-6 

...... , ... ,19~1 I t t t t 
86-2,89-9 27-6 80-9 28-1 29-1 29-1 27-2,29-1 

..... 

• 9 mODtbo only. t 7 montbo only. t.B montha only. § 11 montba only. 1 7 montba 
only. · · · 
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While therefore the chlorine is usually in each year at least twice and 
usually three times the amount of the carbonic acid in the salts in the 
water• 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 Dhulia well, it is much more near t<(' 
these pure trap waters than any of tb.ose we have considered at Surat. · 

The other constituents of this water do not 'requU:.. ·further· special 
disonssion. The aotual figures will be found iii the appendix. 

. Conclusions drawn from the 63JaminatWn of the Burat (Athwa) Well 
Watel"B.-It 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 il; must be remembered that they occur in a soil evidently 
derived from trap rock, from wells which do not penetrate the rock, and are 
waters which as they enter the wells f'rom the East may be considered us 
being at any rate in large measure derived from the trap ranges to the East. 
Keeping this in mind, I think the following conclusions may be drawn. · · 

·(1) The sources supplying these wells do not ·represent ·a generalised 
subsoil water, but rather a series of separate streams which are running 
from )<Jast fo West, and which are tapped by the wells. : .. 

(2) When not altered by infiltration froin saline souroes,-ohiefly in this 
case the tidal.river Tapti, tb.ey approach the composition of the normal trap 
waters previously presented, except that in every case the chlorine is consi­
derably high~r than in a. trap.fissure water o~ the Deccan. ~his is ,Parti­
cnlarly seen m the relationship between the hm~ and magnesm, and m the 
snlphates. ItisbestshownbyWe!J No.:VII,whichis most remote irom 
sea water contamination. 

(3) All these waters coniain much mare solid matter than is usnal in 
most of the true trap waters on the Deccan, but leaving aside the sea water 
infiltration, this is what wonld be expected a• they must have had a much 
longer course in trap rock and trap rock residues than the Deccan waters. . 

· ( 4) Other things being equal, the a!Dount of salt in the water depends 
on the strength of the fresh water stream through the well. If this becomes 
feebler, then infiltration increases, and the evident sea water contamination 
is liigb. This Is illustrated Well by Well No. II, and by general rise in the 
proportion-of chlorine'" the :rery dry year 1911.-J . . 

. ·J· 
. (5) Though the conclusion under (4) seems to apply to nearly all these 
wells yet there....., wells which are fed f'rom such constant son roes that there 
seems to be no infiUration at any time, even during a very dry year, and the 
composition does not oeem to vary much lit any· time. It is evident that 
snob wells (!OS Well No. IV in the present series) draws its water from al 
large supply which is not immediately and largely dependent on the rainfall 
in the near vioill.ity or even in tb.e same season: In the case of Well No. IV 
any effect of the drought of 1911 appears gradually in 1912 and 1913. 

- - - - ~ ... 
(6} Tbe ·variation in the alkalinity of the waters of these •even 

adjac~";t w.ells is remarkable. So far as most of them are concerned, th<1 
u.lt<ahruty 18 exaetnely small. Even the apparently deep seated supply in 
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Well No. IV is never alkaline. · On the other hand, Well No. VII is gene· 
rally alhliu and so distinotly so as to make it a dangerous water for use in 
irrig-•tion. Even here it v~rie• ~oormonsly. In 1910 it wa• not alkaline 
for the greater part of the year, in the next season (a very dry one) the 
·alkalinity rose to " maximum, and has, on the whole, tended to decrease 

~"<lu.•ing tile more normal years whioh have followed. A. similar cause of 
events can perhaps he traoed in some of the other cases. . 

· .(7) The rise and ~all· of the relative quantities of oaloium and 
magnesium in these watets is curious. So far as one oan see, there seems to 

. he a tendenoy for the proportion of caloinm to magnesium to take a rise in 
each year followed by a fall (gen•rally in the beginning of the rains), this 
being· again followed by a second rise. The period is not the same eaoh year. 

(il) The proportion of the total salts formed by snlpbates is small. 
B11t just 1l.S was pointed out in the oase of the well at Dhnlia, it seema 
snbjeut to onl"ions snd•1en rise•, often at the beginning of t-he ra•no, but by 
no means always so, which last for three ot• four months, when tbe propor· 
tion becomes normal again. · · · · 
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APPENDIX. 

ANALYSES or WATEB :rsoH WELL AT DsoLIA. 

- Oomposition of Salts in Wello11Jate'r, 
. 

--

Jauua111 Peb. I :Mmh I :M~y D.IB. 1008. 1008. 1008. l June -~ July I Sept. 
1908. 1008. 1CI08. 

I O•tober 
1908. 

p. c. p. c. p:c. p. c. P· c. P· c. p. c. p. c; -

rota! Salts ... 61'5 6H 46'9 61-9 68·4 62•6 66·.2 68·0 
(Ports per 100,000)-

. 

:::ontaining-

Colcium ... ' N 6-2 12•4 8·7 109 1S·5 16•0 9·8 . 
Magnesium ... 6·0 s-o 16·1 16·0 14-9 16·9 7-5 16•8 

Chlorine ... 14'4 11•6 22•8 17'6 17•9 22-6 19-0 16·2 

Sulphuric ecid (S04) ... 4-7 S·8 6•1 S·2 4·3 4'2 11•0 S·1 

Carbonic ecid (COs) ... S9·8 89'<1 88·6 41•S 44-0 41•6 S8·8 41·7 
. 

Nitric ecid (NOs) ... ... 7·6 ... .. . ... .. . ... 7·S 

Alkolinity (as sodium oar· 26-4 18•4 11'2 ... ... ... .... 
bonate)• 

. 

' 
N ... Doo. I Peb. I :Ma•eh I July I Aug. I Sept. I October-lliOS. 11108. J.908, 1909. 1909. 1909. 1900. 1009. 

P· c. p.c. p.o. P· c. p.c. . P· c. p.c. P• c. 

!rota! Salts ... 48·4 55·5 72·8 74-0 70·0 86·0 60'() 64'0 
(Parts per 100,000) 

Containing-

Colcium ... 1l·6 8•6 7·1 4·S· 6•7 4-6 6"1 8"1 

Magnesium ... 11•4 11·6 10•6 7·8 10·S 8·6 12•4 8·8 

Ch!orioe ... 22·8 12·0 18·5 18·6 19>6 6·8 12•6 10·1 

Su!phric ecid (S04) ... 16·8 12·6 4·9 S·8- 6·6 4-3 7·6 4·6 

Carbonic ecid (COs) ... 28-1 44•7 36·1 S6-6 88·8 S8·8 448 40·6 

Nitric ecid (NOs) ... 6-'l ..... 6·7 4•9 ... 25·9 ... 10·6 

A!ka!ini~ (as sodium car· ... . ... ... 21•4 ... 8•4 ... ... 
bonate, 
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Nar. I D«o., Jon .. r)'l Peb. 
1909. 1909. 1010. 1010. I M.,.h I AprU I )!~ I Jnne 19l0. lld.O. lDl 1810. 

----
' ' P· o. p, a. p. o_, p. o. p. o, P• o. p.a; p.a. 

Total Salts ... 60•0 64•0 64•0 68•0 56•0 104·0 76·0 66·0 (Parts per 100,000) 

·Containing-:- . 
Caloium ... 6·8 6.9 5•6 6·6 8·6 11·9 6·8 4•2 

Magnesium ... 11·6 11•4 12·81 9•8 1Qo1 4-8 8·8 . 7·9 
I. 

Chlorine ... 8·8 15•6 12•0. 16'9 2•2 8•1 11·0 20·8 

Sul},lhurio ~id (~04) ... 4•1 S·2 6·8 I 6·7 4·4 8·7 8·8 6·2 

Ca.rbonio aoid (COs) ... 44-2 89-4 41•7 41o() 44'6 29•6 86"1 87•1 

Nitrio acid (NOs) ... 7•8 7-2 7·6 ... ... 16•9 18•4 ... 
- . Alkalinity 

bonate). 
(as sodium oar- ... 6·0 ... 4•5 g., 10•6 4•1 ... 

- ---- - ------ -

.Jnly Aug .. Sept. Ot'tobor No'f, D.,, Pch. Xnl't'h 
1910. 1910. 1910. [mo. J mo. 1010. lOU.- 11>11. 

T 

il· o. p.o. p.o.; p.o. P· a, P· o. p.a. P• o. 

I 
70·0 otal Salts ... 78·0 92·0 88·0 ao-o 120•0 80•0 70·0 (Parts per 100,000) 

I ontaining- - . 
Calcium ... 4•1 8·9 12•8 7'6 8•7 6•7 8·0 4•6 

c 

' _Magnesium ..... 6·0 6·0 6·7 - 98 I. . 6·4 8-4 7'1 9·2 

Chlorine ... 18·6 13·3 12·7 12•8 40·2 19·7 21-5 19·7 
' Su!phurio ocid (S04) ... 21-2 22'6 168 14·4 4·8 7•0 S·1 . •H 

Carbonic naid (COs)- ... 34·7- ' 29·8 Sl-1 86-4 2D-7 88•0 86·9 88·9 

Nitric aoid (NOs) ... ... ... ... ! ... ... ... . .. . .. 
Alkalinity 

bonate). 
(as sodium oar- ... ... ... ... 0·9 ... ... 1· 6 



' April ll.aJ Jtme JuiJ I Aug. I Sept. Oe&ober No". 
11111. 11111. 18U.· Ull. 11111. 11111. 1811. 1811. 

I 

p: o.l 
- - .. ·- p.o. P• '0; p.o. P• o, p.o. . P• o .. p.o . 

.. .. 
otal Balte · . T 
(Parts per 100,000) 

... 70·0 '10·0 '14.•0 66·0 so-o 68·0 . 65·Q 66·0 

.Co taming D -
.. f 

CalciUm 
.. 

6·d '1·8 ... 6·1 6·8 s·s 6•4 6·' ?•!~ 

Magnesium ... . 8•1- 8·4 8·2 10·8 8·4 '1·2 . '1·2 8•4 . 
ifi·O U·o 1!1;8 · ()hlorine ... 16-() 12·6 16-() 18·2 13'1 

Sulphuric aoid (SO 4) . ... 4.1 8·2 14•9 16·'1 ' 18·7 . 8•6 8,1 111' 

Carbonic acid (COs) ... lt·O . 40·0 82•8 40•0 8H S9·~ 40·{ 89•1 
' lii\rio acia (NOs) ... ... . .. ... ..... ... ... ... . .. 

.A.Jkalinfty . (as sodium ca.r- ... · 1·6 19•1 9•0 ... 1•6 ... ' ~-8 
bonate) 

I 

. -. 

])e(>, \JIL111Uil'J I Peb. I Horeb I Aptil I Moy I Jane I Jul· 11111. liiU. . 11119.. 1919.. 1111ll. 1919. l81ll.. 1111 

, . 0. tp. 0 . 'P· o. 'P· o. . P· o. P· o. p.o. p.·o. 

Total Balk ... 
(P.rta per 100,000) 

~9·0 -vo-o fO-G '17·0 '11·0 '16·0 80-() . '11·0 

Containing-

.Ca.loium ... 6·0 .. ·6·1 ' 6•2 . 6·1 4.•6 ·} 6•7 6•6 -6·6 

Magnesium ... 11'1 11'1 12-6 7'0 6·4 7·0 6·9 '8·6 

Chlorine ... 11•8 .}8•1 11'5 11·0 14•5 16·8 18·0 12'·!3 

~ulphurio acid (S04) ... 4;7 ~~ . 6-8 6•8 6·.7 . 4·8 ~'() ; · 4·0 

Carbonic aoid (COs) ... :86·6 88·2 87-1 87•4 85•5 : 81•'1 88•1 88•9 

. .Nitrioc.oid (NOs) ... . 6·8 6·7 6·7·. 6•1 ' 15•6 6-v ·6•6 ' 5·0 

Alkalini~ (ae IOdium carl 6·4 ... 8·1 ... l0•4 12·6 12-9 !3·0 
bonate) . . . 

I 
I . 

.. 
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Aug. ·i ·~ 'October I Nov. \ Deo.,Januarrl Peb. ·1 Maroh I Al,rll l91i. . 10 1IU9. 1019. llU9. 1913. 1918. 1913. 1 18. 

p ••• P• o. p,o. . p.o. p.o. p ••• P· o. p.o, p.o. 

•'J.tal Salts ... 74-0 
'· (Parts pm;lOO,OOO) · 

74.•0 68•0 75·0 76·0 VV·O V6•0 V5·0 vw 

Con~ 

Calaium ... 6•9 ~·8 4..·v 5·8 5·v G-1 5•7 6·8 4-8 .. 
· Magnesium ... 4•4 10•1 8•1 7·8 v·~ 9•0 9'i 5·4 7·7 

Chlorine ... 12•9 12•9 14•2 12•9 12•7 18·6 1!1•7 . 1!1·~ 18-1 

Sulphurio aoid (S04) 4,•9 5·5 8·5 8•8 8·!1 4.•!1 <1•8 8·8 ·8·8 

CarbODio acid (COs) .. 88•8 32·2 88•<1 86·8 87-1 86-4 87-1 4.0·8 89·8 
• 

Nitric acid (NOs) .... 6'6 6·5 6•8 6·0 5•2 6·8' 5•2 5.8 . 6•1 

Alkalinity (as sodium s·o 
. carbonate) / 

... ... ... 1•11 0·9 ... .. . 

II-
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Analysis qf Water jrO'I'I~ Wells at Szi1;at.­

WJ!lLL No· I. 

OOm.pontion of saltsin Well water. 

Mnrch I AprU l June I Mey I Jnne I July ·I A~t I Sept~ 1008. 1008. lOOS.J lOOD. 11109. 1008. 1\10&. 1009. 

T 

P• c. P· c. P· c • p ••• I P· c. . p. c. p. c • P• o. 

' • 
.. 

?6·0 otal~alla ... 192"4 200·? 220·8 165·4 134·0 U8·o 44'0 
(Parts por .100,000)" ' 

Con.taiuiug- -

Calcium ... 22 7•1 . 7·6 ·1.5 . 5-4 6•4 17'5 10;9 

)[agnesium ... 8·6 4·9 5·6 2·6 4•6 4•4 8•6 6·9 

Chlorine ... 45·4 467 43·6 48•8 47•2 44·4· 23•0 16:9 
-

Sulphuric acid (804) ... 4"3· ... 2·8 2•0 6•8 . 6.9 27'1 4:7 

Carbonic acid (COS) ... 20·6 18·2 17·2 12•1 . 16•5 13·6 24•6 40•9 

Nitric acid (NOS) .,. ". ... ... ... . .. ... ... 3·2 

.Alkalinity ·(as sodium ... 4-2 8·6 4•4 4•7 ... 1•7 8•4 
carbonate). 

-
Dol. I Nov. I D ... , Jeu. Feb. 
1009. 1909. 1909. 1910. 1910 . I !J=h I April- \ May. 1910. lDlO. 1910. 

• P• o. p ••• p.c,· P• c. p ... p.o. P· c. p. e. 

: 
Total Saito ... 68•0 4,.6'0 120•0 166•0 160•0 186•0 180•0 160•0 

(Parta per 100,000) 

Oontainiur- • 
Calciuni ... 1'9 8•7 6•0 D-7 4•0 . 1•8 . 8·8 s·5 
:Magusslum ... 8·4 6•1 6•9 6•6 •N 4•8 ·7 3·7 

Chlorine ... 12"9 14'1 42•7 41'8 - 46•8 47•0 46·7 60•3 

Sulphuric acid (804) ... 16•8 6•2 8•8 8·7 4·9 5•8 4•1 1()o2 

Carbonic acid (008) ... 8:.!'6 40•4 16•3 13•2 18·8 9•8 19·5 U·S 
• 

Nitrt~ acid (NOB) 
-... ... ... ... ... .. . ... . .. ... 

Alkalinlty (u sodium 6•9 . 
2'0 6•0 2'6 ... ... ... ... 

-bonate). . 
..... 

-

-



June I JulJ October I Hart-h I Aliril I Jul1 Angotti S.IJ.~ 
1010. 1010. I 1010. lOU. " • lOU. lOlL 19 , 

' 

P· c. p .•• p. c. p. c p. c. P• c. P· c. P· c. 

~tal Salta ... 194•0 76'0 uo·o 122•0 280·0 260·0 256·0 98·0 
. . (Parto per 100,000.) 

·Containing-

Cal~ium ... 1·9 6·8 4·7 9.·0 4•6 8·2 4·8 12•1 . . . . 
:Magneainm ... 4·8 1-1 4·8 2·0 8'4. .. 6·2 80 7-8 

Chlor:ne . . .. 42·0 27·2 37·6 54"1 50•8 462 48•4 84·1 

Sulphuric acid (804) ... 4•2 4•3 3·8 N 8-1 6•8 9·0 9-6 

Carbonic acid (C03) ... 11•2 17'1 19·2 15;5 8·3 10•2 7·9 17"1 

Nitric acid (NOB) ... . ... ... ... ... . .. .... .. . . .. 
Alkalinity (as ~odium ... ... .. . 4-8 1-0 : 8·7 1·0 9•1 

ca~bonate). · 

.. 
.. . .. Ju]J /A"""'' I Sept. 

I 
July I Angwoll S.pl. 'Od • 

1912. I 1012. 1912. 1913. j 1913. 1913; 1913 • 

. . 
P• c. p. C, p. c. P• c, p. c. p. c. p. c. 

Total Salta ... 234'0· 118·0 184•0' 106.0 188·0 889.0 198•0 
(Parts per 100!000) . 

. Containing-

. Calcium ... 6•4 12·8 9•8 18·2 ·6·8 6·9 ~-7 .. .. 
Magnesium ... 8·0 6•6 6•8 4•0 2·0 . 4'6 1•6 

Chlorine· ... 819 as·s 85•4 88·0 86•1 '82•0 . 82·5 
. . .. 

Snlplioric acid (804) .... 4-o 10•0 N 4:8 ,., 4."1· .. ll•5 
... •. . .. 

9'7 . 17·7" 16•1 17·5 15•0 "-15'&· . '1i-1 • Carbonic acid (COS) · ... 
. . .. -.=- . .. . 

Nitric acid (NOS) 
.. ... .. ... .. . ... ... . .. ... . .. 

-
Alkalinity (as oodiom - o·8 1•8 1•6 ... : 6·8 8•6 &·s 

carbonate) .. 
. . 



WELL No. II. 

Oomposition of StJ!ts in Tr'ell water • 
. 

Mnrch April Juno July .. I I 
1908. : lD_.S. llUOS. 1908. 

I August I Sept. I Oot. I Nov. 
1008. 1008. 1908. 1908. ··,._ . 

P· c. p. c. p ••• p. c. p ••• p. c. p .•. P· o, 

TcitaJ s.11a ... •203'8 203·5 220·S 227•6 167•4 206·9 228•8 179•6 
(Parte per 1 00,000) 

Containing-

Calcium ... 1•2 6·6 6·6 4•3 9·0 6-1 7•2 .8·8 

Jlagneaium ... 8'6 6•2 6·6 7'7 .6·5 6•8 611 8·6 

Chlorine ... 45'4 60·5 60·7 60·6 6H 64·6 62-5 61-1 

Sulphuric acid (S04) ... 6·0 1•2 &·0 6•9 2'4o 4•4 4·7 4•8 

Carboalc acid (COS) ... 2•6 11•2 8•8 8·0 8•1 7'11 't·B 9·9 

Nitric acid (NOS) ... ... .... ... ... .. . .. . ... . .. 
.Alkalinity (uJoodiam 

carbonate). 
... ·1 ... ... ... 

I 
.. . ... ... 

Deo.l Feb, I April., M•y I Ju~o I July 
]9()8. 11109. 1909. 1900. 1909. 11109. 1 

A .... , r Sept. 
1909. 1909. 

. 
1 I I P• c. p. C, P• Co P• O, p, Co P· c. P, c. p. c. 

231·0 24H 1260·2
1

240'0 Total Saito. ... 197•0 220•0 180•0 190•0 
(Parle per 100,000) I 

Containing- • ' 
Oalcinm ... 5•8 6·4 4•9 4•9 6•7 6•0 7'1 7•8 

Hagne.olum ... 7'8 7'6 6·9 6·6 6•& 8•2 6·2 9•2 

Chlorine ... 47'1 61•4 60•& &1·8 65·7 49•4 8.6•6 28•9 

Bulphario acid (S04), ... 4•& &·a 4•7 6'11 &·& 6•6 10•6 6•4 

C..bonio acid (COS) ... 14'7 9·S 9•0 8•6. 8-4 9•4 '18'2 11'0 

. Nitric acid (NOS) ... ... . .. 0·6 .. . ... ... 1'7 0•7 

Alkalinity (llliOdlmn ... ... ... ... 2•4 .. . 1•0 1• 
carbonato), . 



' 
Nov. I Dec., Jan.• I Fob. 

. 
March ~~I May I Juno 1oou. I 11100. xu1o. ~ 1910. 1010. lUlO. 

p. c. p. o, p. c, p. c. p. c. p.c,lp,c.' P• c. 

I 
1•1&1 Salt. . . ... 242·0 300·0 260•0 260•0 230•0 2N·o 260•0 2l14'0 

(Patts pOl' 100,000) 

Conta.ining-

Calcium ... 4•4 4'8 4•9 4•0 2'1 •N 4•2 4•5 
' 

Magnesi~ ... 4•6 6•5 6"9 11•1 7•0 6·9 4•9 7•4 

Chlorine ... 32•6 60•1 60'0 60'0 47'7 61•2 53•6 47•6 
not de· 

Sulphuric acid (B04) .... 7-8 4·4 6•5 •s·s 6·0 6·2 5•7 termin . 1'01 ed • 
Carbonic acid (COS) ... 8•1 7•0 8•6 . G·6 7•7 8•7 11'6 

. 
Nitric aied (NOS) • ... ... . .. ... .. . ... ... ... .. . 

. Alkalurlty (as sodium 3•7 1'4 ... .. 4'4 bl. . ... ... 
carbcD&ts,) 

-
.lulv I Auguat I &•pt./ Oot. I Nov., n ... , Jon. I Feb. 
lUlO. 1910. I lVlO. lUlO. lUlO. lUlO. lOll. i lUll. 

·p. c. P• c. p. c. p. c. p. c. I P• c. P· c. p. c. 

• I .. 
Tots! Sa.Jts ... 812'0 280•0 220'0 260•0 261•0 . 800·0 130•0 820•0 

(Parts per 100,000) 

Containing-

Calcium 8·1 4•0 5·4 S·7 0·5 1•7 Jl•7 1'0 

llagnesium ... 5•7 4'4 8·8 7'5 4•5 2'2 4•4 8-1 

Chlorine ... 43•1 50·5 51'6 49'1 58•2 52•9 48•8 52·4 

Sulphuric acid (SO~) ... 4•0 7'8 6'4 4•8 1·1 a·o ;1,•8 -2·6 

. Carbonic acid (COS) ... 6•0 4•9 6•7 8·1 ll·8 N 18'1 6•0 

Nitrio acid NOS) ... ... ... ... ... ... ... . .. .. . 
' 

'Alkalinity (as sodium ... I 1'8 ... ... . .. . .. 'll'l . ·1'8 
carbonata). 



-46 ··. 

Ma"'h I April I July 1911. 11111. lOU. August I Boyt. I Oct. I N ••·I Deo. 1911. 19 1. lOll. 1011. ~911. 

I 
P• c. p. c. p.c.;p.o, p. c. p .•• p. c. P· c. 

I 
Tot&! Salts ... 310'0 870•0 320•0 ' 320•0 866•0 276•0 132·0 274•0 

(Parts per 100,000l 
. 

Containing-

Calcium ... 2'1 2•9 8'4 4'7 7•3 1'3 5'1 4·1· 

Magnesium ... 8'2 1'5 c 6'8 • 4'1 5•0 7•5 7•8 6'3 

Chlorine ... 58:1 55•8 86•0 44'8 87•7 53•0 87•2 58•i 

Sulphuric ·acid (804) ... 2'7 2'2 9•7 9·9 8'6 ·5·0 3'7 5'4 

Carbonic acid (COS) 6'1 2'6 4'8 6•1 ... 5·0 18'1 0•7 

Nitric acid (NOS) ... I ... .... ... ... .. . ... ... . .. 
I 

Alkalinity (aa sodinm I 1•7 1•0 1'9 ... ... 4•0 4'9 ()o5 
carbooate). I 

Jon. ll!'ob. lllaroh I April I Moy I Juno I July I August 1012. .1912. 191.2. 1912. 1Ul2. 191it 1D12. 1012, 

P· .. I p. c. P• .•• p. c. ;.: -;.-:: P• •. ;.: . 

Total SaiiB ... 307·0 801·0 3001l 805'() 807 0 307o() 809·0 807·0 
(Parts per 100,000) 

Containing.:_ 

Calcium 5'1 4•9 4•3 5•2 5•1 4·7 5•2 3·5 

· Magnet!um · 7•8 7-!s 7'5 6·9 7•2 7·2 7·2 7•3 

·. Cblorin~ ".'I 50·9. 51•1 52•6 51'1 51·8 51-9 51•8 51'8 

. Snlp)l'!'ic acid_ (804) . ... 4'7 5•2 5·2 4•7 4'9 5·8 .. 4.-9 5·5 

·: Corl>!>ni~ acid (COS)..:· 6'7 7·0 5•2 7•1 6•6 5•1 6•7 6'2 

Nitric. acid (NOS) 

Alkalinity (aa oodium 
carbonate). · · 

1·9 1•4 1-9 1·9 1•4 1'4 -.1·6 



eep~. I (k>t.. 
m2. I 111li. I NOT. I~. 

11119.. ~1119. 
I Jan. ll'tb. I )la~b I April 

19.13. 1913. 1913. liiU. 

p. e." I p. e. p. c. P· e. p. c. p.e. P• c. P• c. 

~ota.l Salt& SOS·O ... sos·o soa·o 807'0 807"() 808·0 286"() 281•0 
(~art. pe1· 100,000) 

.Containing~ 
.. . 

: -
Calcium .. .... 8·9 . 4·SI . 4•8· 6·6 4·1 , U .4·9. 6·6 

' 
Magueaium ... 6·2 6•9 7·8 . S·!il 7•8 '1 '2 '1·7 6•8 

OhloriDo ... 51-Q b1•2 51·6 61"1 52·7· 00·6 51'& 55·7 

Sulpl1uric acid (S~) . ... 6•4 6·9 5·1 5·7 4'6 4•7 S·6 5·0 -
Carbonic acid (COS) · ... 6•7. . 6·6 7"0 '1'1 7·0 N '1'6· l•!il 

Nitric acid (NOS) ... ... ... ... ... . ... . ... .. . ... 
Alkalinity (u aodinm 1'4 1'2 ... ... .. ... .. . . .. ... 

ll&rbonate). 
' . 

-
Hay I JIIJie I Jnl:r IAD&"'llt Sept. I Oct 
1013. . 1013. . 11113. l OIS. 1013. lPlS. 

po. P• o. I . I 
p.c.

1

p.c. ,p: o. P• c. 

Total Salt. soo.o 294•0 SSS·O 806•0 888-G- 881•0 
(Parta per 100,000) 

Containing-

C:Ucium 6·8 6•1 !il•l 6·8 4·4 4-9 

}l~neeinm 6•8 '1_-o ., 6·6 '1·6 6•4. 6•8 

· , .~hloJ ine ... . ~ .., 
~ 

49•5 49•8 . 61'1 66•4. &0•1 61'6 

Sulphuric acid (S0-1) • 6•1 68 . 
I 

4·9 6·1 ~a &·1 

Carbonic nc:id (008) 8'9 7·2 6·1 2·9 6-9 6•8 

Nitric ncld (NOS) .. ... 
Alkalinity (•• 1odlum carbona+.e) o·& 

.1. 
0·4 1·, I 



'Feb. I Ho~h I Aptll I Mor I Juno I Ju1r I Auguaj Sept. 1009. 11109. 11100. 10011. 11108. 11109. lllOJI. 11109. 

. 
p. o. p, C; p. o. P• o. P• o. P· o, p. o. p • .0· 

TotalS&ltil 
, ... 165·4 170•5 167•2 168·0 162·0 182·0 118•0 101'-o 

(Partl per 100,000) . 
CoatainiDg- • 

CQ}cium ... 8•9 8·5 8·6 2·1 4•4 4•2 10·8 6•7 

Magnesium ... 6•4 6·8 6·2 5·6 4·0 6•6 5·2 6·8 

Chloriue .... 89·8 42·2 '48·1 45'1 46·9 99·6 86·0 87-ii 

Sulphuric acid (SOd ... 2·1 6·0 6·5 4·2 6·9 8•4 1,2·9 4•7 

Carbonic aci!} (008) . ... 15•1 -14·8 14·8 14.•0 16·0 16•9 17·8 19•4 

Nitric acid (NOa) ... ... 0'7 . .. . .. 1·0 ... 4·2 1·8 
Alkalinity (uiOdium carbo· ... ... . .. ... !l·S ... 1·9 '1·8 ·nate). . . 
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Ototober Nov. Dec!. Janual')' P'eb. I I I I 1909. 1009. lOOU. 1010. I 1010. 
I Murch 

1010. 
April I ll"l' 
1010. 1010. 

p.o.lp.o. 
r 

P• ~-~ p. o. p.o.

1 

p.o.

1 

p.o. P· o, 

122·0 1180•0 ~otal Saito ' 86•0•. 170·0, 168·0 170·0 160·0 100•0 
(Parts per 100,000) ... I I 

Conta~ing-
! 

Calcium ... 6·9 4•0 7'9 6·9. 8·8 2•4 8·0 2•9 

:Ma.gnesinm ... 6•4 4•7 10•9 1•6 4'5 4•7 4•6 4·9 

Chlorine ... 87·9 41·5 22•8 40•4 40•Q 41•8 49•6 89•7 

Sulphuric acid (SO•) ... 4'8 7'6 12·9 7·0 5·9 7•7 1•0 19'1 

Carbonic acid (C08 ) ... 20·7 
I . 

18•5 29•8 8·9 16•1 18•8 15•4 18'7 

Nitric acid (N08 ) ... ... ... ... . .. . .. ... ... ... 
Alkalinity (u' iodlum carbo- ... 5·0 4·9 ... . .. 5·0 4•8 ... 

nate). 

- I . I Juno/ July A...,.t Sept. IOctoborl Nov., Deo. IJunuarr 
1910. 1910. lUlO. _ 1910. 1910. 1910. 1910. lOll. 

P· o. p. o. p ••• P• o. P· o. p.o. P· o. P• o. 

' 
Total Salta ... 164•0 184·0 280·0 148•0 180•0 125•0 280•0 260•0 

(Parte per 100,000) . 
. 

Containing-

Calcium ... 5·6 2•1 1•6 1'9 8•1 1•6 8·6 2•8 

Maguesium ... 5·8 4•4 2-4 4•6 4·6 8'7 7•6 2•1 

Chlorine· . ... 86•7 42•5 49•6 44•8 42•1 42•8 56•7 55•7 

Sulphuric acid (SO•) ... 7-5 ·6·1 4•0 5·5 4•0 Not 1'4 8•6 
deter· 

. mined 

Carbonic acid (C08 ) ... 16·0 14'8 7•7 12•4 i4•7 . 28•0 6•1 8·0 

Nitric acid (N08 ) ... ... ... . .. ... ... - , .. . .. 
Alk•llnlty (u oodium carbO-. ... ... 1•9 ... ... l 18'4 . .. 2•0 

"!'te). I 



Total Sal!AJ ... 
(Part. per 100,000) 

Containing-

Calcium ... 
)!agnesiam 

Chlorine 

SulPhuric acid (BO,) 

Corbonie acid (CO a) 

Nitric acid (N08) 

Alkalinity (u sodium cat'bo· 
nate). 

---------

Total Saito ... 
(Parte per 100,000) 

Coot..ining-

Calcium ... 
Magnealam ... 
Chlorine ... 
Salpharie acid (SO 6 ) ... 
Carbonic acid (C08 ) ... 
Nitric acid (NO a) ... 
Alkalinity (as oodlnm carbo• 

nate). 

60 

Feb. l Jlfu"'h I July I AuJOUit I Sept. IO•Ioberl Nov.] Deo. 
1911. 1011. 1911. lOll. 1911. 1m. lOll. lOll. 
-~ ---~-------·-

P· o. P• o. P· o. P• o. P· o, p. o, P· o. P· o. 

800·0 800·0 254·0 255·0 285•0 225·0 285·0 262·0,. 
~ 

8-1 8·2 

1·6 1-8 

52·5 47·7 

1·9 2'1 

6·6 6·6 

S·O 2·8 

' Jnnuaeyl· Feb. 
1912. 1912. 

p. o. p. o. 

272·0 278·0 

4•6 4·9 

5·5 5'8 

48·8 51'0 

4·7 4•6 

6·1 6·1 

... ... 
2-4 1·0 

28 H 8·9 5·1 4·9 s·8 

6·8 5·6 5·5 6-4 J·1 58 

46•5 46·1 44-1 50·5 49-6 49·0 

128 94 10·8 8·8 59 8·8 

4·8 76 7'4 H 64 . -4·1 
! 

... I 

.2·9 1·4 8'8 4·9 2·7 1'4 

I 

Mnrt'h ' April Juno l I ' I 
1012. jtlt12. 11912. Jnly 

1111.2. I AugtUit I S'pt •. 
1912. 1912. 

P· e. P· o. p. o. I P···· P· o.· P· o. 

274·0 2680 272·0 I 241'0 152•0 178-Q 
. - i 

I 

4•5 5·1 5·21 4-3 . 60 5·0 

' 6·2 6•0 58' 5·0 7-5 8•6 
I ' 

504 51·2 48'81 49•5i· 47·8 48·4 

' 5·0 4·9 5·8' 4·9: 8·1 7·8 

. 6•0 6·8 6·4i 7'1 6•1 7•0 
I ... . .. . .. I ... .. . . 
' 

1-8 08 2 71 1-5 0·9 1'7 

i 



51 

h~"l I D~. I I I I NOT. Jan\Ull')' Feb. : llnreh April May 
lOU. 10.1.2. lDI:I. lUlS. I 1013. • lUlS. "jlUl•. 

.. -
1

p.o.jp.o: p. "·I P· o. 
p._o. P• o. P· o. P• o • 

Tol&l Saito ... 201•0 196·0 187•0 198•0 197•0 907•0 905•0 195•0 
(Part. per 100,000) 

Containing-

Calcium ... 8•5 4•9 8·9 4•4 5•8 6-4 6•0 4•11 

Magnesium 5·ll 4•6 5·5 4•5 7·1 4•9 4'1 4•7 

Chlorino ... 47•0 49•9 49•8 47•7 49•4 45•8 49•5 41•9 

· Sulpburlo acid (804) ... 6•1 4•6 6•1 
I 

4•1 6•4 5·8 4•9 4•8 

Carboulo acid (COs) ... 7•0 I 6•7: 7•8 7'4 7·9 5·8 8·0 5•9 

Nitrio aoid (N08) 
I I ... ... 
I 

. .. ... ... ... ... . .. . .. 
Alkalinity (as oodium oarbo; I 0•8 0•8 2•8 ... 

I 
... . .. ... ... 

· nate). i 

. I 
June July Au~nst Soptom~or I Octobor 
1913. 1913. 10 8. 1013. 1D18. 

p. o. P· o. P· o. P· o. P• o. 

Total Ballo ... 197'() 182·0 198'() 179·0 108·0 
(Parte per 100,000) 

ContailliDg-

Calcium ... 5·1 4·4 5'() 4•9 8-9 

lo!agueoium ... 4-9 8•5 8·8 ·£'& II'() 

· Chlorine ... 47'8 48•1 49•8 49•11 89-1 . 
Sulpburio aoid (804) ... 4'6 4·2 4·6 4'6 5·9 

Carbolllo aoid (CO a) ... 8·0 7-8 7'5 8•8 . 111·11 

' 
Nitrio acid (N~e) "' ... ... ... . .. ... 
Alkalinity (u oodlum carbo- • ... 1·11 8·o 1•6 8·8 

. nato). 
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WELL .No. IV. 

; A;.U I June Jul~ I A""""t I Bepl. I Ortoberl No•· I Dec. 
1008. 1008. 1808. 1008- 1908. 1008. 1908. 19()8. 

p.o. p.o.J P· c. P• c. P· o. P· o. P· c. P· o. 
i I . 

Total Salts 
i 

117·61126•6 122·7 214-5 215·7 116•7 165·9 ... , 181•0 
(Parts per 100,000) ! 

Containing-
'. 

Calcium ... 6•9 4•4 .6·6 N 8·8 8·6 &·& S·2 

Mngnesium ' 1·9 6-Q 97 5·5 7•2 2·8 6·2 S·5 "'[ 
Chlorine "'! 40·2 8S·O 86·6 40·5 61•6 49•1 86·4 85·0 

Sulphuric acid (S04) ... 4·0 7'5 s·2 6·0 8·6 2·8 8·8 8·6 

Carbciuo aoid (COs) i 14•0 20-5 16•2 167 9·8 9·6 . 18•6 16•7 .... 
Nitric aoid (NOs) 

I 
···' ... ... ... I .... .. . .. . ... ... 

Alkalinity (a• 
bonate). 

sodium oe•·j 1•7 • 4'5 ... ... . .. 0·7 .. . 5·6 

Fob. I lforrh I Ap.U I l!'oy I 11109. 1009. 1909. 1909. 
Jon•\ Sept. I Ortoberl NOT. · 
1909. 1009. 1009- 1009. 

P· o. p. c. p. o. P• o. P• o. P· o. p ••. P· c. 

Total Salts · ... 188•1 186·5 158·0 138•8 116·0 104·0 1106·0 120•0 
(Parts per 100,000) 

OontainU>g-

Coloi1lJ!l ... S'll 2·6 2•1 s-o 4•1 5·0 4•5 2•7 

Magnesium ... 4·6 8·& 8•1 8·9. 2·8 5•2 4•9 5•5 

Oh10rine ... 87-5 87·8 895' 88·6 35•4 82•2 81•8 81·2 

Suiphw?c aCid (80 .j.) ... 5·7 5·4 4•8 4·6 6•4 7·0 . 6·2 7•9 

Carbonic aoid (COs) ... 19·8 18·8 17·8 17•5 22•1 ao-o 24!0· ·22·9 

Nitric aoid (NOs) ... ... ... ... ... ... .. . -... ... 
Alkalinity (as ·sodium ca.~:- 5·8 10-9 11•5 7-5 6·6 

. ... . .. . .. 
bonste). . 

I 



-

HaJ I JIIIUI I July I Angut I mt·l ~Iober! NoT. I Dec-·li!O. lelo. 1810. 1910. • 1 0. 1D10. • 1U10. 11110. 

P· o. ~c. p.o. P· o. p. o. p. o. p. o. P• o, 

~alts · '" 
140•0 128•0 118'0 USO·O 140·0 150·0 180'() 160·0 

ts pej:' 100,000) 

Oontt.ining-

Oaloium ... S·9 2•2 8·1 4:·8 2·9 2•1 l'lS 8-6 

Hagneliium ... 4;1 4·9 4'6 8·6 6•1 8•8 2•7 8·6 

Ohlorine ... 40'0 88·8 86•5 40·7 87'0 41'1 U ·2 1.8·1 

Sulphurio acid. (SO,) ... 18·8 4·8 6·2 6·2 6•7 1-1 8·7 8·9 

Carbonic acid. (OOa) .... 19·6 :n-o 20·6 11.-7 18·9 21'6 15-J l.S·l 

Nitrio aoicl (NO a) ... ... ... ... . .. . .. ... . .. j 
I 

. .. 
Alkalinity (as IOdiam oar-·~ ... ... . ... 6•8 ... .. . .s·a 1 0·7 · 

bonate). 

J an\l&tJI Feb. j Har~h j April I JuiJ ] Aui!UI\ I Bopt. o~r.obor 
11111. 1811. lOll. lUll. lOU. lOU. 1011. lOll. 

' p.o. P• o. p..o. P· o. P· o. P• o. P• o. P· Cl• 
I 

Total Salta ... 160'0 120'0 ~ao-o 120-() 1154·0 149'0 1119'0 172·0 
(Parta per 100,000) 

Oont&loinmg-

Oaloiam ... " a·• 6•2 8•8 . 8·a 2'6 2·7 1·8 

Magnesium ... 4'9 .,., 2·8 1 ·4 2'6 4·9 8•6 6·i 

Chlorine ... 4:5·8 41'6 40·1S 81•5 84·8 85•4 86'9 . 89'() 

Sulphario acid (80•) ... lS·IS 6.5 6•8 4·1 18•0 12·9 12•8 N 

Oarbonio aoic1 (COs) .~. lO·IS 14·0 18•4 18·0 19·4 u·a 12•2 18•6 

N~trio aoid (NOs) - ... ... ... ... ... ... .. . .. . ... 
Alkallnit~ (ae sodium oar• 7·7 4·4 8•6 10•1 e-o 6•6 6·1 8•6 

bonate. 
I 



NOT. I Dec. IJIIDua!Jl :reb. ,llart'h I April \ Hay I June 1811. Ull. lllli. lllli. lllli. 19U. llll.SI, 18li. 

----
P• o. p. o. P· o. p. o. p. 1), P· o. P· o. p. o •. 

Total Salta ... 168'() 180·0 181·0 11515·0 165·0 170·0 H7'0 
(Parts per 100,000) 

Oontaining-
. Oalaium . ... 4:.1 1•8 !.1-i j·8 8·0 . j•8 0·1 8·6 

6•4 

86•6 

7·8 . 

15·8 . 

Hagueaium ... 7·0 4:·5 8·5 4•5 15·6 8·'1 4;·8 

Chlorine , ... 87:'0 48·9 80•8 86·i 86•9 88•8 88·o · 

Sulphurio aoid (804) ... 5-9 611 9'9 15'0 5·0 10•6 · 7'() 

CarbOnic aoid (COs) · ... 18•8 18•8 15•15 18•1 .17·4 • 16'5 18•6 

Nitrio aoid (NOs) ... ... ... . .. ... .. . . ... . .. .... 
Alkalinity ( as sodium oar. 7•2 8·4 0·8 9·8 2·8 4·8 10•0 

boute). 
8·8 

-

J:ll. I AllgUit I Sept. I Ortober
1 N oor. Der. JDII!IalJ ·Feb. 

1 llll.SI. l9UI. lalll. I l9UI. lOU, 1018. 1918. 

-. P· o. P· o. P· o. 'p~ o. p; o. p. o. P· o • P· o.: 

Total Salts ... 147-G 147·0 145·0 U8·0 169·0 175'() 169·0 . 180·0 
(Parts per 100,000) - l Containing-

Oaloiam ... 8'() 4•0 1-9 2·'1 1"1 8·2 1•8 ~·6 
. 

Magneaium ... 4·2 4:-7 . H · . 4-1 4·6 '4•8 8·8 4•2 

Chlorine ... (()•8 89•5 ~·O 88·2 88•2 85•6 88•6 88•8 

- Sulphuric aoid (~04) ... ·4·7 8·8 15•6 7-1 7•8 7·8 .. 6·8 4•9 

Oarbonio ~(COs) ... 17·1 115'6 16'() 115•7 16·8 115•6 . 16•11 111•9 

Nimo acic1 {NO~) ... ... ... .. . ... . .. ... ... .. . 
Alkalini~ (as sodium oar- 1•11 8·0 11-1 

bonate. 
.... ()-9 0·8 0·8 1'2 



. 
lfarcll I AprU I :Mal I June July Auplt I Sept.. I Octo lOU. 11118. 181 ma. 11813. 1813. lal3. 1818. 

p.o. P· o. P• o. P• o. P• o. p. o. P• o. p. o • 
. -C(;i Salts ... 188·0 159·0 152·0 207·0 161·0 16f'() 165•0 1651> 

Parts per 100,000)' 

Containing-

Oa.loium ... !l-1 u !l-8 4•8 2•9 8 •7 8·1 1•8 . 
Magnesium ... 4-Q 0 4'0 ,., S·ll 6•8 8·8 s-o 

Chlorine ... 88•7 40•1 86•1 46•4 84·9 40•9 88•8 42·8 

Sulphurie aoid (S04) ... ,., 6·7 6•4 4'7 ~-8 8•6 8•ll 0·8 

Oarbonio a.oid (00s) . ... 16·1 14•9 17·6 7•6 16·!1 10•6 12•6 18•8 

Nitrio aoid (NOs) ... ... ... ... . .. ... ... . .. . .. 
· .Alkalinity ( as sodium oar- 0·4. 8·8 ... ..... 1•8. 10·1 2·2 . .. 

bonate]. 
. . 

- - '' · 

WzLL No. V. 

. March I AprU I June' July An~r. j fopt.l Ol't. I NoY• 
11108, 19118. 1908. 1008. 1808. 11108. 1111'1. 1808. 

. 
p. o.lp.o . p.o. p. 0. p.O. P· a. P· o. P• cr. 

otal Salts T ... 181-() 185-Q 121'0 119'0 108•6 166-Q 216'() 109-o 
(Parts per 100,000) 

Containing-

·oaloium· ... .... . 4.·8 ,A' 7·6 11•8 8·0 ll-8 "10·6 

. Magnesium ... 6•2 4'() 60 '1·2 6·6 8·5 811 6·8 

Chlorine ... 46•4 46-6 1 44·0 41'15 41·8 498 6H "'2·0 

Sulphurio aoicl (S04) 8·4 
I 

4·0 i 7·2 7'8 •·2 2·6 r u ... . .. I 

Oarbonio aoicl (COs) ... 18·0 16·1 1 1661 16•7 16·6 11'8 8·6 1'1·0 

Nitrio aoid (NOs) ... ... . .. ! 
-~:91 

... ... . .. .. . .. . 
Alkalinity (as sodium 6·6 •.• i ... ... ... 0'() ... 

oar bonate). . I 
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._, 
1008. 

Peb. I Mach I April. I 
1909. 1909. 1900. 

---- ' p. o. p. o. p. c. P· o. 

Total Salts ... l18·0 128'() 160·0 141•0 
tP•rts por 100,000) 

Containing-

Oaloium ... 6·• 0·6 6•2 ·6·9 

Magnesium . ... 6•6 6-4 6·8 8·9 

Oblorine ... 439 83·7 46·0 48•6 

Sulphuric acid (S04) ... 6·9 4•8 4•7 6•6 

Oorbonio aoid.(008) 

J 
14·6 17•6 14'0 8•9 

Nitric acid (NO 8) ... ... ... ... 
Alkalinity (as sodium oare ... ... ... ... 

bonate). 

Sept. Oct. Nov .. Dec. 
1000. 11109. )009. 11109. 

p. o. p ••• p. a. P· c. 

Total Salts ... 1000 118·0 120·0 1400 
(Psrts per 100,000) 

Oontaioing-

Calcium ... 6-4 6•4 . 6·6 4·2 

Magnesium ... 8·0 4•7 6·9 7·8 

Ohlorine ... 83·9 86·0 41·6 42·0 

Sulphuric aoid (S04') ... 10·8 6·2 6·1 6·6 

Oarbonio eoid (00 8) ". 18·0 1 2Z·2 
' 

16•2 14·8 
I 

Nitrio acid (NO 8) ... HI ... ... 
I 

... 
Alkalinity (as sodium oar-! 4•8 ... s·o 

1 

8·4 
bonate). 

I I 

May I 1900. 

P• o. 

168•0 

4•1 

6·8 

46•8 

8•6 

]4·0 

... 

... 

Jan. 
uno. 

P• c. 

1600 

6·7 

7·0 I 
42•6 

4•8 

16·6 

... 

... 

June 
11109. 

P· o. 

124'0 

8·8 

2•1 

22'2 

2•7 

6•9 

... 
1·1 

Fob. 
lDlO. 

p ••• 

140·0 

4·2 

6·8 

42·6 

2·9 

17·6 

... 

... 

I July I Aug. 
1909. 1909. 

P• o. P• o. 

148•0 160\'::' 

'= 

6·6 8·a 

6'4 4'4 

44•0 88•8 

16·3 4•5 

14·0 18·0 

... 6·8 

... H 

Man>h April' 
1910. 1910. 

P· o. P• o. 

1880 160·0 

88 6·0 

4·9 6·4 

50·8 41•5 

6·9 H 

12·8 1N 

... ... 
6·8 8·8 

J. 
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. 

May I June\ Ju~ I Aug. I Sopt. I Oct. \ N••·l Doo. 1010. •1910. 181 • 1910. lUIO. 19l0. lltlO. 1910 . 
. . 

---------- ---- -- --· ------

.. 
p.o.,p.o • P• o. P· o, p.o. p ••• P· o. p .•• 

·. 

, Total Salts ... 144•0 126·0 108·0 . 180·0 180·0 150·0 40·0 150·0 
(Parh! per 100,000) 

~--· Containing-:-

Calcium ... 4'1 4·7 1·8 5•8 N 8·7 5·0 4·5 

Magnesium ... 5•7 67 1•0 2•5 .5'4 5·2 1l'fi 2·8 

Chlorine ... 44'9 ~5·9 47-9 89·0 40·1, 89-1 12•9 41•2 

,Sulphuric aoid (S04) ... 8·81 9·7 5•0 N 6·9 6•0 5•1 21 

Qarbonio aoid (COs) ... 15•2 . 16•3 18·4 15•2 15•2 16•4 52•7 16•5 

Nitric acid (NOs) ... ... ... ... ... ... .. . .. . . .. 
Alkalinity 

bonate). 
(a aoiium car· ... ... ... 8·2 . .. ..-. 26·9 0'7 

Jan. IF•b. ] Aprll \ July I A:f.· s:yt. Ot~t. Nov. 
ton; tDU. tolL lUlL _ 19 . lU 1. lOlL 1011. 

P• o. P• o.J P• o. p. c. P• o. P• o, P• c. p. o • . 
Total Salts ... 180·0 150·0 120·0 132•0 150'0 182•0 59•0 101'0 

Parts per (100,000) 

Containing-
• Calcium ... 2'6 6•6 8·3 5·5 8·5 4'6 4•0 1•9 

Magnesium ... 8·8 2•0 4·6 6•8 5·2 4•6 5•0 6•1 

Chlorine ... 48•1 89·5 45•9 86•9 82-5 85-7 7·6 48·6 

Sulphuric acid (SO 4) ... 4•8 6•5 4•1 7•5 19·0 8·0 7·7 0•4 

Carbonic acid (COs) ... 11'1 12•8 18•0 20•2 18•4 20'7 88•1 18·0 

Nitric acid. (NO 8) ' ... ... ... ... . .. ... ... .. . .. . 
Alkalinity 

bonate). 
(ao oodiam oar· 2·0 8·1 10•1 4•6 8·2 N 28•2 9'1 

• ' 



$8 

-.I I. I ~c. Jnn. Feh. !lnr~h Ap~U ll'n J une Jul 

' 11111. 1191!. 11112. \ 11112. .\ 11112, mi. 119111. ttul 
I . I 

P· o. p. ·o. P• c. P. c. I P· C. P• c. p.c.

1

p.o. 

188·0 185•0 18()-0 Total Salts ... 186•0 144·0 .111•0 144:0 127·0 
{Parts par 100,000) 

Containing- . 
. . 

Calcium ... 2·8 1·9 · 8·~ 5·7 · 2·0 f ·O 4:7 ~·7 

Magnesium ... 7•1 H 6·2 7•5 4•4 6•1 4·9 5·8 

'Chlorine · • ... 41·9 59· !A 89·4 46·0 48·6 98·7 97-4, 97·9 

' Sulphuric acid (SO 4) ... 4•8 ~9·0 •H 5•3 7•9 7-1 4·0 4·0 

· Carbonic acid (COs)' ... 12·7 6·1 14·9 21'8 12·1 17•2 18-() 17·8 

Nit~o acid (NOs) ... ... ... ... . .. . ... ... . .. .. . 
Alkalinity 

bonate). 
(as sOdium car• 6•4 5•1· 6·1 •. 7·8 9·9 5·1 0·5 1•7 

T otal Salts 
(Parts per 100,000) 

0 ontaining-

Calcium . -
Magnesium 

Chlorine . 

Sulphuric acid (S04) 
. 

Carbonic acid (COs) 

Nitric acid. (NOs.) 

I Aug. I Sept. I Oct. 
- lOU.l. 101111. liiHl. I. NoT. I De('. I Jtm. I Feb. t !fa'l'('b 

11112. 1012. 1o1s. 1018. I 1o1s. 

P·· o. p. ~ \ p. ~· p. •• p. o. P• o, P• c. P• c. 

... 119·0 126·0 186·0 . 187·0 181·0 140•0 187-o 1880 

... 4·6 S·1 2·9 4·9 5·5 6-1 4-7 4·8 

... 4·9 8·5 6·8 4·9 6·9 6·0 5·2 5·9 

... 88-7 88·7 85·6 86·4 40·5 98•6 96·6 · 88·5· 

. 8·8 4·8 7·0 4:21· 4 3 ... 4·2 G·O 4·4 

... 14•7 . 18·1 -16·8 l8·5 20·6 19·1 19·2 18·4 

... ... .. . ... ... ... . .. . .. . .. 
Alkalinity (aa sodium car- 2·8 ·7·6 8·2 ... 1•6 0·5 0·5 0·5 

bon~te). . 
·-- --· . .. 
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Aprll 
lllliJ, llal. I Juno 101 • 1018. Jull. I J.ug. I ~ ,. lkt. 101 • 1018. 1 11118. 

I i I . I 

- p. o. p. 0· p. o. · P• o. 1 p. o. : p. o. ' p. a. 

~otal Salts 
- I ... 124·0 180·0 181•0 111•0 181•0 119'() .. 126·0 

. {Parta per 100,000) 

Cont;ining-

Calcium ... 5·8 4•9 5·5 4-6 8•8 5·8 5"/ . . 
:Magnesium 6•5 6·7 5•7 {·8 5·8 8·7 4·8 

Chlorine ... 480 87·0- 84•9 85·8 85•1 89-5 {0·8 

Sulphuric acid (S04) ... 8·5 "5·7 4:7 {•7 6·8 4'1 4·9 

·Carbonic acid (CO a) ... 14•8 19•4 18•7 ~U·O 17·5 15·1 15·8 

Nitric acid (NOs) ... ... . .. ... ... .. . .... . ... 
-

Alkalinity (as sodium oarbonate) ... 1 - .. -I 8·3 ... ... ... 8·8 2•4 4·7. 

WELL No. VI. 

Juno I O~t. I April I Juno . j July I Angua I Sept. /Ootol.oer 1007. 1007. 1008. 1008. 1008. 11108. 11108. 1008 • 

. 
P· o. P· o. p.o. P· o. p.o. p.o. P· a. p. o: 

l'otal Salts ... 129'() 119·0 184•3 126•2 152-4 116·6 264·9 200-Q 
. (Parta per 100,000) 

... 

. 
Containing- . 

-
Calcium ... 0•6 4·0 '1'2 8•2 8-4 9•1 2·9 . 8•5 

.• 

Magnesium ... 5•6 . 4•7 ,., 6•8 7·8 5·1 1-9 2-9 . - . . .. . 
Chlorine ... 365 88•4 42'6 40'8 42·0 H·S 54•7 . 51·8 

Sulphuric ~id (S04 ) · ... 7•1 8•1 7•0 6•7 10·8 'loO 8-1 lH 

Carbonic aoid {C03 ) ... 19·5 21·0 16•6 18•2 12•7 1!1-!& . ·5·8. '1·8 

Nitric acid (N08 ) ... ... ... ... ... . .. ... . .. .. . ... ... - . .. . 
·Alkalinity (as sodium oarbo- 15•6 4·9 8•2 5•4 ... ., .. .. . 1·8 

nate). · · - .. ·. 

' 
_I l 
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Nov., D"'"\ Feb, I Mareb I April I Juno I July I August 1908. 1008. 1909. 1009. 1009. 1009. 1009. 1009. 

---- -- ----------- --
P· c. P· c. P· c. I P· c. p c. P· c. p.c p.c. 

Total Salts ... 111·0 131•4 180·0 124•8 132·5 108·0 180·0 192·0 
(Parts per 100,000) 

Containing-

Calcium ... 8'7 .4•2 4•6 N 0·9 • 3·8 7•8 8•1 

Magnesium ... 8'1 4•8 7•7 6•6 5•0 8•2 7•0 . 2•2 

Ohlorine ... 41•2 40•8 40•9 41•2 41•4 ·44·9 47'5 84•8 
. 

Sulphuric acid (SO .1 ... 5·5 5•3 6•8 8·9 8·6 4•9 6•4 6'6 

Carbonic acid (C08) ... 18•8 14•7 19•6 15•7 18•1 20•0 11•8 9·1 

Nitrio acid (N08) ... ... . ... - ... 1·0 1•2 ... ... 4•7 

Alkalinity (as sodium oarbo- ... ... ... .. . ... 6•8 ... 0•7 
• nate). ; 

Sept. 
1000. 

I 0Moberl Nov.j D~., Jun. JUOO. 1909. 1000. liUO. 
I Feb. 

1910. I March I April 1910. lUlO. 

P· o. P· c. P· c. I. p. c. p. c. P· c. I P·•·l P· c. 

180·0 1250·0 Total Salts ... 126·0 186•0 270-() I 170•0 i 190·0 1230·0 
(Parts per 100,000) 

Containing-

Calcium ... 9·6 7•9 7•8 6•5 N 1>·1 4•8 I· 6·6 

Magnesium ... 7'4 6'4 10•7 6'4 5·6 5·~ ·_6·3 6•5 

Oblorine ... 88·8 88•6 51·6 40·2 49·8 46•5 44•4 47'4 

Sulphuric acid (S04) ... 7'5 11•6 7•8 9·1 6•2 
' 

4-8 8•4 4·4 

Carbonic acid (000) ... 15•7 15·0 8·0 7'4 8·1 1 
13·1 8·3 8·2 

Nitric acid (NO a)· 1•0 ... . . . ... ... ... . .. ... . .. ... .. . 
Alkalinity (as sodium carbo· 4•6 ... . .. . .. . .. . .. 5·8 "2•7 

nste). ' ' 
---------~-- ··- -.-----------



61 
--~----~-. 

:May I June j July I Angu•tiSc~l., O•loberl Nov., Doo . 
- 1910. 1010. 1010. 1910. lD 0. 1910, lDlO. 1010. 

P• •• P• o. P· o. P· o. P· o. P· o. p. o. p.o., 

Dsa~ts ... 300·0 298·0 2M·O 180·0 180'() 200·0 203·0 23()-0 
-(Parts per 100,000) 

~ t.. - . . 9n a1mug- · 

Calcium · . ... 4·0 5·0 5·0 1o·9 5·7 62 2•9 1'9 

Magnesium ... 4·5 1•8 5•0 13•2 6·1 7'8 1•4 2•9 

Chlorine ... 81•8 42·8 36·4 ... 61·8 49·6 65•6 61•1 

Sulphurf.o acid (SO 4) . ... . 5·9 4•8 · 8·8 12•2 5•7 5•8 2·6 8•4 

Carbonic acid (COs) ... 7•5 7·0 7•7 'n·o 7•0 10•2 5•1 7'8 
.. 

. Nitric acid (NOs) ... ... . -... ... .. . ... ... . ... . .. 
Alkalinity (as sodium carbo- ... ... .. . -1·2 ... .. . . 2·6 1•5 

nate) •. 
•• 

Jnn. I Feb. IMA"h I April I July IAugu&ll Sopl,l Oot. 
1911. lOll. 1011. lOll. lOll. lOU. lOll; 1011, 

P• o. p. o. P· o. P· o. P· o. P· o. P• o. P· o. 

-

Total Salts ... 220•0 222·0 850·0 140·0 182·0 251·0 229·0 180·0 
(Parts per 100,000) 

Containing-

·Calcium ... 4'8 8•7 2•1 2'8 8·8 H 5•4 6•1 

Magnesium ... o·9 ·n 1•4 6•8 6·6 6·8 6•2 11•6 

Chlorine ... 45•0 50·1 62•8 45•8 40·0 44•7 44•6 58•2 

Sulphuric acid (SO 4 ) ... 4•6 5·6 4·8 4•1 6·9 8·8 8'4 8•1 

Carbonic acid (COs) ... 9•7 4•9 8•2 11•5 .15·8 8·8 10•4 8•6 

Nitric acid (NOs) ... ... ... ... .. . ... ... ... ···. 
Alkalinity (as sodiuni carbo· 

nate) • 
1'5 1•9 1•0 8'6 8•4 11•8 1'6 2•0 

• . ------ - . - .. - ------- .. ------- --------
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- No•- I Dor. I Jan. I Feb. I MA~h April I May I Jnly 
19ll. lUll, 11112. 191.2. 1912 . 1912. 1012. 1912. 

. 
p. o. p. o. P• o. p; o. p. c. P· c. p. c. P· c. 

. 

Total Salts - ... 2350 29G·O 294·0 280·0 24t0 288·0 293·0 26 
(Parts per 100,000) --

Containing-

Cal~ium ... IO·ll 4'8 6'8 6•7 7'1 7"5 7•8 7•2 -

Magnesium ... 11·7 10•4 7•2 6•8 7•2 7•0 8·0. 6•5 

' 
Chlorine ... 51•8 48•9 48·0 47'5 47•7 49•8 53·1 50·4 

Sulphuric acid (S04) ... 6•1 5•1 4·5 4•8 2•7 N 4·6 4·3 

Carbonic acid (COo) ... 3-0 10•1 6·3 7·3 9•8 7•9 6·9 6•6 

Nitric acid (NOo) ... ... ... ... ... .. . ... ... .. . 
Alkalinity (as sodium carbo.· 1"1 1•0 2•2 1•3 2•1 1•0 0•7 . 1•9 

nato). 

August I Sept., Octol>erl Nov. 
1312. lOUt 1912. 191Z. I Doc. 1912. 

I Jnn. I Fob. I Mn~h lUIS. 1913. 1913. 

P· c. P· o. p. o. P· c. P· o. P• c. P· o. p. o. 

Total Salts ... 1860 181·0 195·0 227·0 I 227·0 185•0 215·0 190·0 
. (Parts per 100,000) I 

Containing-

Calcium ... 9•7 12·2 8-2 4-7 7•0 ~-~ . 8•2 9·0 

liagnesium _. .. 9•1 9•4 5-l 7-1 7'5 7•6 8·5 9·4 

Ohlorino ... 52·8 48•0 49·4 46·0 47•9 41•5 48·8 46-4 

Sulphuric acid (S0 4 ) ... 6"5 7'4 0·8 6·3 5•5 6·6 4·0 8·2 . . .. -

Carbonic acid (COs) ... 10'2 9·5 9·2 -9-o 9·0 12•6 9·5 12·0 -· 
Nitti~ acid (NOs) .. .... _. -. .•.·: .. .. . ... ... .. . -
Alkalinity (as sodium carbo- 3·1 3·2 2·6 ... 1-2 ... ... 
·nate). ·· : . -

-
; 
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~~--..----

I 
Jomo j- July J A•••Btlc~pt.~~Oolohor 
lOIS. 1018. lDlS. lOIS. 1913. I Aprfl IM•r lUIS. lOIS. 

P• o. P· o._ P· o. p.o. f p.o. P• o. P· o. 

I 
'Q.Ial Salts ... 218•0 168·0 174•0 148·0 1214o() 208·0 2090 

- . arts per 100,000) -
" i:Ontaining-

· Oalcium ... 6'8 10·7 6•4 4•1 6•2 6·6 6•7 

Magne_sium - ... 6•4 7·6 6'7 1•7 6·8 4•6 6-1 
-

Chlorine ... 60•5 44•7 41•4 41•1 47·6 64·6 47·8 

Sulphuric acid (S04 ) ... 4•6 6·4 4•7 4·8 . 6·7 6•6 6-4 

c{.;bonio acid (C08) 
I ... 6'1 11-5 10·5 14•8 . 8•0 4·6 7·7 

Nitric acid (NO.a) ... ... ·-.. .. . ... . .. ... ... 
Alkalinity (as sodium carboe 8-4 0·8 1-7 1·0 1•7 ... ... 

nate). -

WELL No. VII. 

li•J 
1009. 

I July 11100. I Ang..tl O.t. J No•. 1009. 1000. 1009. 
I no.., Jon. 

1909. 1010. 
I Feb. 

1010. 

-
p.c. P• c. P• c. P· c. P· c. P• c. P• ·c. P• c. --

Total Salts ... 123•5 80·0 70·0 60-0 76·0 100•0 92-0 120o() 
(Parta per 100,000) 

Containin~ 

5·6 I Calcium ... 1·6 4·0 13·5 15·6 2·6 2'8 2•6 

)lagnesinm ... 1•4 3·8 7·9 2·5 12·3 4'7 6·0 4•5 

Chlorine ... 19·3 21•4 23·2 20·8 13·1 16·7 17·5 28•0 

Sulpburic ncid (S04) ... 1•9 7•7 28-7 17·1 7·0 4-!1 ... 4•4 

Carbonic acid (COs) ... 38·5 36·7 2S·O 2S·6 44•9 44·8 483 32·7 

Nitric ncid (NOs) ... ... ... ... ... ... ... .. . . .. 
- Alkalinity 

- bonat.e) 
(as sodium oar~ .60•5 5-2 1·2 41•6 18•1 ... 4·0 ... 



64. 

Ma,.h I April I Mar,-fn~•l July I Angus~ BepL I O•~ 
1910.. 1910. 1010. 1910. 1010. 1910. 1910. 1910. 

'/ 

. p. c. P• c. p ••• p. c • P• c. p. c. P• c. P• c, 

Total Soils ... 120'() 164•0 148'() 144·0 130'0 106·0 130·0 130· 
(Parts per 100,000) , 

Containing- "-. 

Calcium ... 8·0 4·6 8·2 . 4•1 2·7 2•6 2·7 2•1 

Magnesium ... 2·7 4•1 3·2 6·3 8·3 4•3 a·3 4•3 

Chlorine ... 85•0 . 86·2 29·5 27·9 30·5 25·6 ll1•1 81•8 

Sulphn,ic acid (S04)- ... H 9·5 3·8 N 5·0 9·7 .5•6 '5•3 

c.,bonic acid (COs) ... 21-8 19·6 25·6 ,25•7 28•1 . 21•6 27·6 26•7 

Nitric acid (NO 3) ... ... ... ... ... ... ..- .. . . .. . 
, Alkalinity 

bonate) 
(as ,&Odium uar· . 8·4 N ... ... ... ... ... . .. 

- - ~-----· -

NoY.] Dcc.,.Jan. I P•b. I Maroh I April I Jnly I Augns~ 1910. 1910. 1911. 1911, 19U. lVU. 1911. lOU. 

P• c. P·. c. P· c. p •.•• P• a. . ·i . l P· c. P· o, • P· c. 

130·0 ! 70·0 i 148·0 Total Salts ... 128•0 164·0 160·0 14.0·0 1340 
(Pasts po' lOO,OOO) 

ContBining- -
Calcium ... 1•0 2'1 3·0 4·0 4·4 2'4 ' 4·21 0·8 

Mngneaium ... 2·7 . 3·5 2·8 4-0 4·8 7·2 5·6; s·5 
I 

Chlorine ... 296 35·7 36·6 85·0 39·1 30·4 23'5 
i 

23·3 

Snlphu,ioacid (S04) ... 2·2 6·0 4·1 4·9 6·0 4•1' 
I 

13·4 i 10•5 

Ca'bonic acid (COs) ... 31'1 21 "T 17·0 21-5 15·9 29•6 I 28·71 24•6 

Nittic acid (NOs) ' I ..... ... ... ... ... .. . . .. ... . .. 
' 

Alkalinity (aa aodium car· 12·6 ... 2•3 4-5 4·8 6·9 1Nj 3·3 
bonate) 

I . 



__ _..,... ________ , 

-

:;1 Snlts - ... 
~r~ per 100,000) 

I 

ontai~ing-

c,.tcium ... 
'Magnesium ... 
Chlorine ... . 
Sulphuric acid (S04~ 

- . 
Cal~bonic Gcid (CO 3) ... 
Ni•ric acid (NOs) ... 

. . 
Alkllluity (u sodium CIU'• 

bonate) 
I 

' . 

/' 
65 

Sept. O~t. NeW. Dl!t'. Jan, Feb. Hmrl'h AprU 
19U. 1011. 1011. -1811. 1011. 1012. 1011. 101:11. . 

P· c. p. c. p . . c. P• c, P· c. p. c.' l p. c. P• c. 
-

129·0 129·0. 142•0 lSS•O 153·0 139·0 139·0 1400 

i 
! . 

1•8 1-5 4•4. 1•1 I 8_1 3·1 ! 8-4 34 

0•8 4·5 8·8 5•21 IH 4·4. S-6 S·G 

25·8 24·1 32·3 89'1 31·6 . SO·O 31-0 i'/·0 

7•7 9·9 4·9 4.·2 3-1 28 3·2 S-2 

29·4. 26·5 23·8 14·0 S1·9 28·9 80·0 29·7 

... ... .. . ... . .. . .. .•. .. . 
8.1! 200 7·8 15·0 17•4. -6·8 4.·2 4.·2 

May I Juno - ~ July IA11Iflllt I Bept., Ot-t. 1-Not>.l DI!C. 
1012. . 1012. lll12. 1912. 101'l. 1012. 1011. 1012. 

~~~~::-;.-:- -p. ~ j-;.-:.- P• c. p. c. 

rotal Salts 
(Pnrts per 100,000) . 

. . I 
... 151·0 139·0 :_~ss·o 1 12s-~ 1123·0 i 143·0 I3o·o 145·0 . 

~ontaining-: 

Calcium 

Ma .. nesium . 1:> 

Chlorine 

Sulplm~ic ~cid · (SO •) 

Carbonic acid (C03) 

Nitrl<; 11eid (NO::) 

Alkll1inity (u aodiu·m CAr· 
bonate) 

II 9CO-fl 

2·3 

2·7 

28•5 

. 8·8 

29 4 

..... 

2·9 •. ~·5 1 
-25·3 1 25·6 , 

. ' 
8•2 ~ 2•7 I 

31·2 : 82·3 : 
! 

••• I 

7·3 I 

8·6 

28•1 27·0 45•2 28•4. 

8·2 ; ·s·SJ a·4 ! 4·1 

28·41 30·7 ! 21H i 88·1 

·~:2 1 · ·~:, ! 6•6 0·6 

8·8 

•H 

2'1·7 

4.•4. 

26•6 



. 66 

. '! 

Jan, I Feb. I Mn.eb April I >loy I J•m• I July I Angn•t 
1913. : 1013. tma. 1013. .1013. lOIS. '101~. 1018. 

i 
p •. c. P· c. p c. P· c. P• c. p. c. P· c. P· c .. 

Total salta ... 126·0 139·0 182•0 187·0 
i 

128·0 12~·0 125·0 137· 
(!'arts per 100,000) 

Con~iniug--: ' 
Calcium - 2·5 2·8 8·9 3·2 8·1 2·2 2·5 2·9 ... 

I 

Magnesium, ... 2·7 88 4·0 8·4 8·0 8-5 2•1 8·0 

Chlorine ... 25·8 31·9 80·4 29·3 23-4 . 22-1 230 '25·0 

S~lphuric acid (804) ... 4·5 2·9 3-o 2·9 8·5 l 8·6 •H N 

C•rbonic .. ;a (CO 3) ... 81·~ 26-4 80·0 28·9 34·3 
I 

sa-; 33·8 116-4 

~itrio ncid (N03) ... ... ... ... . .. ... ... .. . ... 
Alkalinity 

bonate) 
(•• sodium. car- 2·8 10 ... 20·5 84. 8•9 4·1 10·8 

. . . I 

Sept. 
1913. 

I Oct. 
t 1013. 

P· .c. P· e. 

Toto! S".J:s ... 123·0 121·0 
(Parts per 100,000) 

Containing-

Calcium 2·2 2•0 . 

Mngnesium 2·7 37 

Chlorine 80·1 31•8 

Sulplmric acid (S04) 5·9 8·4 

Ca1•bonic acid (COs) 24·9 20·5 

Nitric acid (liOs) 

Alkalinity (as 'sodium CBl'• 8•5 7·8 
bonate) 


