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190 WATER PURIFICATION.

and 1892, on the mortality from typhoid fever in the
French army, demonstrated in the clearest manncr
that a conspicuous diminution in the number of deaths
had followed the substitution of spring or filtered
water for the water of rivers or wells which had been
previously used. A striking instance of the connection
between typhoid and water occurred in the harracks
of Melun. In 1889, the deaths from this disease had
been 122; after the introduction of the Pasteur-
Chamberland filter, the mortality of subsequent years
fell to fifteen, six, two, seven, and seven. In one
case the attacks were absolutely confined to soldiers
lodged in the better rooms of the barracks, who,
contrary to strict orders, had made use of water from
troughs fed from the Seine, on account of the filters
being frozen. The other battalions, who had drunk
nothing but the regimental tea, had not a single
case. Similar and quite as conelusive examples oceur
throughout the report in reference to typhoid and
cholera, and still more striking results to the same
effect are given in the report for 1894.

CHAPTER X.
SOFTENING OF WATER.

Ayoxc the gases dissolved by water from the
atmosphere, carbonic acid, being the most soluble (at
ordinary temperatures water dissolves its own volume
of this gag), ocecurs in the largest proportion.
Although the carbonates of lime and magnesia are
almost insoluble in water, in presence of carbonic
acid they dissolve to an appreciable extent, forming
the unstable bicarbonates. As rainwater and other
natural waters contain free carbonic acid, they exert
a solvent action upon any carbonates present in the
soil or rocks with which they come in contact, and
thus most natural waters contain these bicarbonates
in solution. Such waters are said to be hard, and,
as a rule, the hardness is due to lime salts. IForma-
tions containing magnesium carbonate, such as the
new Red Sandstone and the Permian, usually yield
waters in which the hardness is due to magnesium
bicarbonate.

The word hardness, implying the hard or harsh
feeling to the hands in washing, is thus used n
a purely technical and commercial sense. In very
hard waters the curds which are formed before a
permanent lather is produced by the soap are offen
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1092 IWATER PURIFICATION.

considerable, whereas in distilled, or a very soft waler,
o lather will be obtained almost immediately, and
little or no precipitate will be formed in the water.
Natural fats are converted into soaps by heating with
soda or potash. This process effects the decomposition
of the fat into the potash or soda soap, or salt of the
fatty acids which exist in the fat in combina,ti(?n with
olycerine. The hard soaps contain soda, whilst soft
soap contains potash; when dissolved in water they
Doth yield a solution of the well-known soapy feel,
frothing and forming a lather on shaking. The othfer
metallic salts of these fatty acids are insoluble 1n
water, so that when a soap solution comes into
contact with a hard water ib is decomposed, white
curdy precipitates of lime or magnesla Soaps ate
produced, and at the same time the solution ceases to
have a soapy feel, and loses the property ol latllerlllg.
When a water containing earthy bicarbonates 1n
solution is boiled, an escape of gas will be noticed, and
gradually a white precipitate will be thrown dow.n,
with a corresponding loss of hardness. The white
precipitate produced consists of the carbonates of
lime and magnesia formed by the decomposition of
the bicarbonates, and as this change takes place on
boiling, when the hardness of a water ig due solely to
presence of these salts, it is said to be temporary. On
the other hand, the sulphates, chlorides, and nitrates of
lime and magnesia are soluble in wafter, even in the
absence of carbonic acid, and arve not precipitated

SOFTENING OF 1WATER. 193

on boiling. They, therefore, constitute what is known
as permancent hardness, or hardness after boiling.

I'or purposes of comparison, both forms of hardness
are recorded in terms of the amount of dissolved
carbonate of lime that would decompose and precipi-
tate the same amount of soap. A measured volume
of the water, usually fifty cubic centimetres, is taken,
and ““ Clark’s soap-test” (a definite amount of soap
dissolved in proof spirit) is added from a burette until
a permanent lather is produced. Iach cubic centi-
metre of soap solution used represents one grain per
sallon of total hardness estimated as carbonate of
lime. Another measured quantity of the water is
then Doiled for about half-an-hour, until the
bicarbonates are decomposed, filtered, 1f necessary,
and the soap test again added from the burette until a
permanent lather remains. This second reading gives
the permanent hardness in terms of carbonate of lime,
and the difference between the two values is the
temporary hardness.

Hardness is usually recorded in degrees, i.c., grains
of carbonate of lime per gallon, equivalent to the
soap-destroying power of the water under examination.
From this number the parts per 100,000 can be
obtained by multiplying by ten and dividing by seven.
Since a perfectly pure water requires a small amount
of soap before it produces a lather, some analysts are
accustomed to deduct one degree from the reading to
correct for this consumption. It is, however, best not
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_;iéé 1 ; , ; to d(? this, as the figure required is the actu‘al B0 Con- : {i])i-.e'_ F'(‘)r mosh in(h}stria,l purposes a soft water 1s | 1
) %lﬂi 1;‘ | suming power of the water. Hardn.ess deijermumtu‘)ns | 111'( 151)9115&])1@, @11(}, with the exception of London, all 1 ‘
¥ : ; | ' - by different analysts often show slight (}1391'91)&}10103, : areat manufacturing centres have soft supplies. The K
i owing to the above correction and to variations in the | woollen trade of Bradford would be seriously affected i
ﬁ( time of boiling and other causes. ; if that town had a hard water supplied to 1t; and {“ s
Statisties from a number of towns show that the (as already mentioned) Glasgow is estimated to save f g :
' * hardness of the water supply does not produce any £86,000 annually in the matter of soap since using 5 A
O RE perceptible effect apon the mortality, notwithstanding Loch Katrine water. | R
the fact that it 1s commonly held thab hard waters In cooking, a hard water is objectionable, as a !
i tend to induce gout and caleulous disorders. It 1s, deposit of lime salts is formed upon the surfaces of R

tea-leaves, meat, vegetables, &e., which hinders their
extraction or hardens their tissues. It has been
asserted that ¢“ ten ounces of tea made with soft water 1
is as strong as eighteen ounces brewed with hard B
water;” and M. Soyer, in his evidence before a Royal 8
Commission, proved that in the malking of soup more
meat is required with a hard water, and the operation o
takes a longer time. Vegetables have their colour |
darkened by the action of the carbonate of lime. For
these reasons, it is a common practice to add a little
b.icarbona,t-e of soda to the water in culinary opera- y
FIODS. In baking, the dough rises better, and bread *l
15 lighter in colour, when soft water is used. )

Brewers and distillers find a soft water very
desirable, as, when the water has a high temporary
hardness, the refrigerators become coated with a non-
conducting seale of carbonate of lime mixed with
organic matter, which is often very thick and difficult
to remove. The presence of a large quantity of

o 2 <

however, certain that a change of water produces
frequently as much offect as a change of air, and that
persons who are habituated to a soft drinking water
experience slight derangements of the digestive system
NN on partaking of hard water for a few days.
i | For industrial and general domestic uses, a hard
: water has very serious disadvantages. The waste of
soap alone is senerally stated to amount to twelve
pounds per 10,000 gallons of water for every degree of
hardness. From the author’s experiments, and from
calculation, the quantity 1s probably rather less than
the above, but may be safely estimated as from nine t0
ten pounds per 10,000 gallons for every degree. Not
b only does a hard water cause this serious waste, bub the
2 curd produced occasions a greasy deposit in sinks,
Al - pipes, and utensils, and forms one of the difficulties in
HINE . dealing with sewage. When goda is added in washing
. to overcone the hardness, the fabrics are move or less
NN injured, and ‘1soluble earthy soaps are left in the
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il carbonate of lime makes the water alkaline, and so « Solenitic” waters, or those heavily char

i hinders the fermentation and favowrs the arowth of salphate of lime ‘L;l,(l nlfl,nn'egimew'l)tr (‘J'lmged _“_ﬂ’h.

" il unhealthy organisms. Permanent hardness, ou the _ enositm chlo;id(e fmd( Zul l)l;;iﬁa A &1 ors .(;Jontmn.mg

B | f other hand, seems a condition for the brewing of light- \\'h;z:h is very hard %;1(1 01: ffstlfmll(ine, ‘ %’3;)81 &1 lm}lS{’
Hi R coloured ales, and Burton has gained its reputation ; of maenesiim i )1‘;%1“3 ihe ) et.; 19%1 (13}‘0“(16
" - from the sulphate of lime which is present in the i he (Tecompose(i ‘]’-Llld' I *’dro N erb C?’{l%% t|11.s salt

}! ‘Ln‘ N water of the Trent and wells in the neighbourhood. 50 : which is rriven. of} ;\'itll ti . gzelgil.c 1ot 1119 1)10(11}c‘ed,

il o much is this the case that, in other localities, sulphate ] nd fmq:s' corrosive effects 1 : 1 e quantli.;les,

; E: §[ﬁ N  of lime, as gypsum, is added by the Lrewer when the (‘] o PIVE CTEOR 1 et may be of & serious
i ' _ R Y ) character. Magnesium hydrate is at the same time

Rt water supply is deficient in this ingredient. 3 deposited in the crust, according to th o

- HIUEE The fouling or furring of steam boilers is due to 3 st, according to the equation :—

) ;” i - the deposit of earthy salts which is formed on boiling ;; MgCl,+2H.0 = Mg(OH),+2HCL.

?m* H | and evaporation. The reactions which take place : This decomposition is retarded in the presence of

L~— water heated to a high temperature under pressure alkaline chlorides, like common salt, so that sea water,
$ are different to those which obtain in water boiling 1 although it contains a large quantity of magnesium

chloride, may be evaporated nearly to dryness without

in an open vessel. The carbonic acid is less easily
any evolution of hydrochlorie acid, and even at the

disengaged, and consequently the carbonate of lime
| is deposited more slowly. The inerustation given -__‘ hich temperature of boilers the decomposition is very
‘ by waters whose hardness is mainly temporary, such limited. The addition of salt to such waters has
-« those of the Chalk, the Thames, and most other therefore been suggested as a 1'en1edy for this pitting
rivers, takes the form of warty, detached plates, or action, but in most cases it would be better to use
cauliflower-like masses, which are fairly friable, and " a softening process before the water enters the boiler.

do not adhere very strongly to the iron. Such boiler The magnesium hydrate, which is invariably found

deposits, therefore, do not present any serious difti-

culties beyond the trouble and expense of cleaning
the boiler from time to time. Af the same time, by the carbonate of lime previously deposited, the
3 carbonic acid escaping, as shown by the equations :—

in crusts from magnesian waters, owes its origin
mainly to the decomposition of the magnesian salf

- careless removal of the scale by workmen may cause
R damage to the boiler-plates, and in most cases it 18 5 CaC0y+MgCly, = CaCly+MgCO;
i o -~ ¢ 2 o g

L more economical to soften the water before use. CaCO,+MgSO, == CaS0,+4MgCO;.
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i

L Vivian Lewes points out that this cxplains the : lenser and more insoluble. At a temperature of

‘,'.= 1§ { 5o « D A ' \ : 5 - - . e ]

i olmost entire absence of calcium carbonate from 150° C. (300° F.), calcium sulphate is practically in-

soluble in either salt or fresh water, and is therefore

marine crusts, and also that ferric chloride 1s not
found in the water, which would be the case if cor-
rosion or pitting were due to hydrochloric acid. At

completely deposited under such conditions, If the
water be heated under pressure above this temperature

t the same time, it is quite possible for both actions : b.efore enter.ing the boiler .t'he SﬂltS. are deposited out-
to oceur, and some corrosion may take place hefore side the Dboiler, but the difficulty 1s .only.trmmferred
i the calcium carbonate has time to take up the hydro- to th? 1’_“]365 ‘Of the. heater, so that in this case also
;;: T chloric acid, the iron being afterwards precipitated. i softenmg.f process 1s 0 l?e recommended.
:3 1'5 I It will be noticed, that all the incrustations from .“ aters 11111)1'9.gna,ted “_'lth sewage often have a con-
i A marine boilers contain a considerable quantity of siderable quantity of oily or fatby substances, with
’5 ¥ iron (Table B in Appendix). % soda salts and ammonia, present in them. The last-
Ef . Calcinm chlovide and nitrate, and also magnesinm nf'uned acts upon copper, and any dissolved copper
: & SR nitrate, although present in most hard waters, are wﬂ.l be subsequently deposited. upon the .iro.n of the-
’ 5o soluble in water that they are never precipitated, ] hoiler .&Hd cause local corrosion, or * -plttmg,” by
f - nd are consequently not found in boiler crusts. : aalvanic action. The scale under such circumstances
N t; {, o . Qome soluble salts, like sodimm chloride, form sften shows green SPOt?, and SUth wat‘ers should b'e
! ’; | slightly soluble double salts with the magnesium reated chemically before use. Moss or peaty wate{s
t ; i | chloride and sulphate, and are therefore oceasionally are often valuable for boilers on ac:count of their
; ‘ § | met with in deposits. Magnesium sulphate is very s.softness, and .because the mud 1s ea.sﬂy blown. Z!But
N «oluble in water, but, in presence of caleinm chloride if they contain mucl? of t1.1e Organic humus. acids,
E' I:; and carbonate, reacts with them, and thus eventually 3 they m.ust be 11eut1'£?hsed ?Vlth 11me.bef01'e usmg, Or
'Ei. - is found as magnesium hydrate in the erust. Caleium the &CFIOH upon the iron will be _001181(191'&131@- '
it \: sulphate is, as already mentioned, the most objection- & Lefévre P}'OVBd that ﬂ}e rapid PU}SWIM COITOS101
1 g{ of steam-boilers used with some river waters was
N

";i able constituent of waters for use in steam boilers,
I as it yields a hard, crystalline scale, which is exceed-
v ingly difficult to remove. When first deposited 1t
L is hydrated 1n the form of gypsum, (aS0.2H,0, but
slowly changes info anhydrite, CaS0s, which is still

due to solid organic particles, which, by oxidation,
developed pectic acid. He prevented this action with
success by adding either alum or, better, ferric chloride,
in quantities determined by experiment, followed by
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200 WATER PURIFICATION.

lime, to the feed-water. The purified water was easily
decanted, and no longer acted on iron, and when ferrie
chloride was used deposited hardly any scale. In
tidal rivers the proportion of admixed sea water is
greatest at high tide, and as at low tide the water is
generally too dirty for use in boilers, such a supply
must be chosen with regard to these conditions. As
a rule, however, the water of the lower part of a tidal
river is quite unfit for use. Pit waters, especially
from shale and coal, frequently contain aeid sulphates
of iron and alumina, which are most injurious to
boiler-plates. Those that are not acid can be used with
some advantage, as the coal-dust gives a scale which
i much looser, and where such water is used on
an old boiler it sometimes detaches the existing scale.
Surface waters, on account of their hardness, are
generally unfit for use in boilers. Some years ago,
two 80h.p. boilers, supplied from a well in Lambeth,
gave such a deposit that nearly a ton of incrustation
had to be removed monthly by cleaning and chipping.

SOFTENING OF TWATER. 201

3,000 gallons per day of ten hours for 100h.p. If
the water has fifteen degrees of total hardness, the
deposit per working day will weigh six and a half
pounds, or over a ton per annum, of which the larger
portion will remain as scale, equal to thirty-five cubic
feet of soft, or seventeen of hard scale.” The order
in which the deposition usually talkes place 1s:—
(1) Carbonate of lime; (2) sulphate of lime; (3) oxide
of iron ; (4) silica, alumina, and organic matter, with
magnesium hydrate; (5) common salf.

These coatings are very bad conductors of heat.
Rankine states that the resistance to heat of carbonate
of lime is eichteen times, and that of sulphate of lime
fifteen times, that of iron. The consequent waste
of heat in urging the five for steam-raising in a foul
boiler is enormous. It is estimated that one-sixth
of an inch of scale necessitates the use of 16 per
cent. more fuel; quarter of an inch, 50 per cent.;
and half an inch, 150 per cent. additional coal. These
fioures are probably in excess of the truth, bub the

loss is still very large. In addition to this, there
is the damage to the boiler-plates by overheating,
and a cerfainty of explosion if the coating should
crack suddenly, and the water be admitted to the
nearly red-hot iron. The scale evidently prevents
a proper internal examination of the boiler. Chipping
off the crust injures the boiler, and may start the rivets.

“ Blowing off ”” for a short time at frequent intervals

An idea of the composition of boiler-crusts is given
in the table (Table B, Appendix). Collet estimates
the amount as follows :—* Condensing engines, when
ERRER large and of very high steam economy, require about
il SR two gallons per hour per indicated h.p. for boilers,
" | and generally twice as much for condenser water;
) small and inferior, but yet ‘ high class,” three to five;
low eclass, in bad condition, six to fiffeen gallons r
per hour. Three gallons is the average, equal to is always necessary, as only the deposit near the cocks
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;i;g *‘ { is blown out. The cocks themselves ?re often worn «toam is nsed as feed-water, the hoiler should never
o it { ou!', by the friction “'ltlf the scale. When .the whole Le blown out without first using the scum-cocks freely,
%Eiz;‘ boiler has to bf_’ 1?10“:11: it should be cooled first by the ! s0 as 1o remove as much as possible of the grease and
- iifgie very gmd.ua.l injection of cold water, or any lo?se | —

E-{igf K ;19‘1)031;3 '\x.ﬂl Cﬂl\le togethell 9‘? th(‘* ‘f’“t‘;l‘ runs off. '1.110' A large number of patents have been taken out
i 088 0 time, heat, and W ater, 1m 1e(.1uent blowing for the prevention of boiler incrustations. Some of
g off is very great. In marine hoilers using salt water ihese are mechanical, introducing twigs, fibres, wires,
,%iﬁ, the neglect to blow out 15 (.)ften th.e cause of collapsed chains, balls, or brushes to entangle the deposit, like
i ?urnace. CrOWhS, 'the density of the \-va,ter gradually the familiar marble in the kettle. One of the most
i increasing until it reaches the saturation point, when modern, which appears to have a wonderful power
i solid sodinm and magnesium chlorides separate on of agareanting the sediment to itself, is in the form

the plates, even though there may e a copious supply
of water; then the same non-conduction and over-

of 2 metal eentre with radiating wires. Tlectricity
hag, of course, been invoked, the boiler being made

heating oceur as in the case with lime deposits. Ior
this Teason, condenser water (which is the spent steam
condensed and used again, amounting practically to
distilled water, and therefore perfectly soft) is returned
to the boiler to dilute the salt water. Approximately,
one ton of water per 100h.p. per twenty-four hours
is required to make up the condenser water to the
right amount.

C. E. Stromeyer, at the Institute of Naval Architects
(May, 1896), proposed to control the ecomposition of
water in boilers by chemical testing. At intervals a

the negative terminal, and suspended plates or chains
the positive, in the hope that the hydrogen gas gene-
rated by galvanic action would protect the boiler from
oxidation, hinder a crust from forming, or render it
loose and friable if deposited, but the result has not
answered the expectations. Spent tan, peat, moss,
wheat bran, potato-pulp, chestnuts, peas (patent 8,395,
1888), and other solid materials acting mechanically,
undoubtedly render the crust looser, but they clog
the boiler, promote priming, and furnish so much
more solid matter to remove. Treacle (patent 4,717,

T Rl i 2 R VaTE s AN e e T s 71 e i sy = - e - i T e

' . T ) et e
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sample is withdrawn and tested by nitrate of silver, 1877) and glycerine (patent 4,236, 1881) are worse
caustic soda, or carbonate of soda, to determine the than useless. ' |
1 1 : » : . g T

salts it has acquired by concentration. The feed Tallow and fat-oils arve to be condemned, not only
of condenser, distilled, or softened water 1s regulated because they form greasy lime or magnesia soaps, A
. 4+ : . . . . Bt
in proportion. In all cases where condensed exhaust which agglomerate info hard concretions, but because il
.18
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5?3" t by the heat they are decomposed into glycerine and ?nl)’_t'el?ll"ol'ﬂ?’ :ﬁ ‘15 P%;GS (I)it -Tlth] fhle Sifaejmnfz'md
glua‘;*; fatty acids, which are known to act vigorously upon 5 | 1eq.1meb (’91.1‘5 ant rehewd.l. ”& 1011.( .)e rec trom J
g iron plates. The scale where tallow is used has heen : solid parafting, or *“hard seale,” or it will Torm con- B
FH"; found to contain 12 to 26 per cent. of iron from ; cretions like tallow. It is vecommended to be first
| iii‘*?‘; - the plates. A sediment from a condensed steam infroduced when the boiler is empty, to male an oily =
ii % tank where tallow was used as a lubricator con- coating over the plates; afterwards 1t 1s added with
ﬁ tained 50 per cent. of ferric oxide, 41 of fatty the water, sometimes by an automatic arrangement.
f matter, and nearly 1 per cenbt. of copper oxide In buying a erude product, a careful test should be made
; from the fittings. This shows that the fatty acids, for acidity by sh-a,kin‘g up with dist.illed water and tesF-
rising with the steam, penetrate the ¢ylinder and ing t¥1e water with litmus paper, since some sulphuric
pumps. In a great many cases considerable injury | acid is often left behind from the purification of the raw

has heen caused to a hoiler by the presence of copper petroleum ; if any acid be found, the sample should be (

‘1 the feed-water. TFor these reasons ¢ cylinder oils” rejected, or the acid may be neutralised with soda.” o

are used that consist mainly of mineral or hydro- ¢ Soda-tar,” from paraffin refining, containing

carbon oils, nob acid, and not decomposed by super- E caustic soda and carbonate of soda, is a well-known

heated steam. The main part of the fatty matter anti-incrustator.

which always accumulates in boilers fed partially by Chemical incrustation-preventers have been numer-

condenser water is drawn off at intervals by the ously patented and advertised, and no doubt many of

scum-cocks. ; them yield a large profit to their manufacturers. The

Paraffin oil, which is extensively used in America, majority are, however, useless, and many injurious. ‘

causes the deposit to be thrown down in a pulverised i T.annin, as contained in extracts of various barks, i'i

form by incrusting the particles with a very thin oily gives a loose and friable tannate of lime, but it :]}

coating. Such a deposit is easily blown, while in a attacks iron dangerously, and has no effect on the

singular manner the oil sinks into the scale already ) permanent hardness of waters. If tannate of soda 117

, formed, and causes it to split up and be removed with ' be used, its virtue is little greater than the soda i‘{

it contains, while its expense and the ease with -

facility. Indeed, it has been actually mentioned as

o drawback that it so thoroughly eleanses the joints :‘ which it decomposes are fatal defects. Any acid
that it sometimes causes a boiler to leak. Its use 1s preparation designed to dissolve the scale will attack

unattended by priming or frothing. But its action is the iron of the boiler-plates also. Ammonium chloride
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200 WATER PURIFICATION.

has also this objection, as by dissociation with the
heated steam it generates ammonia gas and hydro-
chloric acid, NH,Cl = NI; 4 HC], botl of which
originate serious local mischief to metal parts, either
iron, copper, or brass.

Caustic soda and sodium carbonate ave the most
inoffensive members of the class, bub if in excess they
cause foaming and wet steam, especially in locomo-
tives, and are apt to corrode the fittings, particularly
asbestos packing. They are sold at very large profits
to manufacturers, and are known under numerous
fancy names. Sometimes they are coloured with litmus
powder or aniline dyes. The scale from soda crystals
is often very hard and diffieult to remove. Borax and
Doric acid (8,721, 1878) have nothing to recommend
them. The triple sodium phosphate, NagPOy, is said
to have given good results; the product, phosphate
of lime and magnesia, has been proposed to be sold

as manure. ‘ Baudet’s patent” is sodiwm hypo-

‘sulphite, glycerine, and rainiwater. Sulphite of soda

(< Morgan’s compound ) has also heen recommended,
while in Germany barium chloride has been used
to turn the caleinm sulphate into the soluble calcium
chloride, leaving a pulverulent precipitaie of barium
sulphate :—
C2S0,+ BaCl,=Bas0,+ CaCl.

Sodium IFluoride—Doremus gives the following
prescription for preventing scale:  Determine the
lime and magnesia in the water ; multiply the CaO

SOFTENING O WATER. 207

by 1% and the MgO by 2. The sum gives the amount
of sodium fluoride required to throw down the lime
and magnesia. 1t is only necessary to add one-fourth
of this quantity, as the fluorides formed do not adhere,
but form nuclei for the other hardening salts to
deposit in a pulverulent form. Sodium tfluoride 1s
now manufactured for the purpose at a reasonable
rate Dy the American Fluoride Company, New York.
Two ounces per 1,000 gallons is the average quantity
added to the feed.”

Any chemical reagent is better added outside the
boiler before the water enters. Even if used in the
feed-heater it chokes up the tubes, and requires con-
tinual removal. In any case, an analysis of a com-
pound, and of the water for which it is proposed to
be used, should be obtained, and chemical advice
sought, or heavy expense and injury to the boiler
may ensue. Many large firms expend as much as
£150 a year on incrustation-preventers, which amount
would go a long way towards the cost of the far more
preferable preliminary softening.

In the case of works or factories where large quan-
tities of water are used, as the lowest price charged
for town’s water is generally far in excess of the cost
of pumping, it will pay to sink a well, unless a spring
or river is near. The saving in large establishments
often amounts to more than £1,000 a year. But the
water, if hard, must be previously softened. To show
the importance of procuring analysis of the waters,

—_—
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203 WATER PURIFICATION.

we may mention that considerable changes 1 the
composition sometimes occur owing to atmospherie
conditions, to fresh strata being tapped, or to new
factories being established on a stream. Clear water
may be obtained at great cost from & well or other
source, and may be unfit for use on account of 1its
hardness, whereas turbid water from a neighbouring
stream may, by simple filtration or deposition, furnish
a suitable supply at a much cheaper rate,

Methods for softening Water.—It has already been
mentioned (p. 192) that temporary hardness can be
yemoved by boiling, but this method 1s costly, and
causes a loss of water. DBoiling is said to cost not
less than 1s. per 1,000 gallons, while lime costs
about a farthing. Professor Clark, about 1840,
patented his well-lmown process of adding lime water,
<o as to combine with the carbonic acid which keps
the earthy carbonates in solution, with the result that
both portions of carbonate of lime were precipitated.

Calcium Slaked
Bicarbonate. Lime.

CaCO0,,CO,+ Ca(0H), =2CaC0;+ H,0.

Thus only the permanent hardness was lett, plus
about two grains per gallon of carbonate of lime in
solution. The precipitate was allowed to deposit
in reservoirs or tanks, and the clear water drawn
off, but the area required by these tanks was con-
siderable, their sediment settled slowly, the finer
particles were apt to remain suspended and render

P Ol AR ekt Fye "
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the water milky, and the carbonic acid of the alr
also re-dissolved some of the earthy carbonates.

The Porter-Clark modification mixes the lime with
the water by paddles, and then passes it through
filter presses of cloth, saving muech time and space,
and ensuring a clear product. The quicklime is
preferably slaked first; a good quality should be
employed (Buston lime is reputed the purest), as
far as possible free from stones and clinkers. The
hest generally is ¢‘ stone lime ” from limestone. Grey
and shell lime from chalk often contains a large
quantity of clay and stones. It should be almost
entirely soluble in hydrochloric acid withouf much
effervescence (which would show carbonate from under-
hurning or exposure to the air), and not more than
4 or 5 per cent. should be insoluble m water. It
should also give no smell of sulphur compounds,
and should be kept away from air.

Lime water can be tested by blowing through it,
when it should give a heavy turbidity, or by nitrate
of silver. Its strength is determined from time to
time by standard acid. As it has to be used in
definite proportion, the exeess of lime must be
allowed to settle: the clear lime-water, eontaining
about sixty to seventy grains of CaO per gallon,
being agitated with the water. After the deposi-
tion of the main part of the precipitate, the
still turbid liquid passes on to the filters. The
process is made continuous by running the lime

W.P. P
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solution into the water as it passes through a mixing
chamber. To ascertain the proper proportions, the
lime-cock is at first turned on until the lime is in
excess, as shown by withdrawing a sample of the
softened water, and testing it with mitrate of silver,
when a grey-brown precipitate of silver hydroxid
is obtained. The cock is now turned off until a
sample shows no brown, bub only a white precipit&te.:
the proportions are noOW correct. An autf)nm.tm
arrangement, worked by steam or water, mamtains
the supply of lime water at the right amount, iner(.aa_s-
ing or diminishing it as the water flows more rapidly
or more slowly. Further tests must he made fl‘Ol?J
time to time, as waters change somewhat in compost-
tion from day to day.

An intermittent system without filtration consists
of two lime-water tanks, in which the lime-water is
prepared one day and used the next, and three
softening tanks, of which two are for use on a%ternate
days, and the third 1s for reserve while cleaning out,
&e. Thelime is run into one of the softening tanks and
the hard water pumped in ; next day the carbonate of
lime has deposited, and the clear water is run off for
use. For a moderate-sized town requiring 250,000
gallons a day, the two lime water tanks should hold
40,000 gallons each, and the three softening tanks
500,000 gallons each, or a total of 980,000 gallons.

The objections to this system are (1) the imperfect
mixing of the solution with the hard water; (2) the

-'-;:r.g-,.-{.;-t‘_;‘:_";i-:-.a-'..-;k. e :-‘.:\‘ R T nan vy
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cost of construction of the tanks, and the large area
of around required ; (3) the heavy working expenses.

Clark’s process removes only the temporary hard-
ness. Lime does not affect calcium sulphate; with
magnesium salts, it indeed precipitates magnesia, but
it leaves lime salts Instead, so does not reduce the
permanent hardness ; although, under certain cireum-
stances, it precipitates the bicarbonate of magnesia.
Waters permanently hard, therefore, require additional
treatment with an alkaline mixture, which will vary
in composition and amount according to the character
of the water.

Caustic Soda, NaOH, is usually purchased in the
crude form as ¢ soda-ash,” containing sodium hydrate,
carbonate, sulphate, sulphide, thiosulphate, and in-
soluble impurities. Only the hydrate and carbonate
are useful, and the proportion of these should be
known. The sulphide is exceedingly detrimental.
Therefore, soda for softening should always be bought
by analysis. It is sold in drums. On opening it
rapidly deliquesces, cakes together, and absorbs car-
bonic acid ; therefore, it is better to dissolve a whole
drum in the proper quantity of water in a well-covered
iron tank (not painted inside), and to siphon off
portions for use. The solution greedily absorbs
carbonic acid from the air, and powerfully attacks the
hands or clothing. - The strength may be approxi-
mately ascertained by its specific gravity, but more
accurately by standard acid. The solid soda should
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contain not less than 80 per cent. of sodium
hydrate.

Sodium carbonate—The ordinary erystals have the
formula Na,(03,10H:0, and contain only 37 per
cent. of the anhydrous carbonate, with 63 per
cent. of water of crystallisation. They are called
“ gpda crystals,” Seoteh soda,” ¢ washing soda,” or
simply soda. Drunner, Mond & Co.’s concentrated
erystal soda is @ sesquicarbonate, containing 70 per
cent. of Na.COs, in the form of small erystals readily
soluble in water, and presents the great advantage
of less weight and bulk, and therefore less freight
than “soda crystals.” The so-called ¢ carbonate of
soda” of the shops is bicarbonate, NaHCOs, and 1s
useless for softening.

The use of these three agents, lime, soda, and
sodium ecarbonate, is often wrongly and imperfectly
stated, and the solutions added by guessworlk, hence
the frequent failures n attempts at commercial soften-
ing. The total and permanent hardness of the water,
and the strength of the reagents must first be known;
these require simple operations in volumetric analysis
by soap-test and by standard acid solutions. If the
water be fairly constant in composition, and a sufti-
cient stock of the solutions be made, the determinations
need not be frequently repeated. But the softened
effluent must be occasionally tested with nitrate of
silver, or by the taste, to see that there is no execess
of the. chemicals, as such an oceurrence would be

AT
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It is better in most
cases nob to carry the preeipitation to 1ts final limit,
but to leave the softened water with about three to
five grains of hardness. Sometimes & partial softening
is easily and cheaply effected, where to go further
would be costly. The following are the equations
on which the caleulations are based, taking calclum
sulphate as the representative of permanent, and
caleium carbonate of temporary hardness.

(@) Ca80,+2NaOH = Ca{OH),+NayS0y.
(b) Ca(OH),+ CaC0,00 =2CaC0s+ 0.

injurious for many purposes.

As these reactions happen almost simultaneously,
the two equations may be combined thus :—

(c) CaS0,+CaC0,C0:+ oNaOH =2CaC0,+ Na,S0,+ H:0.

The remainder of the temporary hardness will be
removed in the usual way by lime :—

(@) CaC04C0,+ Ca(OH),=2CaC0s+ 0.

The result may be summarised thus :—

RuLe T—For a water in which the temporary hard-
ness cxceeds the permanent, caustic soda must be added
equivalent to the permanent hardness, and lime equivalent
to the temporary hardness minus the permanent hard-
ness.

In waters of great permanent hardness due to
lime salts, carbonate of soda must be used instead of
caustic :—

(C) C&Sod—l-N&zCOg-:-'C&COg+NagsO4.

If it be necessary to remove also the temporary
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214 WATER PURIFICATION.

hardness, lime must be added subsequently, as 1n
equation (d) above. We should then have:—

RoLe IL—For a water in whick the permanent hard-
ness, due to sulphate of lime, cxceeds the temporary
hardness, carbonate of soda must first be added in
proportion to the permanent hardness, and then,
necessary, lime equivalent to the temporary Tiardness.

Every degree of hardness, recloned as carbonale
of lime, whether as grains per gallon, or as parts per
100,000, is equivalent to 08 grains, or parts, of NaOll,
to 0°56 of Ca0Q or 0°74 of Ca(OH),, to 106 of the
anhydrous Na,COs, or to 286 of the crystallised
Na,,C03,10H:0.

For magnesian walers the case is different, and
here it will be useful to correct a prevalent mis-state-
ment. It is usually asserted that caleium and
magnesium bicarbonates are precipitated on boiling.
But magnesium carbonate is much more soluble than
is commonly supposed; i is only partially thrown
down on boiling, the main part remaining in solution
as @ part of the permanent hardness. On the other
hand, magnesium chloride, if present in any consider-
able amount, is liable to be decomposed by the boiling,
hydrochloric acid escaping, and & basic chloride of
magnesium depositing. This portion of the magnesinm
salts would therefore figure in the soap-test as fen-
porary hardness.  Magnesium chloride also reacts with
the precipitated caleium carbonafe, as mentioned In
speaking of steam-boilers (p. 199), yielding dissolved
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caleium chloride, and ab first basic magnesium car-
bonate, and then, finally, insoluble magnesium hydrate.
Magnesium sulphate can also interchange with sodium
chloride, forming sodium sulphate and magnesium
chloride, which then may undergo the above changes,
although the presence of allaline chlorides, by forming
double salts, renders it more stable.

Lime decomposes magnesium salts, throwing down
magnesia, and leaving a sulphate, chloride, or nitrate
of calcium as the case may be. In neither case 1s
the hardness reduced; in that of the sulphate 16
‘s rendered still more objectionable. The chlorides
and nitrates of caleium, however, give no fur mn
steam boilers, as they are so soluble. It follows that,
in waters containing much chloride or nitrate of
magnesium, lime effects a great improvement if they
are intended for steam boilers; those contalning
magnesium sulphate, on the other hand, are de-
teriorated ; while the relation to soap is little affected
by lime. Ifor an improvement in this direction
caustic soda must be employed, but the separation
of the magnesium hydrate is never complete. As to
the proportion to be used, the soap-test i1s not a
satisfactory guide ; a chemical analysis must be made,
and eighty parts of NaOH used for every forty parts
of MgO, the lime salts being dealt with, if necessary,
by the other reagents, as above described. The
process is more difficult, but a considerable improve-
ment may be effected.
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g, E. Davis, of Manchester (English patent 5,655,
April, 1887), has proposed to use crystallised tribasie
phosphate of soda, NagPOy, which is now an article
of commerce, for softening waters, especially for
removing magnesia, under the name of “Tripsa.”
2:5 grains per gallon for every degree of hardness
(Clark’s) is recommended. The precipitation of the
magnesium phosphate 1s somewhat slow, but the
product is reported to have some value as manure.
Qodium fluoride has been proposed by Frofessor
Doremus, of New York, as it precipitates both lime
and magnesia. e has patented the use of a double
phosphate and fluoride, NagPO;, NaF,12H,0, which
has the advantage of crystallising in large octahedra,
like alum, of a definite composition and permanent n
the air, whereas the phosphate NasPOs itself readily
becomes damp and alters. The precipitate has a
In waters which are
not potable through the purgative action and bitter
taste of magnesium salts, such as oceur in the Per-
mian and other formations (see Table D in Appendix),
lime, by substituting caleium for magnesium, would
probably in great part remove the objection, while in
this case, if soda were used, the sulphate of sodium
formed would be little less objectionable than the
sulphate of magnesium. Chloride of magnesium with
soda would of course form common salt.

The caleulation of the amount of reagents required
will be simplified by the following scheme, which gives
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the weight in grains of the reagents required to be
added per gallon :—

A—WiurN TeEMPoRARY HARDXESS IS MORE TIIAN PERMANENT.

£ of the Permanent Hardness = Soda, NaOH, in grains per
gallon,
And £& (Temporary Hardnessminus) __ | Quicklime, Ca0, in grains
Permancnt Hardness) ) | per gallon.
Or gt (Temporary Hardnessminus) (Slaked Lime, Ca(OM},
Permanent Hardness) ) in grains per gallon.

B.—\WuEN PeRMANENT HARDNESS EXCEEDS TEMPORARY.

106 of the Permancent Hardness = Anhydrous sodium car-
bonate, Na,CO;.
— ¢ Brunncr-Mond's con-

Or 153 »
centrated erystallised

" LR

soda.”
Or £55 » 1 3 — “Soda crystals,”
Nﬂ_gCOJ,].OHlO .

== Quicklime, CaO.
— Slaked lime, Ca(OH),.

Afterwards &% Temporary ,,

Ol' T"-E% 1 » 3

The amount is given as quicklime, not because it 1s
added in that form, but because it is easier to calculate
the strength of lime and lime water as CaO.

C.—TFor MAGNESIAN \WATERS.

58 of the MgO found by analysis gives the weight of
Quicklime, Ca0, required for softening onc gallon,
And £9, or twice the Mg0 = Soda, NaOH.

The lime salts can be afterwards treated, if necessary,
according to A or B above. It must he understood
that in the use of soda little reduction of the total
solid matter is effected, as the corresponding sodium
salts are left in solution. Also that, as it is not
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218 WATER PURIFICATION.

advisable to push the softening to its lowest limits,
the above theoretical quantitics of reagents should
be reduced by from 5 to 3.

By the softening process a water is rendered clear,
its colour is usually diminished, and a large propor-
tion of the organic matter, and sometimes all the
bacteria, are entangled and removed. Some people
object to soft water owing to its flat taste, but the
palate soon gets habituated to its use.

In the Sixth Report of the Rivers Commission, Dr.
E. Frankland ureed that the water companies ought
to use Clark’s process for softening their waters
«“ hefore they were allowed to raise fresh capital.”

In the case of clean water, the lime precipitate
produced by softening can be used for commercial
purposes, or can be re-burned to quicklime, but in
dirty waters it is very much discoloured, and is usually
thrown away.

Softening apparatus.— These are made in many
distinet patterns, which aim at improving the process
in different ways :—

1. To cconomise space.—Several forms consis of
divided iron tanks, with cisterns affixed above for
the regulated supply of water and chemicals. The
mixture passes down one side, partially settles, and
passes upwards on the other through filters of various
construction, the cleared and softened water emerging
through a pipe at the top. Some types are designed
on o small seale for softening a domestic supply. The
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softening solutions arc generally soda or carbonate
of soda ; the powders contain lime, and are often sold
ab a large profit.

Many of these contrivances are exceedingly -
senious, but also particularly liable to get out of
order. The regulating, and withdrawal of sludge, are
delicate operations, and on the whole, except in remote
neighbourhoods, where no other course is possible,
private softening on a small scale by a machine can-
not be recommended. It would probably be better to
have a large iron cistern of known capacity, to add
the chemicals definitely in known strength, to stir
thoroughly, allow to subside, and dip oub or siphon
off the clear water as wanted.

In Lkitchen boilers, however, the use of a hard water
occasions continual trouble and expense, and great
danger of explosion. If rainwater apparatus cannot
be obtained, or a softer local supply, some form of
automatic softener will become necessary.

9. To insure the proper proportions and mixving of
the reagents.—At the locomotive sheds of the Liondon
and North-Western Railway, at Camden Town, 7,000
asallons per hour of chalk well-water from Watford 1s
continuously reduced from seventeen or eighteen degrees
of hardness to four degrees, under a pressure of sixty
pounds per inch (Porter-Clark process). The lime is
churned in a horizontal eylinder, all the mixing and
delivery being accomplished by a water-motor worked
by the pressure of the water itself, therefore adjusting its
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220 WATER PURIFICATION.

rate of supply to the eurrent of water. Filter presscs
separate the sediment.

The Porter-Clark process is specially adapted for
waters of high temporary hardness, like those of
London. At Duncan’s sugar refinery, Victoria Doels, 1t
was found that the pipes were becoming rapidly choked
by carbonate of lime, owing to the removal of car-
bonic acid by the vacuum in the sugar evaporation.
Hence that process was adopted, and worked success-
fully. They found that ““if the proportion of lime was
too little there was great difficulty in filtration, but by
arranging the lime valve so as always to have a shight
excess, the difficulty was removed ; the filtration was
also much easier if the water was warmed (the deposit
becomes crystalling). The slight excess of lime in the
boilers did not cause any trouble. The water lost its
yellow colour and became blue.”

The following illustrations show different forms of
the plant used for working the Porter-Clark process:—

Fig. 40 is an apparatus that treats continuously
1,200 gallons per hour. The square tank on the
right contains the lime water, which is fransferred to
the central softening cylinder by a small feed-pump-
On the leff is the filter press.

A smaller apparatus for softening and filtering
350 gallons per twelve hours, and working under
pressure from the main without any motive power,
is shown in Fig. 41. The softened water passes
upwards to the cisterns of the house.
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Fic. 42 is a form of ‘“Industrial” purifier for use
where motive power is not available. The pair of
upper tanks contain lime water and other solutions
for working twenty - four hours daily. The hard
water and the solutions are introduced at the hottom
of the lower tank, and the mixing is completed by

"

L

v

F1c. 40. Porter-Clark Water-softening and Filtering Plant
(1,200 gallons per hour).

causing the liquid to issue in a very thin stream over
the edge of a trough fixed internally round the top of
the lower vessel. The materials have to be carried
up, and there is a corresponding inconvenience and
loss of time as compared with working with a motor
on the ground level. |
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WATER PURIFICATION.

N
[ 8]

Fio. 43 is a recent apparatus intended to reduce
the cost of cleansing the filters daily. The longer
tanl consists of a mixing chamber and a filtering
The water passes through a series of

compartment.

i’li‘!

Tig. 41. Porter-Clark Water-softening and Filtering Plant
(350 gallons per 12 hours).

pendent filtering mats and eloths into perforated pipes
and then into a main pipe connected with a suction-
pump.

Maignen uses a powder called ¢ Anti-caleaire,” of
lime, carbonate of soda or caustic soda, and alum;
the latter on dissolving gives aluminate of soda, which

SRR OO

\v
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aids in the precipitation and clarifying. The powder
is contained in a vessel over the cistern (Fig. 44), and
its delivery is regulated by a kind of water-wheel

4 e im g o = S e

hﬂim m

N llllﬂll“‘”/’ ?'

Fig. 42. Porter-Clark Water-softening and Filtering Plant

(*Industrial” Purifier).
worked by the incoming stream of water; the wheel
also aids in the mixing; the resulting mixture 1is
cleared by a filtering bed placed in & second compart-
ment of the ecistern. A constant supply of water
is required, and the results are generally good,
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o HER NN e wom—— e —
nuelei, round which the new deposit agaregates, b‘ ‘ I_JHI ‘ \ ‘—
they are left in the tank to promote the separation. | ﬂ—-‘:—a—* S— —
By means of a three-way cock, a blower injects air %-;i == =]
0 hubbles through perforated pipes at the hottom T% @
of the tank, stirring up the old precipitate and mixing E: ‘ ==
the two. The settling then takes place rapidly, ;Etij—_‘ )
the water, i)l'actically clear, is run oft in from half-an- ' | @_: | —
hour to an hour into the second tank. Magnesian : %1 lﬂEﬁ]__
waters are apt to deposit hydrate or carhonate of :—% E
magnesia in the cocks and tubes. To prevent this, = o
the water is re-carbonated after the process by foreing = "é
i1 carbonic acid gas generated by a small coke stove. = " "]
The method seems in great favour with brewers and El 8 §
steam users. E 3
Atking’s process, as carried out at Southampton ! E—_'m. %"
waterworks, is mainly distinguished by the form of ' Ell .......... E 2 -'-'
; filter used to finally clean the softened water atter = T E
' 515 settling. The filtering medium consists of an endless = I H‘% iH “, ml'ﬂl'”wlﬂliﬂ'Milml =
{;; (LT band of cotton cloth travelling slowly. It first passes SN . - | BB
| %,if | round a perforated horizontal revolving cylinder with ST : ‘
AL S . hollow axle, immersed for nearly its whole depth in = g
it 1 o cistern containing the liquid to be clarified, s0 that _[j:E i]]
R the water filters inwards, leaving the deposit on the gl i
1 E b n outside of the filter cloth. |’ A W[ﬂ - # ]
bl More or less of a vacuum is maintained in the | lllnﬁf}ﬁmm# ifﬂlﬁﬁlliliihllﬂ M “i i
I cylinder by pumps or by a fall in the outlet pipe, $0 — 2
; L as to aid the filiration by the pressuve of the air. The @
: ? iR N cleared water passes out through the hollow axle. The \ ' :
FHELE . cloth as it emerges is passed through a second part of ‘ ‘
? i 3 Q2 .
i .
: ¥
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Fic. 46.—The Stanhope Tower.

the machine, where
it is rinsed, boiled,
ateamed, and re-
turned overhead by
a series of rollers to
the fillering tank.
By this ingenious
arrangement, the
{iltration and clean-
ing 13 made con-
tinuous, and if 1s
claimed that & ma-
chine will soften
2,000,000 gallons
per diem, at a cost
of one farthing per
1,000 gallons (Iig.
45).

The ‘ Stanhope
Tower” (Fig. 46)
has a series of
sloping perforated
shelves through
which the water,
mixed with lime
and soda, ascends.
In one form these
take the shape of
o series of funnels,

SOFTENING OF WATER. 229

on which the precipitate collects and slides down
through a central tube to the base of the tower below,
where the water enters. The deposit 1s drawn off by
a sludge cock. The original form was patented by
Gaillet and Huet. The towers are made rectangular
or cylindrical, in various sizes, and are constructed
to soften from 500 to 5,000 gallons per hour, “at a
cost of one halfpenny per 1,000 gallons.”

Wright’s Patent Heater Condenser Company manu-
facture a form of apparatus (I'ig. 47) in which the waber
is softened under pressure. This is said to be more
applicable in cases of towns’ supply, large institutions,
or mansions, where the water has to be delivered at
some distance from the softener, or where the tank
is a considerable height above the outlet. A small
reagent pumyp for the lime, or lime and soda, 1s fitted to
the main pumps, so that every time they make a stroke
the reagent pump makes one also. The incoming
water passes over a small water-wheel working the

lime-mixer. The deposition tales place on inclined
plates. The filters, of charcoal, or of cloth if the

water contains grease or matters that earbon will not
arrest, are designed to work under a pressure of
eighty pounds to the square inch. They are cleaned
by reversing the current. The usual cost of chemicals
is stated to be about 1d. per 1,000 gallons.

Another form of the apparatus specially intended
for boilers combines a heater with the above pressure-
softener (Fig. 48). It removes both temporary and
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permanent hardness down to three degrees, and
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FIG.&:Z:TA.——\VIight’S Softener and Filter under pressurc.

raises the temperature to 210° F. before entering the
boiler.
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As to the cconomy of softening there can be no
Tt is estimated that ““a farthing’s worth of
On the small

doubt.
lime saves about 80s. worth of soap.”

i . 74 il 2T
pA (T T e N Lo

s 1 M
i3 -"1"14.,.

F1c. 48—Wright's Combined Softener and Heater

seale this would be about 1d. per 1,000 gallons under
favourable conditions. Frankland considered that a
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232 WATER PURIFICATION.

town supply could be softened for £1 per 1,000,000
callons.

Some analyses by the author, given in a report
by Mr. Aldwinkle, the architect to the Metropolitan
Asylums Board, February 6th, 1896, show the prac-
tical results obtained by some of these processes :—

Hardncesses in grains per gallon
after softening.

Process. Place. Total. Tempy. Permt,
1. Porter-Clark .. Brookwood Asylum .. 31 07 24
2. Ditto .. North London Rail-
way Works, Bow .., 113 245 885
3. Atkins-Clark .. Lambeth Workhouse .. 0635 57 065
4.  Ditto .. Darenth Asylum .o 83 615 215

5. Archbutt-Deeley MeMurray’s Paper-
mills, Wandsworth .. 62 24 By

This table shows, as has been already explained,
that lime effects almost a complete softening of a
water like No. 1, which owes its hardness to calciun
bicarbonate ; whereas with No. 2, a magnesian water
(this water had the original composition, total hard-
ness, 16°4 ; permanent hardness, 10°8), little improve-
ment is effected.

The same report gives interesting information as to
the cost of the three processes, as applied to the
special conditions at the Brook Hospital.

Hard waters, as a rule, are furnished by the follow-
ing formations : Calcareous strata of Silurian,
Devonian, and Coal Measures, Mountain Limestone,
Lias, Oolites, Upper Greensand, Chalk.

Soft waters, by Igneous, Metamorphic, non-cal-

. —————

e
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arcous  Cambrian, Silurian, Devonian, and Coal
Measures, Lower Greensand, London and Oxford Clay,
Bagshot Beds (hardness one to nine, average four), and
non-caleareous gravel.  Water from Gault Clay varies
very much: some of it is soft and pure, some “ of
fair quality,” hardness nine to eleven degrees ; in Bed-
fordshire it offen contains much lime and iron, derived
from pyrites and coprolites. Lower Greensand and
shale waters are frequently very ochreous. Water
from Oxford and Kimmeridge Clays contains much
vegetable matter, and is sometimes bituminous ; other
clays often include much sulphate of lime, and give
waters of high permanent hardness. The New Red
Sandstone waters ave generally briny and quite unfit
for drinking, besides containing much sulphate of
lime and magnesian salts. DMagnesian limestone also
yields usually a bad supply.

A detailed description of the strata in their relation
to waters will be found in the Appendix.
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