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Pirr IL—On the “ Drainage of Towns and Buildings,”
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PREFACE TO THE FIRST EDITION.

A ¥Ew years since, the subject of the following volume
would have been considered scarcely a necessary theme for
one of a series of works intended to bear a popular as well
as a technical character. The entire subject would have
been deemed sufficiently lisposed of by describing the sub-
terranean works of the navigator and the bricklayer, and
the sub-aquatic and rude operations of the ditcher. Now,
however, our subject occupies a prominent position in the '
public thought, and may be regarded as ncarly a new branch
of practical art, based, or to be based, upon principles of
science, and esspntial to the health, life, and morality of
our race. .

Urged, almost insensibly, by the strong earnestness and
foresight of a few leading minds, the British public and
Legislature have been brought to discern the urgent need
of reforming the substructures of their dwellings and high-
ways, and to feel affrighted at the dangerous apathy in .
,which they and their ancestors have hitherto innocently
indulged. The rudeness of our past practice is indeed the
subject of our astonishment; the facts adduced are but the
pictures of our individual experience, and the simplicity of
the principles now first recognised brings them home to us
with all the familiarity of things known long ago. We
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now wonder at the folly of dj oles beneath houses
for the accumulation of rw‘. till the surrounding ground
becomes overcharged, and the bulk demands periodical
removal. We can see clearly enough that the pursuits of

the scavenger are offensive equall common sense and

“to eommon dscency, and admit, without further proof, the

sanatory axiom, that the infusion of the refuse of atownin
the water which serves at once the libations and ablutions
of its people, is not adapted either to perfect the purity of
the liquid, or promote the health of the buman system.
And in that great branch of the subject which is devoted to
agricultural practice, by which the farmer is endowed with
all the valuable experience of the most intelligent inquirers,
and taught the art of economising the natural resources
of his streams and watercourses,jand the fructifying pro-
ducts of his farm-yard, Drainage has acquired a well-

_recognised value in the estimation of the scientific public,

and is daily recording results of the highest practical
character.

-~ The general principles which are now commonly enter-
tained upon the subject of Drainage, maintain its primary
value as a branch of sanatory science, and its claim to be
regagded among the paramount duties of every civilised
Legislature, District Commissions are disbanded as inca-
pable of achieving the great purposes which the health of
the people demands, and which can no longer be entrusted
in the hands of incompetent authorities. Cleanliness and
health are now considered in the relation of cause and
effect; and the first requirements of the physician’s suc-
cess are admitted to consist in the constructive conditions
of the patient’s dwelling. Medical philanthtopists have
explored the hidden horrors of our metropolis and towns,
and shown that the open sewer and the offal heap are the
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contaminators of the rich,-and the agents of death to the
poor. And, akin to these publi¢ pestilences, we are now
made aware that a cesspool, or an imperfect drain in a
house, is to be reckoned only as a means' of gathering fever
and disease ; and thatthe cleansing of the rooms above,
while one of these gadical abominations is sending forth its
putrid gases from below, is but an illustration of the
ancient error of rectifying secondary, in mistake for pri-
mary, evils. -

While thus the subject of Drainage is attaining a com-
manding importance among the social necessities of our
times, a corresponding occasion has arisen for its thorough
examination as a branch of practical science. Its principles
are, or must be, determined, and its rules thence deduced
and embodied among the vital applications of the useful
arts. The future works of the engineer, the architect, and
the builder, must be regulated by considerations of the .
available methods of securing ample water-supply and effi-
cient drainage ; and these considerations will present them-
selves with that imperative character which they derive from
the public will, and which cannot be countervailed by any
scruples of private economy, or any opposition'of corporate
prejudice. '

To collect carefully the records of the experience of the
past, to compare results and deduce principles with critical
anxiety, and upon these principles to establish practical
rules, propounded and illustrated with exactness and fide-
lity, will doubtless become the common object of many of
the students of practical art. The following elementary
treatise cannot attempt so extensive and laborious a range,
but it aims at accomplishing a general survey of the sub-
ject, and a brief ennmeration of the details which properly
belong to it.






PREFACE TO THE SECOND EDITION.

Ix the Introduction to the first edition of this little book,
a congratulation was ventured upon the interest in its sub-
jeet taken by the public at that time. 'That that interest is
still a growing one (albeit scarcely yet very fruitful in good
works), is now an admitted sign of the times. Commis-
sions and Doards—mectrgpolitan and provincial—are hard
at work, doing their best, and stayed only by professional
discordance, or limitation of resourccs. The demand for
o second cdition of the Rudimentary Treatise on Drainage
should be deemed gratifying to «the public, as au evidence
of the progress of the subject, rather than complimentary
to the author as an acknowledgment of his ability in
treating it.

Care has been taken to incorporate a record of the most
recent results, by which the book is considerably augmented
in size, while the indicial headings to the pages may, it is
hoped, assist in referring to the facts and details.






DRAINAGE.

DEFINITIONS, AND SYNOPSIS OF TIIE DIVISIONS IN WHICH THE
SUBJECT WILL BE TREATED IN THIS WORK.

1. Dratvace is the collecting and conveying away refuse
waters, and other matters, from lands, towns, and buildings.
It ascertains the means and methods of accomplishing
these purposes in the most complete manner ; and, as water
is the principal agent in all cleansing processes, the means
required for insuring its ‘supply are among the necessary
provisions of efficient drainage.- By simply extending the
same means, the supply of water may be made adequate to
satisfy all other purposes; and it hence becomes desirable
to include among the objects of drainage the entire supply
of water for towns and buildings, and for the irrigation of
lands. Sewers are among the essential means of town
drainage, and therefore have to be so considered, and their
positions, forms, sizes, and modes of construction duly ascer-
tained. Our subject thus embraces several matters which
may be treated separately, but which are properly branches
of the art of draining, and cannot be consistently studied
and usefully applied without a full appreciation of their
several and intimate connections.

2. Beyond the limits of the subject of draining as de-
fined (1), it is also to be extended to the ultimate disposal
of the refuse matters which it has first to remove from
streets and dwellings: and one of its most important duties
is to effect this disposal in such a manner that human bealth
shall not be thereby impaired; and, moreover, that the

. B



2 . DIVISIONS OF SUBJECT.

matters removed shall be made available to the utmost in
promoting the fertility of the land, and effecting all chemi-
cal purposes for which they are the best fitted.

3. The synopsis of the scveral heads under which we
propose to arrange our facts, principles, and rules, is the
following :—

DRAINAGE.

Diviston I.—DnraixaGr or DistricTs AND LAXDSs.
DivisioN II.—DRraiNAGE oF T'owxs AND STREETS.
Davrisiox III.—DnaiNace or BuiLbiNgs AND DWELLINGS.

Division L

Secrron IL—Sourees of Water.—Natural and Artificial Sup-
ply.—Rain, Ocean, Rivers, Streams, Springs, &c.—Scasons,
Evaporation, Temperature, &c.— Quantity required.—Na-
ture of Soils and Crops, and position of Districts.—Quali-
ties of Water.—Rain Water, Sed Water, River and other
Waters—Four kinds of Impurities.—Modes of Purifying.—
Subsidence. — Filtration. — Chemical Process. — Natural
Filters.

Secrion II.—Upper and Lower Districts.—River-watered
and Sea-coast Districts.—Reclamation of Land.—Modes of
Draining, Pumping, &c.— Water-wheels, as applied for
Draining and supplying Upland Districts.

SectioN IIT. — Means of conveying, distributing, and
discharging Water.—Drains and Watcrcourses; Forms,
Sizes, and Methods of Construction.—Implements em-
ploycd.—Shallowand Deep Draining.—Stonc, Tile, Earthen-
ware, and Brick Drains, &e.

Drvisiow 11.
Seorion I.—Classification of Towns according to Po-

sition and Extent.—Varicties of Surface Levels and In-

clinations.
Section IL.—Supply of Water.—Public Filters and Re-
gervoirs, &e.
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Secrron IIL. —Width and Direction of Roads and
Streets; Substructure and Surface.—Paving and Street
Clcansing.

SeEction IV.—Main Sewers; Proportions and Dimen-
sions, Inclinations, Forms, and Construction.—Upper and
Lower Conncections.—Mecans of Access and Cleansing.—
Adaptation for Street Cleansing, &ec.

Sectioxn V.—Conveyance of Water.—Piping, Aqueducts,
Reservoirs. — Pumping Apparatus, Steam Draining and
Pumping, &c.

Divisron III.

Secrion I.—Classification of Buildings.

Secrron IL—Supply of Water Levels.—Constant Ser
vice.— Quantity required.—Cisterns.—Reservoirs.—Filters,
Valves and Apparatus.—Piping, &e., &c.

Secrion IIL—Varicties of Manufactures, and best avail-
able Mecthods of Draining.—Arrangement of Scparate and
Collective Drains.—Proportion of Area of Drain to Cubic
Centents of Dwelling-Houses.—¥all of Drains.—Mode of
Construction.—Connection with Main or Collateral Sewers.
—Means of Access, &e., &c. .

Section IV.—Water-Closets; Arrangement and Con-
struction.—Adaptation to various circumstances.—Com-
bined Arrangements for cfficient House Drainage.——Miscel-
laneous Apparatus and Contrivances.

GENERAL SuMMARY AND CONCLUSION.

B 2



DRAINAGE.

DIVISION I

DRAINAGE OF DISTRICTS AND LANDS

SECTION I.

Sources of Water.—Natural and Artificial Supply.—Rain, Occan, Rivers,
Btreams, Springs, &c.—Seasons, Evaporation, Temperature, &c.—Quantity
required.—Nature of Scils and Crops, and position of Districts.—~Qualities
of Water,—Rain Water, Sca Water, River and other Waters.—Four Kinds
of Impuritics.—Modes of Purifying.—Subsidence.—Filtration.—Chemical
Process.-—Natural Filters.

1. Water is indispensable to animal existence and health.
The means of obtaining, treating, and economizing this
vital liquid are therefore among the most important objects
of human art. The several sources, primary and secon-
dary, of water, arc the ocean, rivers, streams, lakes, subter-
ranean collections or springs, and rain. Some or other of
these sources arc at our command, 1o some extent, in every
region of the habitable globe. The applicability of the
first-named four sources is limited by the geographicul
position of the district; the latter two of them are obtain-
able nearly everywhere. 'T'he ceaseless cycle of opcrations
by which the waters on the earth and of the ocean mingle
with the atmosphere by the medium of evaporation, and,
descending in the forms of rain and dew, sprinkle the sur-
face, and again unite through strcams and rivers in their
common reservoir, is one of the most beautiful and inter-
esting illustrations of the compensating principle of the
economy of Providence.

2. In adopting the terms natural and artificial supply as
contradistinguished, it may appecar that the former should
apply commonly to all the sources enumerated, except the
subterranear. We would, however, limit the term natural
supply to rain and dew, since all the other sources require
more or less of artificial means before they are generally
available for the purposes of man, Thus the water of
the ocean must undergo chemical change o distillation,
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and that of rivers requires artificial channels and conduits
for its distribution. These, therefore. like the subterranean,
for which wells and borings are necessary, Lave to be classed .
among the artificial sources of water.

3. The quantity of evaporation from land-surface is evi-
dently more limited than that from water-surface, the one
depending upon the retentive power of the super-soil, and
the facility for capillary action, while the other arises from a
source comparatively inexhaustible. The rate of the pro-
cess is controlled by temperature, and accclerated in pro-
portion to the heat acting upon the surface; the tempera-
ture being affected by the elevation, and reduced in propor-
tion as the clevation increases. The joint result of these
conditions is, that proximity to the sea, the river, or the lake,
promotes the natural supply of water in the form of rain.
The geography of the district, therefore, affects the facility
or difficulty of the natural supply.  *

* But another consideration also affects this supply, viz.,
the superficial features of the district. Thus a mountainous
character,augmenting the surfuce exposed to oblique showers,
increascs thg quantity reccived on the one side, and dimi-
nishes that on the other; and the sides of a valley, in like

,manncr, reccive more or less than the quantity due to a
level district.

4. The natural supply is, moreover, modified in effect by
the structure of the surface on which it falls. Thus, upon
a rock-surface (such as that presented by mountains), which
resists percolation, the rain collects in masses, floods itself
through a fissure, or wears a channel along the line of the
most pervious formation, and reaches the lower plains in
the formidable rush of a mountain torrent. And as, gene-
rally, the effect of the natural supply.of water is in pro-
portion to the comparative impermeability of the soil, it
follows, that the value of this supply in any district is fur-
ther conditional on the structural character of the adjacent
districts. Thus, from a higher impermeable district it will
receive, an& to a lower more permeable district it will give.
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Natural supply is hence, in effect, determined by the geo-
graphical situation, the superficial character, and the geo-
logical structure of a district, modified also by the structure
of the surrounding district.

b. The quantity of rain that falls annually at several
Places, has been observed, and recorded as follows :—

In England, the mean annual depth of the eight years
1886 to 18438, both included, was 26:61 inches, having
varied between the extremes of 21°1 and 32-1 inches. 'The
average annual full at some other places has been recorded
as follows:—

South Carolina . . 50 inches.
Bombay (mean of 10 years) . . 78
Brazil (in 1821) . . . . 80
Cumana 8

Humboldt has n.ssxgned the fall of rain to vary with the
latitude, being greatest at the equator, and diminishing
towards the poles in the following ratio: viz., 86 inches
annually in the equatorial zone, 80 inches to latitude
20° 29 inches to latitude 45%, and 17 inches to lati-
tude 60°.

6. The quantity of rain thus varying, with some refer-
ence to the latitude, also to the position of the district in,
relation to the sea, and varying also from one year to an-
other, is further affected by the season. Thus, the mean
fall per month on an average of eight years in some dis-
tricts of England has been recorded as fluctuating from
1617 inch in March to 8-887 inches in November; the
fall in each month being as follows :—

TABLE L
. Inches.
January . . . . . . 1847
F.brm [ . 0 . . 1 971
March . . . A N . 1617
April . . . . . . 1456



or indeed from one latitude to another.

May .
Jme .
July .
August

September
October .
November
December

RAIN.

Inches.

Brought forward...... 6-891

. . 1-856
. . 2213
. . 2287
. 21427
. 2639
. 2823
. . 3837
. . 1641

26'614

7. This monthly quantity, being the mean of eight years,
does not by any means indicate the monthly proportion for
any one ycar, the variation being as great between the same
months of different years, as it is from one year to another,

Thus, during the

cight years over which these observations extended, the
quantity of rain falling in each month was as follows :—

TABLE II,

Years.

.| 1837.

1838.

1839.

1840.! 1841.

1842,

1843,

Quantity
each year

] 221

Ins.
240
2:85
075
1-32
0-04
1-66
1-30
3:00
1-38
1-65
2:056
1-70

0-31
2-65
1:55
1-35
0-84
2-85
2-35
095
2-47
268
3-65
1-58

Ins.*

Ins.
1-40
145
192
1-65
1-22
331

*4-36
3656
822
1-68
440
3:02

Ins. i Ins.

3:95, 150

0-40 i 230

Ins,
1-36
2:02
220
047
1-85
2:00
193
1-40
450
1-41
597
1-52

Ins.
1-46
242
088
210
500
1-56
209
2:66
063
4-82
2:45
040

2110

in } 3100

23-13

31-28

21-44 ;32-10

|

2643

2647

The greatest and least quantity falling in each month
during th@® period is thus stated :—




8 RAIN.

TABLE IIIL

MonNTH, Maximum. | Minimu®. | Difference.

Inches. Inches, Mches,
JANUArY ceeiennnieanes ceerrarenninnie 395 031 3-64
Febrnary ....ccereneiveciennincienennes 2:85 1-02 1-83
March coeeennicniiieniiennccnnninnn, 365 0-34 331
April ........ cereee sesnenies tenenans 2:57 034 2:23
May..ooonveennee ceererernsneneans 500 070 4-30
JUNe  ...iveveeineinenniiinesnanaa, 331 1-33 1-98
July...... S N 4-36 1-30 306
August...... tverieasrereciarsriratasans 3:65 095 270
September .....oceeiiiiiiiiiiiininen. 4-50 063 387
October ......cccvvvennnns sesssesenres 482 1-41 341
November.........cccoeveeennen. P 577 205 372
December......ccuuuieerinenniennenns 3-02 040 262

The third column shows the difference between the
greatest and least fall in cach month during the eight
years, and thus represcnts the' relative variableness of
each month’s rain. It thus appears that the fluctuation is
least in February, and greatest in May.

8. As evidence of the great difference of quantity of
rain which falls in similar latitudes, we may quote the
following observations referring to the upland districts
about Manchester, which we have compiled from Tables
given by Mr. Homersham in his “ Report on the Supply
of Surplus Water to Manchester, &e.”* These observations
were made at cight stations during the four years 1844,
1845, 1846, and 1847; and at five other stations during
the year 1847 only., The fifst column gives the name of the
station at which the observations were made; the second
shows its elevation above the mean level of the sea; the
next five columns contdin the depth of the rain in inches
and decimal parts for each year, and mean depth of the
four years; and the last column gives the names of the ob-
servers.

* Weale. 1848,
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TABLE IV.

Depth of rain in inches during
the yeara

STATION.

1844. | 1845. | 1846. | 1847. [Mean.

26:35 | 38:90 | 30-20 | 40°75 | 34°05 | Mr, J. Meldows
3463 | 4011 | 4082 | 52:32 | 4397 | ,, H.H.Watson.
. .. (34691349 .0 J. Meadows.

3441 | 5164 | 42°04 | 5172 | 4745 » J. Ecroyd.
29-40 | 38°80 | 32:35 | 4370 | 3606 | ,, J. Meadows.
.. .. .. |3839|3830] ,, Ditto.
4270 | 51°10 [ 3810 | 5130 | 4580 | ,, Ditto.
50 00 | 5500 | 49-80 | 61°40 | 5405 | ,, J. Macnall.
.. .. .. | 831213312) ,, J. Meadows.
3300 | 4380 | 38°80 | 44°00 | 49°90 | ,, Ditto. =

1500 | 24:80 | 39:40 | 37°10 | 357701 34°35 | ,, R. Mathews.
1500 | .. . . | 29°50 [ 29°50 | ,, J. Meadows.
o 1670 | .. .o .. 13585(3585] ,, Ditto,

Mcan of cach of the four yenrs} ' 3441 | 4589 | 38G5 | 4761

Comb’s Reservoir .
Belmont, Sharples .
head Tunnel
Chapel-en-le-Frith .
Whitehohne l'(es«.n oir, }
Blackstone edge .

RBrinks .......
Comb’s Ridge ...

at eight stations ..........

teen stations ...

Mean of the one ymr nt thlr-}] . .. I .. |4z

Among the many observations made upon this subject, it
must, however, be admitted that we have not yet the means
of instituting any very satisfactory comparison. To do this
we require careful observations carried on for a long series
of years, at stations selected for the purpose, and with ap-
paratus of the same construction.

9. Any attempt to describe the scveral fluctuations which
arc observed in the quantity of rain falling, or to explain the
causes of these fluctuations, beyond the few leading cir-
cumstances we have noticed, would involve an elementary
inquiry into the phenomena of rain far exceeding the limits
of these pages. DBut we may quote a few words from the
celebrated Dalton, which will be fully suggestive to the
studious mind in this interesting department of meteorolo-
gical science. “ The cause of rain, therefore, is now, I con-
sider, no longer an obje~t of doubt. If two masses of air
of unequal temperatures, by the ordinary currents of the
winds, are intermixed, when saturated with vapour, a preci-
pitation efsues. If the masses are under saturation, then

B3
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10 RAIN GAUGES.

less precipitation takes place, or none at all, according to
the degree. Also, the warmer the air, the greater is the
quantity of vapour precipitated in like cizcumstances.”
« Hence the reason why rains are heavier in summer than
in winter, and in warm countries than in cold.” *

10. The depth of rain which falls is ascertained bv re-
ceiving it in a vessel of some form with a gauge connected,
in which the depth may be accurately measured ; but noin-
strument of the kind yet devised can be considered as en-
tirely sdtisfactory in its agtion, or as giving results which
will allow estimates of perfect correctness to be thence
formed. The rain-gauge used by Dr. Dalton for a series of
experiments extending from 1795 to 1819, or later, con-
sisted of ‘“a funnel of 10 inches diamcter, and the top
surrounded by a perpendicular rim of 3 inches high, to pre-
vent any loss by the spray ; it was fixed in a proper frame
with a bottle for the water, and stood above 2 feet above
ground.” Dr. Garnett, in 1795, suggested the addition to
this simple form of gauge, of & cup inverted over the mouth
of the bottle, and adapted to receive closely the neck of the
funnel, so as to prevent the passage into the bottle of any
water striking against or condensing upon the outer surface
of the funnel. Gauges which have been subsequently used
for many observations consist of ahollow cylinder of copper
or other metal, 7 or 8 inches in diameter, and from 30 to
40 inches in length, with a perforated funnel or colander
of the same diameter, fitted within the cylinder a few
inches below the top. A float is placed within the cylinder
and fitted with a staff which passes upward through a hole
in the funnel, and, standing above the cylinder. serves to
indicate the depth of rain accumulated within the cylinder.
Experiments, with an apparatus adapted for the purpose,
and called a staff' gauge, have shown that the prolongation

* Memoirs of the Literary and Philosophical Society of Manchester;
vol. iii., second series, 1819, p. 507. Beveral valuable papers, with detailed
observations made during long serios of years, by Dr. Dalton apd others, are
to be found in these Memoirs.
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of the staff above the cylinder collects a great-quantity of
rain, and thus shows a greater depth than is due to the sur-
face of the cylinder. ‘I'his might be obviated by using a
cylinder of glass inclosed in a suitable case, or a metal
cylinder fitted with a glass panel, for observing the position
of the float inside, and dispensing with the staff altogether.
The apparatus must be partly sunk in the ground within a
strong case, to prevent injury, and capable of being readily
taken out when required.

11. The effectiveness of rain for all purposes of water-
supply and drainage can be estimated only after determining
the deduction due to the process of evaporation, by which
the larger part of it is raised from the surface on which it
has fallen, and, in the form of vapour, mingles with the
atmosphere, to be again precipitated upon-the earth and
ocean. The proportion evaporated appears to be mainly
dependent upon the temperature, heat promoting the pro-
cess, and cold retarding 1t. The highest, lowest, and mean
temperature in each month have been observed to be as

follows : —
TABLE V. -

THRRMOMETER.

MonTi.
Highest. | Lowest. Mecan.

s o (:]
52-0 11-0 36:1
530 21-0 380
66°0 *24+0 439
740 290 499

70:0 33-0 540
90-0 370 |- 587
760 420 610
820 410 616
760 860 578
68-0 27-0 489
620 230 429
55:0 170 89'3




12 EVAPORATION ANFECTLED BY STATE

And, -accordingly, we find the proportion of rain evaporated
corresponds with the temperature recorded thus :--being
the mean evaporation of each month during the eight
years 1836 to 1843, aud stated at per cent. upon the
quantity of rain.

TABLE VI
MoNTH. Evaporation Remainder
per cent. per cent.

January . . . . 29-3 . . . o707
Febrvary . . . . 216 . ., ., ., 784
‘March . « o« 334 . . . . 666
April . . . . . 70 . . . . 210
May . e e e . 942, . . . b8
June . e e e e 983 . . . . 17
July . . . . e 98 2 e e e 18
August . . . e 986 . . . . 14
Scptember . . . . 801 . e« . 139
October . . . . b05 .« e . 495
Novergber . . . 151 . . . . 849
December . . 000 *. . . . 1000

Mean 576 424

The remainder stated in the second column shows the per
centage upon the total quantity falling which is available for
human purposes.

12. Besides the main condition of temperature, other
minor circumstances affect the proportion of rain which
passes from the surface in the state of vapour, and have to
be considered in forming an estimate, from these records,
of the available quantity of rain-water in any district.
These minor conditions are chicfly the structure and the
state of the supersoil and of the subsoil. Thus, if the
structure be of an impermeable character, the water will lie
upon the surface, while evaporation takes up more than its
average quantity, being hindered only by the provision
which may exist for passing the rain immediately to & more
porous surface. On the other hand, a soil of excessive
permeability will imbibe the water rapidly, and thus reduce
the amount of evaporation. The state of the soil affected
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by the frequency and extent of the showers will, moreover,
determine in some degree the relative quantities of rain-
water evaporated and retained. Thus, if the soil has ac-
quired excessive hardness from long drought, or become
super-saturated by excessive rain, evaporation will proceed
more rapidly than percolation, and the effect of the fall be
similarly diminished.

13. The average quantity remaining to filter through the
soil, or to be made usc of for the purposes of man, may be
computed from the following Table, No.V1I., which showsthe
average monthly full during the same period of eight years
as stated in Table No. I., the quantity cvaporated, and the
quantity remaining, in inches.

TABLE VII.
RAIN.
L]
Mo~Ti1,
Total falling. Evarorated. Remalning.
Inches. Inches. Inches.
January ... esserrensene 1-847 0-540 1-307 .
February ...oovveeniiininnnne. 1-971 0-424 1-547
March .ocoviiniiiinnenienn, 1-617 0-540 1-077
April ceiivieniii 1'456 1150 0306
May..cocovmierrecnireinninnnn. 1-856 1-748 0108
June ..ocieeeiiiiieienienee. 2213 2:174 0039
July ....oueee 2-287 2:245 0024
August....cooeereiienienannns 2-427 2-:391 0-036
September ......ccceeeeenne 2639 2270 0369
October 2:823 1-423 1-400
November, 3:837 0-579 8258
December . ......ccceeeeeee 1-641 0164 1-805
26614 15-320 11-204

14. Of the quantity remaining and available, 11294
inches per annum, it is desirable to notice the proportion
due to the season. Thus, during the months of January,
February, March, and October, the quantity is nearly uni-
form, varying only between 1077 and 1-547. In the
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month of December it rises to 1-803, while in November
it averages a depth of 3-258 inches. During the six con-
secutive months of April, May, June, July, August, and
September, the quantity remaining is comparatively small,
being always less than half an inch in depth. The following
Table, No. VIII., shows the monthly quantity in cubic feet
and weight of water remaining on each superficial acre, as
computed from the preceding Tables.

TABLE VIIL

Raln-water permanently deposited per acre.
Moxra.
Quantity in cubic fect. ‘Wecight in tons.
4744 132-
5616 156-
391¢C 109
1111 39-
392 11-
142 4-
87 2:42
. 131 301
1339 ST
5082 141-
November.............. 11826 328°
December.ceccvirreasiesacenes 65652 182
40932 114503

15. The following observations on evaporation and filtra-
tion,* for which we are indebted to the patient and care-
fully-conducted experiments of Mr. Charles Charnock, of
Holmfield House, near Ferry-Bridge (onc of the Vide-
Presidents of the Meteorological Society of London), pre-
sent some valuable facts for consideration.

* Quoted by J. H. Charnock, Esq., Assistant Commissioner under the
Drainage Acts, in a paper ““ On Suiting the Depth of Drainage to the Cir-
cumstances of the Soil,” given in the Journal of the Royal Agricultural So-
ciety, vol. x. pt. fi. pp. 515 to 518, . .



15

MR. CHARNOCK'S EXPERIMENTS,

% |6118 | 11.08 | 8255 | 2t | arva || sov | soce | 0018 | ez | 10.ee ¢
10.0 | 6e-1 | 230 | 84T | 89.1 | 820 || 910 | 6¢-1 | 090 | ¥I.3 | 00.€ .
£90 | -1 | 6oL | 601 | 491 | 0es || 0o | 81 | 6v8 | 0% | 95.8 o300 L 7 1o e eibe po%
80 | e6-1 | 580 | 0&1 | 081 | oLT || 0z0 | 661 | 850 | et | w03 ook 1i0sg 567 1oy Tea (108 DUL IO
LU0 | BLE | 060 | TET | 905 | Lrl | 020 | 483 | 188 | PLI | GBS || iag so1em 56 UOHVOIUUIICS A1ia JusAsadl 03
a0 | ¥49 | Lle | L26 | 1L | 66g ||l @10 | 68 | L6T | ¥8.5 | 0BE e 19534 343 JO Yaur ue [i1a ‘aNjJe ‘apie
st0 | 6r€ | 955 | 008 | 9L€ | 0Zg |i oo |ene | 9a& | €23 | BLY A0qE [2594 B3 J0 Wout ue dum ANHE
120 | 90 018 | € [0S | 165 || — [ lov |¥6l | 605 | 8L% 7no pus aptsul 1105 ayy Jo [9a3] ayy Juydesy
¥60 | 03 | 153 | v6l | 16 | 18 || oo | sug | 683 | 925 | viv U un posiesl Tem (oRes OUL - -Pesaid
60 | 665 | 181 | S0 | 826 | 613 || ov0 | 183 | 1T | 661 | 863 o0 ptla Panduis Apremsas sua forqa ‘apioq
€20 | €r3 | g0 | €03 | coe | 560 i go.1 | awz | o8 | 8&1 | 261 % oy ybnolyy pazamig sea Gonia iojEs
950 | 812 | 622 | OL1 | €95 | 62 || 80.0 | Y01 | 890 | 180 | €51 Sq7 118 poioiss aris pavamiy e odnd
20 | L8T | 690 | 141 | 285 | 8L || %07 | 651 | 99-1 | €11 | 691 | oL S adtiod o3 v 1ios Jo hemb sdsisss s
S0 = - v m| o | = < v m| o Yira ‘doy 33 JO Your ue uiyim o1 *dn pajrg
= = g5l wx | B = e wx | B 1opurewas 3y} PUR ‘uuey 3y} Jo WMENSANS
gg| & g I = || £ | g mmm. M.m g ay3 ussaidaz O SE 05 ‘pues SNOIIEI[ED pUE
2 Eg3 uw E 2 5 15"l s gl 3 [2aead jo 1395 oM} Ind sem ‘daap 339) 931y
mam. € o |F3 Y m. v || 55 .lc-. m«u T8 g m. I pue a1enbs 3003 B JO *jossas Mwﬂﬂo.__ﬁ- __ooa.—..»-”a
gl € £, = =3 B 1 ‘s ayy
58| & H Mw %8 m. 5% 3 g | 832 w Ui 278 JOYMOY 3y - UAe)
w I A3 - awes
Pel A | 7| 5E w.w AR R @5 &g oy wozj uopmiodeag Syy sj—yg UWInlo
e J e = *puef A1p lo pautesp pa
.m u. 1 8 -m.. eqa woiy no_uunon.w.ﬁ u_.-._uu $[—¢ awnjo)
S | mos woig [“193eA\ woig F 3 | ‘nos woxg [“zajesm woig . ._a._hr. oy N
sodxa uns 3yl woiy papeys ‘s,
‘SHINOIY v:wu._.« uouuaﬁa..—:ﬂ Mﬂ nm-u —t J--“M_oo
uim pue yioq
o g _ i € _ 8 ! 9 s ¥ £ s ! 0} pasodxa Aqnz ._3-.5.-..«0. PeWu.:.m ® woxg
- ' - uorjezodesq JO Junowy ayy u—”_.daﬂ uwn)y
o] | =2 *afnen- Areu
=3 ‘uojjviodea u HEE *uoijriodsa; “urey ayy 13781831 S8 ‘maqrej urey Jo
g W ¥ a L M ¥ T oﬂo shp%.nm —*°[ UWN[O)—KOILVNVIIXY
181 g8l

b *[10§ JuoIsAWIT nl_nnﬂ-.ﬂ -N.M -u._n
£30URISWNIILD A38 3Y) Iapun uonjenry pue uonierodeaqy jo Junowe uIIRP 01 M3IAA © im “bsyg yooursy) saey)
L3ano) ayy E—.couwv_s.»w—uoa.mvgn .2=o__._.ﬂ_W=E_o= e .ﬂcﬂo.n aALg Jo -wﬁun ® yilnoay) ‘opems SXOILVAYASEQ JO 1IN0y NV—XI ATEV.L



MR. CHARNOCK'S EXPERIMENTS.

16

9L.9 | 8Z.£€ | 86.8T | ¥0-63 | 69.1€ | ¥2.3 __3.« 60.1¢ | 923 | 6213 | 9c-3¢ AL.8Z || 09.2 |<oR.2e | OF.c1 | ©L.08 | 9108 | 00-61
230 | 91 | 601 | OT-T | 641 | 961 _.u:.. 195 | 9.8 | 865 | Loe wv0£ || 90.0 | €60 | 630 | £50 | 620 | SE0
Lto | vl | 88.0¢) 601 | £9.1 | 911 |' 820 | 088 | €20 | k1 [ €15 101 || 1c0 | 823 | L1 | 081 | $8:5 | 86T
69.1 | 923 | 0v-8 | 6v-1 | €23 | 60y [, L9.0 | 83 | 693 | W1 | LLg 4E€ || ¥60 | €65 | LIU | 98-1 | 648 | IKT
0.0 [ ¥1E | 001 | 661 | g | 20T | 100 | 636 | €60 | 98T | 628 el [| 060 | 96.€ | 89I | 88.€ | IG¥ | 861
600 [83€ | 903 | S5 | B0g [ $03 [} 260 | Pv3 | t&F | OLT | 96 19% || 180 | €9¢ | ¥9.3 | ¥I£ | OLY | €B.
91.0 | 6&¥ | ¥4z | 96-8 | +r¥ | 063 ;| Gl.0 | 6.8 | 028 | 671 | 98-8 | G+-E || €60 | 8&F | €%.5 | BLE | LIV | 948
0 | gt | ge | g6 | ony | oof |' c20 | 863 | €63 | 905 | O1.£ ; BLE || +0-0 | S6-F | 3.1 | 8-€ | IEQ | V&I
600 | 68€ | €0 | 206 | ¢Sk | &0 [ Lg0 | uze | 61 [ 661 | Y8 85 ;| — | 9R¥ | &0 | eBE | LLG | @0
663 | 61 | 86:3 | L&1 | 161 | 69 | G&0 | 908 | col | 61.€ | 6Ly  ¥CD || — | &he | L&0 | 503 | €88 | L350
00| 913 | 880 | €U | 068 | €50 | 60 | (8.8 | ST | V6.1 | 165 | 881 |} 60.0 | 051 | 6.8 | &% | €15 | 185
€0.0 | 60-5 | ¥h0 | 69.1 | &G [ Zvo [, 080 | ¥60 | €40 | L+ | 120 ' €20 || o | TLT | 99.1 | €8.0 | 1€1 | 858
96.0 | V61 | @1 | #5.1 | Lo.5 | 813 || 9F0 | 6F1 | 6T | 201 | €1 ; #41 || 9t0 | 06T | 8.0 | 80-T | 191 | K1
w n w
um.o i 2 2E ww_ g um 213 uws. mm m ..um g m 2 mﬂ g
AR IR RN A A A AR Ak I
w31 2§ el I w o= £ | § p(S2i v €18 i il oo
o3| E| B |2S|Es| S fles] 21 8 |2S5(8B81 5 lag]| E =2 | &5 m.
3l 5 g |8 £ M w.. 7zl g m. FERE M .m; FZl 8 M FERE; »
e\ R| %z )P gE R | Rz EIR g R R | B
S Ta g1 &l N7z Fe| £
m £ H [ £ B H g H
- g - El -
‘SHINOR
g £ g
°I10§ WOy |“13)eA WOy ‘[10§ woiy | ‘I91EA 0L ‘Tios woig |-137A\ WoiY
9 g ¥y € H 1 9 q 12 € 8 1 9 s ¥ € g 1
.l.”u. o) 4 .Iﬂ.
m w.u *uoijeiodeay ‘urey w.m *uopjurodvay uey mw ‘uoniszodeay ‘upey
c v e g
‘9981 "9E81 P81

‘Ponupiuor—~X1 ATAVL




CONDITIONS OF EVAPORATION. 17

In these experiments, the evaporation from saturated soil
was determined thus :—* A leaden vessel of 13 inches deep,
and a foot square, was filled to within an inch of the top
with soil, and placed in the ground, in the same manner as
the previous vessel, with a pipe level with the surface of the
soil to carry off the excess of top-water into areceiver. The
same quantity of water was then daily supplied to this soil
as the evaporating dish of column 2 showed was evaporated.
The soil was stirred as in the former case, and thus repre-
sented wet and undrained land.”

* In the first place, it is observable how much greater is the
amount of evaporation from water than from land, and how
near, as shown by columns 2 and 5 (Table IX., pp. 15, 16),
the evaporation from wet land is to that from water itself—
hence the wetter the land the greater the evaporation, and,
as the well-known consequence, the greater its excess of
coldness. We have a familiar illustration of nature’s pro-
cess in this particular, in the method often adopted to cool
our wine on a hot summer’s day, by wrapping a wet napkin
round the bottle and exposing it to the full sugy as the
moisture from the napkin is evaporated, the temperature of
the wine declines to almost freezing point. The school-
boy’s experiment of producing ice before a fire, by incasing
the vessel in wet flannel and adding a portion of salt to the
water, is a similar example, with this additional lesson to
the farmer—that to apply certain limes to wet land is only
increasing the evil.

* You will then, in the second place, notice how much
less the evaporation is in the shade than in the sun, and
consequently that wet land must be the warmest when
thero is the least sun. ¥'rom #hich cause, no doubt, arises
that too vigorous growth of young wheat, so often observ-
able on such land in the winter and spring months, which
never fails to produce serious injury to the crop in all its
subsequent stages. And thirdly, you will remark how com-
paratively small a proportion of the rain which falls is
shown to be carried off by filtration. Taking the average
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of the five years’ experiments, it will be seen that only 4-82
inches out of 24:6 inches of rain passed through the land
to the depth of three feet. 'We might, therefore, be led at
the first glance to infer that land in general stands less in
need of drainage, or may be drained by a less perfect
system, than is supposed to be requisite, did not daily
experience oppose such a conclusion. 'Wo must, therefore,
endeavour to reconcile this seeming incongruity, and de-
duce at the same time, from the facts disclosed, such data
as may guide us in determining the essential requisites to
ensure completeness of effect in drainage.

“ Now, although there can be no reason to question the
accuracy of the experiments on filtration made by Mr.
Dickinson, and recorded in the Journal of the Royal Agri-
cultural Society of England, Vol. V., Part I, yet there is a
very considerable difference in the aggregate result, as
shown by them and the account before us. ¢ The first
important fact disclosed,’” says the commentator, page 148,
¢ is, that of the whole annual rain, about 421 per cent., or
113 incges out of 26;;,* have filtered through the soil:’
whereas in the Holmfield House experiments there is only
shown, as we have already said, 4'82 inches out of 246, or
about B, per cent. against 423 per cent. This is certainly
8 very great and somewhat irreconcileable difference in the
result of two experiments made professedly to ascertain the
same fact. Now, on referring to the ¢ Memoirs of the
Literary and Philosophical Society of Manchester,” Vol. V.,
Part I1., you will find a paper on rain, evaporation, &c.,
from the pen of the celebrated Dr. John Dalton (the father
of the science of Meteorology), wherein he explains a series
of experiments made by hin¥elf and his friend, Mr. Thomas
Hoyle, jun., to ascertain the amount of evaporation and
filtration, and giving the following Table of results:t—

“ ¢« Having got a cylindrical vessel of tinned iron,’ says
the Doctor, * ten inches in diameter and three feet deep,
there were inserted into it two pipes, turned downwards,

© Bee Table VIL p. 13. + See Table 2 p. 19,
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TABLE X.
‘Water through the Two
Pipes. Mean
Mowrns. Mean. Mean Evapora-
1796. 1797. 1798.
Janunry’ ......... 1897 -680) 1774} 1-450 2458 1-008
February oo 1778 918 | 1122 1-273 1-801 *528
March ... 431| <070 -335| ~-279 902 623

April *220| -295| -180 232 1717 1485
May ... 2027 | 2:443( -010| 1-493 4177 2684
June 171} 726 ... 299 2-483 2:184
July ... 1531 0251 ... *059 4154 4:095
August...... .. e 504 -168 3-554 3-386
September .. 9761 ... -325 3-279 2:954
October e 680 ... 227 2:899 2672
November 1-044| 1-594| -879 2934 2055

200| 3077| 1-878| 1718 | 8202 | 1-484

6877 [10-034 | 7-379 | 8402 |33:560 |25158
R%in ...... veeees|80°629 (38-791 [31-250

lEvapomtion...... 23725 |27°857 |23 862 }'

Dccember......:::

for the water to run off into bottles: the one pipe was near
the bottom of the vessel, the other was an inch from the
top. The vessel was filled up, for a few inches, with gravel
and sand, and all the rest with good fresh soil. Things
being thus circumstanced, a regular register has- been kept
of the quantity of rain-water that ran off from the surface
of the earth through the upper pipe (whilst that took place),
and also of the quantity of that which sank down through
the three feet of earth, and ran out through the lower pipe.
A rain-gauge of the same diatheter was ‘kept close by, to
find the quantity of rain for any corresponding time.’

* You will notice that the general result of these experi-
ments accords pretty nearly with that of the Holmfield
account; and yet it may be readily conceived that circum-
stances of gituation and stratification may often occasion
as wide a difference in the amount of filiration as is shown
between Mr. Dickinson’s and Mr, Charnock’s observations.
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“On an examination of the details registered in the
account before us, it will be evident that the amount of
filtration is not exclusively dependent on the fall of rain;
but that a variety of other causes combine to affect its pro-
portion. For instance, in March, April, May, June, and
July, of 1842, the fall of rain was 18:05 inches, and the
filtration for the same period was only 2:05 inches ; whilst
in April, 1846, there was 5-97 of rain and 2-99 of filtration.
Similar instances are also noticeable in Mr. Dickinson's
details. From March to October, inclusive, of 1840, a fall
of 11-52 inches of rain is recorded, without any filtration;
but in November, 1842, the rain was 5-77, with 5 inches of
filtration. Dr. Dalton’s table also shows the same varia-
tions. The lesson, therefore, derivable from these experi-
ments, so far as regards filtration by drains, is one rather of
a speculative than of a definite character; for, although we
are assured filtration must be seeurcd, we are left with a
large and varying margin as to the proportion. We must
not, however, overlook the fact, that all the registered de-
tails show occasionally an amount of filtration nearly equal
to the rain that falls, and, therefore, in determining the
size of pipe to be used, the ready exit of this maximum
quantity must be provided for.”

16. The precise quantity of water required for the agricul-
tural purposes of any district depends upon the nature of
the soil and the crops, and the position of the district in
relation to the surrounding country. Thus, if a permeable
soil oceupy an elevated site, the water deposited upon it
will pass rapidly, and perhaps before serving for the germi-
nation or the nutriment of the plant. If, on the other
hand, as is the far more common case in this country, the
soil be of a retentive character, and the site low in relation
to other districts, the water will be kept while the soil be-
comes saturated to so great an extent that the processes of
vegetable germination and growth are greatly impeded.
The soil exists in one of three conditions; 1st, in the form
of clay ,being a dense mass consisting of finely comminuted
particles, but all of & highly tenacious kind; in a state of
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slight moisture it becomes a clammy paste, and is never
found so utterly devoid of moisture that its constituent
particles are separable: it affords no passages for water,
receiving it with difficulty, and retaining it in the same
woy. 2nd, in the form of sand or gravel, the particles of
which are seldom or never united, and the soil is therefore
full of passages or canals for water. Soil of this kind has
no power cither to oppose the admission or effect the reten-
tion of water poured upon it. And 3rd, existing in the
form of & mixture of the aluminous, silicious, and calcareous
elements, in endless variety of proportions, found as clods,
and in this state affording two classes of passages for the
ingress and permeation of water, viz., those remaining be-
tween the particles which are congelated in each clod, and -
those formed by the spaces between the clods. The former
are sometimes called pores, and the latter canals. 'The
power of admitting and retaining or discharging water
exerted by these mixed seils, will exist in an endless variety
of degrees, according to the mechanical formation of the .
constituent particles and clods. The state of soil which is
most favourable for the germination and development of
the plant is that of moistness, capable of being readily
crumbled by the hand, and equally removed from the ad-
hesive extreme of mud and the volatile one of dust. In this
condition it will be found that the pores are filled with water,
but the canals are not—these latter serving as passages for
the air, which is one of the feeders of vegetable life; and
we can, therefore, readily understand that, when water
exists in such quantity that the soil is saturated with it,
and all the pores or canals filled, its condition is unhealthy
- for the growth and development of plants.

The following extract, from an admirable lecture on Agri-
cultural Science, by Dr. Madden, quoted by the General
Board of Health in their “ Minutes of Information,” al-
though of considerable length, claims a space here, for the
valuable information it conveys on the fitness of soil for
promoting vegetable germination.

“ The first thing which occurs after the sowmg of the
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seed is, of course, germination; and before we examine how
this process may be influenced by the condition of the soil,
we myst necessarily obtain some correct idea of the process
iteself. The most careful examination has proved that the
process of germination consists essentially of various
chemical changes, which require for their development the
presence of air, moisture, and a certain degree of warmth.
Now it is obviously unnecessary for our present purpose
thet we should have the least idea of the nature of these
processes : all we require to do, is to ascertain the conditions
under which they take place; having detected these, we
know at once what is required to make a seed grow. These:
we have seen, are air, moisture, and a certain degree ¢

- warmth; and it consequently results, that wherever a seed
is placed in thest circumstances, germination will take
place. Viewing matters in this light, it appears that soil
does not act chemically in the process of germination; that
its sole action is confined to its being the vehicle by means
. of which a supply of gir and moisture and warmth can be
continually kept up. With this simple statement in view,
we are quite prepared to consider the various conditions of
soil, for the purpose of determining how far these will in-
fluence the future prospects of the crop, and we shall
accordingly at once proceed to examine carefully into the
mechanical relations of soil. .

17. Soil, examined mechanically, is found to consist entirely
of particles of all shapes and sizes, from stones and pebbles
down to the finest powder; and on account of their extreme
irregularity of shape, they ecannot lie so close to one an-
other as to‘prevent there being passages between them,
owing to which circumstance soil in the mass is always
more or less porous. If, however, we proceed to examine
one of the smallest particles of which soil is made up, we
shall find that even this is not always solid, but is much
more frequently porous, like soil in the mass. A consider-
able proportion of this finely divided part of soil, the im-
palpable matter 8s it is generally called, is found, by the aid
of the microscope, to consist of broken-down vegetable tissue,
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so that when a small portion of the finest dust from a
garden or field is placed under the microscope, we have
exhibited to us particles of every variety of shape and
structure, of which a certain part is evidently of vegetable
origin.

18. On examining a perfectly-dry soil we percelve that
there are two distinct classes of pores: 1st, the large ones,
which exist between the particles of soil; and 2nd, the very
minute ones, which occur in the particles themselves; and
whereas all the larger pores—those between the particles of
soil—communicate most frecly with each other, so that

hey form canals, the small pores, however freely they may
£mmunicnte with one another in the interior of the particle
which they occur, have no direct connection with the
pores of the surrounding particles. Let-us now, therefore,
trace the cffect of this arrangement. If the soil is perfectly
dry, the canals communicating freely at the surface with the
surroundmg atmospherey the whole of these canals and
pores will, of course, be filled with air. If, in this condi-
tion, a seed be placed in the soil, you at once perceive that
it is freely supptied with air, but there is ho moisture; there-
fore, when soil is perfectly-dry, a seed cannot grow.

19. Let us turn our attention now to that state of the
soil in which water has taken the place of air, or, in other
words, the soil is very wet. If we observe our seed now,
wo find it abundantly supplied with water, but no air.
Here again, therefore, germination cannot take place. It
may be well to state bere, that this can never occur mctly
in nature, because water havmg the power of dissolving air
to a certain extent, the seed is in fact supplied with a certain
amount of this necessary “substance; and, owing to this,
germination does take place, although by no means under
such advantageous circumstances as it would were the soil
in a better condition.

20. We pass on now to a different state of matters Let
us suppose the canals are open and freely supplied with air,
while the pores are filled with water. While the seed now
has quite enough of air from the canals, it can never be
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without moisture, as every particle of soil which touches it
is well supplied with this necessary ingredient. This, then,
is the proper condition of soil for germination, and, in fact,
for every period of the plant's development; and this condi-
tion occurs when soil is moist but not wet—that is to say,
when it has the colour and appearance of being well
watered, but when it is still capable of being crumbled to
pieces by the hands, without any of its particles adhering
together in the familiar form of mud.

21: Let us observe still another condition of soil ; in this
instance, as far as water is concerned, the soil is in its
healthy condition—it is moist, but not wet, the pores alone
being filled with water. Dut where are the canals? We
see them in a few places, but in by far the greater part of
the soil none are to be perceived; this is owing to the par-
ticles of soil having adhered together, and thus so far obli-
terated 'the interst.itinl canals tlmt they appear only like
pores. 'This is the state of matters in every clod of ‘earth;
and you will at once perceive, on comparing it with a stone,
that it differs from it only in possessing a few pores, which
latter, while they may form a reservoir for moisture, can
never act as vehicles for the food of plants, as the roots are
not capable of extending their fibres into the interior of a
clod, but are at all times confined to the interstitial canals.

22. With these four conditions before us, let us endeavour
to apply them practically to ascertain when they occur in
our fields, and how those which are injurious may be
obviated.

The first of them, we perceive, is a state of too great
dryness, a very rare condition, in this climate at least; in
fact, the only case in which it is likely to gccur is in very
coarse sands, where the soil, being chiefly made up of pure
sand aad particles of flinty matter, contains comparatively
much fewer pores, and, from the large size of the individual
particles, assisted by their irregularity, the canals are wider,
the circulation of air freer, and, consequently, the whdle is
much more ecasily dried. When this state of matters exists,
the best treatment is to leave all the stones which occur on
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the surface of the field, as they cast shades, and thereby
prevent or retard the evaporation of water.

23. We will not, however, make any further observations
on this very rare case, but will rather proceed to a much more
frequent, and, in every respect, more important condition
of soil: an excess of water.

When water is added to perfectly dry soil, it of course,
in the first instance, fills the interstitial canals, and from

these enters the pores of cach particle; and if the supply
* of water be not too great, the canals speedily become empty,
so that the whole of the fluid is taken up by the pores:
this, we have already scen, is the healthy condition of soil.
If, however, the supply of water be too great, as is the case
when a spring gains admission into the soil, or when the
sinking of the fluid through the canals to a sufficient depth
below the surface is prevented, it is clear that these also
must get filled with water so soon as the pores have become
saturated. 'This, then, is ¢the condition of undrained soil.

24. Not only arc the pores filled, but the interstitial
canals are likewise full; and the consequence is, that the
whole process of*the germination and growth of vegetables
is materially interfered” with. We shall here, therefore,
briefly state the injurious effects of an excess of water, for
the purpose of impressing more strongly on your minds
the necessity of thorough-draining, as the first and most
essential step towards the improvement of your soil.

The first great ctfect of an excess of water is, that it
produces a corresponding diminution of the amount of air
beneath the surface, which air is of the greatest possible
consequence in the nutrition of plants; in fact, if entirely
excluded, germigation could not take place, and the seed
sown would, of course, either decay or lie dormant.

Secondly, an excess of water is most hurtful, by reducing
considerably the temperaturs of the soil: this I find by
careful experiment to be to the extent of 6} degrees Fahren-
heit in summer, which amount is equivalent to an eleva-
tion above thé level of the sea of 1950 feet. So that,

c
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supposing two fields lying side by side, the one drained,
tho other undrained, and supposing them both equally well
cultivated, there will be nearly as much difference in the
amount and -value of their respective crops, as if the
drained one was situated at the level of the sea, and the
other had an elevation as high as the most lofty of the
Pentland Hills.* But, besides this, and what is nearly
equally bad, the temperature is rendered unnaturally high
duripg winter; whereas it has becn proved that one great
source of health and vigour in vegetation is the great
difference which exists between the temperature of summer
and winter, which difference amounts in dry soil to between
thirty and forty degrecs, while in soil very much injured by
an excess of water, the whole range of the thermometer
throughout the year will probably not excced from six to
ten degrees.

These are the two chicf injuries of an excess of water

in soil which affect the soil itstlf. There are very many
others affecting the climate, &c.; but these are not so con-
nected with the subject in hand ag to call for an explauation
here.
* 95, Of course all these injurious ‘effects arc at once over-
come by thorough-draining, the result of which is to esta-
blish a direct communication hetween the interstitial canals
and the drains, by which means it follows that no water can
remain any length of time in these canals without, by its
gravitation, finding its way into the drains.

26. Too much cannot be said in favour of pulverising
the soil; even thorough-draining itself will not supersede
the necessity of performing this most necessary operation.
The whole valuable effects of ploughing, Rarrowing, grub-
bing, &c may be reduced to this: and almost the whole
superiority of garden over field produce is referable to the
greater perfection to which this pulverising of the soil can

be carried.

® Of course the field of high elevation must be thoroughly drained to
equal even the undrained ficld at the level of the sea.
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The celebrated Jethro Tull has the honour of having first
directed the farmer’s attention forcibly to this subject; and
so decply impressed was he with its infinite importance,
that he believed the use of manure could be entirely super-
seded were this pulverising carried to a sufficient extent.

The whole success of the drill husbandry is owing, in a
great measure, to its enabling you to stir up the soil well
during the progress of your crop; which stirring up is of
no value beyond its effect in more @knutely pulverising the
soil, increasing, as far as possible, the size and number of
the interstitial canals.

27. Lest any one should suppose that the contents of
these interstitial canals must be so minute that their whole
amount can bé of but little consequence, I may here notice
the fact, that in moderately-well pulverised soil they amount
to no less *than one fourth of the whole bulk of the soil
itself: for example, 100 cubic inches of moist soil (that is, of
soil in which the pores are’filled with water while the canals
are filled with air) contain no less than 25 cubic inches of
air. According to this caleculation, in a field pulverised to
the depth of 8 inches, a depth perfectly attainable on most
soils by careful tillage, every imperial acre will retain be-
neath its surface no less than 12,545,280 cubic inches of
air. A familiar illustration of the space occupied by the
spaces between the particles of loosened soil is afforded by
the fact that when soil is disturbed it more than fills the
space it previously occupied.

28. Taking into calculation the weight of soil, we shall
find that with every additional inch which you reduce to
powder (by ploughing, for example, 9 inches in place of 8),
you call into activity 235 tons of soil, and render it capable
of retaining beneath its surface 1,568,160 additional cubic
inches of air. And, to take one more element into the
calculation, supposing the soil were not properly drained,
the sufficient pulverising of an additional inch in depth
would increase the escape of water from the surface by
upwards of 100 gallons a day.

oR
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29. The great purpose of draining being, immediately,
the improvement of the land, but, ultimately, the promo-
tion and improvement of vegetable production, the prece-
ding considerations as to the fitness of the soil for germi-
nation may be well followed by a brief enumeration of the
rules for the application of water to plants, which, as laid
down by De Candolle, refer

First, to the quality of the water uled : that it should be
well aérated ; the prehce of atmospheric air is good, but
of carbonic acid gas much better. The next qualities
desirable are, that it should contain fertilising matters; the
water should be as little muddy as possible; the tempera-
ture of the water is of importance, especially for hot-house
plants : the water used in hot-houses is allowed to stand for
some time before it is employed, in order that it may have
the temperature of the place; it is well that bther water
employed should stand for a time in the sun.

Second, to the times of the application:—In the winter
time there should be little irrigation, because the plants are
then dormant, and water is then superabundant. In spring
time water is usually abundant. In summer it is wanting;
and at that time the water should be given in the evening.

Third, to the guantity of the water to be applied, which
should be varied according

a. To the object of the culture :—When for leaves, more
water should be given than when for flowers; less water
should be given when for grains or fruits.

b. To the depths of the roots :—The application should be
more frequent to the plants of which the roots are superfi-
cial; less frequent to deeper roots.

¢. To the structure of the foliage :—Those which evaporate
much (such as plants with large leaves), more frequently
than perennial, or plants with thick leaves.

d. To the consistence of the stalks, and of the ro0ts :—Roots
with fleshy fibres do not thrive if too abundantly watered;
at the same time they are injured by dryness. Tuberculous
or bulbous plants, or plants with fleshy lcaves, can bear a
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long-continued dryness, and therefore infrequent, yet abun-
dant, waterings sunit them well.

e. To the stage of vegetation :—It is important to bear in
mind that young germinating plants require light and fre-
quent waterings; those that are in the height of growth
abundant waterings; and when the fruit or seed is being
matured the waterings should be infrequent. Those that
have been transplanted require abundant watering. '

J To the nature of the soil, aceording to which these
rules must be modified :—The lighter the soil the more
frequent and plentiful must be the waterings. If it
is & compact and clayey soil less watering will be re-
quired. :

g. To the state of the atmosphere:—It will be readily
conccived that the watering must be more [requent when
the temperature is high, the sky clear, and the air dry, and
during drought.”

30. The proper serving of watex for agricultural purposess
gimilarly with that for domestic and manufacturing uses,
requires both adequate supply and discharge. That is, if
the natural supply be deficient it becomes the business of
the drainer to augment it; if excessive, to reduce it: but,
in either or any case, his correlative object is to provide
sufliciently for the discharge of the water as rapidly as
vegetation has imbibed its nutriment from it, and the sup-
ply is replenished. The recognition of this essential prin-
ciple founded the era of all modern improvements in the
Art of Draining. The most skilful tenders of the soil
were previously satisfied to drain the surface of the land.
So long as they were enabled by superficial channels to get
rid of the excess of water which appeared above ground,
their work seemed to_them complete, and the effects of
subterranean reservoirs and aluminous sponges, made Visi-
Jble in stunted and unhealthy vegetation, were attributed to
any causes rather than the true ones. In our third section,
which will show in detail the methods of determining and
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forming drains, these causes and the mode of treating
them will be explained.

81. The facility or difficulty attending the artificial sup-
ply of water from rivers and subterranean sources depends
upon the distance of the sources from the districts to be
watered, their relative levels, and the geological structure
of the soil. The map of the district will exhibit the first
of these circumstances, and a corresponding section will
show the second; the third may be inferred, with more or
less exactness, from the superficial featureg of the country,
but can be ascertained with certainty only by boring
through the superincumbent strata until the spring or
internal reservoir is arrived at.

82. The water of rivers is not generally available for tho
supply of the lands of districts of superior level, the
expense of applying mechanical power for this purpose
being too great to admit of extensive operations. For the
supply of towns and buildings, hbwever, this consideration
is outweighed by the importance of the objcct. Iumps
worked by water, steam, or other power, are applied to
raise the water; and artificial channels, such as aqueducts
or pipes, provided for its conveyance, with tanks or reser-
voirs for containing it, and submitting it to any desired
operations of cleansing or purifying. If the district to be
supplied lie on a level, near to that of the feeding river,
the reservoirs are usually constructed contiguous to it, and
receive and cleanse the water before its conveyance through
pipes or other conduits. Thus, several of the companies
who now supply water to London and its suburbs have
reservoirs for these purposes on the banks of the river
Thames, whence their supply is derived.

38. For the irrigation and draining of adjacent lands on
accessible levels, the waters of rivers are conducted by
artificial courses. The system of irrigation adopted in
Lombardy is complete for this purpose, and the principle
of it is illustrated in figures 1 and 2; a a is the feeder to
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b b, the irrigating channels. The water flowing from these
spreads itself as a veil over the rectangular sections of land
between them, and thence passes.into the draining chan-
nels ¢ ¢, which are formed at a lower level than the supply
channels, and is received in the common drain d d, through
which it passes, and becomes the means of irrigation and
draining to other similar districts in succession. In Lom-
bardy, the width of land between the channels 4 and ¢ is
usually about 22 feet, and the difference of level between
the irrigating and the draining channelsgbout 6 inches.
These water-meadows, or marcite, are tg:s irrigated in
summer during several hours about once in each week;
and from the end of September td@he end of March the
process procceds continuously, the water being turned off
only while the grass is being cut.

84. Instances of irrigation by submersion, by filtration,
and by regurgitation, or subterrancan irrigation, are men-
tioned by Count Manetti, the Superintendent of the Royal
Gardens at Monza; near Milan, in these words:—* The
irrigation by submersion is, in Lombardy, limited to rice
fields. Elsewhere, as, for instance, in Tuseany, it is em-
ployed to impreve the soil by the deposit of earthy matter
from the water, whilst in France and Germany it is employed
both for arable lands and meadows, leaving them under
water till & scum appears, which indicates that the crust of
the soil begins to decay. The irrigation adopted in Lom-
bardy for arable and pasture lands, as well as for meadows,
is by filtration, for one could scarcely call submersion that
very thin veil of moving water so skilfully spread over the
land by our irrigators, who, in this point, are the best
agriculturists in the world. The irrigation by regurgitation
(more properly subterranean irrigation) is not in use in
Lombardy; but in Switzerland, in the neighbourhood of
Berne, and especially at Hofwyl, a considerable extent of
land is irrigated in this' manner with great success. The
famous Fellenberg reclaimed the bogs of his Hofwyl estate
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by the application of subterraneous drains, so contrived that
by stopping their mouths when the surface of the soil is
too dry, he compels the water to swell back to the roots of
the grass. This mode of irrigation is not only adapted to
grassy lands after they have been drained, but to every
other description of light soils, especially in hot climates.
It was common in Persia long ago.”

85. A method of irrigation by water-meadows, similar
to that described (par. 88), has been adopted in Wiltshire
and the neighbguring counties, the soil being thrown up
into beds, the water running along the crown of each bed,
and discharging on each side.

36. Another mecthod adopted chiefly, until lately, in
Devonshire, is that known by the name Catch-water Meadow
or Catch-meadow. Inthis arrangement the gutters are drawn
along natural slopes, and the water falls from the upper
one to that immediately below it, which spreads it anew
equally over the surface dower down. This system, origi-
nating in an alinost mountainous country, has been of late
years transferred to land quite as level as any on which the
ridge-water meadows were made in Wiltshire.

87. Experiments have becn recently made upon the
economical cffcct of substituting an apparatus of pipes or
flexible hose for irrigating lands, for the channels and gut-
ters previously deseribed. The chief advantages apparent
from the use of pipes either of iron or earthenware, or the
flexible hose with lateral openings, as water-carriers or
conductors over the water-meadows, have been thus recited :
—that the surface now occupied by fixed carriers for water-
meadows would be saved; that the flexible hose may be
carried across depressions or over undulations of surface,
with closed lengths, without the expense of permanent
works; that with these tubular carriers less water will
suffice, and, therefore, less waste from evaporation; that
the apparatus may be at once removed for the adaptation
of the land to arable or varied cultivation. The hose may

c3
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be carried over hedges, ditches, or even small streams.
With a slight govering, it may be carried temporarily over a
road, or under it, through a road-drain.

-The distribution by the hose and jet admits of various
modes of appliance with steam-power, from the heaviest
fall of a thunder-shower within the range of the jet, to a
shedding in the shape of a mist by a skilful operator, or
the shedding in various full streams upon the ground.
Horticulturists deem various nicetics in watering essential
to good production. In the practice of the gew distribution
on a large scale these points of skill appear to have been
little, if at all, attended to; and although crops now
deemed extraordinary were got without them, it is probable
that, with them, further increase of production will be
attained.

88. When the several specified advantages of the pipe-
distribution are considered, they appear to the engineering
inspectors who have examined the different works, to pre-
ponderate greatly, even for common agricultural purposes,
over the cheapest methods of distribution by catch-water
meadows, and to induce a far higher and more profitable
order of cultivation. When, indeed, the question rclates
to land which is valuable from its contiguity to a town, and
to a cultivation yielding 10l. or 20/. or more per acre, the
annual cost of the land occupied by the water-carriers
alone exceeds the annual cost of a complete system of iron
pipes. Thus, in the newly-formed water-meadows at Edin-
burgh, the open gutters ocecupy about one thirty-seventh of
the area irrigated, and in many places a greater propor-
tionate space is occupied for the purpose. As the rent of
the land is there 20l. per acrc, the annual value of the space
devoted to gutters is"10s 9d. per acre, or about equal to
the average annual working expenses, including interest on
capital, of the pipe distribution; and it would be clearly a
saving to the owners of those meadows, and of several
others, to fill up the gutters, to abandon the practice of
distribution by submersion, and to adopt that of pipe dis-
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tribution. Besides saving land, filling up the gutters would
be removing impediments to the passage of garts, and to
numerous other agricultural operations. Where a sufficient
fall is obtained for pipe distribution by gravitation, it is
cheaper than the common catch-water meadows.

39. The power dcrivable from the prompt application of
plain water to arable cultivation may be said to be unknown
to the agriculture of this country, and very little known in
that which has heretofore been distinguished as * market,
garden cultivation;” and it is only imperfectly practised in
horticulture. 'Wheat has, under some circumstances, been
watered with great success. In the market-garden cultiva-
tion at Naples and Paris, cffects are stated to be produced
by skilful watering which are unknown in this country. At
Naples the water is distributed by regular channels of irri-
gation. At the market gardens of Paris, it is skilfully
distributed by hand labour, by the use of the scoop, at
great expense indeed, but*for which the extra produce com-
pensates. Some of the more eminent market-gardeners
would, however, appreciate the advantages of any appliances
for the cheap distribution of water. A quantity of water
equal to the fall from a heavy thunder-shower may be dis-
tributed by engine power at an expense not exceeding a
few pence per acro.

40. The cheap power of distributing water may often be
of importance to the agriculturist, to facilitate the working
of the land at those tintes when it is hardened by drought,
and when, for ploughing or other work, extra labour, often
more than double the ordinary amount, is necessary. On
such occasions, labourers wet the ground to facilitate the
working with the spade. When water is available, and
when the ground may.be thoroughly wetted at a trifling
expense, the farmer may, by such an application, work
with two horses where othcrwise four would be required.

41. Districts considerably above river level, or so situated
that no water can be conveyed to them from that source,
may be artificially supplied from wells, or by meking com-



86 RISE OF RIVERS.

munication with the lower and saturated strata of the soil.
Thus, the ridges of land lying above the reach of the Nile
were perforated with wells by the ancient Egyptians, as a
substitute for the inundation by which the lower banks
were fertilized. The Chinese also resort to wells for the
purpose of irrigation. In many parts of the East, where
the natural supply by rain is deficient, works on a very
large scale have been constructed for obtaining water suffi-
cient for irrigating. In Hindostan, Japan, China, Java,
Tartary, &c., the supply is, to a great extent, drawn from
wells; and in Bengal, Ceylon, the Carnatic, &c., immense
tanks have been for ages constructed to contain the valuable
liquid.

42. The principal rivers noted for the periodical rising
of their waters, are the Nile, the Ganges, the -Euphrates,
and the Mississippi. Of these, the Nile, which flows from
the Jibel Kumri Mountains, begins to rise in June, and by
the middle of August attains an <levation of 24 to 28 feet,
the inundation flooding the valley of Egypt for a width of
12 miles. The Ganges, flowing from the Himalayas, rises
82 feet from April to August, and creates a flood of 100
miles in width. The Euphrates, from Mount Ararat, riscs
12 feet between March and June, and covers the Babylonian
plains. The Mississippi, flowing from the Stony Moun-
tains, rises with the melting of the snows from March till
June, forming a vast belt of watered surface. At the dis-
tance of 1000 miles from the ocean it is said to rise 50 feet,
while nearer the sea its rise is considerably reduced by the
vast tract which it covers.

48, The periodical rise of river waters gives facilities for
their systematic distribution over the higher districts to a
most important extent by the coustruction of camals, of
which the ancient Egyptians largely availed themselves.
Their canals, branching in various directions, are said to
bhave amounted to 80 in number, and to have extended to
60 or 100 miles each in length. Similarly, the great
cavities, called the Lakes of Mceris, Behira, and Mareotis,

it
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are considered to have been reservoirs artificially formed for
collecting vast stores of water to be afterwards distributed
for irrigation.

44. Among the mcans of artificial supply, the construc-
tion of wells has always been resorted to as a certain
method of obtaining water in cases where no other was
practicable. Failing rain and rivers, subterranean sources
have, from the earliest times, been sought for, the formation’
of wells being one of the most ancient engineering expe-
dients. The primitive wells of Greece are described as
being surmounted with massive marble cylinders; thosc of
Thrace consisted of arched excavations in the sides of
rocks, where the water was dircetly obtainable from springs;
the springs of Turkey were’ converted into fountains, and
“ the castle of Cairo contains a curious well, sunk in the
rock to the depth of 280 fect, and having a circumference
of 42 feet. The water of this well filters through the sand
from the Nile, and, befng impregnated in its passage by
salt and nitre, it has a brackish taste.”

45. As a modern discovery, or, properly, revival, that of
Artesian Wells is a valuable source of the artificial supply of
water.  The theory of these wells is simply this:—that
water, descending through the permeable strata of the
carth, and reaching cither a cavity or a bed of spongy
materials, will accumulate there if its egress is prevented
by an impervious surrounding stratum; then, if an artificial
opening or well be made into this water-bearing bed, the
water will rise upward in it to a height, and with a force,
due to the superior clevation and fertility of the source.
Having been long adopted in Artois, these wells have
received the modern namo of Artesian wells. This con-
trivance appears to have been introduced into this country
from France and Italy about the year 1790. At Mortlake,
near the Thames, a well was driven through the clay and
sand into a bed of soft chalk to a depth of 875 feet, and a
good supply obtained through a bore of 8} ins. in diameter.
The strata penetrated were as follow:—gravel, 20 ft.
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London clay, 250 ft.; plastic gands and clays, 55 ft.; hard
chalk with flints, 85 ft.; soft chalk, 15 ft.

46. The celebrated Artesian Well at Grenelle, in France,
formed under the direction of M. Mulot, is an instance of
the difficulties and success of these works. Tkis work
occupied eight years and a half of anxious excrtion, and the
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water first rose on the 26th of February 1841. The strata
bored through are as shown in the table page 38 —the
depth being measured from the surface :—the second column
shows the depth of each stratum, and the third column ex-
hibits the resemblance between the formations of the basins
of London and Paris.
The sand, in which the water is obtained, continues below
this depth. The boring was commenced at a diameter of
90 inches, and diminished as the tubes descended, so that
at the depth of 570 feet, employing 4 columns of tubing,
the diameter was 12 inches. The fifth column of tubing
reaches 1148 feet, with a diameter of 10 inches. The sixth
reaches 1345 feet, and has a diameter of 8} inches. The
seventh and last tube reaches 1771 fect, with a diameter
of 63 inches. The lower 23 fect in the clay are not tubed.
During the progress of the work several accidents of a dis-
couraging nature occurred : the rods and chisels sometimes
beeame detached, and fell to the bottom. The chiscl also,
when in the chalk, sank at one stroke 85 feet, and became
so firmly fixed, that M. Mulot found it necessary to enlarge
the hole on all sides. All difficulties were at length, how-
ever, surmounted, and on the day mentioned the rods sud-
denly sunk several feet; the workmen found that all
resistance had ceased, and that the water-bearing stratum
was attained. After a few hours a column of water rose to
o height of nearly 2000 feet. The subsequent operation of
lining the bore was a work of great importance, in order to
prevent the sides of tho hole falling in through any of the
less compact strata, and at the same time prevent the possi-
bility of the water cseaping, or the pressure being lost by
any fissures that exist, or may be formed in the strata
through which the water passes. The arrangement of
these tubes requiring a regular diminution of diameter in
“the manner of the tubes of a telescope, it is essential that
the relative dimensions be calculated with great exactness,
otherwise the lower tubes are found to become too small to
admit the gwater, and it is then necessary to remove the
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whole of the tubes deposited, and enlarge the bore accord-
ingly. At Grenelle it was five times necessary to remove
the whole of the placed lining, and enlarge the bore of the
well. Wrought iron had been employed for lining on pre-
vious occasions, but had failed, one remarkable instance of
which may be mentioned. The water of an Artesian Well
at St. Cyr, near Tours, rises from the sand beneath the
chalk, and the tubular lining to the well was of iron. The
supply, however, diminished in every succeeding year, and
M. Bretonneau caused the tubing to be drawn up, which
was jths of aninch in thickness, and found well preserved;
but at the joints of the pipes several circular holes were
discovered, two or three centimes in diameter. This effcct
has been accounted for by an assumed electro-chemical
action, but, however caused, it led to the rejection of iron
as a material for the tubing. Copper tubes 4ith of an inch
in thickness have been applied at Grenelle.

47. The supply from the Puits de Grenelle was reported
in 1841 to exceed 880,000 gallons every 24 hours, and the
cost of the work was about £10,000. Some of the Artesian
Wells sunk at Touwrs were found to yield less than when
opened. A greater number, however, have produced an
augmented quantity, and the probability is that the defi-
ciencies have arisen from imperfections in the lining of the
bores. In the province of Artois, where Artesian Wells
have existed upwards of 300 years, no diminution has ever
been observed. The subterranean sheet of water which
supplies these, extends over a space of several hundred
square leagues, in comparison with which the outlets to
these wells are almost inappreciable.

48 The deficiency of supply by which Artesian Wells
are rendered inoperative, usually becomes evident before
any very great depth is reached, although, if the water-
bearing stratum happens to crop out at any points however
distant from the boring, the supply is liable to deficiency,
and the pressure necessary to force the water upwards is
also perhaps lost. Thus, previous to the opgrations at
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Grenelle, just described, a boring was executed at the Jardin
des Plantes; but the water mever reached the surface,
although it rose to within a few feet of it. This fact was
afterwards accounted for by the discovery that the sheet of
water which supplied this boring, being the same that feeds
the fountains of St. Ouen and St. Denis, crops out on the
banks of the river Scine, between Chaillot and Saint
Cloud. From this sheet, that which supplies the wells at
Tours and Elbceuf is scparated by the entire chalk forma-
tion. M. Champoiseau communicated to the Academy of
Sciences, in 1810, the result of experiments he had made
at Tours, to ascertain if any connection existed between his
Artesian Well and the ncighbouring rivers. These experi-
ments were conducted during the months of March, April,
and May, while the waters of the rivers were fluctuating,
but no corresponding change was found in the well-waters,
which did not show any variation either in their quantity
or clearness. The temperaturc of the water of Grenelle
was found to be 81°7 Fahr., and its quality far more pure.
than that of the Scine, or of Arcueil. From an analysis by
M. Pelouze, it appears that 100 cubic inches of the Grenelle
water gave only 8'5 grains of extraneous matter, whilst a
similar quantity of water from Arcucil or the Seine yielded
4'3 grains mechanically suspended, and 116 grains of
chemical impuritics.

49. Borings similar to those for Artesian Wells have been
executed for the purpose of getting rid of superflious water
and liquid matters. An cmbankment near Val de Fleury,
for the left bank Versailles Railway, was ‘drained in this
manner by means of absorbing wells. A stratum of clay and
sand soaked with the rains of the previous year forced the
bank from its position, and destroyed the works. Borings
were made, the first of which reached 20 yards in depth,
where it arrived at the upper part of the chalk, full of fis-
sures, and which speedily absorbed the water. The subse-
quent borings were carried to 85 and 40 yards, in order to
reach the, chalky fissures which communicate with the
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Seine, and feed the neighbouring wells. Absorbing wells
have also been used in France to disposc of the refuse of
the lay-stalls. M. Mulot, who superintended the Grenelle
Artesian Well, executed a boring for this purpose at Baudy.
Through a perforation 244 feet in depth, two absorbing
strata were obtained, one at a depth from 133 to 155 feet,
in chalk mixed with silex, and the other from 210 to 244
feet, in argillaceous sand, and green and gray sands con-
taining lignites and pulverized shells. By the first 70, and
the latter 140 cubie yards of refuse liquid were absorbed.

50. The question of relative levels as affecting the prac-
ticability and expense of draining operations in the raising
and removal of water and even of soils, has becn rendered
far less important by the application of steam-power. 'I'he
expense of raising 43,000 gallons of water a hundred feet
high by a Cornish engine of 23-horse power is only a shil-
ling; and with an engine of 180-horse power, 80,000 gallons
are lifted for that sum, coal being 12s. per ton. In tho
potteries, what is called ¢ slip,” that ig, clay mixed with
powdered flint and granite, with about one ton and a half
of water to ohe ton of solid matter, is pumped and distri-
buted ; * and there is no doubt that where water is avail-
able, and where the operation required is on a sufficiently
large scale, lands might be “ clayed " and earths distributed
much more effectually and cheaply by this than by any
other method. The greater weight of the « slip ” referred
to, as compared with that of water, increases the labour of
pumping about one-third.

51.. The power of water in carrying matters in suspension
is much neglected in agricultural as well as in engineering
operations. Earths may, when properly diluted, be distri-
buted, by the pump worked by steam-power, through a
hose with open apertures, not only at a cheaper rate than
by any other method, but in a far superior mode, being
finely comminuted and evenly spread. In Germany, where

* (teneral Board of Health,—* Minutes of Information.”



»
MOVING NARTH BY STREAMS. 43

yater can be obtained at a high level, and gravitation can
be used, improvements are effected by the distribution of
earths on an extensive scale, the principle of the mechanical
distribution by hydraulic power being the same as warping.
In Tuscany the large work of the * bonificamento” of the
Maremma is a work by means of water-power so applied by
which upwards of two feet in thickness of solid earth has
been spread over forty square miles of country; a mass of
carthwork equal to nearly 82} million cubic yards, regularly
deposited as if rammed. On an estimate for some work
on a lurge scale in this country it appeared that the working
expense of spreading clay by means of a hose would be
little more than 2s. 6d. per inch of depth per acre, equal to
134 cubic yards, the expense of carrying and spreading
which, by man and horsc-power, would have been very
considerable.

52. The following example of the comparative expense
of removal of earth by cartage and in suspension in water
is given in the sanitary report:—* A contract was about to
be entered into by the West Middlesex Water Company for
hauling out from their reservoir at Kensington tho deposit
of eight or ten ycars’ silt, which had accumulated to the
depth of threo or four fcet. The contractor offered to
remove this quantity, which covered nearly an acre of sur-
face, for the sum of 400!, in three or four wecks. The
reservoir was emptied (of the water) in order to be inspected
by the engineer and directors before the contract was
mcepted It occurred to one of the officers that the cleans- .
ing might be accomplished more readily by merely stirring
up the silt to mix it with water; and then, if a cut or outlet
were made in the main pipe used for conveying the water
to London, that it might be washed out. He accordingly
got thirty or forty men to work in stirring up the deposit,
and accomplished the work at the cost of 40i. or 50L., and
three or four days’ labour, instead of so many weeks,
When the directors went to see the basin, to decide upon
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the contract, the reservoir was as free from any deposit ag
a house-floor.” *

53. On the peculiar qualities of water depends its fitness
for agricultural, manufacturing, and domestic purposes.
Chemical researches have put us in possession of much
valuable knowledge upon this subject, which it behoves the
land-worker and the engineer equally to avail themselves of.
Pure water, as proved by the early experiments of Pricstley
and Cavendish, about the ycar 1780, consists of the two
gases, oxygen and hydrogen, in the proportion of 85 parts,
by weight, of oxygen, to 15 of hydrogen. This pure liquid
can be obtained only by distilling water as it is found in
the several states of rain-water, river-water, sca-water, and
spring-water. The water oblained from each of these
sources contains foreign matters of some kind, the nature
and effects of which, as ingredients in the water we have to
employ, are well descerving our best attention.

- 54. Liebig has proved, by expgximents made in the labo-
ratory at Giessen, that rain-water contains ammonia. All
the rain-water used for these experiments was collected at a
distance of 600 paces (south-west) from the town, and while
the wind was blowing towards it. Scveral hundred pounds
of the water were distilled in & copper still, and, upon eva-
porating some of it with muriatic acid, an evident crystalli-
zation of sal-ammoniac was observed. The same eminent
chemist has fully satisfied himself of the presence of am-
monia in snow-water. By evaporating the snow with mu-
riatic acid, crystals of sal-ammoniac were obtained; and
from these crystals the ammonia was liberated by adding
hydrate of lime. In these experiments Liebig observed
that the inferior strata of snow always contained a larger
propartion of ammonia than that lying upon the surface.

* Under the old practice, sewers wers cleansed from deposit by buckets,

and the deposit removed by cartage, at an expense of 10s. per load, by con-
tract. By means of flushing, or by water, the cleansing and removal were
effected at a cost of from 3d. to 84. per load,
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The origin of this ingredient and its utility in the vegetable
cconomy are details of a most interesting study, but we
cannot afford space to pursue the inquiry.
55. Sea-water contains, besides carbonic acid, ammonia,
&e., the following salts :—according to Marcet,
Chloride of sodium . . . . 26660
Chloride of magnesium . . . 5152
Sulphate of soda . . . . . 4660

Sulphate of lime . . . . . 1500
Chloride of potassium . . . 1282
30-204

making a total of 39204 parts of salts in 1000 parts of
sea-water. An analysis of the water of the North Sea,
made by Clemm, differs slightly from this. Clemm's is as
follows :—
Chloride of fodium . . . . 2484
Chloride of magnesium , . . 242
Sulphate of magnesia . . . . 208
Chloride of potassium. . . . 131
Sulphate of lime . . . . . 1R0

31-83
showing a total of 31-83 parts of salts in 1000 parts of
sea-water. These salts are, by the constant evaporation
from the surface of the sea, floated over the earth and
carried down by the rain, thus replenishing vegetation with
the salts essential to its growth and existence,

56. 'The waters obtained from rivers, springs, and
wells, are all impregnated, in a greater or less degree, with
foreign substances, and also hold others in a state of
mechanical suspension. These impurities are of four
kinds, viz, :—

1st. The Mechanjcal.

2nd. The Animal,

8rd. The Vegetable.

4th. The Mineral or Saline.
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Although the purification of water from these matters
way belong peculiarly to our Second lesn)n, it will be
well to consider it under the First, in ordertd establish cor-
rect notions of the qualities of water, whether applied to
agricultural, manufacturing, or domestic uses. The pro-
cess of filtration separates only the first of these. The
saline matter contained in water may be distinguished as
neutral and, a(kalme. The neutral galts are gypsum, common
salt, &¢. The alkaline portion consists of earthy bicar-
bonates, such as those of lime and magnesia, and alkaline
bicarbonates, such as those of potash and soda  The
principal cause of that quality of water, termed “hardness,”
arises from the presence of the carthy salts mentioned, and
sometimes iron-salts; and the same property is evinced if
the water contains an excess of carbonic acid. Exposure to
the air will diminish the hardness of watcr, a3 far as that
quality is occasioned by the excess of carbonic acid; and it
will have a similar effect, but in#'much diminished degree,
upon waters which owe their hardness to thc presence of
» the earthy bicarbonates.

67. The economeal results dependent upon the qualities
of the water supplied to towns are of extreme importance,
and therefore deserve attention. Thus, the bicarbonates of
lime, &c., affect, to a great degree, the value of water in its
application to many manufacturing purposes, and to the
production of steam and the hgating of pipes for artificial
warming. The incrustation &f boilers is a well-known
theme of consideration in the ceonomy of steam-power,
and, moreover, frequently becomes operative as the ultimate
cemsoe of accidents, in the case of explosions. In itg domes-
tio applications, the properties of water are equally impor-
tant. The quality of hardncss oceasions a necessity for a
great additional consumption of soap in all the processes of
washing and cleansing. And this resistance to the ¢leans-
ing action becomes, as is universally known, the cause of
increased mechanical effort on the part of the operator, and
a corrosponding increase of wear and injury to the clothes
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acted upon. Dr. T. Clark, who has given much . attention
to this subject, and is the patentee of a process for testing
the “hardness®of water, conceives' that a very considerable
.expenditure arises from these causes in a large town sup-
plied with hard water.

58. For the purpose of companson, Dr. Clark adopts
the effect of the presence of one grain of chalk in one
gallon of water as a standard, or one degres of hgrdness; and
he gives the results of some of his analyses as follows -
The hardness of the waters supplied through pipes in
London varies from 11° to 16° or equal to the effect of 11
to 16 grains of chalk per gallon. The pipe-water of Man-
chester has 12° of hardness. The water of Glasgow 4°35,
of Edmburgh about 5°. Neweastle- upon-Tyne Compa.nys
water, nearly 5°% Thames water near Mortlake had, 14°2
hardness, while the average of many trials upon Thames
water, after conveyance through pipes, gave only 11°8. The
inference, therefore, is, that it had lost 2>4 of its original
hardness during its passage and exposure.

59. The outline of Dr. Clark's process may be gathered
from the following abridged extract from the specification
of his patent:—* Chalk forms the bulk of the chemical
impurity that the process will separate from water, and is
the material whence the ingredient for eﬂ'ecting the separa-
tion will be obtained. In water, chalk is almost or alto-
gether insoluble, but it maybbe rendered soluble by either
of two processes of a very bpposite kind. When burned,
as in a kiln, chalk loses weight. If dry and pure, only
9 oz. will remain out f 16 oz.; these nine will be soluble
in water, but require 40 gallons for entire solution. - Burmat
chalk is called quicklime, and water holding quieklime in
solution is called lime-water, and is clear and colourless.
The 7 oz. lost by burning the 16, consist of carbonic aeid
gas, which, dissolved under compression by water, forms
sodﬁ-water “The other mode of rendering chalk soluble in
water is nearly the reverse.. In the former mode, ope
pound of pure chalk becomes dissolved in watér, in conse-
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quenge of losing 7 oz. of carbonic acid. To dissolve in the
second mode, not only must the pound of chalk not lose
the 7 oz. of carbonic acid, but it must combie with 7 ad-
ditional ounces of that acid. In such a state of combina-
tion, chalk exists in the waters of London, dissolved, invi-
sible, and colourless like salt in water. . . . . A pound of
chalk dissolved in 560 gallons of water by 7 ounces of car-
bonie acid, would form a solution not sensibly different, in
ordinary use, from the filtered water of the Thames, in the
average state of that river. Chalk, which chemists call
carbonate of lime, becomes bicarbonate of lime when dis-
solved in water by carbonic acid. Any lime-water may be
mixed with zmother, and any solution of bicarbonate of
lime with another, without any change being - produced.
But, jf lime-water be mixed with a soluhon of bicarbonate
of lime, the mixture acquires the appearance of whitewash,
and chalk is precipitated, leaving the water above perfectly
clear. This operation will be ynderstood by supposing
1 1b. of chalk, after being burned to 9 oz. of quicklime, to
be dissolved, and form 40 gallons of lime-water; that
another pound is dissolved by 7 oz. of extra earbonic acid,
so as to form 560 gallons of a solution of bicarbonate of
lime, and that the two solutions arc¢ mixed, making up 600
gallons. The 9 oz of quicklime from the 1 1b. of chalk
unite with the 7 extra ounces of carbonic acid that hold
the other pound of chalk in solution. These 9 ounces of
quicklime and 7 ounces of carbonic acid form 16 oz., or
11b. of chalk, which, being insoluble in water, becomes
visible at the same time that the other pound of chalk,
being deprived of the extra 7 oz. of carbonic acid that kept
it in solution, reappears. Both pounds of chalk will be
found at the bottom of the subsidence. The 600 gallons
of water will remain above, clear and colourless, without
holding in solution any sensible quantity either of quicklime
or bicarbonate of lime.”

-00. All the methods of mere mechanical clem-mg of
water are one or other of two processes, viz., settling, or
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subsidence, and filtration. 'The first of these processes is of
a negative character, consisting simply in letting the water
remain for a considerable period in an undisturbed condi-
tion. It is well known that, if a quantity of water, having
particles of any forcign matters of greater specific gravity
than water floating or diffused within it, be allowed to con-
tinue in a quiescent state for a sufficient length of time,
these particles will subside to the bottom of the water,
which is thus left comparatively clear and limpid. In order
to accomplish this purpose on a great scale, reservoirs are
constructed, in which the water is accumulated and per-
mitted to remain, and from which it is delivered as re-
quired. Such reservoirs are termed subsiding or settling re-
servoirs.

61. The East London Water Company, which draws the
water from the River Lea, near Lea Bridge, and supplies
the eastern part of the metropolis and suburbs, has 20 acres
of settling reservoirs. Fhe arrangement is this :—The
water is introduced through a canal, two miles long, into a
wide canal, or small reservoir, at the end of which there
arc two sets of gates, each of which opens a communication
with a separate reservoir. The water is admitted into both
of these reservoirs, but drawn from only one of them at a
time, the other remaining closed. Thus the water remains
for one day in each reservoir alternately, while, in time of
floods, it may be shut off altogether from these reservoirs
for four or five days.

02. The value of all mercly settling reservoirs can be de-
rived only by drawing the water from the upper part of
them. It is evident that, while the subsidence is going on,
the whole bulk of the water is clarified only in proportion
to its distance from the bed; and thus, the lower down that
the point of exit is situated, the less clear must be the
water that passes away.

63. To make the principle of subsidence fully effective,
it is likewise necessary that the water should remain for
some period, probably 24 hours at least, entirely undisturbed.

D
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If any motion is permitted, the subsidence is interrupted,
if not arrested. The reservoir should therefore be filled,
and then totally closed both to ingress and egress. At the
expiration of 24 hours, the upper part of the water should
be gently drawn off. If the cxtent of supply will admit, the
lower portion of the water may afterwards be let off for
manufaéturing or inferior purposes, or allowed to mingle
with another fresh portion. If both the supply and the
discharge be conducted at a sufliciently slow rate, agd
enough time be allowed for the quiet completion of the
subsidence, the bulk of the water will always maintain a
high degree of mechanical clearness, and the intermixture
of the water retaining after each drawing off with the in-
coming water, will not involve any material loss of time in
the process.

64. The process of filtration is effected by providing a
bed of easily permeable materials, in which the water depo-
sits the solid particles which it held in suspension, and
finds its way to the lower bed in a comparatively clear
state. The filtering materials employed in large filters are,
sand and gravel of various degrees of fineness, pebbles, and
shells. These latter, by their ¢alcarcous properties, act
chemically on the water to a trifling extent, or while they
retain free carbonic acid; the other materials admit the
passage of the watef, but prevent that of such solid parti-
cles as are larger than the interstices between the particles
of the materials. The filtered water is collected in brick
tunnels, constructed in the lower filtering stratum, and
having apertures in the joints to admit the water. Fig. 8
is & section of a filtering reservoir as constructed for the
Chelsea Water Company. In this reservoir the water comes
in contact first with a bed of fine sand, a, which arrests the
mechanical impurities. It thence passes through the strata,
b, of coarse sand, ¢, of pebbles and shells, and d, of fine
gravel, into the lowest bed, ¢, which consists of large gra-
vel, lying upon a firm foundation of clay, 18 inches thick,
and having the brick culverts, 7/, built within it. The
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clay bettom must, of course, be rendered sufficiently com-
pact to resist the passage of the water; and, if no clay be
found, it will be necessary to form an artificial bed for the
purpose. The collecting tunnels are here eonstructed of
blocks of brickwork in cement, and partly openjointed.
They are three fect in diameter, and two half-bricks in
thickness. The water is admitted to the filtering-bed at
nine places, the ends of the supply-pipes being fitted with
cyved boards to diffuse the water, and prevent any dis-
turbance of the upper stratum of sand. The quantity
filtered in this bed, which is 240 feet long, and 180 feet
wide, is 72 gallons per superficial foot of the filtering-bed
daily, according to the demand. The undulating surface of
the bed allows parts of it to be drained when necessary,
without removing the water {rom the adjacent hollows. It
is found that the sediment penetrates only from six to nine
inches in depth, and the removal of one inch in thickness
of the fine sand, every fottnight, is found sufficient to
secure the proper action of the apparatus. Air-drains are
-provided to admit the escape of the condensed air which
may collect in the tunnels. It has been found that it is
necessary, in all cases, to remove the old sand before intro-
ducing fresh sand ; otherwise a film is formed on the origi-
nal sand which will resist the passage of the water.

65. The first and current expense of this system of filtra-
tion is estimated by Mr. James Simpson, the engineer of
the Chelsea Waterworks, to be as follows :—

Firgt cost of filtering-bed, exclusive of land . . £1},700
Annual expense of raising water in filtering-bed . 800
(From the River Thames, close adjoining,
raised by steam engine.)

Annual expense of cleansing and renewal . . . 800
Five per cent. interest on outlay of capital . . 585

Total annual cost, exclusive of land . . £3,186
; DA
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The quantity filtered being 3,136,320 gallons daily, or
1,144,756,800 gallons annually, or at the rate of about
2183 gallons for one penny.

66. The system of cleansing adopted by the Southwark
Water Company embraces settling reservoirs, as well as
filtering-beds or reservoirs, and some peculiaritics in' the
formation of the former deserve notice. The section, fig. 4,
will clearly show the construction. A4 are the settling re-
servoirs, having an area of between four and five acres, and
being 13 ft. 6 in. deep, and faced with gravel. The 4
was found to be springy in some places, and there lime
was mixed with the gravel, forming an impcrmeable con-
crete. The beds are formed with a slight inclination from
the sides towards the middle, along which an inverted arch,
b, is formed of brickwork in cement, 6 ft. wide, and
8 ft. 6 in. deep. This invert is an essential improvement,
and, with the inclined bed, gives great facilities for cleans-
ing, by sweeping the deposits iato the invert, and flushing
it away with a current of water from an upper reservoir.
The filters are constructed similarly to those of the Chelsea,
Works just deseribed. The series of filtering substances
consists of coarse gravel, 1 ft. deep ; rough screened gravel,
9 in. deep ; fine screened gravel, 6 in. deep; hoggin, or
fine gravel, 9 in. deep; and fine wash gray river sand,
8 ft. 6 in. deep. The water is gradually drawn from the
settling reservoirs, A A, on to the surface of the sand, on the
filter-bed, ¢, and is permitted fo percolate through brick
culverts, formed with open’ joints in ccment. The filtered
water passes from these into close brick tunnels, by which
it is conducted into the well of the pumping engine, .

67. The expense of filtering by this, the Battersea filter,
is stated by Mr. Joseph Quick, the engineer for the Works,

_not to exceed 350l per annum, the quantity filtered being
2,160,000 gallons per diem, or 66 gallons per superficial
foot. At this rate the annual quantity filtered will be
788,400,000 gallons, and the cost about one penny per
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0386 gallons. At the Bleaching Works at Dukinfield,
500,000 gallons are filtcred daily, at a cost of 156l per
annum, or at the rate of 4874 gallons for one penny.

‘#8. Water which has been subjected to the process of
subsidence only still usually contains finely-comminuted
particles of solid matter, from which the subsequent process
of filtration is necessary to cleanse it. The settling reser-
\01rs having answered the double purpose of depositing

grosser solid particles, and of effecting all the chemical
saftening of the water which can be effected by mere expo-
sure to the atmosphere, the filtering reservoir completes the
process of depositing, and sends the water forward in a
tolerably pellucid condition. But beyond these processes,
and altogether irrespective of any chemical improvement of
its constitution, it is found that water which has remained
in an exposed reservoir, and subject to the action of light
~—made so much more effective by the transparency of the
tiltered water—does, in séme states and temperatures of
the atmosphere, betray unequivocal symptoms of vegetable
formation within it, and, if the action proceeds, animal life,
in the form of minute animalcule, rapidly succeeds. It
has thercfore been suggested, that the filtering process
could be still further improved, if the water were submitted
to a subsequent passage through some filtering medium
calculated to detain any such vegetable or insect produe-
tions as might be formed on the surface of the filtering-
bed, and by chance find theu' Jvay with the water into the
tunnels beneath.

69. When water is drawn from a river having & sandy or
gravelly bed in its vicinity, it is comparatively easy and in-
expensive to form a natural and highly-effective filter.
Thus, at Nottingham, the Reservoir, which is formed on
the banks of the River Trent, about a ‘mile from the towh,
is excavated in a stratum of clean gravel and sand, through
which the water slowly percolates to a distance of 150 feet
from the river. The deposited solid matter thus remains -
on the bed of the river,efrom which it is removed by the
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natural action of the current. The reservoir being exposed
to the solar influence, vegetation is sometimes produced,
and which is removed at intervals of three weeks in sum-
mer, and six wecks in winter, by pumping out the ‘r
and sweeping. Besides the reservoir, there is a tunnel
filter, which passes through a similar stratum for a consider-
able distance up the adjacent lands. This tunnel is 4 ft.
in diameter, and half-brick thick, laid without mortar or
cement, costing about 10s. a foot, including excavation tg a
depth of 12 feet.

70. An arangement, somewhat similar to the last
described, has becn successfully carried out on the River
Clyde, a few miles above Glasgow. At the selected spot
there is an extensive round bank of sand. A tunnel was
constructed in this bank parallel to the edge of the river,
and also to the surface of the water and below the level of
the water. This tunnel being constructed of bricks set in
mortar below, but bricks without*mortar above, received the
water, which afterwards percolated into wells, from which it
was pum}ed up for use. Similar natural filters were
attempted at other points contiguous to the Clyde, but most
of them failed, from the interception of springs of water of
a harder quality than that from the river. In some cases,
also, the natural springs intruded water containing iron,
and injurious to the purposes for which the supply was
required. Natural filters must, therefore, also be considered
with reference to their liability of interruption by natural
springs of a different or infétior quality. Beyond this, they
should always be designed with a reference to the lowest
level to which the river water may fall at any season, or
under any circumstances; and this necessity sometimes
involves a depth for the pipes, or other constructive diffi-
culties, which altogether mar the economy and advisability
of the arrangement, If this last precaution be not adopted,
it will happen at the driest season of the year, when the
maximum supply is required, that the reduced level of the
viver will bo below the fixed level of the filtering tunnel,
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which thus becoMes dry and inactive. The only alternative
which then remains is, to draw the water directly from the
river, and thus the filter remains useless at the season when

most desirable that it should be performing its highest

r. The work of cleaning the tunnels is, moreover, by
no means an casy one; and, considering all the circum-
stances and liabilities of these expedients, it would appear
that they are of very limited application.

71. Let us recapitulate the heads of the subjects over
which we have already passed.

The sources whence the land is supplied with water,
without artificial aid, are rain and tidal rivers, as in the
Nile, ISuphrates, Guanges, Mississippi, &c., besides such
springs as rise spontancously to the surface, either upward,
by the pressure of internal reservoirs at a higher level, or
at the outerop of the strata of the earth. The artificial
sources are the ocean, rivers, streams, and wells. The
quantity of rain which falls over the earth appears to vary
with the latitude, the distance from the ocean, the scason,
and other circumstances, the nature and mﬂuer‘* of which
we do not yct understand. The effect of the rain, as a
source of water, and a cause of the nccessity for drainage,
is limited by the quantity which passes off from the surface
of the carth in a state of vapour. The quantity so raised
depends upon the temperature which prevails while the
process of evaporation is going on. Efficient drainage
requires the supply and the discharge of water to be duly
regulated, the supply to be sufficient, and not in excess,
and the discharge to procecd correlatively. The quantity
required for the complete irvigation of a district is deter-
minable by reference to the nature of the soil and the crops,
and the position of the district in relation to surrounding
tracts of country. The state of soil most favourable to
vegetable growth is that of moistness, having water between
the particles, but none between tho clods or masses of
earthy matter, Awong the artificial sources of water, that
yielded by the ocean requires chemical changes in erder to
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fit it for domestic purposes, and its applicability for those
of agriculture is«necessarily limited by remoteness. River-
supply is attainable only for the adjacent lands of low level,
unless it be forced up to the higher districts by mechang
means, which are afforded by steam-pumping at a compa-
ratively small cost. The water of strcams which are tribu-
tary to rivers is applicable for superior levels, and may, by
Jjudicious diversion and extension through artificial channels,
be made widely useful. Wells are generally available b
mechanical agency, and in some cases without it, providci
a subterrancan reservoir cxists, and is subject to sufficicnt
pressure from a higher source. All water at our commanid
for practical use is more or less impure. Thus, rain-water
contains ammonia, and sea-water a varicty of salts. The
water from rivers, springs, &c., contains several kinds of
impurities. These impuritics are dispelled only by a com-
pound process, or rather series of processes, by which such
matters as are mcchanically suspended in the water are
allowed to subside, or are arrested by filtering media, and
the chemi@l impurities are absorbed and withdrawn by
suitable agents. A brief notice of several varietics of fil-
tering apparatus concludes this scction of our first Divi-
sion.

72. The filters already described, which, acting by the
spontaneous percolations of the water through the apparatus,
may be termed self-acting, have been further improved by
adding means for their self-cleansing. The arrangements
introduced for this purpose at Paislcy, and other places, by
Mr. Robert Thom, are illustrated, in principle, by the
adjoining figures 5, 6, and 7. Fig. b is a plan, and figs. 6
and 7 sections taken at right angles to each other through
the filter. In these filters, which are provided with layers
of gravel and sand, the foul water is admitted at the top,
and descends through these strata to undergo filtration;
but the comstruction also admits of an occasional forced
ascent of the water through these medi®, by which the foul
particles are raised, deposited on the upper surface of the
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sand, and eventually carried away through a foul-water
drain. The Paisley filter is 100 feet long and 60 feet wide,
arranged in three compartments, cach of which may be
used separately while the others are cleansing. They
excavated, on a level site, to a depth of 6 or 8 feet, sﬁ
rounded with retaining walls built in cement, and puddled
behind. The bed is puddled 1 foot thick, and cemented
pavement -is laid upon it. It is then covered with ‘fire-
bricks laid on edge, and with spaces } inch wide betwcen
them. These are covercd with flat tiles, perforated with
boles th inch diameter. Over the drains thus formed,
six layers of gravel, each 1 inch deep, and of finer particles
than the one below, are evenly spread, and overlaid with
2 feet depth of clean, sharp, fine sand, the upper 6 inches
of which are mixed with ground animal charcoal. The
water is admitted through a stone pipe, A, and vertical iron
pipes, 8 B, each having an upper and lower outlet to the
filter. These pipes are fitted Witll valves, by which either
of these communications i3 opened and the other closed.
The clean water passes from the Dbottom of the filter
through openings c ¢, fitted with stop-cocks, into a drain, »,
and thence into the clean water basin, E. When the
cleansing is going on, these connections are shut off, and
access is given to the foul matter through holes, rF, to a
drain, . The cost of this filter was less than 600.., and
the quantity of clean water produced every 24 hours, on an
average, is 106,632 cubic feet. Trap rock, from the hills
above Qreenock, has since been substituted by Mr. Thom
for the charcoal with perfect success, and considerable
economy : one part of the charcoal was mixed with eight or
ten parts of the sand. The charcoal is sometimes laid in
deep layers, without mixture, and is then worth reburning
for a second use.

78. In the use of charcoal as a filtering agent, an attempt
is made to effect something more than the mere mechanical
clearing of the water by absorbing some of the gases with
which it is chemically adulterated. How far this expedient
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is valuable is, however, very questionable. The power of
charcoal to act in this manner is well known to depend
upon its being thoroughly and recently bwrnt and dry.
%zisturc diminishes this absorbing power, and in a short
e the chemical action of the charcoal ceases. Some
difference, doubtless, exists, in this respect, between animal
and vegetable charcoal, but neither of them can be admitted
as an effective chemical agent in the purification of swater,
without requiring a costly rapidity of remewal quxte imprac-

ticable upon an extended scale.
74. With a view to promote the mechanical action of
filters, many arrangements of internal partitions have been
suggested. One of the best of thesc is exhibited in fig. 8,

Fig. 8.
A A
B

and was successfully applied in Switzerland, by Sir Henry
Englefield, upwards of forty years ago. ‘This filter is
divided into chambers by parallel partitions, A B, which
admit the passage of the water alternately above and below
them. The intermediate spaces may be filled with filtgring
materials of uniform quality. The course of the water
must evidently be in the direction of the arrows; and the
effect of this arrangement is, that the floating impurities
are retained on the surface, while the heavier particles sink
to the lower level.
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75. An apparatus for close filtering, within an iron water
tight box, has been introduced by M. Mawrras; and its
principal novelty consists in interposing the strata of fine
sand between flat iron cases, perforated with holes ang
filled with sand of particles larger than the holes in the
cases, with an arrangement of sluice-cocks, &c.; the process
of ‘cleaning was effected by sudden and violent currents of
water.” A machine of this kind, 5 ft. 6 in. by 5 ft. 6 in.,
working under a head of water of 12 ft. 6 in., is said to
have filtered an average quantity of 150,000 imperial gal-
lons in 24 hours. A filter of this kind was tried for four
months at the works of the New River Water Company,
but the experiment does not appear to have been prosecuted,
or the invention adopted.

76. In the year 1841, the Council of Health of Paris
reported upon several processcs which had been tried for
filtering the waters of the Scinc. The two principal plans
noticed were those known as *“Fonveille’s” and “ Souchon's.”
The apparatus used in the first of thesc consists of several
layers of sponge, sand, and charcoal, disposed altcrnately.in
a close vessel. The filtration is accelerated by a consider-
able pressure upon the water. This arrangement was
found to produce the most clear and least impure water;
but, although this superiority was attributed to the charcoal,
it was admitted that this effect required a very frequent
washing, drying, and renewal of it. Souchon’s process,
which is most extensively used, consists in passing the
water through layers of avoollen tissue, formed of clippings
of wool laid on the frames which form the bottom of the
filter. The water filters through five of these layers, of
which the two lowest are the thickest, and are changed at
intervals of about five days. The upper layers are changed
twice or thrice a day. The water thus filtered is stated to
have been inferior to the other, but the quantity passed
through was greater, being as 162 to 110.
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SECTION II

Upper and Lower Districts.—River-watered and Sea-const Districts,—
Reclamation of Land.—Modes of Draining, Pumping, &c.— Water-wheel as
applied for Draining and supplying Upland Districts.

77. The principal division of districts and lands, as sub-
jects for watering and draining, is derived from their relative
levels. The sources at command and methods of proceed-
ing for high and low tracts are perfectly dissimilar, and
hence the natural and necessary distinction which is adopted
as the head of this section. And as the plains and valleys
are far more extensive in themselves than the hill tops and
uplands, and equally superior in importance as recipients
of the drainer's care, it is proper to turn our attention to
them in the first instance.

78. In this first class, the Lower Districts, we propose to
include the following varieties of swrface, viz.:—1st, the low
Jands forming the margine of scas and rivers; and, 2nd,
generally, the valleys in which natural watercourses have
been formed, such as rivers, streams, &ec.; 3rd, valleys in
which lakes, or similar expanses of water, do or might exist,
and which, with that adaptation, have a continuously-curved
or basin-like contour; 4th, and plains which, although they
may have a superior elevation to adjacent districts on one
side, are correspondingly low in relation to the hills on the
other. The sections sketched in the foreground of the figs.
Nos. 9 to 12 will illustrate the relationship of levels referred
to in each of these four varieties. )

79. The watering and drainage of districts belonging to
the first of these varieties (fig. 9) are frequently reduced to
the sufficiently heavy task of getting rid of a large surplys
of water which collects from the adjacent estuaries of large
streams, or is detained in the form of evaporation from the
surface of the sea, and condensed by low temperature. If
the level of the district is above that of the sea and river-
mouths, surface drainage, of properly-determined depth and
cxtent, with ample main conducting channels, will suffice
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to keep the land in a tolerably dry condition. An apportu-
nity very seldom exists in such districts for tapping, or
getting rid of the excess by opening & communication with
a lower and permeable stratum. Rock in some cases, and
bog in others, usually form the inferior deposits. If the
former, surface draining is certain of success, although the
construction will probably be expensive; but if the sub-
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stratum be bog, and its bed below the river or sea level,

boring to lower strata is presented as the only chance of
success.
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80. If, however, the level of the district be below that of
the contiguous waters, it will be manifestly impossible to
dry the land without embanking. And it will be necessary
either that this work be sufficiently substantial to prevent
the ingress of the water, or that the surface of the land be
simultaneously raised artificially until it has a superior
level, or that mechanical means be constantly employed to
punip out the surplus water. Our own island has been
preserved in its borders, nay, extended, by works of this
class, which we shall now have to notice.

81. In pursuing this branch of our subject, we have the
great gratification, through the kindness of Mr. Weale, of
referring to one of the earlicst and most interesting records
of engineering art in this country—the celebrated account
of the Fens, by Sir William Dugdale, the earliest edition
of which was published in the year 1652, and the second
edition, in folio, which we have consulted, in the year 1772,
under the care of Charles Nclson Cole, Register to the
Corporation of Bedford Level. Dugdale had been in the
employment of the Corporation since the year 1643, and
“published this History of Imbanking and Draining, at
the request of Lord Gorges, who at that time had the prin-
cipal direction of their works, and was, after their incor-
poration, for many years their Surveyor-General.” The
first sixteen pages of Sir William's book are occupied in
brief notices of foreign works of this kind, beginning with
Egypt, and thence passing to Babylon, Greece, and Rome,
quoting his authorities from Herodotus, Strabo, Pliny, and
others, and ending with Holland and the Netherlands.
‘We cannot forego one short extract in reference to the
troublesome Tiber, whose later tricks, we all remember,
plunged so many of the poor Romans in ruin. Our quo-
tation shows that, even in the time of Tiberius, public
improvements were scandalously thwarted, as they are in
our own day, by the petty jealousies of cities and corpora-
tions, “To restrain the exorbitant overflowing of this
stream (the river Tiber), which was not a little choaked with
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dung and several old buildings that had fallen into it, I
find that Augustus Ceesar bestowed some cost in the clear-
ing and scouring of it; and that after this, through abund-
ance’ of rain, the low grounds about the city suffering
much by great inundations thereof, the remedy in prevent-
ing the like for the futurc was," by the Emperor Tiberius,
committed to the carc of Atcius Capito and L. Aruntius.
Whereupon it was by them discussed in the senate, whe-
ther, for the modcrating the floods of this river, the streams
and lakes, whereby it increased, should be turned another
way; but to that proposal there were several objections
made from sundry cities and colonies; the Florentines
desiring that the Glanis might not be put out of its accus-
tomed channel, and turned into the river Arnus, in regard
much prejudice would thereby befall them. In like manner
did the inhabitants of Terano argue;* affirming that, if the
river Nar should be cut into smaller streams, the overflow-
ings thereof would surrodnd the most fruitful grounds of
Italy. Neither were those of Reate (a city in Umbria)
silent, who refused to stop the passage of the lake Uelinus
(now called Lago de Terni), into the said river Nar. The
business, therefore, finding this opposition, was let alone. (/)
After which, Nerva or Trajan attempted likewise, by a
trench, to prevent the fatal inundations of this river; but
without success.”

82. The earlier works of the Dutch were well followed
up by the contemporaries of Dugdale. He describes their
works * within the space of these last fifty years” to have
included the ‘draining of sundry lakes, whereof sixteen
were most considerable, by certain windmills, devised and
erected for that purpose. The chiefest of which lakes,
called the Beemster (containing above eighteen hundred
acres), is made dry by the help of LXX of those mills,
and walled about with a bank of great strength and sub-
stance.” ¢ The othef lakes, so drained, as I have said, do
lie about the cities of Alemare, Horne, and Purmerende ;
and ‘are vulgarly called de Schermere, de Waert, de Purmer,
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and de Wormer.” ¢ Neither have the attempts of these
people, by the like commendable enterprises, in South
Holland, about the cities of Leyden, Dort, and Amsterdam,
had less success, there having been divers thousands of
acres, formerly overwhelmed with water, made good and
firm land, within these few years, by the help of theso
engines.” We shall have more to say by-and-by of the
Dutch draining, as further extended within our own times,
but meantime pass on to a notice of our own works in a
similar department.

83. Dugdale shows, by ¢ circumstantial testimonies,” that
the Romsey marshes were reclaimed by the Romans, and
then quotes the ordinances of Henry IIL, ¢ that all the
lands in the said marsh be kept and maintained against
the violence of the sea, and the floods of the fresh waters,
with banks and sewems.” The executioh of these ordinances
appears to have provoked much litigation, and Fdward I.
found it necessary to issue lettews patent for the repairing
of the banks and ditches. Further disputes followed, and
led to new letters patent two years afterwards. Edward II.,
Edward II1., Richard IL, and several succeeding sovereigns,
repeated their patents for the like purpose. Similar Royal
commissions were instituted for preserving the lands in
East Kent, «for the digging of a certain trench, over the
lands, lying between Gestlinge, and Stonflete, and from
Stonflete to the town of Sandwich; to the intent that the
passage of the water called Northbroke, which was at
Gestlinge, should be diverted; so that it might run to
Sandwich.” Also “for the repair and safeguard of the
banks and ditches, from the overflowing of the tide, betwixt
Dertford, Flete, and Grenewich,” and thence to London
Bridge. The banks, &c., in Surrey, * betwixt Lambehethe
and Grenewiche;” of Middlesex, * betwixt the hospital of
8. Kathrine’s, near the Tower of London, and the town of
Chadewelle;” some parts ¢ within the precincts of West-
minster;" * betwixt a place called the Neyt and Temple
Bar, in London, then broken and in decay by the faree of
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the tides,” were also to be repaired by Royal letters
patent; besides the marshes in the suburbs of London, in
Esscx, and in Sussex. On the coasts of Somersetshire,
Gloucestershire, and Yorkshire, &¢., works of repair were
also provided for under the care of Commissioners, severally
appointed by letters patent from the kings. Of Somerset-
shire, Dugdale observes, * that the overflowings, both of
the sca and fresh rivers in some parts of this country, were
heretofore likewise exceeding great. I need not scek far
for testimony ; the rich and spacious marshes below Wells
and Glastonbury (since, by wnuch industry, drained and
reduced to profit) sufficiently manifesting no less. For,
considering the flatness of those parts, at lcast twelve miles
eastward from the sca, which gave way to the tides to flow
up very high; as also that-the filth and sand, thereby con-
tinually brought up, did not & little obstruct the out-falls of
those fresh waters which descend from Bruton, Shepton
Malet, and several other places of this shire, all that great
level about Glastonbury and below it (now for the most
part called Brentmarshe) was, in time past, no other than a
very fen; and that place, being naturally higher than the
rest, accounted an island, by reason of its situation in the
bosom of such vast waters.”

84. The history of the works of embanking and drain-
ing in the counties of Lincoln and Cambridge affords evi-
dence of the skill and labour which had then been applied
to these objects. The good abbots appear to have acted as
conservators of the low lands in Lincolnshire. Thus, in
the isle of Axholme, “ one Geffrey Gaddesby, late abbot of

.Selby, did cause a strong sluice of wood to be made upon
the river of Trent, at the head of a certain sewer, called
the Marcdyke, of a sufficient height and breadth for the
deferrce of the tides coming from the sea; and, likewise,
ngainst the fresh waters descending from the west part of
the before-specified sluice to the said sewer, into the same
river of Trent; and thence inte Humbre:” ¢ John de
Shireburne,” Geffrey's successor, pulled down this timber
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. sluice, and “ did new make the same sluices of stone, sufﬁ-.
cient (as he thought) for defence of the sea tides, and like-
wise of the said fresh waters;” but jurors, appointed under
patent of Henry V., reported that these stone sluices were
“hot strong enough for that purpose, being both too high and
too broad; and that it would be expedient, if the then abbot
would, in the place where those sluices of stone were made,
cause certain sluices of strong timber to be set up, consist-
ing of two flood-gates, each flood-gate containing in itself
four foot in breadth, and six foot in height.” They also
recommended “one demmyng” to be made, * without tho
said sluice, towards the river of Trent.”

85. It was upon districts such as those we are now con-
sidering that the art of draining was first practised. Here
the matter was one of obvious necessity. In wet fields and
moist pastures, our ancestors found no positive demand for
improvement ; the evil was seen and recognised in its full
extent, but the only tangible effect was to depreciate the
value of the land, and induce a preference for districts
where nature provided a more sufficient drainage. But on
the sea-coanst, and especially in the nefghbourhood of the
outfalls of rivers, the evil of neglect was too apparent to be
disregarded ; the ocean spread over its common bounds,
and the waters of the river, choked up with silt, passed
their limits, the pasture fields became swamps,—in some
cases the land disappeared by degrees, and the inheritance
of ages became merged in the boundless waters.

86. The first work was to cut channels at intervals
through the threatened district (selecting the lowest levels
for them, where a choice was afforded), in which the excess
of water might be collected and conducted to a main drain
cut parallel to, or at an angle with, the coast or river, the
transfer of the water from one to the other, and from the
main to the sea or river, being, when mnecessary, regulated
by, sluices. The earth removed from these collecting and
main drains, being cast up on either side of them, at once
increased their available depth, formed boundaries to-the
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passing water, and raised causeways for the passage of men
and animals. Thus arose the combined arts of draining
and embanking.

87. The maps of the fens of Cambridgeshire and Lin-
colnshire exhibit a multitude of illustrations of the works
here referred to; but we may select those executed in one
district as examples of the whole. This district consists of
the lowland or level about the river Ancholme in Lincoln-
shire, and is situated on the south side of the river Humber,
about ten miles below its junction with the river Trent,
containing about 50,000 acres of land. It is bounded on
the cast by a ridge of chalk hills, which extend from the
Humber nearly 24 miles N. and 8. From this ridge the
Ancholme receives the drainage of about 100,000 acres. A
lower ridge of oolite and sandy limestone divides it on the
W. from the Trent Valley, and contributes to the Ancholme
the drainage of some 50,000 acres more, and on the S. a
low diluvial ridge divfdes the district from the Witham
Valley. Theq Ancholme thus receives the drainage of a
total of 200,000 acres. The valley varies from one to three
miles in width, and the total bulk of waters daily poured
through the river is estimated at 140 millions of cubic feet,
being sufficient to cover the entire level to a depth of 2%
inches. The principal portion of the district lies below
the level of high water spring tides in the Humber, being
in some places as much as 9 feet below that level. From a
map of the valley published.in Dugdale, and bearing date
in 1640, it appears that the course of the Ancholme was
originally very tortuous, bcing probably, enfeebled and
choked up by the alluvial deposits from the overflowing of
the Humber. At that time, however, a straight channel

. had been cut, extending from the Humber to Glentham
Bridge (a distance of 18 miles), and several drains formed,
leading to the new Channel.- Figs. 13 and 14, which are
reduced sketches of the plan and section given by Dugdale,
show the general direction of the old and new channels,
and the drains as thev existed in 1640, Tn the previous
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year 8Sir John Munson became the undertaker for im-
proving the draining works of this district, having a period
of six years allotted for their execution, and a part of the
lands, extending to 6827 acres, assigned to him, free of all
commons, titles, charges, interest, and demand, of all or
any persons whatsoever.

88. In the year 1801, the late Mr. Rennie reported upon
the best means of completing the drainage and navigation
of the level; and recommended that the drainage of the
high lands should be separated from that of the low lands
by main drains, commonly called catch-water drains, formed
at a higher level than the others, and arranged with separate
sluices for discharging into the Humber. This recom-
mendation was well founded on the observation that the
greater force and rapidity with which the waters from the
upper districts reached the river than those from the lower,
had the effect of driving the latter qver the level, the sluices
being inadequate to discharge the entire bulk of water
during the periods while the river-tide permitted the sluice
doors to remain open. Another and highly-important pur-
pose which the catch-water drains fulfil, is that of providing
a reserve supply of water which, during dry seasons, may be
applied to the lower lands, thus promoting the objects
which in those districts are usually associated with drain-
8ge, viz. irrigation and navigation. Mr. Rennie had already
adopted a similar system of drainage on a more extensive
district, that of the East, West, and Wildmore fens, near
Boston ; but his Report upon the Ancholme level was not
then adopted. Twenty-four years later, however, an Act was
obtained, viz. in 1825, for effecting improvements recom-
mended by Sir John Rennie, and comprising the formation
of the catch-water drains, as proposed by his late father in*
1801. 8irJ. Rennie advised that the river Ancholme should
be straightened, widened, and deepened, so as to double its
capacity ; that a new sluice be formed at Ferraby, having
its cill 8 £t. lower than the old one; together with a new
lock, 40 f.‘wide; so a8 to serve the double. purpose of ad-



g
(=]
)

< by

z

~

2

N

-

.

x
Q
<

RVRL az.__u_z.c_u..-__mu-t_n_._t.e_a_up__-_.,f

o ARAREE

[ 3
———te

Chic—y

L.
e T T R
. ] FlG. 14,

oy
[



72 DRAINS FOR HIGH LANDS.

mitting larger vessels, and affording a greater discharge for
the drainage waters during floods: that all old bridges
which obstructed the flow should be removed, and a new
lock be formed 18 miles above Ferraby sluice. These
several works were executed accordingly, and the entire
level of Ancholme Ras been converted into a rich arable
distriet, capable of producing supcrior crops of every kind.
Sir John Rennie also recommended the formation of re-
servoirs, with overfalls and weirs to receive the sand and
mud brought down from the upper part of the country, and
thus prevent its accumulation in the river.

89. Fig.15 will give a general idea of an arrangement of

Fig.
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drains, which will be suitable for a level district with high
land, behmd it. In this fig. o B is the river, and ¢ » the
high fand. E F ¢ represent a catch-water drain for receiving
the’ waterd from the high land; m 1 3, a parallel main
dmn for the level, with another main drain 1 x. Between
the m%m dmns the level is intersected with minor drams
w!hwh ‘bave &_fall either way towards the mains, The
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catch-water drain is adapted to discharge directly into the
river ; or by closed sluices at E G, and an open one at F, its
contents may be directed into the main level drain at 1, and
made to assist the irrigation of the level in dry seasons.
Sluices will be required at E, F, 6, H, 1, 7, and &, by the re-
gulation of which the water may be collected and disposed
of in any manner required for the preservation and im-
provement of the distriet.

90. Figs. 16, 17, and 18 represent sections of drains of

Fig, 16.

large size, adapted for works of the kind here referred to.
Drains of these sections, formed with a fall of 18 in. per
mile, will discharge as follows :—fig. 16, 10-ft. drain, will
dischirge 1198-4 cubic feet per minute; fig. 17, 15'&,
drain, 2880 cubic feet per minute; and fig. 18, 18-fest
drain, will discharge 4642 cubic feet per minute.” A good
sectian for an embankment against the sea for these .works
is shown in fig, 19, in which A represents the embankment
of earth; B, a-s0lid wall of dyke of puddle; o, a facing wall
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of masonry; b, the high-water level of the sea or bay; and
%, the natural bed. The form of the front wall must
be adapted to resist the action of the waves, and the em-
bankment must have an internal slope, according to the
nature of the materials of which it is composed: for ordi-
pary materials, a base of 1'5 to a perpendicular height of 1
will insure the necessary stabiliy and firmness.

91, If the entire embankment be formed of loose stones,
with occasional facing only of laid masonry, as in the case
of the celebrated breakwater at Plymouth, a form of less
steepness must be adopted for the river front of the en-
bankment. By way of illustration we may refer to fig. 20,

Fig. 20,
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which shows a section of the Plymouth breakwater. The
Tiné £ x'shows the level of high-water spring tides; 53, low
water' kpring €ides; oo, original bottom, varying from 40 to
45 fost below low-water mark; p, the fore shore; =, sea
-lope’ ¥; top; 45 ft. wide. The mass of the ¥ork is com-
‘of Yurpstone, from the Overion quasries, distmt four
diretis Bié spot. The atorie is raised in Hlockd varying
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from one quarter to ten tons and npward in weight, which
ore promiscuously thrown into the sea, care being taken
that the greater number of the large blocks are thrown
upon the outer or sea slope, and that the whole are so
mixed together as to render the mass as solid as possible,
the rubbish of the quarry and screenings of lime being
flung in occasionally to assist the consolidation of the ma-
terials. The form of the outer slope, below low-water line,
has been effected by the action of the sea, and is ascer-
tained to be at from 3 to 4 feet of base to 1 of perpen-
dicular altitade. From low water upward the work has
been set artificially and inclined at 5 to 1. The inner
slope next the land is nearly 2 ft. base to 1 altitude. The
foreshore shown at p, which is from 80 to 70 ft. wide at
different parts of the work, rises from the toe of the slope,
to a height of b ft. above low water at its outer extremity,
and serves to break the waves before they reach the main
work ; thus diminishing their force, and, at the same time,
preventing the recoil of the wave from undermining the
base of the slope. '

92. The several sluices, gates, &c., constructed -for the
Ancholme drainage, being of the best description, may be
briefly described as applicable for similar works in future.
The sluice at Ferraby consists of three openings, each 18 ft.
wide, with cills 8 ft. below that of the old sluice, and from
2 to 8 ft. below low water of spring tides in the Humber:
The lock is 20 ft. wide in the clear, and 80 ft. long betweeri
the gates, giving a clear water-way of 74 ft., with an addi-
tional fall of 8 ft. Themasonry is of best Yorkshite stone;
and the foundations, which are in alluvial silt and clay; are
upon piles 12 in. diameter, of beech, elm, and fir, from 24
to 28 ft. in length, and fitted with wroyght iron hoops and
shoes. When the piles were driven and the Jeads levelled,
the earth was excavated to a depth of 2 ft. below them, and
the spaces filled with blocks of chalk rammed soundly.in,
and grouted with lime and sand. Cap-cills of qug;l ﬁr.
¢lm, or beech, 12 in. square, were fitted on the p!;&heﬂa

. E
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and firmly spiked down, the intermediate spaces being
afterwards filled with solid brickwork, set and grouted with
best Roman cement. The whole was then covered with a
8:in. flooring of Baltic fir-plank, bedded in lime, pozzolana,
and sand. Inverted arches of solid stonework, 18 in. deep
at the crown, are built upon this platform, and the work
carried upon them. Two sluice gates were provided for
each opening in the sluice, with draw-doors fitted in a water-
tight groove by means of pinions, of wrought iron, which
work in'screws connected with vertical rads. These draw-
doors are for regulating the navigation level (which is
18 ft. 8 in. above the cill), and to preserve a depth of
8 ft. 9 in. at Brigg, which is 9 miles distant, and 6 ft. 6 in.
at Haarlem Hill lock, 18 miles distant. The gates are self-
acting, being shut by the tide, and opened by the head of
fresh water as soon as the tide falls below the level of the
inside water. Four pairs of lock-gates were provided for the
lock ; two pairs pointing to the sea, and of sufficient height
to exclude the highest tides: the other two pairs, pointing
to the land, are high enough to control the navigation of the
level. These gates were wholly constructed of the best
English oak, well fitted together with wrought iron straps
and bolts. The lock is filled and emptied through side
culverts in the masonry, provided with cast-iron sluices,
sliding upon brass faces, and worked with pinions and
screws of wrought iron. The works also included several
bridges of various spans and forms of construction.

88. In the application of catch-water drains it is preferable
to discharge their contents at a higher point of the river,
or main raceiving channel, than that at whi¢h the low land
drains aye emptied. This principle was very successfully
adopted. by the late Mr. Rennie, in the drainage of the
Kast, West, and Wildmore Fens, bordering on the river
Witham, md‘compnsnng sbout 75,000 acres. The drain
for the high land waters was made to discharge into the
‘Witham, at a distance of three xmles above the dlschuge of
the low land waters. ‘ .
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94. The drainage of a low fel.my district being arranged
as far as the judicious selection of separate chaunels for the
high and low lands, and provision made, with sluices, &e.,
for their communication with each other and with the river
at pleasure, it remains to consider the state in which this
river must be maintained in order to give efficiency to the
internal system of drains by which the district is traversed.
For this purpose it is evidently necessary that the channel
be adequate in dimensions and suitable in form to main-
tain an’active sufficient current through it, and these
conditions require a direct course and proper fall for the
channel. If the direction be tortuous, the projecting banks
will be washed into the bed and impede the flow of the
current, and if the bed be on a dead level, or have an inade-
quate inclination, the flow "will be sluggish, and lend no
assistance to the discharge. Besides these conditions, it is
necessary that the outfull of the river into the sea be of
ample dimensions and unencumbered with shoals, bars, or
other solid accumulations. These arise from the deposi-
tions of alluvial matter, which is liable to be brought in by
the tides from the neighbouring coast, and also brought
down with the drain-water from the interior country. This
matteg remains suspended in the water until the velocity
is diminished, which generally occurs at the entrance to the
river, owing jointly to the reduced inclination of the river
bed near the sea, and the resistance suffered from the wind
and waves, and it is then deposited, and by continual aug-
mentation forms a fatal obstruction to the efficiency of the
current, To deternmiine the pret?lse fall or inclination re-
quired for the bed of the chanmnel, many experiments have
been tried, but it will evidently be, to a considerable extent,
controlled by the obstructions which may exist to the dis-
charge of the waters. If the' outfall be unjmpeded, 4 or
6 in. per mile will be sufficient fall, but 1T obstructions
exist, in the form of old bridges, sinuosities, &c., front 12 to
18 in. per mile will be found requisite. v

95. Among the notable works of this kind which have
been executed in this country, we may mention those for
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improving the rivers Ouse and Nene. The chief defect in
the former existed above the town of Lynn, where the river
turned almost at right angles to its general eourse, and in a
length of 5% miles formed a semicircle of only 22 miles in
diameter. The channcl was, moreover, so irregular in
width and encumbered with shifting sands, that the tidal
and drainage waters were unable to force a passage, and
disastrous inundations were the results. In the year 1724
this evil was understood, and a proposition made by Bridge-
man for improving the river by making aefirect cut which
should intercept the bend here described. Succeeding
engineers concurred in this recommendation; but it was
not until the year 1817 that an Aect was obtained for execu-
ting this important work, which was named the Eau Brink
Cut, and confided to the late Mr. Rennie. The works
were finished on the 19th July, 1821, and have proved
highly successful, lowering the low-water line in the river
several feet, and completing tire drainage of mere than
800,000 acres of land.* A work of similar character was
executed in the year 1829, by Telford and Rennie, at the
outfall of the river Nene, which commences about five
miles below Wisbeach, and terminates after a length of
five miles in the great estuary of the Wash. The benefits
of this improvement have been very great; the low-water
mark has been lowered 10 ft. 6 in., and a district of more
than 100,000 acres, formerly a stagnant marsh, has been
brought into cultivation.
96. Closely allied with’the drainage of low lands are the
operations by which their boundaries are extended, and
- Jarge districts actually reclaimed from the action of the sea.
T'his is ‘effected by judiciously controlling the deposit of
theé alluvial materials which are washed down with the
dfainage watggs and thrown back by the tide. This re-
quires tHe formation of embankments or opposing barriers,
by which the removal of those materials is prevented. ‘A

@ 1Whe Gréat Lovel of the Fens ddntains wbout 650,000 eres, Tormerly of
little valne, but now rich in corn and cattle, -
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similar artificial mode of &eposieing the solid matters con-
tained in the water is practised in the interior districts by
surrounding them with embankments, and admitting and
discharging the water by means of sluices and canals. This
method has for many years been adopted with great success
in the rivers Trent, Ouse, and Humber.

97. Districts lying below the level of the adjacent river,
or so little above it that drains of adequate capacity must
have their beds below the water line, necessarily require
artificial means qf discharging tho drainage waters into the
receiving channel or river. In the low lands of Holland
this is commonly the case, and accordingly we find the
Dutch were early adopters of contrivances for this purpose.
Fig. 21 shows the relative conditions of the drain and of

Fig. 21,

the river into which its contents are required to be .dis-
charged. A represents the general level of the district;
B, that of the water in the drain’to be discharged; o, the
top of embankment; and », the high-water level outside.
To transfer the contents of the drain B into the main chan-
nel p, it is, evidently, only necessary to erect upon the em-
bankment, pumps, buckets, or scoops, which shall bring
the water up on the one side and discharge ft on the other.
Among the earlier machines employed by the Duteh were'.
scoop wheels, which they worked by means of windmﬂll,

abd continued -to use for many ages. .
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98. A new form of scoop( or altfemating trough bas been
designed by Mr. W. Fairbairn, and adapted to be worked
by the single-acting Cornish engine. Fig. 22 will serve to

Fig. 22,

give a general idea of this contrivance. 4 is the bail scoop,
turning on a centre at B, fixed on the embankment c. The
other end of the scoop is connected at b by a connecting
rod with the end , of the engine-beam F, of which a is the
centre, and erected upon suitable foundations, H. I repre-
sents the level of water in the river, and 3, the drain from
which the water is to be discharged. The action of the
apparatus will be evident®from-inspection of the figure.
The engine employed is of the reciprocating kind, and by
raiging & weight suspended at the other end of the engine-
beam F, the bailing scoop A descends; and becomes filled
with the drainage water through the opening valves at k.
The weight having been raised {o the beight of the stroke,
descends by its own gravity, and raising the end, o, of the
scoop, discharges its contents into the river at 1. This ap< -
paratus i well adapted to be worked by thie single-acting-
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Cornish engine, and whilé the 1ngth of stroke in the cylin-
der always remains the same, the dip is regulated as
required by shifting the connecting rod at the ends p and k.
The scoop is made of iron-boiler plates, and is 25 ft. long
and 30 ft. wide, with two partitions across it to strengthen
the sides and afford bearings for the valves at x. The
machine is adapted to raise 17 tons of water at each stroke,
and, with an engine of 60-horse power, will do a duty equal
to 3 1bs. of coal, per horse power, per hour.

09. The greatest improvement, however, effected in
mechanical draining is by the employment of the steam
engine for this purpose. In the year 1820, Rennie applied
one of Watt's engines to the working of a large scogp
wheel for dramm« Bottisham Fen, near Ely. Since that
time large dxstnct,s have been efﬁclently drained by steam
power ; and of them we may enumerate the following :—

. Contain} Drained by

' Acres. Engines.! Horse power.
Deepmg Fen, near Spnldmg, Lincoln-

Bhire...veeureninuentnieniniiiiennininnnas 25,000 2 | 80and 60
Marsh West Fen, Cambnd eshire ... 3600 1 (40 ,
Misserton Moss, with Everton and

Graingeley Oarrs .........cccceerneeanens| 6000 1 |40
Littleport Fen, near Ely ..c...ccoieenee... 28,000 2 |80 and 40

(76 wind engines were employed in

this district before steam was used.)

Middle Fen, Cambridgeshire ............ 7000 1 |60 ,
Waterbeach Level, between Ely and

Cambyidgeshire ..........ccceeemvenennt 5000 1 /160 ,
Magdalen Fen, near Lynn, Norfolk ...| 4000 1 |40 ,
March Fen district, Cambridge ..... o] 2700 1 0
Feltwell Fen, near Brandon ... 2400 1 0 ,
Soham Mere, Cambridgeshire 1600 1 |40

(Formerly a lake: the lift is hers

very great.)

100. If the drainage from the high lands be discharged
through catch-water drains, that from the low levels will
consist of the rain water only, and as this, in-the fen dis-
tricts on the eastern side of England, seldom exceeds the

£ 38
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average of 26 in. in deptl:: per llinnum, of which a large
quantity is carried off by evaporations and absorption,
2 in. in depth or 14 cubic ft. of water on every square yard
of surface is the ordinary maximum quantity to be lifted
per month. Adopting the admitted standard of horse-
power, viz. 83,000 1bs., raised one foot per minute, and the
weight of a cubie foot of water to equal 624 lbs., or 10 lbs.
per gallon, a horse’s power will raise 300 gallons, or 528
cubic ft. of water 10 ft. high per minute. The total quan-
tity to be raised per acre per month, viz. 7260 cubic ft.,
mady thus be raised a height of 1C ft., and discharged in
about 2 hours and 10 minutes. Upon this caleulation,
which Mr. Glynn (a high and practical authority in these
matters) has foundgo be supportedin practice, it appears
that a steam engine of 10-horse power will raise and throw
off the drainage water due to a bistrict of 1000 acres of
fens, in each month, in 282 hours. or less than 20 days,
working 12 hours a day. The scoop-wheels used for raising
the water resemble an undershot water-wheel, but, instead
of being moved by the force of the water, they are adapted
for forcing the water upward, deriving their motion from the
steam engine. The float boards or ladle boards are of wood,
and fitted to work within a track or trough of masonry :
they are usually about 5 ft. long, that is, tifey are immersed
in the water to that extent, the width or horizontal dimen-
sion of them being varied, according to the power of the
engine and the head of water to be provided for, from
20 in. to 5 ft. The lower end of the wheel track communi-
eates with the main drain, and the higher end with the
rivar, the water of ‘which is excluded by a pair of doors,
poiating like the gates of a canal lock, and closed wheh the
engine céases to work. The wheels are of cast iron, and
fitted in parts. The float boards gre attached to the wheel
Zuikm. stepped into sockets cast in the periphery of
h 'whia:é‘ Yor that purposs. The wheel is fitted with cast.
iron toothed segments, working info a pinion upon the
crtnk A" Gf 18 engine. If the Tovel of wier fn B
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delivering drain and in the rivir does not vary much, one
speed for the. wheel is sufficient; but if the tide rises to
any great extent, it is found desirable to have two speeds of
wheel work, one to be used at low water, and the more
powerful combination to act against the rising tide. It is
usually not necessary to raise the water more than 3 or 4 ft.
above the surface to be drained, and that only when the
river is filled by long-continued rains or floods from the
upland. If the main drains be 7} fi. deep, and the floats
dip 5 ft. below the surface of the water, 1 ft. in depth will
be left below them to admit the passage of ®eeds or other
matters, and the water will yet be kept 18 in. below the
surface of the land. If the wheel dips 5 ft. below the
drain-water level, and the level of the water in the river is
b ft. above that in the drain, the wheel will be said to have
10 ft. head and dip,” and should be 28 or 30 ft. in diame-
ter. For a dip of 5 ft. and head of 10 ft., that is, “ a head
and dip of 15 ft.,” Mr. Glynn used wheels of 35 ft. to 40 ft.
in diameter. A wheel of 40 ft. diameter, and situated on
the ten-mile bank near Littleport in the Isle of Ely, is
driven by an engine of 80-horse power. The largest quan-
tity of water discharged by one engine is from Deeping
Fen, near Spalding. This fen comprises 25,000 acres,
drained by two ‘engines of 80 and 60-horse power. The
80-horse power engine works a wheel 28 ft. diameter,
with float boards 8} ft. by b ft., and moving with & mean
velocity of 6 ft. per second. When the engine has its full
dip, the seation of the stream is 274 ft., and the quantity
discharged per second is 165 cubic feet, equal to more than
4} tons. These two engines were erected in 1825, before
which time the district had been kept in a half cultivated
condition (being sometimes wholly under water) by 44
windmills.

. The land now grows excellent wheat, producing (in: lm)
from four to six quarters to the acre. In many distriots
land was purchased by persons who foresaw the conse-
quencés of these improvements, whish thiey could now sell
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at from 50. to 70l per acre. This increase in value has
arisen not only from the land being cleared from the inju-
rious effects of the water upon it, but from the improved
system of cultivation it has enabled the farmers to adopt.
The fenlands in Cambridgeshire and great part of the
neighbouring counties are formed of a rich black earth,
consisting of decomposed vegetable matter, generally from
8 to 10 ft. thick, although in some places much thicker,
resting upon & bed of blue gault containing clay, lime, and
sand. When steam-drainage was first introduced, it was
usual to part ®he land and burn it, then to sow rape-seed,
and to feed sheep upon the green crop, after which wheat
was sown. The wheat grown upon this land had a long
weale straw, easily bent and broken, carrying ears of corn of
small size, and having but a weak and uncertain hold by its
root in the black soil. Latterly, however, chemistry having
thrown greater light upon the operations of agriculture, it
has been the practice to sink pits at regular distances
through the black earth, and to bring up the blue gault,
which is spread upon the surface as manure. The straw,
by this means, taking up an additional quantity of silex,
becomes firm, strong, and not so tall as formerly, carrying
larger and heavier corn, and the mixture of clay gives a
better hold to the root, rendering the crops less liable to be
laid by the wind and rain, whilst the produce is most luxu-
riant and abundant. Mr. Glynn has applied steam-power
to the drainage of land in fifteen districts, all in England,
and chiefly in the counties of Cambridge, Lincoln, and
Norfolk, to the extent of more than 125,000 acres, the
engines employed being seventeen in number, of sizes
varying from 20 to 80 horses, and having an aggregate
power of 870 horses. The same engineer has also drained,
by steam-power, the Hammerbrook district, near Hamburg,
and designed the works for draining a level near Rotterdam,
which have been carried out by the Chevalier Conrad.®* In

'm,danﬁdﬂw#Mrmb&
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British Guiana the steam engin.e has been made to answer
the double_purpose of drainage and irrigation. Some of
the sugar plantations of Demerara are drained of the super-
fluous water during the rainy season and watered during
the dry season.

101. Recurring to fig. 10, p. 62, the districts there illus-
trated will require met.hods of drainage determined by the
inclination of the surface. If this be comparatively level,
the drains may be generally cut with beds parallel, or nearly
8o, to the surface, and arranged to deliver into one or more
main drains having lower beds, but still above the low-water
level of the river or receiving channel, and from which the
water can be let off when the tide is down by providing

Fig. 23.
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sluices suitable for the purpose. If the surface undulatey,
the main drains must be laid in the hollows, and the feeders.
be distributed over the higher parts, and made to commue
nicate with the mains. Small sluices fixed at intervals,
Drainage of Marshes and Fen Lands, to the British Association for the Ad-
vancement.of Scienoe, 1848, by Joseph Glynn, VB M Toss. OB
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both in the main and minor drains, will, by intercepting
the water, permit an accumulation when desired for flood-

Fig. 24,

e ]

ing or irrigating the higher lands. Figs. 23 and 24 show a
plan and seetion of a district of this character. a A is the
river or receiving channel; B B the principal main drain;
and o ¢ and p b two other main drains delivering into it;
each of the mains receiving the drainage from the feeders
or minor drains.  Fig. 24 is a section supposed to be taken
on the line z z on the plan. Two imperative rules require
to be observed in these arrangements, viz. that all the
junctions ‘shalf be curved, and that no two feeders shall
enter the main drain at opposite”points. If these rules are
neglected, the currents will be “interrupted at these points,
and mischief may arise from flooding when the drains
become filled in wet seasons. It is also advisable, if the
ground be of a loose texture, to guard the junctions with a
few rough stones piled together in the form of a retairing
wall ; or, for greater permanence, concreted with lime and
gravel, as shown in the phn and sections, figs. 25, 26, and
27, of which fig. 25 is a plan, fig. 26 a section through the
ordinary drain taken on the line ¥ ¥; and fig. 27 a section
through the guard-walls, taken on the line x x.

102. If the general inclination of the surface of the dis-
triet be eonsiderable, it is often desirable to form catch-
water drains, or series of drains at different elevations,
communicating with each lower one:successively by falls,
By this method great facilities are obtained for regulating
the management of the waters, so that any required quan
tity can be retained to compensate for seasons of drought;
while, moreover, the falls are applicable as water-power,
and nisy be used for a variety of purpoves. Fig. 28 is «
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plan,” and fig. 20 a section of a district drained in this
nlanner. A A, B B, and ¢ ¢, are the main or catch-water
drains, each of which receives the drainage from the minor
drains or feeders connected with it, and delivers it to the
next lower main, through the channels a a, b b, and c ¢,
each of which hag sluices fitted to it, while the water forms
a geries of falls at the points marked y. Or the water from
the superior levels moay be received ih reservoirs constructed
for the purpose and in the places of the oatoh-water drains,
and there disposed of for agnculmm mmMmg, or
domestic purposes. - °

~108. 1n fig. 11,%p- 88, we have akotahed ‘an inland bédy
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1
Fig. 28,

of water, or lake, which receives the drainage of the adja-
cent districts, and to these, thus sitnated, the same methods
of draining as those just described are generally applicable:
The formation of lakes upon the surface of our globe ap-
pears to.have resulted from three causes, viz. the outerop-
ping of internal’spfings or sources of watey; subterranean
communication with sens ; or, the flowing down and accu-
mulation of the surfacé waters from the surrounding and
more elevated districts. Lakes formed by the first of thess
fausey-being constantly fed and replentivhed, may be ve-
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garded as permanent redervoird; and those formed by the
second are dependant upon the preservation of their inlet
from the ocean; but those which receive their supply from
the drainage of the lands around, appear destined to ex-
tinction by the constant deposit within them of the solid
matters brought down by the water. Thus, the Black Sea,
the Caspian, and Arral, are fairly supposed to have origi-
nally formed one vast lake, the ridges in which have now
become elevated, so as to form permanent boundaries be-
tween them. , The Caspian, also, bas evidently become
reduced in éxtent, as proved by the marine matters now
found at a distance from its present shores.

104. Fresh-water lakes, of considerable extent and little
depth, are sometimes worthy of being entirely drained for
the sake of cultivating the site they occupy. One of the
most recent examples of this class of works is the drainage
of the Lake of Haarlem in Holland. This lake is situated
between Leyden and Ameterdam, and communicates with
the Zuyderzec. The bottom of it consists of a rich alluvial
deposit well fitted for agriculture. A Dutch engineer,
popularly known by the name of * Leeghwater,” or “ drier
up of water,” -formed a project for draining this lake in
1623, and another proposal for the same objectawas brought
forward at the end of the last centnry, when steam was
first employed in draining; similar works having been
already executed in the Beilm and Diem. The area of
the Lake of Haarlem is equal to 45,280 acres, and its
average depth about 14 ft.,, the cubic contents being equal
to 800,000,000 of tons of water. One part of the lake is
13 ft. under the level of the tide. The lqngest side of it
is parallel to the sea, and separated from. it only by a very
narrow strip of land. Observations, ceatinued during &
period of 91 show that the maximum quantity ‘of
rain which . upon the lake amonuts to - 86,000,000
tons of water monthly. The- Dutels Government having
appointed a commission of engineers to-Yeport upon the
best means of geaining the lake, many propesals were sib:
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mitted and examined, and it ‘was ultimately determined to
adopt the plan recommended by Messrs. Gibbs and Dean.
These gentlemen employed three engines for the purpose
of draining the lake, each being of great power, whereby
the total current cost was much less than would be incurred
by using a greater number of smaller engines. These
three engines are named the “ Leeghwater,” the “ Cruquius,”
and the “ Van Lynden," after three celebrated men of these
names, who had interested themselves in the draining of
the- Iake.

308, Of these three sngines the Leeghwater " was first
erected, with suitable hopses and pumping machinery. The
first step in this work wag to construct an earthen' dam of
a semicircular form,-inclosing about 1} acre of the area
of ‘the lake, and adjoining its bank. The space inclosed
by this dam was then ecleared of water by a small steam
engine, and the foundations for the houses and machinery
commeneed. These foundationt consisted first of 1400
piles, which were driven to the depth of 40 ft, into a
stratum of hard sand. Upon these piles, and at the depth
of 21 ft. below the surface of the lake, a strong platform
was laid, and upon this a wall, pierced ,with arches, was
constructed, -at the distance of 22 ft. from the intended
poamon of the engine-heuse. Upon this wall a thick floor-
ing of oak was lajd, between the wall and the engine-house.-
The pumps rest upon the. platform, beneath  and opposite
to the arches, and their heads pass through the floor just
desoribed, standing about 8 ft. above its level. Into the
space -left between the engine-house and outer wall, the
ater .raised by -the pumps was received and-discharged
from ‘it en either side of the boileshouse, through sluice
gates, into .the canals conducting to the sea shuices. The
general -ayrapgement. of the engine, boilers, pumps, and
sluices, will be anderstood from Fig. 80, in which A repre-
sents. the engine; m the boiler-house; ¢ o, the pumps;
-sttd ®.'p; the: sluices throngh which the water was dis.
shasged. ~The mmgine bag two wteaw . oylinders, one within
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the other, united at the bottom, but with a clear space of
1} in. between them at the top under the cover, which ‘is
common to both. The large cylinder ig 18 ft., and the
smell one 7 ft. in diameter. The small cylinder is fittad
with e piston, and the large cylinder with £n annular piston:
These pistons are connscted by one msin piston rod (of
the internal cylinder)'13 in. dianreter, and four small rods
fof the' ainular piston) 4} in. diamder escl;, with » grest
cap.or-tross-head, having a circular body 9 -6 in, diame:
ter, and formed to receive the ends of ths balance beams of
the pumps. The pumps:are eleven'in nwmber; and each of
them @8 in. diameter, with & cast:ivosi-balatice beam turning
upon a oentre in the wall of the engihe.house;.ope end-ef
which is-comseoted with the' great cap-of the'éngine, 'the
other:to the pumip-vod: Esh pump vod i Wipoght
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iron, 8 in. diameter, and 16 ft. long, with an additional
length of 14 ft. of patent chain cable attached to the pump
piston. The steam and pump pistans have a stroke of 10
ft. in length ; each pump is calculated to deliver 6-02 tons
of water per stroke, or 68:22 tons. for the eleven pumps.
The quanﬁty“actmllymised was found to be about 68 tons.
The action of the engine is-as follows :—The steam being
admitted, the piston and great cap are thereby raised, and
the pump pistons mak§ their down stroke. At the top ot
theseam stroke a patise of one or two seconds is made, to
the valves ofsthe pump pistons to fill out, so that,
on the down stroke of: ihg. steam -piston, they may take
their Joad of water withodt fhock. In order to sustain the
greal cap and its dead wéight during this interval, en
hydraulic apparatus is brought into use, which ' consists of
vertical cylinders, mto which water is admitted, forcing
upward two .plungar poles-which sustain the cap, the water
being prevented from' rétufning- by spherical valves fitted
at the lower part of the cylinders. The arrangement of
the fwo steam cylinders is.adopted in order to bring the
load under immediate corfihand, the varying character of
which would otherwise require occasional alteration of the
dead weight to overcome it, which would involve great
delays and inconvenienve: By the use of- the two cylinders,
‘the dead weight raised by the sinall piston did not usually
exceed 83 tons, the extra- power required being derived'
from the pressure of the return steam at-the down stroke
tpon the annular piston. - A skilful regulation of the ex-
phnsion and peedsure of steam in the'small éylinder thus
enablgs the ergitte-mait'to provide fairall cases of differenty
of vesistance without the: delay dﬂm&eﬂeﬁ Weight.
mthepwcr of the “Tieaghwatsr,” &eﬁﬁeued
frot #xperiments conducted by ‘¢ sub-cbfamittes of the
Commission; that the engine would do a duty equal to
raising’ 78,080/000 1bs; one foot high, by the ‘eonsump-
tiof 'of 94 Itei-of good Welsh dosl, and exérting & met’
effodtive ‘fores o8 B50-kouseipower. . The Tift being 18 f.,
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the engine worked the efeven $umps simultaneously; the
net weight of water lifted being 817 tons, and the dis-
charge 63 tons per stroke. When the site of the lake is
cultivated, the surface of the water in the drains will be
kept at 18 in. below the general level of the bed; but
during floods the waters of the upper level of the country
will be raised above their uswal height, and the lift and
head will be increased to 17 ft. 'To test the power of the
engine to meet these cases, the eleven pumps were worked
simultaneously, without regard to economy of foel, and
109 tons net of water were raised, per stroke, to the height
of 10 ft. The boilers of the Leeghwater engine are five in
number, cylindrical, and cach 30 ft. long, and 6 ft. in dis.
meter, with a central fire tube 4 ft. in diameter. Under
the boilers a return flue passes to the front, and then
divides along the sides. Over the boilers, and communi-
cating with all of them, is a steam chamber, 42 ft. in length,
and 4 ft. 6 in. in diametew; from which a steam pipe, 2 ft.
in diameter, conveys the steam to the engine. The con-
sumption of fuel is 2} lbs. of coals per horse power per
hour, when working with a net effect equal to the power of
850 horses. The cost of the * Leeghwater” and machinery
was 21,000L, and of the buildings and contingencies,
15,000(. It was calculated that the entire cost of the works
for draining the lake would be 100,000l less than would
have been incurred by adopting the ordinary system of
steam engines and hydraulic machinery, and 170,000L less
than the expense of epplying the system of windmills
hitherto prevailing in Dutch drainage. The annual cost of
the three methods was thus estimated :—by three engines,
such as the Leeghwater, 4500L ; by windmills, 6100l ; and
by ordinary steam-engines, 10,0007,

106. The several methods of draining, as already ex:
plained in reference to figs. 9, 10, and 11, are also more
or less applicable for districts of the kind sketched in fig.
12, and also for the second class, or Upper Districta.. Thus,
the drainage from the high lsnds.has to ¥o reeived snd
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collectdd in ceteh-water-drdins at'the base of the hills, and
means taken for combining these waters with those from
the: level district, or for keeping them separate, as may be
required. Or reservoirs'may be formed in connection with
the catch-water drains, so that irrigation may not be neces-
sarily suspended in cases of drought or deficiency of rain
waten

107, Upland districts are liable (even with all the aid
that ean be rendered by economy of the natural supply) to
suffer from an inadequate command of water. Thus, if, as
:hm in fig. 81, the surfaoe of the district A A bave a

- Fig. 3L

stratum of clay or other impervious material, n B, imme-
diately beneath it; the outer stratum will remain always
domparatively dry, the rain and drainage waters eagerly
flowing downwird, while the clay resists their passage into
fhe subsoil. Beneath the resisting layer, however, a per-
muable and saturated soil, as ¢ o, is often situated, and in
these onses an adit drain at b, or other convenient point,
will bring the internal water to the surface, mg:bably
sid thé supply of the'district with the drainage
ﬂﬂgba aiid dvmhmgegl level. . Interna! springs are a!so
in some -dvailable Yor ‘thls purpdse, and “mmy be
ronght . into 18k by simple and inlexpensive ‘méans. ‘I{
LA full; 18- by becoine desirible t6 ‘apply me-
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chanical power for raising the hecessary quantity of 'water
from & river or other reservoir at a lower level.

108. Various forms of apparatus have begn devised md
applied for the purpose of raising water, some of which
are actuated by the accumulated force of small streams
from superior levels; but these admit of very limited appli-
cation for draining purposes. Pumping engines, worked
by steam power, form the only elass of machines at present
available, by which the required accession of water can be,
under all circumstances, brought up from the lower source.
If the lower source, however, be a tidal river, the pumps
may be worked by an undershot water-wheel placed upon
it, and the water be delivered above into an artificial
channel or aqueduct, and thence conducted to the higher
levels. -

109. A very extended and valuable experience of the
powers of steam-pumping engines has been obtained in
the mines of Cornwall, fsom the records of which a few
facts may be usefully gleaned in this place as authentic
data for application in many draining operations. The
number of engines employed in these mines was, in 1822,
52, doing an average duty of 28,000,000. In the year 1843,
30 engines arc reported, but their average duty had risen to
60,000,000.  The duty is measured by the number of
pounds wenght of water raised 1 ft. high by the com-
bustion of one bushel of coal. Thus, while in 1822, each
bushel of coal raised less than 29,000,000 lbs. of water
1 ft. high, the same fuel was able, by improvements in
the details of the engines, to raise 60 ,000,000 lbs. in
1848. Tho best engine in 1822 was a double ¢ylinder ong
by Woolf, the Aighest duty of which was 47,400,000. The
best engine in 1842 was a single eylinder (85 inches) engine,
by Hocking and Loam, the highest duty of which wes.
107,600,000 This engine was erested in 1840, and was
especially intended to work more gxpansively than. had
hitherto bean pmhsed. The beilers were made smaller in
&mmeter than nsual, and of stronger phbn!ﬂ #s €0 stand 4
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higher pressure of steam, #he wofking elasticity being fixed
at 401bs. per square inch above the atmosphere. Also an
extra number of boilers was provided, in order to give an
increased proportion of heating surface, and the strength of
the working parts of the engine and machinery was aug-
mented to withstand the strain caused by the great force of
the steam on the piston at the commencement of the stroke.
The progress of the application of the expansion principle
has been mtlmately connected with the deepening of the
shafts of mines. In orderto render this principle effective
in practice, to any great extent, it is necessary that a con-
siderable load be moved by the engine-stroke. As the mines
were deepened, the weight of the pump rods and balancing
machinery necessary for draining them was of necessity in-
creased ; thus furnishing the load required, gnd affording
at once occasion and opportunity for gradually extending
the improvement derivable from the principle of expan-
sion.

110. Motive power may ﬁcquently be obtained from
streams of drainage water collected or received frop supe-
rior levels, and economically applicable to pumping and the
actuating of mills and other agricultural machinery.*

* As an example of the adaptation of water power derivable from
drainage to agricultural purposes, the arrangement adopted upon the estate
of Lord Hatherton, in Staffordshire, may be aptly adduced. ¢ His lord-
ship bas there had collected very cleverly the drainage water of the higher
lands of his estate ; he has erected several ponds for storing it, and he has it
carried to his farm-yard, where it drives a powerful water-wheel, which does
all the thrashing, milling, chopping, &c., and drives a saw-mill besides.
From thie mill the water is carried in canals of gentle fall to lower meadow
ground, where it is used in extensive and profitable irrigation. Drain-water
always contains more or less of the manure and soluble parts of the soil in
suspension ; and the fertilising properties of the drain-water on this estate
are particularly marked by the very luzuriant growth of grass it produces on
the meadows. This experiment forms a noble examyle of an economy in
agriculture worthy of imitation, and is one which can be carried out to a
greater or less extent on all farms having surfaces at different altitudes.”—
Answer by the late James Smith, Esq., of Deanston, to Query No. 18, mued
by the Metropolilan Sanviary Commissioners,
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Machines which derive their mbtive force from water are
constituted mainly of a wheel or revolving lever apparatus,
actuated either from the circumference or from the centre.
In the former case, the wheel is usually made to revolve
vertically upon an horizontal axis, and receives the impulse
afforded by the weight and motion of the water at a level
above the periphery of the wheel, or just below the axis, or
identical with the lowest position which the periphery
assumes in the course of its rotation. The wheels are
distinguished in each of these arrangements respectively,
as overshot, breast, and undershot. Water-wheels actuated
from the centre derive their motion from the resistance
offored by arms or vancs to the centrifugel disposition of
the water, which thus reacts and produces a votatory motion
in the opposite direction. They are thus commonly known
as “reaction water-wheels,” and in France have received the
name of * turbine, or horizontal water-wheel,” from~the posi-
tion of the wheel, the axis being vertical.  The celebrated
French experimenters, Yoncelet and Morin, have ascer-
tained that overshot wheels and turbines produce an effect
cqual to from 60 to 80 per cent. of the power exerted ; that
breast-wheels produce from 45 to 50 per cent; and that
undershot-wheels produce only from 27 to 30 per cent.,
being thus the least effective of all.

111. As the inventor of turbines, M. Fourneyron has
attained considerable cclebrity in France, and is reported
to have realised an uscful effect equal to 87 per cent. of the
power expended. The proportion of effect to power is,
however, not the only criterian of the usefulness or adapt-
ability of these machines. Many circumstances are usually
present which will dictate, or enable us to arrive at, a selec-
tion of such an apparatus as will be practically found to
yield ample useful effect. Thus M. Fourneyron has pro-
duced a good average effect from a simple apparatus, with a
Jall of water of only nine inches. There are many places,
especially in hilly districts, where high falls of water are
found, and where the nature of the ground affords facilities

F
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for meking reservoirs, 8Q bas to ‘insure a constant supply,
where the height of the column of water may compensate
for the smallness of its’' volume. And there are other
situations where a great volume of water rolls with a very
strifling fall. In either of these cases the turbine may be
applied with great advantage. It, moreover, occupies a very
small space in comparison with a water-wheel of the same
power; its speed is high, and the expense of its construe-
tion greatly below that of any other effectual mechanism
for deriving a rotatory motion from a head of water.
112. The turbine of M. Fourneyron consists of a hori-
zontal water-wheel, in the centre of which the water enters;
diverging from the centre in every direction, it enters all
the buckets at once, and escapes at the circumference or
external periphery of the wheel. The water acts on the
buckets of the revolving wheel with a pressure in propor-
tion to the vertical column or height of the fall; and it is
led or directed into these buckets by stationary guide
curves, placed upon and secured to a fixed platform within
the circle of the revolving part of the machine. The efflux
of tho water is regulated by a hollow cylindrical sluice, to
which a number of stops, acting simultaneously between
the guide curves, are fixed. With this short cylinder, or
hoop, they are all raised or lowered together by means of
screws commaunicating with a regulator or governor, so that
the opening of the sluice and stops may be increased or
diminished in proportion as the velocity of the wheel may
require to be accelerated or retarded. This cylindrical
sluice alone might serve to regulate the efflux of the water,
but the stops serve-to steady and support the guide curves
" and prevent tremor.
118. One of these machines, grected by M. Fourneyron
for M. Caron, wes of 50-horse power, the fall of water
being 4 ft. 8 in., and the useful effect varied with the head
and the immersion of the turbine from 88 to 80-per cent.
Another erected at Inval, near Gisors, fr a fall of 6 ft.
8 in., the powar being nearly 40 horses, expended 85 cubie
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feet of water per second, and ﬁ;‘oduced an useful effect of
7k per cent. of the force employed. One with a fall of 68
ft. gave 75 per cent.; and when it had the full height of
column for which it was constructed, viz. 79 feet, its useful
effect is said to have reached 87 per cent. of the powee
expended. Another, with 126 ft. fall, gave 81 per cent.,
and one with 144 ft. gave 80 per cent. In 1887, M.
Fourneyron erected a turbine at St. Blasier, in the Black
Forest of Baden, for a fall of 72 ft. The wheel is made
of cast iron, with wronght-iron buckets; it is about 20
in. in diameter, and weighs about 1051bs.; it is said
to be equal to hH6-horse power, and to give an useful &ffect
equal to 70 or 75 per cent. of the water power expended.

114. The turbine is adapted, when applied to tidal waters,
to work with one flow only; and to improve on this arrange-
ment, and produce a continuous movement both with the
rise and fall of the tide, is the object asimed at in Mr.
Gwymne'’s * Double-Actig Balanced Pressure Wheel,"
which is said by the inventor to effect a saving of from 33
to 50 per cent. on the first cost (as compared, it is presumed,
with the ordinary water-wheels), to produce an useful result
equal to 85 per cent. of the power employed, and to main-
tain a perfect operation irrespective of floods or large accu-
mulations of back water. This contrivanee consists mainly
of a tlat eylindrical casing, with a vertical spindle passing
through its centre, and carrying the internal wheel or ar-
rangement of buckets which receive the impulse of the
water” entering at the periphery, the peculiar feature of the
invention consisting in the shape of the partitions' or
buckets, which are adapted to present a direct surface to
the action of the water in its passage through, whether it
passes in one direction or the reverse of, it.

115. Dr. Barker's mill, which was formerly neglected ase®
being useless for practical purposes, is now recognised as
involving important principles of action. It consists of &
vertical tube, t&minating in an open funnel &t top, but
closed at the lower end, from which project, at right angles*
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two horizontal tubes in opf)osite directions, in communica-
tion with the vertical tube, and having closed outer ends.
Each of these horizontal arms, however, has a round hole
on one side of it (the two holes being opposite to each
other), and the vertical tube being mounted on a spindle
or axis is kept full of water flowing into the top. The issue
of the water from the holes on opposite sides of the hori-
zontal arms causes the machine to revolve rapidly on its
axis, with a velocity nearly equal to that of the efluent
water, and with a force proportionate to the hydrostatic
pressure given by the vertical column, and to the area of
the Yipertures; for there is no solid surface at the apertures
to receive the lateral pressure, which acts with full force on
the opposite side of the arm. According to the celebrated
Dr. Robison, this unbalanced pressure is equal to the
weight of a column, having the orifice for its base, and
twice the depth under the surafce of the water in the trunk
for its height. Desaguliers, Euler, John Bernoulli, and
M. Mathen de la Cour, have treated of this machine, and
the last-named author proposcd (in 1775) an arrangement
by which any fall or column of water, however great its
height, may be rendered available. This proposition was
to bring down a large pipe fromn an elevated reservoir, to
bend the lower part of it upwards, and to introduce into it
a short pipe with two arms, like Dr. Barker’s mill reversed,
and revolving on an upright spindle in the same manner;
the joint of the two pipes being so contrived as to admit of
a free circular motion without muchrloss of water. °
116, In the year 1841, Mr. Whitclaw essayed an im
provement of this machine, and obtained a patent for it.
This contrivance appears to consist mainly in the modifiea-
tions suggested by Dr. Robison and M. Mathon de 1a Cour,
eand in the bending of the two horizontal arms into a form
resembling that of the.letter 8. In this machine, the water
is discharged from the ends of the arm in the direction of
. the circle described by their revolution®r in that of a
tangent to it, the capacity of the arms increasing as they
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approach the centre of rdtatior® so as to contain a quantity
of water at every section of the arm inversely proportionate
to its velocity at that section, with the view of economising
the centrifugal force. The transverse sections of the arms
are everywhere parallelograms of equal depth, but of width
increasing from the jet at the outer extremity of the arm to
the central vertical pipe. In a model of this form, with a
fall of 10 ft., the diameter of the circle described by the
ends of the arms being 15 in., and the aperture of each
jet 24 in. in depth, by ‘6 in. in width (the area of each
orifice being thus 1:44 in.), the water expended was 88
cubic feet, the velocity 387 revolutions per minute, and the
effect equal to 786 per cent. of the power employed.

117. Mr. J. S. Gwynne publicly exhibited, at the Passaic
Copper Mine, U.8., in January, 1849, his ‘direct acting
balanced pressure centrifugal pump,” and obtained patents
for the invention in the United States, 1850, and in Eng-
land in March, 1851, The “balanced centrifugal pump,”
as described by the patentee, has a rotatory action, by which
a centrifugal movement is given to the inclosed water,
which it discharges in radial lines coincident wiih the
direction of the centrifugal force, into a flattened spherojdal
chamber, constituting the body of the pump, and having
but one exit pipe, placed at a tangent with its circumfer-
ence. The water, as it is thrown off from the open peri-
phery of the revolving piston, is forced up the discharge-
pipe in quantities, and at a rate, proportioned to the speed
at which the piston is driven. The piston is formed of
two concave dises placed parallel, with their concave sur-
faces towards each other. Between these discs is a single
arm, or impeller, radiating from a boss, or hollow axis,
mounted on a shaft, which may work horizontally, verti-
cally, or obliquely. The impeller varies in breadth; its
narrowest part is at the outer edge of the piston, and it
becomes gradually broader, until its edge intersects the
inner surface ® the opening in the suction side of the
piston, from which line, to its extremity at the boss, its
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edges continue parallel to ‘each other, and at right angles
to the axis of the shaft. In working the pump, the water
is poured into the piston, at its centre, through a circular
opening in one of its sides and concentric with it. The
piston is inclosed in a case placed parallel and concen-
trically with the dises, and which acts as a receiver. From
the circumference of this case, and at a tangent to it, the
discharge-pipe rises perpendicularly. To prevent the water
rotating 'in the case, and to give it a direction upward to
the discharge-pipe, a stop or plate is provided. The joint
between the suction pipe and piston is carefully made, and
80 situated, that no sand, gravel, or other gritty mattcr can
lodge in or near it. Mr. Gwyune also describes a * balane-
ing nut,” and claims that or any other contrivance for
“ equalising the lateral pressure on the piston, which would
give rise to very serious inconvenicnces in the use of the
pump, when great elevations of water were to be obtained ;
for, in raising it to great heights, ¢he pressure would be ex-
cessive, amounting to many tons.” As applicuble to works
of drainage and irrigation, the patentee announces the
sizes, powers, and prices of his pumps as follows:—

O

Slze of Piy G"l’}mx of| Fqual to N . .
ater rics’ 0. of revolutions pet minute of

ised ','»3,“.,, Piston required to raise Water, | Price.

-

ral
Dis- | Sue- 30 ft.
charge. tion.‘

in. in. 00 | 20ft. | 30ft. |6ofr. £
[] 7 1320 15 500 700 g0 | 1200 4
9 10 300 35 375 525 Giy 900 85
12 13 5310 ()] 250 an 40 600 20
18 20 12000 138 1714 240 275 | 4124 437
M 24 21000 240 125 178 200 | 750

118. In November, 1848, Mr. Appold exhibited a modcl of a
rotatory pump as 8 conveniént one for draining purposes,
and made experiments on it with 6, 24, and 48 arms or vanes.
A pump of this description was shown at the Great Exhi-
bition of 1851, and experimented upon by the jury. In
this pump the fan revolving vertically wad®1 ft. dlameter,
and 8 in. wide, having an opening one-half the total
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diameter in the centre #f each side for the admission of
the water, and a central division plate extending to the
circumferenc®, to give a direction to the two streams of
water, and convenient for fixing on the shaft; the 6 arms
curved backwards, terminating nearly tangential to the cir-
cumference. The revolving fan was fixed on the end of
the horizontal driving shaft, passing through a stuffing-box
in the side of the casing, and it worked between two circu-
lar cheeks, running close without actually touching, by
which the outer revolving surfaces were shielded from the
water, but a free ingress allowed for the water, and a large
space left all round the periphery of the fun, facilitated the
discharge of the water. In the cxperiments instituted by
the jury, the pdwer employed was measured with great care
by means of Morin’s dynamometer, and the following re-

sults obtained :—

Appold's Centrifuggl Pump, with Curved Arms.

igh i 5 Velocity of Percentage
HEROT | P | " Ninute. " | cirounefonce. | of #Bect o
ft. gallons. ft. per minute.
82 2100 828 2601 59
90 1664 620 1948 65
188 1164 792 2988 65
194 1236 788 2476 68
27'6 631 876 2751 T 46
With Straight Inclined Arms.
180 | 76 | 690 | 2168 | 48
With Straight Radial Arms.
180 | 474 | 7200 | 222 | 24

A large pump constructed on this plan erected at Wpittle-
sea Mere, for the purpose of draining, was reported, in
July, 1852, to Mave been then working for nearly a year



104 APFOLD'S PUMP.

with complete success. This pump is 44 ft. diameter,
with an average velocity of 90 revolutions, or 1250 ft. per
minute, and is driven by a double cylinder steam engine,
with steam 40 lbs. per inch, and vacuum 13} Ibs. per inch;
it raises about 15,000 gallons of water per minute, an
average height of 4 or 5 ft. The cost of the engine and
pump was about 1600l The following experiments were
tried to ascertain the percentage of effect obtained from
the pump; the power employed being measured by taking
indicator figures from the engine, deducting in each casc
the power that was indicated when the engine was working
at the same speed without the pump, which was found to
take 10-6-horse power. The quantity of water discharged
was measurcd by calculating the overflow ffom an opening
6 ft. wido in each casc.

Expen- | jEXPEL | pyperi | Exber:
ment First m;ﬁ,‘,d'j‘” mentThardd p:?:;'m

Velocity of circumference off
pump, in feet, per minute...| 1159 1357 1301 1329
Height of lift, in feet and
inches .......ccoveriirennnenns 30 41 50 511
Depth of water at points of]
overﬂow, in feet and inches,
Dltto, at 17 ft. distance, B, ...
Gallons discharged per mi-

nute, according to the

depth, a. cereeneeennnenns| 12,429 | 14,223 | 11,706 95,45
Ditto, dltlo . .| 16,104 | 18,023 | 15,288 | 13,606
Theoretical discharge ......... 17,400 | 21,687 | 15,768 | 12,803
Horse power eﬁ'ectwe in rais-

ing the quantity, a....®....| 1134 | 1688 | 1779 | 17-17
Ditto ditto B woseenns| 1470 2238 23-24 24:49
Horse  power employed in

working the pump .........| 28:00 4090 2990 89-80
Percentage of effect to power

Ll
-
-t
o e
(e
[y
o o
oo &k
ey
D

employed, by culcnlauon, 49 41 60 43
Ditto  ditto  ». ...... 64 55 78 61
SN .

The centrifugal pump has been found more advantageous
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for lifts below 20 ft. thay for liigher lifts, and its most ad-
vantageous application is as a tidal pump, where the height
of lift is continually varying, because the lower the lift, the
greater is the discharge, the speed of the pump remaining
the same. This form of pump has also been applied with
advantage as an assistant or feeder to a water-wheel, to
keep the latter going constantly in the summer time, when
short of water.

SECTION IIIL

Means of Conveying, Distributing, and Discharging Water.—Drains and
Watcrcourses,.—Forms, Sizes, and Methods of Construction.—Implements
employcd.—Shallow and Deep Draining.—Stone, Tile, and Ecrthenware
Drains, &c.

119. Having in the preceding sections shown the general
principles of drainiug. as applicable according to the
general profile of the district, we have now to direct our
attention to the details of the system ; to show the methods
to be sclected with reference to the nature of the soil and
the position of the substrata, and to consider the arrange-
ment, form, size, and construction of the drains which it
may be necessary to provide in order to promote the objects
of agriculture.

120. The nature of the several soils which we have to
deal with will be best understood by regarding the manner
in which they have been formed, and the several materials
of which they are constituted. The formation of all soils
may be very clearly traced to the disintegration, by mecha-
nical and chemical agencies, of rocs and minerals which
contain alkalies and alkaline earths. In the mountainous
districts of perpetual snow, the most refractory rocks aro
erumbled into fragments, which, being rounded by the
action of glaciers, or pulverised into_dust, are borne down
by the rivers and streams, and deposited upon the splains
and valleys below. Some of the most remarkable proofs

of "the influence of the air, water, and carbonic acid upon
F8
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the constituents of rocks, ape exhibited in parts of South

‘America, where the elements of the silver ores are gradually

dissolved and dissipated by the action of these agents in
the winds and rains, and the metul, resisting the destrue-
tion, is left exposed in sharp angular projections from the
surface of the rock.*

121. The yellow clay which occurs so frequently in Den.
mark is considered by Forchammer to have been formed
from granite, the felspar of which has undergone change,
while the mica has not; the quartz forming the sand of
the clay. The bluc clays, having no mica. appear to have
been formed from sienite and greenstone. 'Tho great stra-
tum of clay which occurs at Halle has resulted from the
disintegration of porphyry. Most of the sandstones con-
tain silicates with alkaline bases, and in the sandstonc of
the Holy Mountain, near Heidelberg, fragments of felspar
are observed partly changed into elay, and visible at white
points in the sandstone. I‘elspar is unable to resist the
solvent action of water when saturated with carbonic acid.
Clays formed by the disintegration of felspars containing
potash are free from lime; those formed from Labrador
spar, which is the principal component of lava and basalt,
contain lime and soda. Most rocks, as folspar, hasalt, clay,
slate, porphyry, and the numerous varictics of the lime-
stone formation, consist of compounds of silica with alu-
ming, lime, potash, soda, iron, and protoxide of manga-
neses and from the fact that most of these ingredients are
susceptible of uniting with oxygen, the cause of the disin-
tegration of the rocks which they constitute may be readily
and fairly inferred. Q# these constituents, the protoxide of
won has a great disposition to absorb oxygen from the
atmosphere ; thus forming the higher oxide or peroxide of
iron. This property is indicated by the reddish brown
colour of the rich ferruginous soils, while the black colour
of the subsoil shows the presence of the protoxide. In the
proeess of subsoil-ploughing, this protoxide frequenﬂy be-

* Darwin, Lisbig, &c.
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comes exposed, and the gonsequence is, that the fertility is
impaired until the protoxide is converted into peroxide,-
and the red colour becomes apparent upon the surface.
Struve has proved by experiments, that water which is im-
pregnated with carbonic acid decomposes all rocks contain-
ing alkalies, and then dissolves a portion of the alkaline
carbonates.
122. Soils being thus formed by the disintegration of
" rocks, their properties are evidently dependent, first, upon
the nature of the several components of these rocks; and,
secondly, upon the effects produced upon these components
by the action of the air and water to which they are subse-
quently exposed. Of the various kinds of soil, the princi-
pal constituents are—1. sand, 2. lime, and 3. clay. The first
two of these, containing mo other inorganic substances
except siliceous earth and carbonate or silicate of lime,
afford no nutriment whatever for vegetation. The clay or
argillaceous earth constitutes the fructifying element in all
soils, and is produced By the disintegration of aluminous
minerals, umong which arc the felspars, mica, &e. The
fertilising properties of argillaceous carths appear to arise
from their containing alkalies and alkaline earths, with sul-
phates and phosphates, ingredients which are never absent
from these earths. 'T'his valuable property of the argilla-
ceous earths is also aided by the peculiarity of their tex-
ture, which affords great facilitics for retaining moisture.
Vegetable life, however, requires, besides the nourishing
properties found in the argillaceous earths, to be supplied
with air and moisture, and while alumina gives no aid to
the passage of these esscntials, chajk and sand do give it
by their mechanical formation. Hence, * land of thie gre
est fertility contains ‘argillaceous earth and other dJisin-
tegrated minerals, with chalk and sand in such a proportion
as to give free access to air and moisture.”* The clays are
thercfore to be regarded by the drainer as impermeable and
retentive materials, and the sands and limes 83 _porous ma-
* Liobig.
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terials ; and the infinitely varied proportions in which these
matters are found combined in soils, determine the degree
in which each soil will facilitate or impede the passage
of water through it.

123. With this knowledge of soils, we may proceed to
the arrangement of the drains required for regulating the
supply of water to the lands of a district. This arrange-
ment will be varied according to the contour of the surface,
and the position of the substrata. 1If this be level, and the
texture of the soil uniform, the drains may De at once
planned, with mains at certain intervals, and minor drains
or feeders at right angles to the mains, and parallel among
themselves, as shown in fig. 32. The inclination in the

* Fig. 32.

bed of the drains, which is necessary to assist the discharge
@ their contents, must be obtained by cutting them deeper
towards the receiving channel, as shown in fig. 83, which
is a longitudinal section of one of the main drains, with
the feeders discharging into it. This increase of depth
also provides the additional capacity wanted in the drains
as the water accumulates in them. An undulating s

will require the main drains to be arranged at the lowest
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levels, and the minor channels conducted into them with
due reference to the capacity of the mains to discharge
their united contents. Fig. 34 is a plan of a surface of

Fig. 34,

this kind, the lines A p, ¢ D, and E ¥, showing the position
of the hollows in which the main drains are to be laid, the
minor ones being arranged so as to divide the total dis-
charge among the mains as nearly equally as the nature of?
the surface will conveniently admit. The ecapacity of the
mains, as also of the feeders, must, of course, be deter-
mined according to the quantity of water for which passage
is required, and modified also by the steepness of the fall.
If @e fall is considerable, a drain of smaller dimensions
will suffice than will be necessary if but little inclination
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can be obtained. That part of the main drain from £ to n
will, in any case, require enlarged capacity, as it receives
the entire drainage. Fig. 3% is a section of part of the

Fiy. 85.
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mains, in.which it will be seen that, as the surface inclines,
the bed of the drain will have sufficient fall if laid at equal
depth from the swrface of the ground throughout. "The
drains are arranged parallel to each other, which is evi-
dently a good rule where it can be ohserved, the surface
being thus divided into equal spaces, and the drainage
made at once perfect and simple.

124. The arrangements of drains here described suppose
the texture of the soil to be the same throughout the sur-
face to be drained; but if soils of different retentive power
appear upon the surface, it becomes esscntial to arrange
the drains with reference to the line of junction ‘of the
soils. Thus, let figs. 36 and 37 represent the plan and

Fig. 36,
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£ig. 37¢

scetion of a district, whereof the higher ground is of porous
materials, p overlying the clay, oy other retentive soil
(marked R), as far as the line A, p, B, where the clay first
appears upon the surface. The water, percolating through
the bed p, and prevented from descending by the clay, will
accumulate along the line 4, n, 8, and form a swamp unless
got rid of. In this case, therefore, a drain must be laid
along this line, while & main drain for the remainder of the
ground, which slopes towards the brook at @, must be
formed on the line E, b+, L This latter drain receives the
contents of the minor drains, which are to be laid parallel,
as shown in fig. 86. The upper drain, A, v, B, discharges
into the brovk ¢ by the cross ducts A E and B¥. The two
main drains must, if the swface permit it, be laid with
their beds dipping cither way from the middle at o and p?,
so as to insure the frce passago of the drainage water.

125. The general arrangement of the drains being, as
already stated, controlled by the superficial contour and
texture of the soil, caunot be properly determined without
a careful reference to the sectional strata of the district. If
these consist of materials of various degrecs of porosity,
their relative positions, not only on the surface, wherever
the substrata may outcrop, but also in the section, must be
regarded. In this kind of consideration consists one great
field in which so much improvement has besn already
cffected, and so much more may be, in the practical art of
land-draining. The history of the art, indeed, informs us
thaf the Romans consulted the nature of the sail in select-
ing the form of their drains; that they provided for drain-
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ing from springs and subtprranean sources as well as from
the surface; and that they were thoroughly conversant with
the superiority of covered and deep drains in certain cir-
cumstances. Without attempting to pursue this history,
however, which is abundantly interesting, but far beyond
our space, we may recall to the minds of our readers the
fact that, some century ago, the only method of draining
generally practised in this country consisted of forming
the surface into rude ridges and furrows, and cutting open
trenches by the hedges to carry off some of the super-
abundant moisture. But, more than this, we are called
upon to attest the fearful truth, that our own little island
still contains thousands upon thousands of acres of land in
this same disgraceful condition, which are commonly con-
demned as bad lands, and regarded as cvidences of the
misfortunes, instead of the ignorance, of their cultivators.
The modern art is not yet a century old. It appears to
date principally from the methods instituted in the year
1764 by one Mr. Joseph Elkington, a Warwickshire farmer,
who happening to drive an auger through the bed of a
trench, discovered the existence of a water-bearing stratum
beneath, by drawing the water from which, the surface and
supersoil became thoroughly drained. The late Mr. Smith,
of Deanston, and others, subsequently extended the prin-
ciple of consulting the texture of the subsoils, and have
adapted the depth, capacity, and construction of drains to
these varieties of texture.*

® Ap early as the time of the Commonwenlth, deep draining was advo-
cated by Captain Walter Blith, who says—* Wherever you see drayning
and trenching, you shall rarely finde few or none of them wrought to the
bottome. But for these common and many trenches, ofttimes crooked too,
that men usually make in their boggy grounds, some one foot, some two, I
say away with them as a great piece of folly, lost labour and spoyle. And
for thy drayning trench it must be made so deepe that it go to the bottome
of the cold spewing moyst water that feeds the flagg and rush—a yard or 4
feet deepe if ever thou wilt drain to any purpose.” And “to the bottome
where the spewing epring lyeth thoy must go, and one spade’s graft beneath,
how deepe soever it be, if thou wilt drain thy land to purpose.” .
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126. Proceeding to examinesthe several varieties of the
structure of soils which are met with, we propose to con-
sider the strata under three leading characters, as exhibited
in the following diagram, viz. the porous, or readily perme-
able; the retentive, or comparatively impervious; and the
semi-porous, or mixed.

Characters of Strata.

SN
Porous or Pervions, [, ". vy trtc S Sand, Gravel, &c.
marked P in Sections, |

™ S B

Retentive or Impervious, Clays, Marl, Dense

marked R in Sections, Rocks, &c.
”~ -
Mixed or partly Pervious, /’/ Loam, Soft Chalk, and
marked ¥ in Sections. / Surface Soils, of mixed
ingredients.

This diagram, therefore, will serve as an index to the
several scquent illustrations, numbered from 38 to 51
inclusive.

127. In fig. 38 we have a common arrangement of strata,

Fig. 38.

the surface-soil (which for its thinness need not be re-
garded), on a porous stratum, and this lying upon a reten-
tive one. The method to be adopted, in this case, will
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partly depend upon the ¢hickmrass of. the several strata.
The water falling upon the surface will saturate the super-
soil, and, being impeded by the lower stratum, will not pass
away except by frequent drains, arranged with regard -fo
the inclinations of the surface. If the clay beneath bo of
considerable thickness, so that the average depth of its bed
from the surface cxceeds b fi., it will be ecconomical to limit
the depth of the drains to the upper stratum, and thus
avoid interference with the clay. The land, however, will
be brought into a drier condition by penetrating the clay
with the main drains at least. But, by doing so, if springs
exist below the clay, they may thus become exposed, and
the work of draining thereby augmented. Borings should,
therefore, be made along the lines of lowest surface, and
cspecially at any points where wet appears to gather, and,
if fny springs are thus detected immediatcly below the
clay, they should be tapped, that is, have communications
opened to the drain, so that thei contents may pass away
through the proper channels.

128. When the porous bed is beneath the clay or reten-
tive bed, as-shown in fig. 89, it will be advisable to cut the

TFrg. 39.

drains. through the clay into the lower stratum, provided
the latter is of sufficient depth to bear the water, and assist
the drainage of the district. Supposing the entire depth of
the lower bed from the surface does not exceed 8 ft., and it
be desirable to economise the water for subsequent irriga-
tion, or other purposes, it will be well to cut the drains
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completely through both strata, mnd thus clear off the whole
of the subwater, as well as that from the immediate sur-
fuce. This arrangement of strata requires the drains to be
Iaid at small intervals, and of amplc capacity, as the dense
super-soil will keep all the water which falls upon it, and
also that which reaches it from supcerior levels. Some beds
of clay are of such thickness that no practicable drains can
be made to communicate with the substrata. When this
is the case, the general system of drainage should consist
of small drains laid very closely, so that the worked mass
of clay may become thoroughly freed from an excess of

water.
129, I'ig. 40 rcpresents a similar succession of strata to

Fig. 40,

RPN e e o T e e
those shown in fig. 88, viz. the surface-soil resting upon a
porous bed, and this upon one of a retentive character.
But the contour of the surface is such, that the main drains
must be formed in the middle of the section, which is the
lowest part in the case here illustrated. The substratum
of ‘clay, rejecting the water, assists its accumulation at the
point marked p, and it will become necessary to provide a
drain of large dimensions in proportion to the extent of the
district to be served. If the general surface is favourable,
it will be better to arrange the principal number and extent
of drains at right angles to the section, as here shown,
rather than parallel with it. The main central drain will
be thus relieved of the violence of the rapid discharges
which the steep drains would send into it, and less danger
will aberue from floods descending from the higher lands.
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130. An arrangement of strata, which is very apt to dis-
cover springs rising to the surface, is shown in fig. 41, in

Fug. 41,

which the district appears to have a concave surface, with
the porous stratum occupying the lower position. The
water, contained in the higher portions of this bed will
burst¥orth at any outlets that may be formed through the
clay; and indeed, if the latter be not of great depth, it will
frequently force passages for itself, and thus angment the
lower surface accumulations, which are collected at the
middle of the section in consequence of its form, and the
density of the upper clay. Efficient drainage will, in this
case, require that the channels intersect the porous stratum,
and, if the-depth be not too great, the beds of the drains
should reach that of the stratum. The position of the
drains on the plan should also be determined, with a view
to cut off the water from the gravelly bed at the higher
parts of the section, and thus relieve the central main drain
at ®, which would otherwise become overloaded Three
main drains, therefore, or more, if the sides of the basin
be of great extent, should be laid, viz. one at the middle
of the section, and two at the higher part,on either side of,
and parallel with it..

181. In fig. 42, the strata are represented in positions
which produce swamps or morasses. Thus, at the point
v, at the foot of a porous bed, lying upon one of clay,
which rises from that point, the accumulation of water will
require a main drain to be laid, bounding the base of the
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Fig, 429
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permeable stratum throughout the entire district, and to
have a capacity in proportion to the extent of that stratum.
If the clay be of inconsiderable thickness, the main drains
should intersect it ®ompletely. In this arrangement jt will
be manifestly useless to cut channels abore the p
except as shallow feeders to the mains. This section illus-
trates one of the reason® of the failure of the methods
formerly adopted of attempted drainage without consulting
the structural condition of the soil.

182. Sometimes a tongue of gravel, or other pervious
material, will be found to extend into and under the clay,
as shown in fig. 43, in which a main drain at b, whatever

Irig. 43.

D3

its dimensions may be, will not be sufficient to intercept
the drainage water which passes through the bed, and will
require another main at p*. In this case, indeed, the prin-
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cipal drain should be laid at this point; otherwise, that
portion of the district lying between » and p* will remai
in a moist and swampy state. ’

188. If, however, the position of the strata be reversed,
and the clay runs into and beneath the porous material, as
represented in fig. 44, the main drain at b should, if prac-

Fig. 44.

-

ticable, be cut through the clay, so that the water may be
assisted in draining from it, and- keeping the space from p
to »*in a healthy condition. At the latter point, the depth
of the main should be such as to reach the bed of the clay,
and prevent the water running back towards the point g,
in case the inclination has a tendency to produce that
effect. )

184. A patch of gravel or similar material is occasionally
met with in the midst of a district, the surface of which,
in other parts, consists of clay, as shown in fig. 46. In

Fig. 45.
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this case two sets of drains will be required, viz. at the
points p p and p* p*; and the same remarks as to the rela-
tive edepths of these mains will apply as already made in
referring to fig. 43.

135. Fig. 46 shows a similar patch of clay running into

Fig. 46,

and under the gravel, rejuiring also two scts of main
drains, which will be more effective in proportion to their
depth, and the most so if they reach the bed of the clay,
and thus prevent its injurious retention of the drainage
water from the gravel or sand overlying its edges.

136. When the general surface of the district has a con-
siderable inclination, as shown in figs. 47 and 48, the me-

Fig. 41.

thods of drainage to be adopted will be varied according to
the relative positions of the materials. Thus, if the porous
material be above, as in fig. 47, the main drain should be
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g, 48

at the point » ; but, if the clay lie upon a stratum of less
density, as in fig. 48, the main should be ]aid at a lower
situation, where it will naturally receive all the water which
accumulates at D, besides that contained in so much of the
lower bed as is above it.

187. If a bed of gravel lie in the hol®w of a stratum of
clay,‘ represented in fig. 49, the surface of the district

Fig. 49,

will remain tolerably dry except at the lowest point b,
where the accumulation of water from the higher parts, re-
sisted in its disposition to descend by the substratum of
dense_texture, will make a principal main drain of ample
dnmensions necessary. Auxiliary mains are also required
at o', to drin the clay surface above these points, and
save the porous bed from the saturation which will naturally
veeur unless thus prevented.

.138. In hilly districts, clays and gravel are often found
in alternate layers, which outerop on one side of the hill,
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as sketched in fig. 50, atl renfler a series of main drains
necessary at the points marked o. By -these drains, the

Fig. 50.

water which gathers in the retentive strata will be dis-
charged at the lowest polnts on the surface, and prevent
any mischievous excess on the soil. The intermediate
portions of the porous materials which are exposed will
readily get rid of their contents by percolation, and drains
of comparatively small dimensions will be adequate to the
cfficient drainage of a section thus composed.

189. Sometimes the side of a hill displays a series of
alternate and horizontal layers, as represented in fig. 51, in
which case a small main draingshould be laid at the ex-
posed bed of each stratum, at the points marked o p, which
will receive the contents of each porous layer, and prevent
any injurious excess accumulating within the intermediate
clays.

140. Having thus briefly noticed the several varieties of
section which are likely to occur in the drainage of districts
and lands, we have now to consider the form, size, and con-
structiorf of drains which it will be advisable to a.dopt ac-
cording to the circumstances of each case.

141. The rudest form of drain is that of an open cut or
channel in the surface of the ground, for conveying the

e}
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watergghich falls in the form of rain, or percolates through
the materlals intersected, away into some lower position,
brook, or other receiver. These open drains are distin-
guished from the more completé form of underground or
covered drains formed by open channels, which are sfter-
wards refilled, except at the lower part, along which a chan-
nel is preserved by one of several methods of construction.
Both of these methods appear to be of gredt antiquity,
having been certainly practised by the Romans, a8 recorded
by Palladius, Pliny, &c.

142, The arrangement and distances apart of open
drains have been usually dgtermined by those of the ridges
and farrows. Previous to the introduction of ‘‘under.
draining,” wet and strong lands were prepared for arable
culture by being ploughed up into the undulating shape
known as “ridge and furrow,” the bottom of the furrow
forming & rude drain for the water from the adjoining
ridges. The. wetness of the furrows or * thoroughs,” as
sometimes edlled, and of the slips of land adjoining, how-
ever, ‘occasioned the perishihg of the crops, and led to the
adoption of shallow drains below the furrows, and com-
monly kept opén with straw or brushwood. This was
termed * furrow” or *thorough” draining. In this manner
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the ordinary width of th® lands or ridges in each district
indicates generally the distance at which the drains were
placed, and the distances now most commonly observed in
different districts, and on different soils, have reference to a
width of ridge that was, or is, in use in those districts ; and
it is “a fact worthy of remarl, that throughout the country
the statements of the number of feet from drain to drain
is in almost every instance divisible (when reduced to
inches) by eighteen, that being the space of ground in
inches moved by a single tumn of ordinary ploughing.”
The long-established usages of each district may be regarded
as indicating the requirements of that district, and the
distance from furrow to furrow furnishes a kind of rude
index of the comparative tenacity or porosity of the soil, or
its capacity for retaining or transmitting water. Thg tabu-
lar stafement, p. 124, (as prepared by Mr. Spooner.) ill@Strates
the correspondence of the distances between ridges and
drains with the characte? of the soil. '

143. Open drains are applicable only as conductors of
surface water, and, for strong tenacious soils. To make
them effective in draining from the body of the soil, the.
depth necessary renders open drains inadvisable; while, in
loose soils, the inclination of the sides, which must be
allowed in order to prevent their rapid destruction, occupies
a most extravagant surface of the land. They are evidently
inapplicable to land submitted tp the plough, by which they
are almost certain to be injured or destroyed, and thus have
commonly been restricted to pasture land, whence they
have been named sheep-drains. Even as thus limited, the
use of open drains is of very doubtful advisability, inas-
much as they are always much exposed to injury, and to
have their banks trodden down and destroyed. Admitting
permanent utility as an object in drain-making, it is certain
that covered drains should, in nearly all cases, both for
arable and pasture districts, be preferred to open ones.

* Evidence of L, H, Spooner, Esq,, of Balmacara House, Lioch Alsh, -
¢ 3
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4 |22o | Someof the Districts Distance from Drain
9 5 5 Jl;ewelg:'&l: ;‘ell‘l:;;-e Generalw clmter of 'to Dnln.ul:é.eommon
.5.§ ’g .gg are in common use.
=t e
SallCaly
ft. in, *
7 6| & )Common in the|Tenncious and uniform 7 ft. 6 in, 15 ft., 21
county of Essex,| clay. ft., or every fur-
row, every other|
furrow, every
third furrow, &c.
16 11 |Parts of Surrey,/Same as above, fine and|Drains 1 rod apart.
Sussex, Kent,) silthing clays, with
. Middlesex, &c. beds of fine sand in-
terspersed.
18 12 |Parts of Yorkshire,/Clays, containing coarse Drains 18 ft. or 1
Northumberland, | sand and grit, inter-| rod (Scotch mea-
Y South of Scot-| spersed with shale and| sure) apart.
land, &c. slate fragments. e
21 14 |Common in the{Calcareous soils and|Drains 21 ft. apart.
ahove and_ the| clays, lighter than the
Midland  Coun- above, with frequent
ties, &c. intermixtures of samd
and gravel.
24 16 |{Very common in the|Clays, similar to the|Drains 24 ft. apart.
. Midland Coun-| above, with rotten
tiesand the High-| sandstone rock and
lands, more frequent inter-
mixtures of gravel, &c.
30 20 |Very  generally|The lighter description)Drains 30 ft. apart.
adopted in the] of clays and clay
lighter clays| gravels,
throughout  the
country. .
33 22 |Parts of Berkshire,|Chalk districts, stone,|Drains 33 ft. or 2
Herts, Suffolk,| brush, gravelly, and| rods apart,
Oambridgeshire, | sandy soils, and the
. &e. hghter deseription of
lands, usually springy
36 24 [Same as above, and| soils.
very general, veve Drains 38 f. or 2
rods (Scotch mea-|
4 snre) apart.

dut'le'.h. application of furrow drtinage to the two last is cowparatively of recent
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144. For suburban and roag drainage, the reasons for
preferring covered to open drains have stil greater force
than those applicable to land drainage. These reasons are
not only cconomical, but also sanitary. Open drains, pre-
senting a commonly stagnant water surface to the atmo-
sphere, produce an unwholesome evaporation. Decayed
vegetable matter accumulates in these drains or ditches,
and emits the most offensive effluvia. Near the metropolis
there are many large open watercourses, which serve to
carry away flood waters, when such occur, but at other
times the small quantity of water in these channels moves
sluggishly over their rugged beds, or lodges in stagnant
pouls. ~ These ditches sometimes serve as outfalls for the
drainage of suburban houses, and the efluvium then be-
comes at times highly noxious and even fatal. The courses
of theke ditches were marked by excessive ravages df cho-
lera among the adjoining population.

145. In carrying outdand-drainage, the open roadside
ditches are usually found to present most serious obstruc-
tions to the work; but if road-drainage were placed, as it
should be, in proper subordination to the general system,
covered tubular drains for the roads would of themselves
effect considerable land-drainage, and in some districts
closely intersected with by-ways .and public footpaths,
they would sometimes supersede the necessity for any other
drainage. On a very stiff clay soil a road drain might,
perhaps, not act more than from 12 to 15 ft. on either side
of it, but in freer soils a single drain would frequently
serve a width of from 1 to 2 chains. These road drains,
properly constructed, would generally answer as excellent
outfalls for the drainage of the land.

148. The extent of evaporating surface of stagnant mois-
ture with decomposing vegetable and animal matter pre-
sented by the open ditches on both sides of a mile of road,
equals from three quarters to’ one acre; that is, by the sub-
stitution of covered drains, three quarters to one acre
would be gained as dry road, or cultivable land for each
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mile of road, besides remowng a frequent cause of accidents
with horses arfd vehicles.

147. Covered drains, being simply intersticial courses
formed beneath the surface, may be constructed in a great
variety of ways, which may be partly determined by the
proximity of the suitable materials. One of the simplest
forms, and most generally applicable, consists of a layer of
stones in the bed of the drain, which is afterwards filled up
with the soil taken out of it in order to deposit the stones,
as shown in fig. 52. In these drains there is a liability to

Fig. 53. Fig. 54.

become less active, by particles of soil being forced down
or brought into the water, and clogging the spaces left for
its passage. If stratified stone is cheaply obtainable, the
better arrangement represented in fig. 58 should be
adopted, consisting of side stones, and one cover over them,
leaving an open space or duct through which the drainage
water passes of course more fluently than through the spaces
between the stones, as shown in fig. 52.

148. A compound drain, composed.of a-layer of loose
stones, and an artificial duct formed with a flat tile on the
bed of the drain, and covered with a semi-cylindrical tile, as
shown in fig. 54, combines the advantages of the two pre-
ceding drains. This form is comnionly denominated the
sole and tils drain, and may, in most parts of the eountry,
be constructed at less cost than the stone duct shown in
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fig. 53. It has also theedvagtage of greater permanency,
being less liable to displacement of the parts. In the
drain shown in fig. 58, the same arrangement of stones
over the duct may of course b3 introduced ; but unless the
work is very carefully done, and the covering with the flat
stones rendered perfect, the loose stones are liable to fall
into the duct, and thus destroy its utility.

149. In clays and tenacious soils, drains such as that
shown in fig. 556 are sometimes formed by cutting the lower

Fig. 55. Fig. 56. Fig. 7.
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part narrower on cach side, and thus leaving shoulders, on
which a flat stone being supported, an open space is.left
below, forming a natural duct or open passage for the
water. The permanence of this, the shoulder drain, is
somewhat insecure, as it depends solely upon the shoulders
being preserved, and the qualification of the material to re-
sist all damage to the open parts of the drain. Another
form of rough stone drain is represented in fig. 56, for
which the larger stones are assorted, and placed in the bed
with & layer of small stones upon them. It must be re-
marked of this, however, as of every rough stone drain;
that its permanent action, depending upon the small spaces
left between the stones, is very liable, in the course of time,
to become much impaired or destroyed by the particles of
soil and solid matters brought along with the .drainage
water; and on this account, espeecially, these drains are far
inferior to those constructed with permanent open ducts.
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160. Fig. 57 shows a drain suitable for bog and peaty
soils, with which the drain is filled up, leaving an open
space below for the passage of the water. The principal
objection to this form of cdnstruction in peat is, that the
effect of dry seasons is to contract the materials, which
then get shifted by the superincumbent weight, and some-
times choke the watercourse below. For the purpose of
protecting the water-way of drains, turf is occasionally
placed over the stones, as shown in fig. 58, where the water-

course is formed with three flat stones, or otherwise tiles,
arranged as the sides of a triangle, and leaving an open
duct between themy. This duct is covered with a layer of
loose stones, by which the stones forming the duct are
kept in their places, and upon these stones a layer of turf
is placed before filling the drain up with the soil.

151. Fig. 59 represents a compound drain, having two
clear watercourses, and a layer of loose stones for inter-
sticial drainage. The two courses are formed with two
semi-cylindrical tiles, and a flat tile or sole between them.
In all drains formed with soles and tiles, these are laid so
that the joints in ome break with those in the other; by
which the joints are rendered less liable to be dislocated or
disturbed than they would be if the joints in the soles and
the tiles were laid coincident with each other.

152, The most complete and undoubtedly permanent
form of drain is that which consists of an open channel
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formed entirely of single pieges of tile-work or piping.
These are now generally acknowledged to form the most
superior drains; and, in nearly all places in this country,
their cost will not much exceed’that of the impeifect drains
formed with loose stones. A drain of this- construction is
shown in fig. 60, where the earthen pipe is represented of
an egg-shaped section, and a layer of loose stones placed
above it. If drains be thus formed, the joints accurately
laid, and the whole work &arefully done, the drainage will
remain in a perfect and unimpaired condition for a very
long period.

153. Drains are liable to injury by vermin, as well as
vegetation, the roots of trees, &c., acting in a very injurious
manner when their progress is interrupted by underground
constructions for drainage. Drains should, therefore, be
laid apart from trees, or these cleared away before con-
structing the drains. The liability to injury by vermin is
onc feature in which pipe drains are superior to all others
constructed of several parts, or depending partly upon the
permanent position of the soil in which the drain is
formed.

154. The form of construction being determined, the
size of the drains is the next object of consideration. For-
merly drains were commonly made of small depth. But
deeper ones having been subsequently constructed, and con-
siderable efficiency in the effect obtained, a great desire has
arisen for deep drains. In arable’districts one imperative
condition as to the depth of drains is, that the lower and
constructed part of the drain shall be below the action of
the plough and other agricultural implements. The strue-
ture, depth, and position of the strata are also circum-
stances that will deserve regard in fixing the depth, as
already explained at length in describing the several varie-
ties-of sections; and, besides these, another consideration,
which must be kept in mind, is, the rate of fall which can
be obtained, according to the levels of the surface of the

district, to assist the discharge of the contents of the drain,
’ ¢ 3
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As a general principle, if jt were impossible to allow all
these circumstances their due weight in arriving at a deci-
sion as to the depth of the draius, degp drains are doubt-
less more safe and likely to be efficient than shallow drains;
but while all the fac_:ts exist, and may be ascertained, by
which the depth should be regulated, it is mere blind pre-
judice which advocates deep drains in all cases and under
all circumstances.

155. On the depth of drains,Yhe following observations
by the late Mr. Smith, of Deanston, are deserving of careful
consideration :—* Iistimating the thorough drainage of
land by the cubic contents of the soil, reckoning from the
level of the bottom of the drainage to the surface of the
ground, can give no exposition of the agricultural effggt,
because it has not yet been fully determined by experiment
or in practice how far it’ is beneficial to the growth of
plants to remove the free water from the lower regions of
the subsoil. One set of experimenpts over a course of three
years has been furnished by Mr. Hope, of Foreton Burn,
in East Lothian, from which it appears that the results
were in favour of moderate depths of drains; and the
practioe in the Fens of Lincolnshirc shows that the most
beneficial distance from the surfuce for the free water is
about 2 ft. In dry seasons, when the water in the level
ditches falls below 2 ft. from the surface, the crops are
found to suffer, and it is customary to dam up the water to
that level.* Water will rise some inches in soil by capillary
or molecular attraction ; but in such cases the water never
fills the fissures or interstices of the soil to such an‘extent
as to exclude the atmospheric air, but merely attaches itself
to the surface of the particles of soil, and of the smaller
cells and channels in the soil, where it remains available
to the roots of plants, and without any of the bad effects
resulting from stagnant fres water. Until the great point

® The expediency of this practice is questioned by J. A. Clarke, Esq., in
an élaborate report npon the farming of Lincolnshire, Bee Journal of the
Royal Agricultaral Society, vol. xii. p. 326.
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can be fully and practieally determined as to the proper
distance for retaining a supply of water, the depth to which
1and should be drained cannot be pronounced. The rule,
when ascertained, will probably be found to vary with the
nature and condition of the soil. In removing water fall-
ing on the surface, it hag been found in practice, and which
agrees with a great theory, that having the artificial chan-
nels at near distances, and not over deep, is most effective
in the immediate and complete removal of the free surface
water, Distances of from 18 to 24 ft., with depths of from
2 ft. te 3 ft., have been found, over extensive tracts, and in
soils of various texture, to effect complete thorough-drain-
age for agricultural purposes.”

@56. As an advocate of deep draining, Mr. Elkington
must be named as connected with some very successful ex-
periments in treating land, which astonished the good far-
mers of the last century, who had been accustomed to pay
very little attention to the improvement of their lands in
this manner, and had becen satisfied to trust the aqueous
condition of their broad fields to the hedge-ditch and ridge-
furrow. Mr. Elkington, having a farm called Princethorp,
in the parish of Stretton-upon-Dunsmore, county of War-
wick, of which the soil was very poor, and so wet that the
sheep rotted by hundreds, turned his attention to the best
meuns of draining it. For this reason he began operations
in a field of wet clay soil, made nearly a swamp, and in
some parts a shaking bog by the springs of water which
issued from an adjoining bank of gravel and sand. Mr.
Johnstone, who published an account of Mr. Elkington's
“gystem,” thus describes his proceedings:—«In order to
drain this field, he cut a trench about four or five feet deep
a little below the upper side of the bog, or where the wet-
ness began to make its appearance; and after proceeding
with it so far in this direction, and at this depth, he found
it did not reach the main body of subjacent water, from
whence the evil proceeded. On discovering this, Mr.
Elkington was at a loss how to proceed. At this time,
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while he was considering what was next to be done, one of
his servants accidentally came to the field where the: drain
was making, with an iron crow or bar, which the farmers
in that country use in making holes for fixing their sheep-
hurdles. Mr. Elkington, having a suspicion that his drain
was not deep enough, and a desire to know what kind of
strata lay under the bottom of it, took the iron bar from the
servant, and after having forced it down about four feet
below the bottom of the trench, in pulling it out, to his
astonishment, a great quantity of water burst up through the
hole he had thus made, and ran down the drain. This at
once led him to the knewledge of wetness being often pro-
duced by water confined further below the surface of the
ground than it was possible for the usual depth of drainggo
reach, and induced him to think of employing an auger, as
a proper instrument in such cases.”

157. These proceedings took place in the year 1761, and
it is very evident, from Mr. Johpstone’'s account of Mr.
Elkington’s discoveries, and the principles upon which he
conducted his draining operations, as distinguished from
the methods then in common use, that these mcthods were
adopted witlfout any reference whatever to the leading cir-
cumstances which properly regulate the steps to be taken.
Thus the three leading points observed by Mr. Elkington,
were, “ 1st, finding out the main spring, or cause of the
mischief;” *“2nd, taking the level of -that spring, and ascer-
certaining its subterraneous bearings ;” a measure never prac-
tised by any, till Mg, Elkington discovered the advantage to
be derived from it; “and rd, making use of the auger to
reach or tap the spring, when the depth of the drain is not
sufficient for that purpose.”

158. The process of tapping is evidently available only
when the spring is fed from a higher level, so that the pres-
sure shall suffice to force the water upward through the
auger-hole. Another method is sometimes adopted as a
substitute for the auger-hole or vertical bore, namely, dig-
ging a well of depth proportioned to the pressure, and
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filling this well with loose stongs, through which the water
will rise, and thence pass away along the drain, with the
bed of which the well communicates. Similar auger-holes,
or wells, may be adopted to effect the precisely opposite
object, viz. to make a downward passage of the drainage
water from the drains which intersect an upper and clay
stratum only, into a more porous bed beneath, in the body
of which the water will become dispersed.

159. The cheapest method of forming open drains in
grass land is by turning a furrow-slice over with the plough,
and afterwards trimming it with the spade, the lines for the
drains being previously marked with poles. The cost of
these drains will not exceedwne halfpenny per rood of six
y@is, which is the measure we shall adopt in all cases
where the quantity is stated in roods. This mode of. opera-
ting is inadvisable if the grass be rough and long, so that
the plough is apt to become choked, or if swampy places
occur. In such cases, & is far better to do all the work
with the spade, by which the cost will be increased to 2d. per
rood. if the drain be formed about 9 in. wide in the bed, 18
or 20 in. at top, and about 18 in. deep, which ig a good size
for the minor or sub-drains. Covered drains may be formed
in grass-land 6 in. wide in the bed, 18 at top, and about 16
in. deep, at 4d. per rood, by cutting out the upper turf, the
whole width across the cut, with the spade, casting out the
lower portions subseqiently, and then carefully replacing
the turf, thus leaving an open space below, equal to the
quantity cast out. The permanencc of-this drain is, how-
ever, very insecure; and, if cattle are admitted on the
surface, they will certainly tread the turf to the bed of the
drain, and thus destroy it. The first cost will, moreover,
nearly equal that of a pipe drain, which needs a much nar-
rower cut, and will remain permanently efficient. -

160. In land to be planted with forest trees, open drains
are always to be recommended, as covered ones are certain
of destruction by the natural tendency of the roots of the
trees to choke them in their search for moisture during dry
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seasons. The main drains ehould be laid along tho hol-
lows in the surface, and made at least 3 ft. deep, with a flat
bed 1 ft. wide, and the banks inclined at the rate of 1}
base to 1 perpendicular, except in firm elay soils, in which
the banks may be formed much steeper. The minor drains
should be for clays not less than 20 in. deep, and light soils
14 in., with a bed in both cases 9 in. in width, and the in-
clination of the banks regulated as for the mains. The
cost of the former will be about 13d. per rood, and the
latter 8d. per rood. The cost of the mains will be in
nearly the same proportion, according to the quantity of
soil removed. The best distance at which to lay the minor
drains from each other will va®% in cxtreme cases from 5 to
40 yards, according to the levels of the site and charndly
of the soil, the retentive clays requiring the drains closer
than the lighter soils. .

161. A general and most important principle as to the.
capacity of drains of all kinds whatsoever is. that it should
exceed yather than be deficient of the dimensions ordinarily
required to discharge the quantity of water for which pro-
vision is to be made. The principal use of a drain being
to attract water towards it through the soil, besides passing
the water thus collected away, its dimensions cannot be
adequately estimated by simply considering the quantity to
be conveyed within any given time. These dimensions
should, therefore, be such as to present large surfaces of
thé soil intersected, and, other circumstances being the
same, the efficiency of the drain will be in proportion to
the extent of the surfaces; that is, to the depth of the drain.
But, on the other hand, if the greater depth of the drain
cadses it to intersect porous strata overcharged with water
from higher land, it will become injurious rather thah bene-
ficial, and this evil will be much aggravated if the greater
depth be admitted as a réason for the proportionate infre-
queney of the draihs. There can'be no doubt that, in
ténacious soils, shallow drains laid closély are, within eer-
tain limits, rore tiseful than deep drains laid wide apart;
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but, if contiguity san be observqd, the deeper they are made
the better, in ordinary cases.

162. Some reasons to gnide the depth of drains may be
derived from a consideration of the action of the soil upon
the water which reaches it, as produeed by its mechanical
structure. Thus, in light and porous soils, the force ot
gravity is active in carrying the water to the bottom of the
stratum ; whereas, in the dense clays and soils, a certain
capillary action is exercised ypon the water introduced to
them, which tends to raise it from the bed, and sustain it
in general diffusion throughout the mass. Therefore, while
porous soils evince little or no water on the surface, the
lower part of the layer will be kept in a state of excessive
wegness if it lies upon a clay bed; and, if its thickness be
such that the roots of the vegetation reach the wet, the
depth of the drains should at legst equal that of the porous
soil, so that the entire body may be relieved of the water.
On soils of this nature, éhallow drains are utterly useless,
unless they happen to reach an impervious subsoil, and eon-
duct the water into mains of greater depth.

163. In arable land, the minimum depth for eovered
drains may be estimated upon the depth to which the
plough penetrates, apd making such an allowance below
this depth as will secure the materials of the drain from
disturbance under any circumstances. Mr. Stephens cal-
culates the depth of a furrow-slice with a two-horse plough
at 7 in.; but in cross ploughing, 9 in. If four horses ba
used, the depth of the furrow will be 12 in.; and if the
four-horse plough follow the common one, the depth will be
increased to 16 in. Subsoil ploughing will penatrate 16 in.
below the common furrow of 7 in. Allowing 8 in. between
the lowest disturbed part of the soil and the surface of the
materinls in the drain, and restricting the effectiveness of
the drain to that portion of it which is below the ploughed
surface of 7 in. in depth, the minimum depth of drains
should be such as to allow 19 in. below the furrow-slice,.oz
98 in. below the surface and above the. constructed portion
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of . the drain, and .s0 mueh mere than this if subsoil
ploughing be practised. Allowing 6 in. for the depth of the
drain occupied by the pipes or tiles, Mr. Stephens estimates
83 in. as the minimum depth of drains in porous subsoils,
and 50 in. in clay subsoils, with an additional 6 in. in each
case if stones are employed as filling materials in the
drain.

164. The size for the water-passage or duct of a drain
should be determined by refgrence to a variety of circum-
stances, the combined influence of which may generally be
estimated in practice, although not reducible to any very
exact rules. Thus, the quantity of rain which falls upon
the surface has to be considered, not as an annual or season
quantity, but as & maximum per diem. Then, the natyre
of the soil and the state of the atmosphere, as affecting the
ratio of evaporation, requirg attention. Beyond these con-
siderations, the general level of the district in relation to
the surrounding country, by which the tract to be drained
may be made the recipient of foreign waters, on the one
hand, or kept in a dry condition by the action of gravity, on
the other, must be noticed. Again, the structure of the
soil affects the quantity of the water which passes through
it, and also the rapidity of its passage; and the amount of
water o be met with will be modified by the part of the
stratuin at which the drain is situated. Thus, in porous
materials, smaller ducts will suffice in the top of the layer
than are required below; and the dimensions must be in-
creased in proportion to the depth of soil above. As an
auxiliary fact in enabling us to determine the capacity of
the ducts of drains, the frequency of them upon the plan of
the district will be greatly influential.

165. The best evidence on these points, viz. the dimen-
sions and distance of drains, is to be gathered from the
records of extended practice. In the weald-clay of Kent,
which is commonly of a very tenacious character on the
surface, but milder below, the body of the water naturally
pessea downwards until arrested by a more retentive stra-
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tum, and, therefore, the dzeper the drains the more effici-
ently they will act. In other parts of the weald, the soil is
compounded of the supersoil or cultivated earth and of a
strong clay, upon which it lies. This soil admits of perco-
lation; but the tenacious clay beneath it does not, and, if
this clay be at a considerable depth from the surface, there
will be little utility in carrying the drains into it. In these
strong clays, not subject to springs, drains 2} ft. deep have
been found more efficacious than those made 4 ft. deep.
In the heavy lands of Norfolk, the drains which answer
best are 23 ft. deep, and laid at the distance of 22 ft. apart.
When they are made deeper, in clay in which flint and
chalk boulders are found dispersed about, the labour of
taking out the lower bed of 16 or 18 in. is very expensive,
costing in that county from 6 to 8 pence per rod of 54 yards.
In the clay-lands of Hampshire, the drains made from 30
to 36 in. in depth, and 18 to 24 ft. apart, have been found
most successful. We can readily understand that, as vege-
tation requires a certain amount of moisture, it is possible
to drain land so effectually that sufficient moisture is not
left to fulfil the purposes of cultivation, and the clay soils,
which are so reluctant both to receive and to discharge
water, will yet suffer a slow and sure deprivation through
the agency of deep drains, which will be injurious to the
health of vegetation; while drains of less depth would have
left the lower part of the stratum in a damp condition, and
capable, by the capillary action of the soil itself, of supply-
ing the entire mass with a genial moisture. In Lincoln-
shire it is a known fact, that if the water in the ditches is
reduced to a level below 3 ft. in depth from the surface, the
grass-land is, in dry summers, most decidedly injured. In
the neighbourhood of Folkingham, a tract of clay land was,
several years ago, drained with tiles laid 3 ft. 6 in. deep,
and the surface, which was in broad bands with high ridges,
was levelled. After a short period, however, the texture of
the clay became 80 solid that the surface-water could not
get down to the drains, and it became necessary to alter the
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method. On the same lands, drains now made 18 or 24 in
deep are found entirely successful. In the neighbourhood
of Newcastle-on-Tyne, some clay lands have been drained
by drains laid 24 ft. deep and 20 ft. apart, with highly satis-
factory results. In various parts of Scotland, the subsoils
of retentivo clay have been more completely drained by
drains 24 ft. deep and 18 ft. apart, than by 4-ft. drains laid
86 ft. apart. In the counties of Worcester, Hereford, &e.,
the best drains in the clays are those laid from 2 to 8 ft. in
depth; those made 4 and & ft. deep being found far less
effective. Mr. Tebbet of Mansfield, near Nottingham, states
that the best way he has adopted on strong clay lands is
putting the drains 14 ft. apart and 2 ft. deep; while he
finds other clays that will diaw at 18 to 24 ft. apart, and
2 to 8 ft. in depth for the drains.

166. A kind of average_ scale for the dimensions and dis-
tances of drains may be drawn from the cxpericnce we have
hitherto had in the draining of land. Classifying the varie-
ties of soils into three divisions, as Compact or Heavy, Me-
dium, and Porous or Light, each of which may be subdivided
into severnl degrees of retentiveness or porosity, the distance
of the drains apart may be graduated from 15 to 66 ft., and
their depth range from 2 ft. 6 in. to 4 ft. 6 in., as in the
Table, p. 189, which has been adopted by the General
Board of Health in their ** Minutes of Information.” .

167. The cost of draining is necessarily a theme of deep
consideration in the execution of any plan which appears
hkely to be most suecessful. The following records state
the size and distance of the drains, the nature of the soil,
and the total expense per acre.

The fivst eight of these cases are quoted from Mr. 8mith's
(of Deanston) Pamphlet. They are instances of hard sub-
soils, with tiles and soles.

Nos. ¢ to 18 are cited by Mr. Jonah Parkes, in the 6th
vol. of the ¢ Journal of the Royal Agricultural Society,” the
drain-pipes being supposed to be made upon the estate, and
-gosting 6s. per thousand.
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The remaining cases axp also given by Mr. Parkes, viz.
in the “ Gardener’s Chronicle,” the tiles being made upon
the estate, and drawn by the tenants.

o)
S
@ 2 i-

S & | By

No. SolvLs. %‘ 3§_~ Eg [ ag

£¢ |GE| o4& 2 =2

£F 1228 ¥y | 25E| 2%

2a |aE5| SE |3s5<| £&

Ft. | Ft. |£s. d|£ s d.|L s d
1.|Clay ....... . 15 (211 4(3 0 11}(512 3}
2.|Sandy clay 18 |12 2104]2 10 931413 8}
8.|Ditto.. ... 21 1116 92 3 644 0 3}
4 24 112 1118 1g{a10 &
5. 2 11 8 7111310413 2 53
6. 3 |1 5 8(110 6|216 2
7. 3|1 3 4177 8211 0
8. 36 {11 7115 42 611
9. 310 ojo7N{l 7N
10. 3B ioo7nl 71
11. 33 1 6 vijo 711'114 7
12, 40 |1 2 010 6 61 86
13. |Clay, with some stones . . 4 5 |1 6 6lo 5 3111 9
14. [Clay. Hndgravellysubsou 3to3j| 40 (115 6o 5 4.2 010
15. | Ditto 4 400 1115 610 5 4 2 010
16. | Various. Cia Y mvel.uud ot 6 |1 6 8lo 4 0110 8
17.|Clay. Gnvel y sublu 3ptod] 33 210 oo 711 21711
18.|Heavy clay . 4| 36 . o lam g
19, V:noulchy 4 36 . . 315 5
20.|Strong clay . . 4 |s0to33 la's 2
21.iStrong land . 4 39 415 7
29.|Weak blueclly 4 30 . i‘ 13 11
23.|{ Whitish stubborn clay 4 36 - 4161
24. Sttumhcl-y and gravel . 4 |33t036] . 534
25.|W! ClBY «eveereranierararnrinanens 4| 36 . Il 48

168. The several items of cost of draining a rectangular
field of 20 acres, with drains 3 ft. deep, and 22 ft. apart,
may be averaged thus:—

£ s d.
Main drain, 60 rods, at Sid. per rod for cutting

and filling . . . .2 2 6
Drain-pipes, 990, at 40s. per t.housand . . 119 7%
Minor drains, 2261} rods, at 4}d. per rod .42 8 0
Drain-pipes, 87,820, at 80s. per thousand .55 19 7

£103 9 8}

Equsls 5l 2s. 6d. per acre.

The main drains are supposed to be 3 ft. 6 in. deep, 20 in.
wide at top, and 4 in. in the bed, with pipes 4 in. in dia-
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meter. The minor drains aresupposed to be 3 ft. deep,

15 in. wide at top, and 3'in. in the bed, with pipes 3 in.

in diameter. .

169. The several items of cost of draining a similar rect-
angular field of similar soil, and prices for cutting and fill-
ing in proportion to the sectional area of the drains; the
field being, as before, 20 acres in extent, with drains 4} ft.
deep, and 45 ft. apart, may be estimated thus :—

° £ s d
Main drain, 60 rods, at 1s. 2d. per rod for cut-
ting and filling . . . . 810 0
Drain pipes, 990, at 40s. per thousand . 119 7%
Minor drains, 1109 rods, at 10d. per rodgor cut-
ting and filling . . . . .46 4 2
Drain pipes, 18,300, at 30s. per thousand 27T 9 0
£19 2 9}

Equals 3l 19s. 11d. per acre.

The main drains are supposed to be 5 ft. deep, 24 in. wide
at top, and 4 in. in the bed, with pipes 4 in. in diameter.
The minor drains are supposed to be 4 ft. 6 in. deep, 21
in. wide at top, and 8 in. in the bed, with pipes 3 in. in
diameter.

170. Mr. Smith gives estimates for drains constructed
with reference to the nature of the soil, which may be
arranged as in the Table given on p. 142.

Mr. Smith also mentions a district of 10,000 acres of stiff
compact clay soil in Scotland, which has been satisfactorily
drained with drains 2 ft. deep, and laid 20 ft. apart.

" 171. The principal circumstances which determine the
cost of drainage works are—the labour of cutting and
filling the drains; the material of which the drain itself is
formed ; and the outlets for the discharge of water. Of
these, the last increases in proportion as the ground is
steep and irregular, or unusually flat, and can only be in-
-cluded, in a general estimate, where the surface gently un-
dulates; the material also varies greatly in cost, arising, in
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s ——
. 3
Cost per Acre.
o g
¥ p ] -2}
s 5,, ®g | H3E gggg Total.
RO B st
[A | v nhi O8O E
Ft.In| Ft. |£ a.dfe d|£ od|f 2 d
Alluvialclay ............ cevesesel 30 21 (2 11012 2 0ofl018 0|5£ 110
Upland clay or till, fulfof stones.| 2 9 21 {32 92 2 01 2 0K 69
Compact gravelly drift, with] 2 9 24 {34 0)16 341 1 06 1 3}
Open “sand "ard 1, with] 4 0 | 40 360'11912( 9
an| ravel, wit )5 9
Hcorif bottom, © .’ . * | *
l’atl moss, forming itso chan-; 3 6 18 |1 4 35 . 06 0'1 10 5
nel.

— &
the case of tiles, in the supply being near at hand, and equal
to the demand, or otherwise ; and, in the case of stones, in

the distance of carriage.*

The following table supposes

R e 'Sandv Solla.' Stiffer Clay | Hard Clay
E 4 | light Loams, and Gravel, | and close
] -g & 3 rg & | andlight | requiring Sols,
S § e (& E | Clays; easy some requinm;
,g aly.|l3|% L et ging. | pickwork. | pickwor!
A IERERR B |
Ea an = = 2 |3R® Ag-id.per { AtGd. per | At 8d. per
H B < | cubie ylrd.i cubic yard. | cubic yard,
Per | Per | Per Per | Per | Per
. . yard. | .od. 'yard.' rod. |yard. 3
i3 ft. in.| in, | in. | in. 9. d. | a.d. 4 d |s dls d | d
E' 4°0| 18 8 13 2+ti0 2 011‘03 1 4)l0 4 |10
w
Rz (3 6] 18 12 | 2= 0 13 oolo 211 140 311 5§
3
§*§ 30| 12 10 [m+lo 1j]o 6.{'0 Blo a0 2|1 0
"
=, 4 0| 18 10}. ’)+01} 09|0 22{1 13j0 8}, 1°8)
FE (36| 16 o | % ol,a,o7io 1 o 1uzlo 9p[1 2
%gaou nbhoo;ou‘ol;oanouoe*

® See Mr. Spooner’s evidence—* Minutes of Information,” collected by
the General Board of Health, 1852.
+ The signs + and — imply a amall fraction greater or less than the

number stated.

In ¢he price per rod, the fractional parts are reduced to the farthings

noearest to them,
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two s of drains, the ong operjed for stones (a8 illustrated
in fig. 66), the other for pipe-tiles, and at depths of 3 ft.,
84°ft., and 4 ft. respectively. The table shows the average
width of cutting for each sigé and sort, and the number of
linegl yards required to equal & solid yard.

172. Stones, as used for the filling of drains, are of two
kinds, viz. the pebbly, or round stones, obtained from the
sea-coast, or channels of inland streams, and the fragments
produced by breaking up stratified or other rocks, and pro-
cured from the quarry. Of these, the former are much su-
perior as the materials for drains, as they preserve the
interstitial channels more permanently than the angular
scraps from the quarry, the several projgetions of which are
liable both to block up the spaces, and’ to be broken off by

rathming, and thus interfere very mischievously with-the
passages for the water. As to the size of the stones, the
standard commonly prescribed, namely, the *size of a
goose's egg,” is as good ag any. At any rate, none should
exceed 4 in. in diameter, or be less than 2 in. In all cases
the stones should be dssorted according to size, and used
separately. Carclessness, in this respect, often leads to the
complete choking of tlie drain, by the smaller stones filling
up the spaces betwcen the larger ones, and forming an im-
permeable dam across the drain.

178. Mr. Roberton, of Roxburghshire, who has paid
much attention to the construction of rough stone drains,
adopts these dimensions for them, viz. 33 in. deep, 7 in.
wide at bottom, and 9 in.-wide at the height of 18 in. from
the bed of the drain, which is the space filled with stones
in the manner shown in fig. 52, p. 136. Fifteen cubic feet
of stones will fill this space in a rood of 6 running yarda of
such a drain. Mr. Stn‘lmg makes his drains of this de-
seription: 80 in. deep in the furrows, b in. wide-in the bed,
and § in. wide at a height of 15 in. from the bed. A rood
of this drain will be filled to a depth of 15 in. by 12:3 cubic
foet of stones. Inasmuch as the durability and efficiency
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of these drains will be negrly in proportion to the space
allotted to the stones, it is desirable, if the means will allow
such an expensg, to make the bed of the drain somewhat
wider than heré stated. Mr. Stephens prefers 9 in. width
of bed, and 18 in. depth of stones, in a drain 36 in. deep.

174. The cost of Mr. Roberton's drains is thus stated by
Mr. Stephens:—The drains being laid from 80 to 36 ft.
apart, and the subsoil favourable to drainage. The ave-
rages of these distances gives 70 roods, of 6 yards each, of
‘drains to the imperial acre.

. £ sd
Opening drains $in. deep, and 7 in. wide at
bottom, at 5id. per rood of G yards, for 70 . .,
roods . . . 112 1
Preparing stones 4 in. dlameter at 4d pe1 rood 1 38 4
Carriage of stones, at 4id. per rood .« 1 06 3%
Unloading carts} and moving screen barrow, at
4d. per rood . . .0 4 43
Filling in earth, at 1d. per 1ood . . . 0 1 5}
Extra expense in the main drains 010 0
Per acre of 70 roods . . . 417 0}
" Orperroodof 6yards . . 0 1 43

In another instance, the expenses were as follows :—

. £ s d
Opening drains 28 in. deep, and 7 in. wide at
bottom, at 4d. per rood of © yards, for 70
roods - . . .1 38 4
Preparing stones, at 24d. per rood . . 014 7
Carriage of stones, at 2d. per rood . . 016 0}

Carried forvard 2 18 11}
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£ s d
Brought forward 2 13 11}
Unloading carts, and moving screen barrow, at -

4d. per rood . . . . 0 211
Filling in carth, at }d. per rood . . . 0 1 b4
Extra expense in the main drains . » 010 0

Per acre of 70 roods 3 8 4
Or per rood of 6 yards . 0 011%

Irom these two instances. Mr. Stephens deduces 1s. 1d. as
the average cost per rood, the average dgpth being 30} in.,
and he has calculated a Table, which we give hexe, omitting
the smaller fractions :—

iSubsotls n'roc which the Distanices|, Dmu:p_cﬁ'l:?- ) Roog:rt;\ P;alns Cost per Acre.
e in Feet.

' ‘ 10 242 £13 2 2
Harp Trun . . . 11 220 1118 4
( 12 202 1018 6

13 186 10 110

Stier CLay . . % 14 173 9 610
( 15 161 814 9

16 151 '? 3 10

17 142 14 2

SaxpY Cray . . . .- 18 185 v 511
19 127 618 0

L 20 121 611 1

( 21 115 6 410

22 110 519 2

23 106 514 1

24 101 59 8

FREE AND SOy, . .4 25 97 5 4 8
i 26 03 5 010
& 27 90 417 1

28 86 413 7 |
] 83 410 4 |
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Subsoil i st Distfaces be-¢ i )

el o D M ot o D 1 e
80 81 £4 7 5

31 78 4 4 7
J gg ;’6 4 2 0 |
3 319 § ¢

OrEx ) 84 71 317 1 °
35 68 31411 |
36 67 313 0 |
37 65 31010 |
IrREGULAR  BEDS  oF) o |
GRrRAYEL OR Sawp, | gg g; 5 g ‘{ ‘I
AND IRREGULAR OPEN | | 0 61 35 6
Rocky Strata. . .J! ‘

175. In using tiles and soles, as shown in ig. 54, p. 126,
the width of the drain in the bed will be determined by the
breadth of the soles. For tiles the internal diamecter of
which is from 3 to4 in., the soles are commonly 7 in. in
breadth. The length of the tile and sole is of course the
same; but this length varies in different localities. The
Ainslie machine tiles are 15 in. long when burnt; those
made by the Marquis of Tweceddale’s machine are 14 in.;
but the more common length is 12 in. Machine-made tiles
are in all cases much superior to those made by hand, being
more thoroughly compressed, and consequently more dense.
Containing more clay, they are still thinner than hand-made
tiles. The 15-in. tiles are less subject to displacement in
the drain, and less handling is, of coursey wanted to make
up any given length. The angular junctions are best
formed by semicircular notches in the sides of the tiles
into which the ends of the others are fitted. Tiles for
main drains are commonly 4 in. wide, and 5 in. high in
the clear, and the soles 9 or 10 in. in width, the thickness
of both being about §ths of an inch. The ordinary price
of tiles may be taken as about 20s. per thousand, and of
the soles, half that of the tiles, or 10s. per thousand. To
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the cost of the tiles an y.dditign has to be made, averaging
from 30s. to 40s. per acre, (the drains being 15 ft. apart,) for
the expenses of carriage, loading and unloading, &c., which’
expenses do not appertain to the common loose stone
drains as last described. With the addition of loose stones
over the tiles, as shown in fig. 54, the cost will, of course,
be considerubly enhanced, as compared with that of eom-
mon loose stonc drains, nearly to the extent of the cost of
the tiles, and the extra incidental expenses of from 30. to
40s. per acre, the drains being 15 ft. apart. This will, how-
cver, form one of the most perfect, durable, and eapacious
drains that can be applied, and will command attention
wherever these objects are sought with minor reference to
cost.

176. Tiles in the form of complete tubes or pipes are,
however, more perfect instruments of drainage than the
separate soles and tiles, being less liable to derangement,
and requiring only hal{ the handling. Pipe-tiles, 2 in. in
diameter, may be bought at the works at 18s. per thousand,
and 15 in. in length; those 14 in. in diameter at 15s., and
1 in. in diameter at 10s. per thousand. Mr. Stephens gives
the following comparative summary of the cost, per acre, of
the three kinds of drain, viz. stones, soles and tiles, and
pipe tiles, the drains being 30 in. deep, and 15 ft. apart :—

£ s d
Loose stonedrains . . . . . . . . 814 9
Soleand tiledrains . . . . . . . . 710 8%
Pipe-tile dn' .o ... 58 8 9

Showing a saving bv usmg

Soles and tiles instead of stones, of 1 4 0}
Pipe tiles instead of stones . . . 8 6 0
Pipe tiles instead of soles and tiles . 2 111§

Mr. Mechi states his expense of draining an acre of “ strong

clay land"” (in Essex), the drains being 40 ft. apart, and

average depth 4 ft., amounts to 2. 9s. 6d. Te this should

be added about 1L for the extra incidental expenses which

his estimate does not include, and the total cost per acre
- g
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will be 81. 9s. 6d. Without questioning the skill and expe-
rience of this gentleman, ‘whose advocacy of thorough
draining merits due appreciation, we are satisfied that he
would find greater ultimate advantage by expending a little
more money in making his drains more frequent and less
in depth.

177. In comparing these several methods of furming
drains, it is perhaps scarcely necessary to state the truth,
that first cost does not afford an adequate test of efficicncy
and permanent occonomy. To obtain this, subsequent cur-
rent expenses, and the resulting condition of the soil for
agricultural purposes, must also be brought into the account,
and will show the benefits to be derived from the usc of
pipe tiles still more foreibly.

178. The flat stone drains shown in figs. 53 and 55, are
economical forms of construction in some localitics, viz.
where the required slabs are cheap and abundant. The
shoulders, shown in fig. 55 as being left in the soil, may be
in some cases better substituted by clearing the drain out
level, and introducing two slabs of <tone, meeting at the
bottom, and having a stone wedged in Letween them at the
top, the upper portion being filled in with loose stones. If
the flat stones at the sjdes can be obtained 6 or 8 in. broad,
and 1} in, thick, at about dd. per ton, an acre of land may
be drained with drains 82 in. decp below the crowns of
the gathered-up ridges, and laid at distances of 15 fi., at a
cost of about 2. 12s., exclusive of carriage of materials,
and the ploughing by which the upper ri are formed.
Constructed as in fig. 53, if the coverilf flags can be
procured 12 in. wide, and 2 in. thick, at the same rate
per ,on, the acre may be similarly drained for 8s. or 9s.

179. For the draining of bogs, the arrangement repre-
sented in fig. 57 is peculiarly applicable, all the materials
being on the spot, as the whole drain is refilled with the
peat itself, which is well known to resist the action of
water with impunity. Provided the cutting of the drains
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be done in summer, when the material quickly becomes
dried, and sufficient time is allowed between the successive
operationg of cutting and refilling to effect the required
consolidation, no better method is yet devised for effecting
this kind of work. The liability of the moss in the bed
of the drain to subside in detached parts, and with great
irregularity, is certain to destroy any arrangement of tiles,
pipes, or other artificial materials.

180. Another mode of forming drains with the natural
materials, called plug-draining, has yet to be mentioned,
rather 10 make our list complete than for any extended
applicability of which it is susceptible. Plug drains are
practicable only in subsoils of very firm clay entirely free
{rom stones, and which never become thoroughly dry ex-
cept by evaporation. Their use is further limited to lands,
the occupation of which is that of permanent pasture. The
usual form of open channel being formed in the clay,
wooden blocks are introduced, which fit the lower part of
the channcl to a hcight of 8 or 10 in., and are convex or
arched on the top. Upon these blocks. or suters, or plugs,
the clay is returned and rammed down in a very careful and
thorough manner. The plugs are then withdrawn, or
drawn forward, for the formation of another length, and
leave an open space or duct below for the passage of the
water. In Gloucestershire, this kind of drain, 2 ft. deep,
has been executed at from 4d. to 7id. the rood of 6 yards,
but the whole 'of the operations have to be conducted with
txtreme carg;'en the soil is free from. frost or much wet,
the ramming, moreover, requiring stout labourers, while
much of pipe-draining ‘may be performed by women and
children, and the finished work is, after all, peculMmdy
liable, like all other drains formed with natural matem]s,
to tho destructive attacks of ‘moles and other underground'
vermin.

181. These being the principal forms and constructions
of land- drams, some notice of the successive operauons to
be carrigd on, and the impléments to ‘be employed, is re-
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quired to complete our accoynt of, the draining of districts
and lands.

182. The preliminary survey of the district tobe drained
having been made, and such indications of the nature of
the soil as this survey affords noted, the next desideratum
is, precise information as to the relative level or altitude,
from a fixed datum, of cvery portion of the surface to be
drained. These levels are obtained by the spirit-level in
the usual manner, but they should be su complete as will
enable us to lay down a plan of the district, with the lsvels
of equal altitude marked upon it. These levels will appear
as lines upon the map. Thus the highest point will be
represented by a dot. The space around it, at one degree
of altitude less, will appear as a continuous line encircling
the dot. The space which has one degree of altitude less
than this is represented by another encireling line around
the preceding, and so on, down to the lowest altitude.
These encircling lines, called contdur lines of equal «ltitude,
will, of course, be more or less irregular, according to the
superficial character of the district. They were used in the
French Survey, in 1818, having been suggested in an
Essay read before the French Academy of Sciences so
early as 1742, and since ndopted for the Irish Survey in
the year 1888. A precise idea of these lines may be
formed, by supposing a block of stone, of an irregular

* conical form, to' be immersed in a vessel of water. If the
water be drawn off so as to lower its lovel egunlly, say ong
inch, at each successive discharge, the h'ng:x' which the
water meets the surface of the cone will be the true con-
‘tour lines of equal altitnde. The degree of altitude ta be
adoged for each contour line will, of course, vary in
smount, according to the prominencs of the hills and the
exnetness required, being less in proportion as the district
is flat or slightly undulating. From a map thus plotted,
eombining, as it does, a true plan and infinite sections of
the district, any vertieal section cam at any time be accu-
Tately witheut furthef reference to thiyground,
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while an immense advantage is obiained in the true indi-
cation of all brooks, and outdtoppings of the substrata of
the soil. ’

188. Tﬁe levels being ascertained and recorded, the ab-
servations necessary to complete the information upon
which the general arrangement of the drains can be deter-
mined have next to be made, by means of boring into and
examining the structure of the subsoil at various points of
the district. The tools, or boring-irons, employed for this
purpose, consist principally of the auger, by which cylin-
drical holes are made in the soil, and their contents brought
up to the surface; the punch, with which compact gravel
and soft rock are perforated ready for the action of the
auger ; and the chiscl, or jumper, with which, by the aid of
sledge-hammers, the necessary holes are made in hard
rocks which resist the auger and chisel. The .auger is
from 2 to 4in. in diameter, and about 15 in. long in the
shell. Its form is that,of a cylinder, with a longitudinal
opening throughout its length, and a sharp cutting edge or
noss of steel secured to the entering end of it. The form
of the punch is that of a pyramid of four sides, from § to
12 in. in length, and from 2 to 4 in. square on the base,
which is the upper end of the tool when in use. The
chisel is a flat tool, with a broad and c.lttmg end, and is

made of various sizes, according to the size of hole required.
Each of these tools has a sertw formed at the upper end,
which will fit rods of iron made about § ft. long and 1 or
13} in. squaré;fillsed to lengthen the spparatus when the
hole becomes @eeper than the length of the cutting tool.
A cross handle of wood, fitted to a tapped socket, that fits
upon the tools and rods, is used for the purpose of tugnng
the augers.

184. Whenthemtnreofthesubsoﬂhasbeenascer-
tained by bormg, and the arrangement of main and minor '

, drains determined, the work offormmgthedmsxsqom

meneed by marking the lines upon the surface with poles, ’
and driving stakes to indicste the mtendad position . and
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direction of the cuftings. A common garden line is them
used to mark off the sides df the ‘cuttings o,ccordmg to the
width ‘they are intended to have. The ground is then
rutted with the spade along the line, and a rut is made at
each side of the drain. From 20 to 30 yards are thus
lined out at each stage: The different tools to be then
employed will vary according to the structure of the sub-
soil to be removed.

185. For ordinary soils, such as clays, loams, and small
gravel, and the usual combinations of these materials, the
common spade, the ditcher’s shovel, and foot and hand-
picks, are the tools employed. The foot-pick has a cross
handle of wood, and a tramp fixed at about 15 in. from the
point of the tool, on which the foot of the workman is
-placed to drive it'into the soil, and which forms a fulerum
on which stones or lumps of the hard dry clay are raised.
The ditcher’s shovel resecmbles a common spade, but is
somewhat stronger, and rounded off on each side from the
baft, forming a rounded point at the lower end. If the
sides of the drain have a tendency to fall jn before the
work can be completed, they must be sustained by planks
and short struts of timber wedged in between them. In
order to test the correct dimensions of the drain, a gauge
is useful, which consists of an upright stem, on which two
or three cross-pieces are fitted to move up and down. The -
stem being graduated, these® cross-pieces may be shifted
and fixed so as to correspond with the intended.limits of
the cutting, and applied wherever tho essary. o

186. The uniformity of the fall of drain¥ is tested with
three staves, each consisting of an upright stem, and a
crosg-piece on the top fixed at right angles, so that the
form of the instrument resembles that of the letter T.
Two of these staves are made about 2 ft. in height, and the
third, one equal to 2 ft, added to the depth of the drain.
The two shorter ones are hald parpendicularly, one at each
"end of the drein, upon ‘the surface of the grotind, while
tbe long one is ghifted along the bed of the drain, and the
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prominent or depressed points marked for correction., Be-
sides these staves, a commion 1ason’s level, with a plumb
line, is a very useful instrument for testing the inclination
of the drains. Mr. Denton has designed a still more com-
plete apparatus for this purpose, which he names the A
level, from its resemblance to that letter in form, having a
cross-shifting limb, by which the inclination of one of the
legs is adjusted, so that a plumW® line from the apex indi-
cates the intended fall, one of the legs having a sliding
vernicr, and the other having cross hairs for ranging the
levels to the end of the drain, with a graduated staff.

"187. In the formation of loose stone draims, after the
stomes are assorted as to size, and deposited in the drains
(for which purposes Mr. Roberton, of Raxburghshire, has
introduced a very complete and portable Yform of harp or
screen, provided with a movable tailboard), they are evenly
distributed in the drain with a strong rake, and beaten
down with a heavy beatef, having a cross-handle for raising
it. The Dbest form of shovel for the stones is that known
as the frying-pan, or lime shovel, having a raised rim
around the hinder part of it, and being made of a capa-
cious size.

188. The cutting of tile drains, requiring very exact
work, is best performed with tools fitted peculiarly for it.
Thus the narrow drain spade produces more perfect work
in throwing out the loosened soil, and also trimming the
sides of the drain, than the common spade. Pipe drains,
being much wer in the bed than any others, are best
finished with s tools designed for the purpose. These
are the narrowest drain spades, made only 8} or 4 in. wide
at the mouth, and having & stud or tramp in front for the
heel of the workman, to assist in pressing the tool into the
soil. Narrow hoes are also useful in removing small stones,
&e., from the bed; and for removing any wet and loose
earth that may accumulatein it after the cutting of the dra‘.m,
a.scoop formed like & long narrow hoe with raised sides is
very eﬂ’ectxve, bemg in use, drawn forward by the'workman.

H3
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The-bed of these drains may also be very nicely finished
and adjusted with a trowel, formed with the edges parallel,
and rounded only near the front. -

189. The objects to be attained in draining implements
are strength, combined with lightness, and handiness; width,
sufficient to remove at one cut all the soil required to be
taken out of a drain at any one part of it; such a shape of
the blade, that it shall®when lifted, raisc the earth cut,
leaving the least possible quantity of broken earth to be re-
moved subsequently. Spades of varions widths arc needed
for cutting the parts of a drain, so that it shall be finished
with a regular tapering section with & top width sufficient
to enable the drainer to work in it, and a bottom width
only equal to receivs the material to be deposited. Many
implements have been introduced of various shapes, and
some of them possessing considerable merit; but we have
space here to notice only the two principal sorts of drain
spades, which have been found ip practice superior to all
others for working in common soils, and of increased
superiority in proportion to the difficulty which the material
to be excavated presents to ordinary operations. Of these,
the « Markly spade,” introduced by Mr. Darby, represented

Fig.61,  Fig.62. Fig. 63,
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of different sizes im\figs. 61,62, and 63, is admirably formed
for removing the lowest 16 or %8 in of a drain, and has
proved its superiority irf * shape and make” as adopted for
caiting through and lifting out a hard grsvei or rocky bot-
tom. Figs. 64, 65, and 66, represent a kind of spade ori-

Fig. 64. I\g 65.  Fig. 66.

i

ginally used in Kent, and since introduced into Rosshire,
and other parts of Scotland, where it has been found to im-
prove the method of cutting the drains, and also to cheapen
their formation to a material extent. With such implements
as these, a drain 10 to 12 in. wide at top, 3 in. wide at bot-
tom, and 36 to 40 in. deep, may be opened by a single cut
from each of thess'sizes.* Drains 40 to 48 in. deep require
a double cut in width and depth with the largest of the
three spades.

100. Bog drains are formed with some tools of pecuha.r
form, which may be noticed. Thus the surface turf is eut
along the lines of the intended drain with an edging iron
of a crescent-like form, and sharpened round its outer edge.
For cutting the turf out, a broad-mouthed shovel is used.

* Mr. Spooner's evidence—*" Minutes ct!nfamaﬁu. collected by the
Goneral Board of Health, 1852.




156 PEAT-CUTTING.

The moss, being cut into ) fquare peats with this shovel, is
lifted from the drain with a three-pronged fork made for
the purpose, or if footing be found for the workmen, the
peats may be neatly cut from the bed, and thrown out with
spades fitted with the handle at a large angle to the spade,
which may thus be conveniently used m a horizontal posi-
tion.

191. In soils where peat is plentiful, this material is
sometimes cut or compressed into form, and baked so as
to constitute open ducts when laid together in the drain
Mr Calderwood, of Ayrshire, introduced, some yoars ago,
a tool fitted to cut peats into a massne semi-cylindrieal
form by one cut, and without any wastc of mategal, the
hollow in oue peat fttmmg the exterior of another It is
said that one man accustomed to the woik can cut from
2000 to 3000 of these peats in a day They nge afterwards
dried in the sun, and <tacked till required.  Sevcral highly-
ingenious machmes have been simented for forming peat
tiles, and also for moulding the pipe tiles of clay of various
forms, to sccure ready and accurate joints, by which im-
provements the cost of production has been within late
years most materially reduced.

192. Some part of the work of cutting drains has, at
various times, been attempted with ploughs of different
forms and construction, fitted, wherever they are applicable,
to effect some economy in the cost of lubour for the work.
Ploughs to facilitate the cutting of drains have been in use
for many years in districts wherc alluvial clays prevail, and
when used, they have been found to economise the cost of
drainage considerably; but owing to the grcat number of
horses (from 8 to 12) required to work them, and the diffi-
culty first experienced by ordinary farm-servants in trying to
manage so many horses and such large implements, the
use of them has been heretofore much restricted.

198. An implement has, however, been introduced, which,
as a draining plough, has far surpassed all previous efforts
and which accomplishes the entire work of opening the
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ground, depositing the pipeg, and makmg good ngmn an
admirable automatic style. This implement is the * drain-
ing plough” of Messrs. Fowler, Harris, and Taylor, of
Temple Gate, Bristol, and will be found described and
illustrated in the Second Part of the Rudimentary Treatise
on Draining.
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Euphrates, rise of the river, 36.
Evaporation, 5. 11. 12.
conditions of, 17.
Experience in counties, 137.
Experiments by Cavendish, 44.
—_— Liebig, 44,
—————— ——- Priestley, 44.
Fairbairn’s draining scoop, 80.
Fellenberg's irrigation, 31.
Fens, draining the, 64-77.
Filter at Battersea, 52.
Filtering on the Secine, 60.
Filters, charcoal, 58,

- on the Clyde, 54.
Fonveille’s, 60.

at Paisley, 56.

——— Souchon’s, 60.

——— Swiss, 59.

Filtration, 50.

Fonveille's filters, 60.
Formation of lakes, 88.
~———————— soils, 105, 106.
Fourneyron’s turbines, 97.
Fowler’s draining plough, 157.
Uanges. rise of the river, 36.
Garnett’s rain gauge, 10.
Germination of seeds, 21.
Grenelle, Artesian well at, 38.
@wynne’s pump, 101.
——————— wheel, 99.

Haarlem, draining the lake of, 89.
Hardness of water, 46,
Hatherton, arrangements of land, 96.
Hose, irrigation by, 82.
Impurities of water, 45,
Irrigation in Devonshire, 82.

Irrigation in I%dinbnrgh, 33,
-9— by Fellenberg, 31
—_— 1iiltration, 31
——————=2— hose, 32.
———— in Lombardy, 0.
——————— Persia, 32.
————— by regurgitation, 31.
~—————— submersion, 31.

— subterranean, 31.
——————— in Bwitzerland, 31.
Tuscany, 31, °
~————— in Wiltshire, 82.

by water meadows, 32.
Junction of drains, 86.
Kentish spade, 155.
Lakes, formation of, 88.
——~— of Haarlem, draining the, 89.
Meeris, Behira, and Ma-
reotis, 36.
Land, reclamation of, 78.
“ Leeghwater,” the, 90.
Liebig's experiments, 44,
Lime, sand, and clay, 107.
Lincolnshire draining, 67.
Lombardy, irrigation in, 30, 31.
Madden on germination of seeds, 21.
Manetti, description of draining by
Count, 31.
Mark en cultivation, 85.
*“ Markly " spade, 154.
Meadows, catchwater, 32.
Mechanical relations of soil, 22.
Mississippi, rise of the river, 36.
Moving earth by streams, 43.
Nn;ural and artificial supply of water,

Natural filters, 54.

Nile, rise of the river, 36.

Nottingham, reservoir at, 58.

Open drains, 122,

Paisley filters, 56.

Peat-cutting, 156.

Persian irrigation, 32.

Pipe, distribution for irrigation, 34,

Plants, De Candolle's rules for water-
ing, 28.°

Ploughs for draining, 156.

Plug draining, 149.

Plymouth Breakwater, 74.

Politiclml of strata, 115-41420.

Priestley’s experiments, 44.

Proper condition of aeil, 24.
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Pulver.7ing soils, 26, |
Pump, £ npold’s, 104

- distribution, 42 . |
Gwynnes, }101.

Pumping engines, 81 90,

Quantity ot air mn soil, 27,

Rain, annual fall of, 6, 7

T aftected by locil crcumstnces,

— cause of, 9.

constituents of, 44

~—— gauges, 10.

—— mean, per month, ¢
Recapitulation, 56

Beclamation of land, 78
Renme’s teports, 70

Reports on draiming, by Rennie, 70
Reservon at Nottingham, 53
Reservoirs, subsiding, 19.

Ruse of rivers 36

the Nile, 36.

Roman draining, 64

Romsey marshes, dramning of, 66
Sand, lime, and clay, 107

Scoop whecls, Fairbairn’s, 80
——- Glynn’s, 82,
Sea-water, analysis of, 45
Sections of drains, 78 126, 127, 128.
Seeds, germnation of, 21.
Beine, filtering on the, 60.

fize of drains, 129

Slaces, 75. .
Boils, air m, 27.

«— condition of, 20,

> dry, 2

weee— formation of, 105, 106.
ww— mechanical properties of, 22,
~——— proper condifon of, 24.
— wet, 25.

Souchon's filters, 61.

Sonrces of water, 4.

Southwark waterworks, 52
Sp.le, Kentish 133
———— “NMNukly, 151
Stephens s calculitions 135
Straty, charwctuas of, 11,
—= poaitiyis ot 1175 120
Streams, moving earth Wy, 13
Store drains, 127
Subsiding 1escivoirs 49
Subterranean i tion, 31
Swiface drmning 29
Survey and contour limes, 150
Swass filtais, 59
Switzerland, nnigition 1, L1
Synopsis, 2
“ Tapping,’ 114 1°2
Thom s filters, 50
Tiles, draunng 140
Tools for boring, 151
draming, 152
Tull’s system, 27
Turbmes, 97
Tuscany, irngtion 1n, 31
Uplands, drainmng 94
Wate~, hardness of 10
~—~= 1mpunities of, 45
——~ meadows, irngation by, 37,
Waterworhs, Chclaea 51,

1 ast London, 49
— Southwark, 52
Well at Cairo, 37
Wells, absorbmng, 41
—— Artesian 37
m China, 36
———Egypt, 36
Wet soils, 25
Wheel, Gwynne's, 99
‘Whitelaw's, 100,
‘Wiltshire, armgation in, 32
‘Witham dramage, 76.

Wosdnail and Eindat, Priuters, Aol Court, Skinfier Stroet, Londun.
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