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PART III
PRACTICE OF IRRIGATION IN NORTHERN ITALY.

INTRODUCTORY REMARKS.

THE curiously fragmentary state of society in Italy forces
itself on a traveller’s notice, not only in matters of feeling,
but more strikingly, because more tangibly, in matters of
fact. A remarkable illustration of the latter view is found
in the infinite variety of measures of all kinds in use
throughout that part of the country which is more espe-
cially the object of remark at present. It seems as
though not only every great division of the country, but
every small district or town, and even in some cases the
pettiest villages, had established each its own independent
system, to the utter confusion of any one who has come
under the necessity of seeking information regarding such
details as are thereby embraced. I have before me, at
this moment, a folio volume of more than one hundred
and fifty pages of tabulated materials, referring solely to
the variety of weights and measures in use throughout




4 VARIETY OF MEASURES IN NORTHERN ITALY.

the small kingdom of Piedmont alone. The confusion
naturally arising from this extraordinary variety has led
to vigorous efforts on the part of the governments to
replace the local measures by a well-defined and common
system ; and it was to facilitate this that the volume I
have referred to was issued by the Sardinian minister of
agriculture and commerce, who has caused, at great
expense of labour, the whole of the local measures to be
reduced to their equivalents in the French decimal sys-
tem. Of course, an article of so much social value as
water for irrigation forms no exception to the general
rule, and the measures in use for its distribution exhibit
the same variety as characterises those for area, capacity,
weight, and linear dimensions. It is not my intention to
enter into any very minute details of the different water
measures, but some information regarding them is neces-
sary, and this I have sought for among the best accredited
authorities on the subject, references to which I give
below.* C ‘

There is, perhaps, no branch of the practice of irriga-
tion so important to the interests of India at this
moment as the establishment of a satisfactory unit of
measure for the distribution of water, and the introduc-
tion of such a form of apparatus as will insure the main-
tenance of this unit within reasonable limits of error.
With the prospect before us of a system of irrigation
canals developing itself over the entire surface of the

* ¢ Tavole di Ragguaglio degli Antichi Pesi e Misure, &c. &c., publicate del
Ministero di Agricoltura e Commercio. Turin, 1849.” “ Appendix on the
Units of Measure for Running Water, pp. 37-42.” ¢ Codice Civile,” published in
1837 for the kingdom of Sardinia. “ Bruschetti,” history of irrigation in the
Milanese. “ De Regi, Uso della Tavola Parabolica per le Bocche d'Irrigazione.
Milan, 1804.” “Tadini, del Movimento e della Misura della acque Corrente.
Milan, 1816.” “ Brunacci, Sulla dispensa delle acque. Milan, 1827,” «
Trattato di Idrometria. Padua, 1845.” ¢ Colombani, Manuale Practico di
Idrodinamica. Milan, 1845 "—numerous MS. notes.




IMPORTANCE OF A FIXED UNIT OF MEASURE. 5

North-Western Provinces and the Punjaub, accompanied,
as it advances towards completion, by a gradually increas-
ing demand for the water, and a continually expanding
area of cultivation entirely dependent for the security of
its products on the supplies furnished by the canals, it is
self-evident that the interests both of the government and
the agricultural community require that an article so
certain to rise in value should be subjected to just, simple,
and well-understood regulations. Under existing circum-
stances, water is issued for irrigation in India under two
different systems : 1st, By area irrigated—. e., at certain
rates per acre, which vary both with the nature of the
crop irrigated and the facilities for irrigation ; and 2d,
By fixed outlets—. e., at certain rates per square inch of
outlet, which also in practice vary considerably under no
determinate rule, but according to local circumstances and
the discretion of the chief officers of the department.
Now, as regards the system of charge for water by area
of irrigation, the defects are almost self-evident. The
lands irrigated vary annually—I might say half-yearly—
in extent and position, hence the necessity for annual or
half-yearly measurements by government officers to pro-
tect the interests of the state ; and hence, also, constant
interference with the cultivators, and no small amount of
fraudulent collusion between them and the subordinate
officials to whom the duty of measurement is intrusted.
The variation of the charge with the nature of the crop
has farther the prejudicial effect of checking the extension
of the more valuable products, or of facilitating evasion of
the government demand by the substitution, in concert
with the native officials, of the inferior for the superior
crops. It isfound, too, that under this system agriculture
becomes to a certain extent precarious, for the temptation
to trust to the chances of rain constantly lead the culti-
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vators to defer irrigation so long, that their crops are
seriously injured ; and as the hope of a present saving
is very frequently more powerful than the fear of a pro-
spective loss, a sort of spirit of gambling is generated.

It is a step in advance to fix the dimensions of the
outlet, and to regulate the charge by the superficial area
thereof, leaving to the cultivator the unrestricted use of
the volume of water thus supplied to him. But it is
evident that to bring this system within legitimate limits,
and to insure for it that degree of exactitude which is
absolutely essential to a good arrangement for the issue
of water, much more is necessary than the mere fixing of
the superficial area of the outlet. Our historical sketch
- of the canals of the Milanese furnishes abundant proof of
the imperfections of such a method in the simple form in
which it is now employed in India, and of the impossi-
bility of securing just and satisfactory results by its
employment without additional precautions. The nature
of these precautions, as determined by long experience
in Northern Italy, we shall now proceed to show; and
when they are all placed before us, we shall be able to
indicate, with better effect than we can at present, those
among them which appear best calculated for introduc-
tion into our Indian system.

In any system of measurement of water for irrigation,
there are two distinct ideas involved, which it is desir-
able to define clearly, and to keep separate in the mind.
There is first the idea of a unity of measure, apart alto-
gether from the means which may be taken to insure its
application in actual practice. Considerations of expe-
diency will determine, in different localities, the special
selection of this unity. It is sometimes the quantity of
water which issues from an opening of fixed dimensions,
with or without a certain pressure ; at other times it is
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the quantity of water which irrigates a given area of land
under certain fixed conditions, and so on in different
terms under different circumstances ; for while one unit
might suit the agricultural conditions of Italy, another
might better suit those of India. The second idea
involved in a measurement system is that of the special
apparatus by which the volume of water, as defined in
terms of the established units, is measured and issued.
The forms of this apparatus depend, in principle, on
purely scientific considerations. They are determined by
the known principles of hydraulics, and are independent
of those social or agricultural relations which influence
the establishment of the unit of measure itself. The
necessary separation between these two ideas is dis-
tinctly indicated in the civil code of Sardinia, the 643d
article of which establishes very clearly and precisely a
legal unit of measure for running water, while it leaves
undetermined, as being a matter which must vary with
the progress of science, the special form of edifice which
is to be used in the practice of distribution. The terms
of the article may be given to illustrate my meaning :—
“ Art. 643. For new grants of water, wherein a certain
constant quantity of running water shall be agreed upon
and expressed, otherwise termed grants from fixed outlets,
(concessiont @ bocca tassata), the quantity conceded ought
to be expressed in all public acts in relation to the
¢ module of water’ (al modulo d'acqua).
. “The measure, or modulo, is that quantity of water
which, under simple pressure, and with a free fall, issues
from a rectangular, quadrilateral opening, so placed that
two of its sides shall be vertical. This outlet shall have
a breadth of (7.874 inches) two decimetres, and a height
of (7.874 inches) two decimetres. It shall be opened in
a thin wall (or plate-parete), against which the water
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stands, with its upper surface perfectly free, at a constant
height of four decimetres (15.748 inches) above the lower
edge of the outlet.”

How the mechanical arrangements for fulfilling the
conditions involved in this legal definition of the Pied-
montese new module are to be worked out, is left to
the skill of the engineers employed—varying according to
private agreement in each case. Though the omission of
a form of measuring apparatus has been censured, and has
given rise to very lively controversy among the lawyers
and engineers of the country, I am disposed to think that
the framers of the code were judicious in fixing only the
unit of measure, and providing as they have elsewhere
done for unavoidable imperfections in the actual measure-
ment, by barring all right to action unless the excess or
deficiency complained of shall exceed one-eighth of the
total volume specified in the grant (Art. 641). Such a
margin will in practice be found to cover the probable
errors of most forms of measuring apparatus now in use.

‘What the unit of measure, or the module, for Indian
irrigation should be is a delicate and difficult question,
scarcely, in my opinion, to be satisfactorily solved, in_the
existing state of our information on the subject ; for
hitherto we have been so busy in creating the grand
framework of our canal system, that we have not had
either time or opportunity for entering on the minuter
questions connected with it. When, however, the details
of Italian experience have been reviewed, perhaps some
useful hints may be gleaned from them.

As might be anticipated from the limited development
of irrigation within them, the States on the right bank of
the Po present the rudest and most elementary forms of
measuring apparatus. The memoir of Brunacci, Sulla
Dispensa delle Acque, furnishes some details connected
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with the modules of these districts, which it may be inte-
resting to give here, as introductory to the more matured
systems of Piedmont and Lombardy.

In the states of Parma and Placentia we find one of
the most imperfect systems of measurement still in use.
Quoting from the Architettura Idraulica of Barattieri,
Brunacci says: “ In these provinces, the sole unity of
measure for the water of a canal is that quantity which
flows in a channel having an area equal to 108 square
inches, without fixed conditions either as regards depth,
or breadth, or slope of bed, the sole essential prescribed
being the area of section just stated.” Under ordinary
circumstances it is, however, usual to make the dimensions
of the outlet 12 inches in height, and 9 inches in breadth ;
but as there is no established rule on the point, and as
the same area of section may be obtained by at least ten
combinations of dimensions, viz.,, 54 by 2, 36 by 3, 27 by
4, 18 by 6, and 12 by 9, with the converse arrangements
of these numbers, it is very evident that extreme irregu-
larity must be the result. It is well known, farther,
that with variations of the heights and perimeters of out-
lets, the discharges vary materially ; and as in each of
the preceding cases both of these elements of calculation
show important differences, the unity becomes of a very
indefinite kind. By natural consequence, recourse is had
in'all important cases to the established and more defini-
tive measures of other countries, and more especially to
the module of the Milanese.

In the provinces of Modena and Reggio, the unit of
measure is one which seems to have been the most widely
spread of all during the ruder periods of irrigation. It is
locally termed a Macina, and supplies the quantity of
water necessary to drive the wheel of a corn-mill. 1t is
the same measure which we find in the irrigated districts
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of the Pyrenees under the term Mowlan ; in Piedmont it
occurs as the Ruota dAcqua ; and in Lombardy as the
- Rodigine. 1t was in fact the first rude idea of unity
likely to occur to an agricultural people commanding the
use of water both for irrigation and motive power. Its
value is of course extremely vague, but it is usually held
to be the quantity of water issuing from an opening one
bracecio (equal to nearly 19.65 inches) square. There
are no conditions established for fixing the pressure or
the linear dimensions when the volume exceeds a single
macina, 8o that it would be vain endeavouring to deter-
mine the real discharge. The dimensions of the macina
of Modena are nearly the same as those of the ruota of
Piedmont ; and as the conditions of the latter are toler-
ably well fixed, its value will give us at least an approxi-
mate idea of that of the Modenese unit. The Sardinian
engineers value the ruota at very nearly 12 cubic feet per
second, and this may be assumed to represent the volume
of the macina also—that is, supposing the water in both
cases to issue at the surface level, and cansequently with-
out pressure. Though this may be generally, it is
undoubtedly not always, the case, as in certain ancient
grants expressed in maeine the height of water above the
upper edge of the outlet rises to 10 local inches, or nearly
13.72 English inches.” It is very clear, therefore, that it
is impossible to attach any precise value to this unit.
The macina is occasionally subdivided inte nine parts,
the volume of each being measured bya square outlet, hav-
ing each side 6.68 English inches in length ; but, strangely
enough, this measure is equally indefinite as regards the
pressure under which the discharge from it takes place;
and its value cannot therefore be correctly determined.
In Ferrara and Romagna, the torrential character of
the streams limits so much the application of their waters
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to agricultural purposes, that no fixed system of measure-
ment has arisen. In the province of Bologna, however,
there is a canal of considerable size employed both for
navigation and irrigation. Its supply, being derived from
streams rising on the northern slope of the Apennines, is
extremely precarious, and in summer the channel becomes
nearly dry ; hence the rules for measuring the water fur-
nished by it are necessarily temporary and special. When
grants are made, the pontifical engineers determine at
discretion, and according to the local peculiarities of each
case, the conditions which must be observed. In general,
the outlets are simply openings in the bank of the canal,
of variable dimensions, and supplied with sluices, which
are regulated by custods, or guardians, under orders pre-
scribed by the engineers. The sole general rule for the
principal canal above alluded to is, that the discharge from
the irrigation outlets must be so limited as not to inter-
fere with the navigation. In 1658 the Cardinal Farnese
ordered that the lower sills of all the outlets should be
made of stone, and raised three Bolognese feet above the
level of the bottom of the canal ; while each opening
should be supplied with a sluice to regulate its discharge.
This order was renewed in 1749, 1757, and 1793, by
various cardinal-delegates, and finally in 1805 by the
prefet of the department. In 1811, the canal Torbido,
near Bologna, was subjected to regulation ; and as great
confusion had up to that time prevailed in all points con-
nected with measurement of the water, the prefet ordered
that the standard should henceforth be the quantity of
water issuing from a square opening having sides of 6.68
English inches ; but as this was the only prescription he
thought fit to make, he did not much improve matters.
The topographical features of Central and Southern
Italy are too generally unfavourable for irrigation to
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have led to the introduction there of any well-defined

m of measurement ; and though in Tuscany, in the
States of the Church, especially in the Pontine Marshes,
and in Naples, there are irrigated tracts of considerable
extent, I do not find, from the Italian authors on the sub-
ject, that any precise rules are in force throughout these
territories. These brief introductory details show the in-
fancy, as it were, of the measurement system, and repre-
sent that stage at which we have arrived in our Indian
practice ; for we are as yet scarcely, if at all, in advance
of the better defined among the methods just described,
and much in arrear of the best of those, to the account of
which we may now proceed.



CHAPTER L

SYSTEMS OF MEASUREMENT OF WATER IN
NORTHERN ITALY.

SECTION L

SYSTEMS OF MEASUREMENT IN PIEDMONT.

For the subsequent details of the measurement system
of Piedmont, I am indebted to various original authorities,
and I believe the results may be regarded as generally
trustworthy. The different dimensions have been re-
duced throughout to English equivalents, and I have en-
deavoured to secure as much accuracy as was possible.
But those who are best acquainted with the present state
of hydraulics know best that allowances must be made
for inevitable difficulties and imperfections in treating
such a question as the present, in which all the results
arrived at must still be regarded as only approximate.

I. THE RUOTA OF PIEDMONT.

For several centuries after the first introduction of the
modern system of irrigation into Piedmont, no special
unit of measure for running water was employed. Cer-
tain ancient documents referred to by Brunacci (p. 31),
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establish the fact that it was first in 1474 that a special
measure was adopted on the canal of Ivrea. An opening
of a foot square in the measure of the country seems to
have been the earliest unit employed ; but as no deter-
minate pressure was specified, this early form was no
doubt exceedingly imperfect. ~About the middle of the
sixteenth century, however, the element of pressure was
introduced and clearly defined. In the Vercellese, and
on the canal of Caluso, water was then issued in terms of
ruote, or wheels, each of which was the quantity passing
through a square opening of one foot, the upper edge of
the outlet being what is locally termed a fior di acqua,
or level with the surface of the water of the canal or
reservoir, the discharge hence taking place under no pres-
sure. The foot above referred to is the Piede Liprando,
and measures 20.043 English inches. The Piedmontese
foot is divided, like our own, into 12 oncue, or inches, and
the superficial area of the ruota was consequently 144
local square inches. The somewhat incongrucus employ-
ment throughout the irrigated districts of Northern Italy
of the term nch at once as a linear, superficial, and water
measure, i8 apt to lead to a little confusion; but a
moment’s consideration will serve to indicate the special
meaning of the term in each case.

The volume discharged by the ruota is estimated by
the Piedmontese engineers at 12.05 cubic feet per second.
But into this determination there enters an element of
error which local estimates do not take account of. In
employing the ruota as a regulating measure, reference is
made solely to its superficial area—144 square inches
constituting a ruota, however this area may be obtained ;
or, in other words, the measure under remark is imper-
fect, because no fixed form is prescribed for it. The fol-
lowing short table illustrates my meaning :—
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enblowumot:.w “n:dohmoh. Porimeters.
Holght. Breadth.
12 12 144 (12 + 12) 2 = 48
16 144 (16 + 9)2= 50
18 144 (18 + 8)2= &2
36 144 (38 4+ 4)2= 80
144 (48 + 3)2 =102

48
72 M4 (7124 2)2= 148

X X X X X X
WD ®
paonuma

A glance at these figures will show the heights varying
from 1 to 6, and the perimeters from 1 to 3, while the
superficial area remains constant. To ascribe a fixed
value to a measure thus variable in the most important
elements which enter into the calculation of discharge, is
impossible. That such variations are not merely possible,
but have actually occurred, admits of documentary proof.
In 1579 the dukes of Savoy and Mantua entered into
an agreement regarding an irrigation outlet from the
canal of Crescentino. In the papers connected with this
transaction, a ruota is defined to be that quantity of
water which passes without pressure through an opening
9 inches high by 16 inches wide, being an area of 144
square inches. Again, in 1764,in a grant made to the
Count of Massino of three ruote of water from the canal
of Caluso, the dimensions given to the outlet are 12
inches in height and 36 in breadth, or for each ruota 12
inches by 12. Various outlets with greater contrasts of
dimensions are to be seen on the different canals, and
show clearly that the ruota is too indefinite to constitute
a good unit. Two principal considerations support this
opinion :—1st, Outlets equal only in sections, but with
different heights, have their centres at unequal depths
below the surface of the supplying canal, and the water
consequently issues from them under different pressures ;
and 2d, The inequality of the perimeters necessarily
modifies the contraction of the vein of water in passing
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through the outlets. These are errors of principle, but
extreme inconvenience in practice arises from the pecu-
liarity of the 7uota in having, as essential to its definition,
no head of water or pressure over the upper edge of the
opening. To expect perfect constancy in the surface-
level of any canal of irrigation is a delusion. Itinevitably
varies, not only with the variations of the level of the
supplying river, but with the ebbs and flows of demand
for water in the interior of the canal itself. Hence the
essential condition of the ruota, that the upper edge of
the outlet should be a fior d’acqua, is almost impossible
in practice. The discharge from orifices having a certain
head of water, as is the case with all the best measures of
Northern Italy, varies, of course, with variations of sur-
face-level ; but it is very palpable that in such cases the
differences are much less than when the standard measure
eommences with no head whatever. The ruota is, in
fact, the only measure in extensive employment which
has the characteristic adverted to, and the practical incon-
venience is remedied by special agreements, in which,
contrary to the rigid idea of the measure, the element of
pressure is actually introduced. Throughout the Vercel-
lese I found the modules dispensing water by ruote quite
as often with heads of water as without them.

I have already mentioned that it was in 1474 that
the first trace of a unit of water-measure appears in
Piedmont. The imperfect form then introduced con-
tinued to be employed with the modifications just in-
dicated till 1730, when, by a decree of Charles Emanuel,
duke of Savoy, the legal measure of water in Pied-
mont was denominated the oncia, and the volume thus
termed was that obtained from a rectangular outlet
having a constant height of 4 linear inches, with a
breadth of 3 inches, and a head of water of 2 inches
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above the upper edge of the outlet. This measure is’
locally termed

II. THE ONCIA OF CALUSO,

from its being employed very extensively on the canal
of that name. It was first introduced by the engineer
Contini, director-general of the royal canals, and is
merely a copy of the unchk of the Milanese as regards
dimensions and pressure, except that the linear mea-
sures of Piedmont are employed instead of those of
Milan.

The oncia of Caluso has the following dimensions in
English measures—(1 oncia — 1.68 inches English :)—
Height, 6.72 inches; breadth, 5.04 inches; pressure,
3.36 inches ; discharge, according to the official estimate,
0.85 cubic feet per second. Such are the theoretical
conditions of this measure, but it would be a great mis-
take to suppose that they are observed in practice.
There is scarcely a single outlet regulated in terms of the
oncia under notice in which the above limits are observed.
The pressure is invariably greater than it ought to be,
and by consequence the discharge is also in excess. For
reasons best known to parties on the spot, these abuses
are tolerated, though occasional efforts have been made
to correct them.

One of the strangest of these was the re-introduction,
at the close of the eighteenth century, by Francesco
Dominico Michelotti, an eminent Piedmontese hydrauli-
cian, of the ancient and most imperfect measure by ruote.
This was certainly an act of extreme folly, and, for-
tunately, the resistance to the system was such that
very few outlets were granted in terms of this revived
measure.

In 1800, however, Ignazio, the son of F. D. Michelotti,

VOL. IL B
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having become director-general of the royal canals, deter-
mined to introduce a modification of his father's plan.
The manifest inconveniences of having outlets level with
the surface of the water in the canal of supply, induced
Ignazio Michelotti to adopt an outlet, giving with a head
of pressure the same discharge as the ruota of his father.
He calculated that a rectangular opening, 4 Piedmontese
inches high, 3 wide, with a pressure of 4 inches above its
upper edge, should give a volume equal to 1 inch, or the
twelfth part of the new ruota, being 0.98 cubic feet per
second. In point of fact, however, while the inch of
F. D. Michelotti is 0.98 cubic feet, that of Ignazio is,
when correctly calculated, equal to 1.02 cubic feet per
second. Hence the conversion of outlets, regulated ac-
cording to the former, into others having the dimensions
of the latter, operated to the disadvantage of the State in
giving larger volumes tlian were just. This circumstance
checked the extensive introduction of the oncia of Ignazio
Michelotti, which had in truth no special recommendation
over the more ancient form of Contini.

IH.. ONCIA OF THE NOVARESE.

The extent to which irrigation was early developed
within the provinces of Novara and Mortara, led to the
adoption therein of a unit of measure resembling that of
Vercelli and Ivrea. It was called the Oncia Novarese,
and consisted of the quantity of water issuing through an
outlet, having an area of 12 square inches. The ancient
statutes of Novara furnish, under date 30th July 1487,
an illustration of the use of this measure in grants made
by Ludovico Sforza, duke of Milan, from the canal Mora,
the whole of which are expressed in “inches.” At this
period, however, the sole essential condition of the inch
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of Novara was that it should be 12 square inches in area ;
no provisions for special height, or breadth, or pressure,
were prescribed—and hence, of course, great differences in
the value of outlets nominally the same. The ruota of
Novara, consisting of 12 such inches as are above de-
scribed, was also sometimes employed ; but, as the outlets
were equally indefinite for the larger as for the smaller
measure, the results were equally unsatisfactory. Not-
withstanding the introduction into the provinces of Milan
and Pavia of a well-defined unit in the Oncia Magistrale,
Novara and Mortara, though at the time under the same
government, adhered to the use of the imperfect measure
above noted ; and to this day there are to be seen on the
canals Mora, Busca, and Biraga, outlets with heads of
water varying from 4 to 16 English inches, though they
are nominally of equal value!

In the province of Mortara, there are examples of a
peculiar measure which dates from the fourteenth century.
In 1387, shortly after the opening of the canal of Sarti-
rana, one of the lines on the left bank of the Sesia,
various grants of water were made to different districts
expressed in “inches,” each consisting of the quantity of
water passing through an opening, with the fixed height
of 10 linear inches of Pavia, and a breadth of only 1 inch,
or in English measure, 15.62 by 1.56 inches. It is curious
to find measures of Pavia 8o far to the westward ; but it
probably arises from the fact that the hospital of this
eity was possessed of extensive property in the Lumellina,
both in land and water.

The preceding details will suffice to show how many
imperfections exist in the measurement system of Pied-
mont. It is impossible for the Government to rectify the
errors of the past. There is but little hope of rooting out
the evils which have grown up under the ancient regime;
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but it is possible to introduce uniformity for the future ;
and perhaps, as the advantages of this become manifest
to the community, it may even be practicable to remodel
into convenient form that chaos which has been growing
into greater and greater confusion for centuries past. As
the first steps to this end, the legal establishment of a
single uniform measure for the entire kingdom, and the
prohibition of the use of any other unit whatever except
that fixed by the civil code, are of much interest and
importance.

IV. THE MODULO OF PIEDMONT.

I have already given, in the course of the introductory
remarks to this chapter, a translation of Article 643 of the
Civil Code of the Sardinian States, which prescribes the
essential conditions of the new module for the measure-
ment of running water. Its dimensions in English mea-
sure are, height 7.874 inches, breadth 7.874 inches, with
a head of pressure above the upper edge of the outlet
equal to 7.874 inches. Its discharge, according to the
official estimate, amounts to 2.04 cubic feet per second.
‘When grants are made for more than one module, the
only dimension which varies is the breadth of the outlet,
the height and the pressure remaining in all cases invari-
able. Hence, for two modules, the breadth would be
15.748 inches, for three 23.622 inches, and so on, while
the height and pressure would continue to be 7.874 inches
respectively. The essential conditions of the module as
defined in the code are, that the water should issue from
the outlet by simple pressure ; that this pressure should
be maintained practically constant ; that the outlet should
be made in a thin plate ; that the water, on issuing from
the outlet, should have a free fall—unimpeded, that is, by
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any back water ; that the outlet should be square, with
two of its sides vertical ; and that the water of the supply-
ing canal should rest with its surface free against the thin
wall or stone plate in which the outlet is formed.

To give practical effect to these conditions has exer-
cised, and continues to exercise, largely the ingenuity of
the Piedmontese engineers ; but, so far as I saw, modern
skill has not yet surpassed the old arrangements of
Soldati ; and why these should not be adopted, instead of
the very apocryphal improvements upon them which came
under my observation, I cannot otherwise account for
than by concluding that the unconcealed feelings of dis-
like between Piedmontese and Lombards prevent their
acknowledging obligations to each other even in matters
of this kind. I shall give examples hereafter of some of
the forms of apparatus devised by the engineers of Pied-
mont for securing the uniform discharge of fixed quanti-
ties of water ; but, meanwhile, I may select a single
illustration of the system, so as to afford a general idea
of how it is worked out in practice.

The following diagram represents the general arrange-
ments for the issue of a certain number of “inches,”
or modules, as may be, and will sufficiently illustrate the
object I have at present in view.

SECTIONAL DIAGERAM oF A PEDMONTESE OUTLET.

A B, representing the supplying canal, the first part of
the measuring apparatus is the sluice, locally termed the
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paratoja, which consists of masonry side-walls, and a gate
of wood, working vertically. The dimensions of this pri-
mary outlet are not rigidly fixed, its object being merely
to admit a larger or smaller supply into the chamber C D.
The sluice is established in the bank of the canal at such
point as may be most favourable for the proprietor's
object, or as may be fixed upon by the canal authorities.
Its sill is sometimes on the same level as the canal-bed,
sometimes above it, and very frequently, as represented
in the diagram, there is a fall in front of the outlet so as
to draw the water towards it. For a length of from 40
to 50 feet from the sluice, the bed of the channel is made
perfectly horizontal, paved with masonry or cut stone—
the upper surface of which is on the same level as the sill
of the sluice. At a distance from the outlet, ranging
from 16 to 32 feet, is fixed the partition or slab of stone
¢ d, in which the regulating or measuring outlet e f is cut,
of which the height is fixed at 6.72, while the breadth
varies according to the number of tnches, each inch being
represented by 5.04 inches. The lower edge of the mea-
suring outlet is ordinarily placed at 9.825 inches above
the level of the flooring of the chamber C D. A small
return, cut in the inner face of the slab at a height of
3.36 inches above the upper edge of the outlet, indicates
the constant level of the water necessary to insure the
established pressure. This height is maintained by the
raising or lowering, as may be requisite, of the sluice at
the entrance of the chamber.

On examining the different forms in use on the canals
of Piedmont, I found excessive variety in the length and
the breadth of the chamber formed by the sluice and the
measuring outlet. Some had this part of the apparatus
about 15 feet long, others 25, and some as much as 35
feet. The interior walls of the chambers, too, assumed all
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sorts of forms, being sometimes circular, sometimes oval
or pear-shaped, and occasionally go twisted as to defy
description. The object of this variety of form is to
destroy the velocity of the water within the chamber, so
that the essential condition of issuing from the measuring
outlet under simple pressure may, as far as possible, be
fulfilled. I must frankly confess that, in nearly every
instance which came under my personal notice, this desir-
able result was very imperfectly obtained. In fact, with
such slopes, and consequently such velocities as the canals
of Piedmont have, the elimination of the latter is beyond
the power of such measures as are at present employed.
There are, farther, no fixed rules for the dimensions of the
sluice, with reference to those of the regulating outlet ;
and in a great many cases, even the fixed height which
the latter ought to have is neglected ; and the pressure,
t00, is not always observed, being sometimes double what
it ought to be.

The general conclusion warranted by our examination
of the measurement system of Piedmont, is, that while its
Ppast condition is useful only as showing us a great deal to
avoid (a very desirable kind of information), its present
state supplies us with something to copy in the distinct
and legal establishment of a single well-defined unit of
measure for the whole kingdom. Though the framers
of the code did not consider themselves justified in estab-
lishing by law any special form of measuring apparatus,
the Government is too sensible, I believe, of the importance
of this point not to direct its attemtion to it, and, by
introducing and enforcing on the canals under its direct
control the best form which the present state of hydraulic
kmowledge suggests, to furnish a worthy example to the
other canal proprietors of the kingdom, and so to bring
the law and the practice into harmonious relation.
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It may perhaps be useful, before closing this section, to
give the formula used by the Piedmontese Commission
on Weights and Measures, for calculating the value of
the various measures of water employed throughout the
country. It is as follows . —

e= 2w z(a +5i—s ; vig
where

Q represents the volame sought.

1 The breadth of the outlet.

a The height of the same.

b The head of water giving the pressure, locally termed the baitente.
g The foroe of gravity.

% The coefficient due to the contraction of the vein.

For the last-noted quantity, which of course varies
with the dimensions of the outlet and the other conditions
of the problem, the best determinations are given in the
experiments of Poncelet and Lesbros, which include a
great variety of cases, and among them some precisely
analogous to the modulo and the oncia of Piedmont.
The coefficient of contraction, with an opening of the same
dimensions, and under the same pressure as the modulo,
is 0.600 by actual experiment, For the oncia, however,
it is necessary to obtain the coefficient by approximation,
none of the experiments having been made with outlets
exactly corresponding to it. Taking, however, the nearest
dimensions, it appears that for every centimetre (0.393
inches), by which the height of the orifice under a pressure
equal to that required for the oncia of Caluso, or between
8 and 9 centimetres (3.14 and 3.537 inches), was dimi-
nished, the value of % increased by 0.0015. To make
this clearer, the experiments of Lesbros give for an orifice
with a height of 20 centimetres (7.86 inches), and under
the pressure due to the oncia, ¥ = 0.599, and for an
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orifice with a height of 10 centimetres, v=0.614. Hence
the difference in the value of u due the difference of
height is 0.015 for ten decimetres, or as above, 0.0015 for
each centimetre.

The calculations made by the Commission are given, of
course, either in French or Sardinian measures, and the
cumbrous ratios between these and our English measures
entail considerable labour in attaining the results. The
formula being, however, general, there is no difficulty in
employing it; and if we had experiments on outlets,
suited in dimensions, and other conditions, to the wants
of our irrigation system in India, much practical benefit
would be the consequence. Considering the great pecu-
niary and social interests concerned in this question, I
may remark that it would be, in every respect, worthy of
the Government of India to cause such experiments to be
executed in connection with the canals under its charge,
as they must form the very foundation-stones of a sound
and substantial system of distribution and measurement.

The following Tables give the absolute and relative
values of the water-measures of Piedmont, as determined
by the Government Commission, which I have reduced to
their equivalents in cubic feet per second, allowing 28.3
litres to a cubic foot.

L—TABLE SHOWING THE ABSOLUTE VOLUMES OF THE MEASURES OF
WATER FOR IRRIGATION IN PIEDMONT.

Deaomination of Measure. vw'},‘.“ pordtoig
Modulo of the Civil Code, . e . 57.988 2.047
Onciaof Caluso, . o . . . 24.053 0.849
Do. of F. D. Michelotti, . e 27.928 0.986
Do. of Ignazio Michelotti, . N 28.861 1.0198
Do. of Novara, . . e e e 36.117 1.276
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II.—TABLE 8HOWING the RELATIVE VALUES of the WATER-MEASURES
of PIEDMONT.

u.lnrn .« lllddﬂ' “ Inches”{ ., Ins.-
F.D. | Ignasio
Caluso. yiicheiotel. |Michelottt | NOTAR-

Modulo, . . e 1.0000 | 2.4087 | 2.0745 | 2.0074 | 1.6042
Onocia of Caluso, . . . | 04151} 1.0000 | 0.8612 | 0.8334 | 0.6659
Do. of F. D. Michelotti, . | 0.4820 [ 1.1611 | 1.0000 | 0.9676 | 0.7732
Do. of WO Michelotti, 0.4981 | 1.1999 | 1.0334 | 1.0000 | 0.7991
Do. of Novara, . . | 0.6234 | 15015 | 1.2032 [ 1.2514 | 1.0000

SECTION IIL

SYSTEM OF MEASUREMENT IN LOMBARDY.

As preliminary to a description of the measurement
gystem of the Milanese, the most complete in Northern
Italy, I will give some details, collected from various
sources, regarding the measures of the other provinces of
Lombardy. For the information given in this section I
am indebted, to the works of Tadini, De Regi, Brunacci,
Bruschetti, and others, and to the courteous assistance of
friends in the different localities, who spared no pains in
giving me every assistance in their power.

L ONCIA OR “INCH” OF THE PROVINCE OF LODL

The combination of effort by which the great canal of
the Muzza was originally executed, has left a curious
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impress on the measure generally employed in the distri-
bution of its waters. As the cities of Milan and Lodi
united in bearing the expense of this work, we find the
local measures of each employed in determining the inch
of water, which is that quantity passing through an open-
ing, having a height of 9, and a breadth of 1 of the linear
inches of Lodi, while the pressure or battente is 2 of the
linear inches of Milan. Is it possible that this most in-
convenient arrangement can be another illustration of
those feelings of mutual jealousy which existed between
the two petty republics? Whatever was the origin of
this use of two separate measures in the same apparatus,
the results in practice must have been very unsatisfactory.
The linear inch of Lodi is equal to 1.4934, and that of
Milan t01.9257 English inches. Consequently, the dimen-
sions of the water tnch of Lodi are—height, 13.44;
breadth, 1.49 ; and pressure, 3.85 English inches. From
the first opening of the canal at the beginning of the
thirteenth, to the end of the sixteenth century, it can
scarcely be said that the oncia of Lodi had any deter-
minable value, for no measures were taken to insure the
constancy of pressure, or, in fact, any of the conditions
on which accuracy of discharge depends. After the in-
troduction, however, of the module of Soldati on the Na-
viglio Grande, the value of the inch of Lodi became more
rigidly defined, and it is now considered by the Lombard
engineers to be equal to 0.77 cubic feet per second.

II. ONCIA OR “INCH” OF THE PROVINCES OF
CREMONA AND CREMA. "

I am indebted to Signor Elia Lombardini for the fol-
lowing details of the inch of Cremona. This measure is
the quantity of water which, under simple pressure,
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passes through an opening 15.838 English inches in
height, and 1.572 in breadth, having a pressure or battente
of 1.572 inches above the upper edge of the outlet. The
volume is estimated at about 0.88 cubic feet per second,
and for each additional inch the breadth of the outlet is
increased by one local linear oncia, or 1.572 English
inches, the height and pressure remaining constant. It
is, however, fixed by very ancient regulations, that no
single outlet shall have a greater volume than 24 water
inches, which corresponds to a rectangle, having a height
of 15.838, and a breadth of 37.728 English inches.

The measuring apparatus of Cremona is very needlessly
complicated. The following diagram will make clear the
arrangements adopted in it :—

Mopuro oF CREMONA.
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The head of the irrigation channel is established on
the bank of the canal of supply at @ . It is provided
with side-walls of masonry, extending in both directions
for 12 or 15 feet, but its size is determined by no fixed
rule. The entrance of water into the irrigation channel
is regulated by a sluice-gate or paratgja. The bottom of
this channel is carefully levelled, and maintained hori-
zontal, sometimes by a pavement, most frequently without
it, for a distance from the head varying from 60 to 80
feet. The proper measuring outlet is established at ¢ d,
being from 25 to 30 feet from the head. The outlet is
not cut in a thin slab of stone as is usual, but is formed
by a culvert or covered channel of variable length. By
working the sluice at the head, a constant pressure of one
Cremonese inch is maintained on the upper edge of the
opening in ¢ d, and the depth of water in the chamber
between a b and ¢ d ought, therefore, to be 11 Cremonese,
or 17.292 English inches.

The double spurs in masonry, represented at g A and
t k, are altogether peculiar to the Cremonese module,
That at g & is intended to maintain invariable the level of
the bottom of the canal of supply, near the outlet a b,
and the sills of these two parts of the apparatus are at
the same height. It is locally termed the scagno, literally
the bench or bank, while the similar work at z k is called
the briglia.  This latter is placed at a distance of 250
feet from the head of the channel, having its sill depressed
1 Cremonese inch below that of the regulator at the head,
and it ought, according to theory, to have a breadth equal
to once and a half that of the outlet itself. In practice,
however, this proportion is rarely observed, and is indeed
sometimes literally inverted, the breadth of the briglia
being actually less than that of the outlet from the canal
of supply. Both the scagno and the briglia are therefore
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merely profiles in stone, or sometimes wood, designed to
maintain permanent the levels at once of the canal of
supply and the irrigation channel, with reference to the
gill of the head of the latter. The mouth of the covered
channel, which serves as a measuring apparatus, is closed
by a stone slab, in which an opening, corresponding to
the number of ¢nches, is cut; and on the edge of this
opening, an iron scale, divided into breadths, represent-
ing such inches, is usually fixed. The length of the
channel is about 15 feet, but in practice great variety in
this and all other points is permitted.

It is evident from the arrangements of this apparatus,
that it was devised originally at a time when the laws of
discharge from orifices were but imperfectly apprehended.
It is perfectly well known how difficult it is to estimate
correctly the discharge from a single opening in a thin
plate ; when a covered channel of variable, but always
considerable, length is annexed thereto, new elements of
disturbance are introduced, the precise effect of which it
is impossible to estimate. No fixed rule is observed for
the proportions of the different parts of the apparatus ;
the variability of the breadths of the sills of the spurs in
both channels causes them to be mischievous rather than
beneficial, so that, on the whole, the Cremonese module
does not command much confidence. It claims, however,
to be the original form of the Lombardian measuring
apparatus—to be the germ of the Milanese module. It
is undeniable that the magistracy of Milan sanctioned, by
a decree under date the 22d December 1551, the intro-
duction of the Cremonese module into the irrigation system
under their charge. The apparatus, however, was much
simpler in detail than it subsequently became. The outlet
was placed directly in the canal-bank ; the discharge was
through an opening of the dimensions prescribed for the
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Cremonese oncia, cut in a thin slab of stone, and without
any covered channel. The sill of the opening was placed
at such a height above the bed of the supplying canal as
to secure a constant height of 11 local inches of ‘water
over its inferior edge. But there is no trace of any regu-
lating sluice or paratoja having been used till 1559, when
the Podesta of Cremona, under orders from the magistrates
of Milan, applied this means of controlling the supply,
together with the covered channel and the double spurs of
masonry—in fact, the normal Cremonese module—to the
irrigating channels of the province. The inventor of the
apparatus was an engineer of Cremona, by name Donenini,
and the outlets of the canal Pallavicino were regulated by
him after the manner described in 1561, and those of the
Naviglio Civico of Cremona in 1585. Intermediately
between these two periods, or about 1572, Soldati invented
the modulo magistrale; but as it is in every respect so
superior to that of Cremona, his claim to originality is
scarcely affected by the brief priority due to the apparatus
of Donenini. At this particular time, in truth, the evils
of imperfect regulation so forced themselves into notice
that thought was busy generally in devising means of
removing them, and it is therefore most probable that
Soldati and Donenini invented their respective plans in-
dependently of each other.

In the province of Crema the measuring apparatus is
the same in its general arrangements as that of Cremona.
But local measures being employed, there are some differ-
ences in the dimensions. The opening corresponding to
the water tnch of Crema has a height of 15.32, a breadth
of 1.53 for each inch, and a pressure equal to 3.06 English
inches. The same imperfections as already noticed in the
modulo of Cremona produce like uncertainty in the volume
of water discharged by that of Crema.



32 ONCIA OF BERGAMO AND QUADRETTO OF BRESCIA.

III. ONCIA, OR “ WATER-INCH,” OF THE PROVINCE
OF BERGAMO.

This measure is a very peculiar one, being the solitary
example in Northern Italy, so far as I know, of the
employment of a circular instead of the usual rectilinear
orifice. The inch of Bergamo is that quantity of water
which passes through a ecircular opening, having a
diameter of 1.73 English inches. It is, however, a
measure of extreme uncertainty, since no determinate
pressure is prescribed for it ; and though for practical
purposes tables have been prepared, showing the discharges
with different heads of pressure, still it is generally
admitted that it is one of the least satisfactory of the
various local measures now employed, and there is there-
fore no special advantage in giving any minute details
regarding it.

IV. WATER-MEASURE, OR “ QUADRETTO,” OF THE
PROVINCE OF BRESCIA.

The Brescian quadrefto is that quantity of water
which passes through a square opening, having each side
equal to one local braccio, or 18.66 English inches. In
its original form some effort was made to maintain a con-
stant pressure by prescribing that the centre of the quad-
retto should always be placed at mid-depth of the supply-
ing canal ; but in practice, even this somewhat obscure and
imperfect condition is rarély attended to. When I visited
Brescia, I was favoured with a paper on the water measure
of the province, drawn up for me at the request of Signor
Fillipo Ugoni, by Signor Corbolani, an engineer of that
city in extensive employment. I give here a translation
of this note, as it supplies some information of interest.
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It will be seen that, so long as the superficial area of the
quadretto, which is 144 local inches, is maintained, the
form and linear dimensions of the outlet are by no means
constant. The normal form is 24 inches by 6 ; but in
practice, outlets are found of 12 by 12, of 4 by 36, and
even of 3 by 48.

“ As regards the manner in which canals or outlets for
the distribution and measurement of running water are
constructed in this province, Ihave,” saysSignor Corbolani,
“ to state as follows :—

“ That by custom, dating from the sixteenth century,
as was established by my late father from numerous
ancient documents, water for irrigation or machinery is
here distributed by the quadretto.

“ A quadretto is that body of running water which
passes through an opening, having a breadth of 24 once,
or 2 braccia (equal to 37.32 English inches), and a height
equal to 6 once (or 9.30 English inches). The following
arrangements are made to secure regularity of distribu-
tion :—

Disgram of the Brescian Quadretto.

Total length C E == 600 braccia = 930 feet.
D. Slope = 4once = 6.20 inches.

R *711 o —— - ///7’/ ///

i 12

! i Length C D = 300 bra, = 465 foet; D B == 500 bra. =465 feet.
j‘ B 'm Slope = 2once= 31in.; Slopo = 2once = 3.1in.
il : ‘

th

“ In the bank of the principal canal, A B, from which
the supply is to be obtained, an outlet of masonry (bocca)
is constructed, having a breadth of 24 local inches, and a
height determined at the discretion of the proprietor.

VOL. IL. _ c
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This head is furnished with a sluice-gate (paratoja) so
constructed as to be raised or depressed with facility, to
regulate the quantity of water admitted into the irrigat-
ing channel C D E.

“ This channel is carried in a straight line from the
outlet for a distance of not less than 930 feet, with a fall
in this length of 6.20 inches.

“ Midway in this channel, or at a distance of 465 feet
from the head, is established the modulo or regulator D,
having a length of 18.60 feet, an opening at its mouth of
the dimensions corresponding to the number of quadrett:
it has to supply, but with no arch or covering, and so
consisting simply of side-walls and flooring in masonry,
the latter being 3.10 inches below the sill of the outlet
at the head.

“ At the distance of 930 feet, a solid bar of masonry
(briglia) with side-walls is constructed in the bed of the
channel with a length of 9.30 feet, and a breadth the
same as that of the regulator at D. The sill of the briglia
is 3.10 inches below that of the regulator at D, or 6.20
inches below the level of the flooring of the head.

“ These arrangements made, the sluice is so regulated
as that the height of water at D shall not exceed 9.30
inches, and the quantity of water then issuing is one
quadretto of Brescia.

“ When larger or smaller quantities are necessary, the
breadth of the outlet is varied accordingly, but the height
of water remains constant at the regulator D.

“ Certain outlets in the province are square, having each
side equal to 1.55 English feet ; but these are the oldest
forms, and are not now approved, the dimensions I have
just stated being those preferred in all new grants.”

The defects of this system are apparent at a glance.
The almost impossible provision of no pressure at the
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regulator, which leads to extreme variations of volume, is
essential—the water, instead of passing the regulating
opening with no velocity, arrives at it with that due toa
fall of between 2} and 3 feet per mile ; and as the linear
dimensions of the regulator vary much in practice, it is
evident that the value of a quadretto is really beyond
accurate determination. There are other forms of appa-
ratus in use, such as having two or three regulating out-
lets, but the fundamental errors noticed above affect the
whole, without a single exception that I am aware of.

V. WATER MEASURE OR “ QUADRETTO” OF THE PROVINCES
OF VERONA AND MANTUA.

The peculiar position of these two provinces, as being
irrigated from the same rivers, while for a long period
they belonged to different powers, has led to an infinity of
rules and regulations regarding the distribution of water
within them. The system in force, however, is far less
perfect than might have been anticipated from the cir-
cumstances of the case, and is, in fact, scarcely superior
to the methods of adjoining provinces, on which much
less interest has been bestowed.

The quadretto of Verona is that quantity of water
which passes through an opening of one Veronese foot, or
18.27 English inches square, under a pressure of 3.04
inches above the upper edge of the outlet. The opening
is made in a plate varying from 3 to 6 inches in thick-
ness, and the discharge should take place under the influ-
ence of simple pressure without velocity. Strange to say,
the height of the outlet—which, whatever be the number
of quadretti issued, ought to remain fixed, while the
breadth only varies—is changed constantly in practice,
8o that the determination of the real value of this measure
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is about as impracticable a problem as Italian irrigation
presents. I endeavoured in vain to procure precise infor-
mation regarding it, as those best qualified in the country
had no common agreement on the point.

Throughout the more easterly provinces of the Lom-
bardo-Venetian Kingdom, there is no well-defined system
of measurement of water. This is readily explicable, from
the very limited extent to which irrigation is developed
over their surfaces. On this subject, Brunacci remarks
(Memoria, p. 54), “ In the Venetian provinces there are
no fixed methods for the distribution of water, nor is
there any established unity of measure. In all grants of
water made there, we find specified only the area of the
outlet, and the use to which the water issuing from it is to
be applied. No reference to the pressure or any other
circumstance warrants usin inferring that the element of
velocity was taken into consideration. Nor is this to be
wondered at in localities where the nature of the soil, and
the deficient supply of perennial streams, forbid the deve-
lopment of an agriculture requiring extensiveand repeated

irrigation.”

SECTION IIIL

MEASUREMENT SYSTEM OF THE MILANESE.

As preparatory to the detailed description of the
modulo magistrale of Milan, I may first state in outline
the essential conditions which, according to the most ap-
proved Italian authorities, are to be fulfilled by a trust-
worthy apparatus for the measurement of water employed
in irrigation. To claim rigid accuracy for any such ap-
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paratus, in the present condition of hydraulic knowledge,
is impossible ; but where the object is the practical one
of measuring the water issued within reasonable limits of
error, satisfactory results may, I think, be obtained.

The general laws by which the motion of fluids is
regulated are sufficiently familiar to make it unnecessary
for me to dwell at any length upon them. The basis of
all formulee for discharge by orifices is the Torrecellian
theorem, published first in 1643, which establishes the
law that, “if no disturbing causes interfere, the velocity
of a fluid, on issuing from an orifice in the side of a
reservoir, is that which would be acquired by a heavy
body in falling freely from a height equal to the distance
between the surface of the fluid and the centre of the
orifice.” According to the first principles of accelerated
motion, the velocity of a freely-falling body is propor-
tioned to the time consumed in acquiring it, and the
height to the square of this time. Hence we have the
elementary expressions

o
o=V 2gbandh=§3

in which v represents the velocity of the fluid on issuing
from the orifice, 4 the height corresponding to this velo-
city, and g the constant of gravity; whence it follows,
from the relations thus established between the velocities
and the heights corresponding to them, that if a series of
orifices be opened, in the same vertical line, in the side
of a reservoir, the curve which results from taking the
heights as absciss®, and the velocities due to these
heights as ordinates, will have its absciss® proportional
to the square of its ordinates; or, in other words, the
curve in question will be the parabola, the properties of
which supply the means of calculating with simplicity the
velocities corresponding to given heights, as has been done
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by De Regi, in his “ Tavola Parabolica per le Bocche
d’Irrigazione,” a work which I found of high authority
among the engineers of Northern Italy in all hydraulic
calculations,

The means thus existing for determining the velocity
due to given heights of water, it might seem that, to
obtain the discharge, it was only necessary to multiply
the area of the section of the outlet by the velocity
corresponding to the head of pressure, or battente over
it. But, in truth, there is no branch of physics in which
the theoretical correspond less with the observed results
than in hydraulics, and the most approved formulse, with
every possible correction, are still far from rigidly accurate.
There are numerous disturbing elements to be taken into
account, some of which remain still but imperfectly deter-
mined. First, the coefficient, representing the force of
gravity, varies with the latitude and the elevation of the
locality ; and it is necessary, to the accuracy of the dis-
charge, that its exact numerical value should be known.
Second, The discharge from an orifice is modified by the
resistance of the air, and never in practice conforms to the
theoretical condition of a vacuum. In cases of outlets for
irrigation, the discharge almost invariably takes place in
a fluid medium, and is modified by the resistance of the
water. Third, There is scarcely a single condition of the
supplying channel, as regards its form, its inclination, the
material of which it is composed, and numerous other
physical circumstances, which does not react on the volume
discharged from a given outlet under a determinate
pressure. And, fourth, The form of the outlet itself is of
the last importance to the estimate of the volume of water
it is capable of discharging under given circumstances.
According as this form varies, the coefficient representing
what is technically called “ the contraction of the vein”




CONDITIONS OF A GOOD MEASUREMENT SYSTEM. 39

varies also, and to an extent which influences, in the first
degree, the discharge from it. The determination of this
coefficient has been the object of many series of experi-
ments, the most complete being that of MM. Poncelet
and Lesbros, published in 1832, under the title of
“ Experiences Hydrauliques Metriques,” for an abstract
of which I am indebted to the “Idronamica” of Colom-
bani. According to these experiments, it appears that,
for orifices of the dimensions, and with the pressures most
common in irrigation, the mean coefficient of contraction
is between 0.62 and 0.63. But even at best these re-
sults must be used with caution, as many circumstances
will occur in actual practice to modify them. I do not
know that any satisfactory experiments have yet been
made on the discharges of outlets, partially or wholly
immersed in water, as is constantly the case with the
heads of channels of irrigation. Many new conditions
arise in such cases to complicate the problem, and I con-
fess I have little or no confidence in any of the existing
means of solving it. The best result that can at present
be obtained should, therefore, be regarded as simply an
approximation to the truth, and nothing more.

The conditions essential to the practical working of a
good system of measurement are thus stated by Brunacci
(“ Memoria,” p. 71).

“In order that orifices in two separate reservoirs,
maintained constantly full, should discharge equal quan-
tities of water in equal times, it is necessary—

“ 1. That the two orifices should have exactly the same
area, the same form, and especially the same perimeter.

“2, That they should be placed at the same depth
beneath the surface of the water.

“3. That the plates or partitions in which the orifices
are cut should have the same thickness.
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“4. That the water in both reservoirs should be
equally calm or equally disturbed on its surface, or
throughout its mass, in the vicinity of the orifices.

“5. That the directions in which the water passes
through both orifices should be the same.

“6. That the water, if not stagnant, should arrive at
the two orifices with the same velocity.

“%7. That the discharge of the water from the orifices
should be equally free or equally checked—that is, if
canals are attached to the outlets, they should have equal
sections, slopes, or other conditions.

“8. That if the discharge is made in water, the
reaction should be the same in both cases.”

These conditions were originally indicated about the
middle of the sixteenth century, and they include nearly
everything that could influence the discharge. It will be
seen, however, that some of them are purely theoretical,
and their attainment in practice would not be possible.
Looking simply, therefore, to the demands of an ordinary
irrigation system, a module which effected perfectly the
following results would leave little to desire; and in pro-
portion as existing forms do effect them, they may be
ranked higher or lower in the scale of practical value.
The results sought are—

1. That, wherever placed, outlets nominally of equal
discharge should always furnish, in given times, exactly
the same quantities of water.

2. It is an essential result that the discharges should
be equal, however the level of the canal of supply may
vary. '

3).' The measuring apparatus should be so constructed
as to render it impossible for its proprietors, or any other
person whatsoever, to alter in any way its discharge, with-
out leaving traces of such attempts easy to be recognised.
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4. That the manner of working the apparatus should
be so simple as to require no more than the most ordinary
intelligence on the part of the officials intrusted with its
regulation, so as to avoid all risk of its being injured either
by their awkwardness or ignorance.

5. That no calculation should be necessary in regulating
the discharges ; but when alterations of the quantity of
water were necessary, they could be made at once by the
mere adjustment of the measuring apparatus.

6. The apparatus should occupy but a limited space,
80 a8 to admit of its being applied in all localities.

7. The normal discharge, or unity of measure, being
once determined, the apparatus ought to be so constructed
as to insure constancy of volume from large and small
outlets.

When these seven conditions are exactly fulfilled, the
problem of a measure of water, perfectly applicable to the
wants of the most extensively developed system of irriga-
tion, will be solved. I may now proceed to show in how
far the modulo magistrale of Milan has effected this ; and,

first, as regards the elementary principles on which its
construction is founded.

Let A B C D be a vessel supplied with water, having
an outlet at D, and divided vertically across its breadth
by a partition or diaphragm E F, which can be placed at
variable heights above the bottom of the reservoir. On
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investigating the phenomena of discharge under these
circumstances, the early Italian experimentalists found—

1. That there was established between the two com-
partments of the reservoir a constant difference of level,
and that this difference was proportionally greater accord-
ing as the opening of the diaphragm was less in compari-
son with that of the outlet. In other words, the opening
at D remaining constant, and that at F being variable,
the difference between the levels of the water, in the com-
partments A E F B and F E D C, was found to be pro-
portional to the difference between the areas of the outlets
at D and F. As F became less in proportion to D, the
difference of level increased, as might have been expected.

2. That if, instead of maintaining the level of water in
the reservoir constant, it was subjected to elevations or
depressions, the variations corresponding to these were
found to continue proportional to the heights originally
established in the two compartments respectively, for a
given condition of the orifices of discharge and communi-
cation; in other words, if, when the level in the reservoir
was maintained constant, the heights of water in the two
compartments were to each other as 3 to 1; then a de-
pression of the level of the first compartment, to the extent
of, say, 3 feet, would produce in the second a depression
of 1 foot; 18 inches in the first, 6 inches in the second,
and so on.

3. That this principle was not affected by the employ-
ment of two or more partitions ; that is to say, the same
relative proportion was maintained between the variations
of level and the original heights of water in the first and
last compartments, whatever addition was made to the
number of the intermediate diaphragms.

The application in practice of the principle here stated
is sufficiently clear and simple. Suppose the first com-
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partment, A B E F, to be a canal or reservoir, E F the
sluice-gate at the head of an irrigating channel, and D
the regulating or measuring outlet—it is clear that,
by raising or depressing E F according as the varia-
tions in the level of the main canal render necessary, a
fixed and constant height of water may be maintained
over D, and that condition, which in all irrigating coun-
tries has been recognised as the most important to a good
module, may thus be practically secured. I need scarcely
remark, that as the physical circumstances of canals of
irrigation make changes of level very frequent, a certain
amount of fluctuation in the volumes, discharged by every
module, must necessarily be tolerated. 'What this amount
may be is of course dependent on local considerations and
convenience, but the moment it is passed, an apparatus,
constructed on the principles above noticed, furnishes the
means of at once re-establishing it in its normal condition.
But it is to be observed further, that, independently of the
power thus supplied to establish, when it is considered
necessary, an exact pressure on the measuring outlet, the
sluice or paratoja produces an important effect by its
mere presence. For, on the principle expressed in the
second of the results of the Italian experimentalists be-
fore given, the variations of level in the main canal pro-
duce on the water within the module the minima of
alteration, and the greater the difference of height be-
tween the water outside and inside the sluice, the more
marked is the diminution of the effect of changes of level
in the former. As a numerical illustration of this point,
it has been found that, in the Milanese module, when the
difference of height between the water on each side of the
sluice amounted to 6.96 feet, a depression of level out-
side, or in the canal, to the extent of 4} inches, led to a
variation in the interior of the module of a little less
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than a single inch. The pressure on which the discharge
of the module so intimately depends was, therefore, affected
to the extent of about one-fourth of the variation in the
supplying canal ; and the same proportion would continue
if the sluice should remain in a fixed position. Its pas-
give influence, so to speak, is accordingly of material use
in practice.

Although the introduction of the regulating, or, as it is
sometimes termed, the hydrometric sluice, is the most
important step in the improvement of the measuring
apparatus of Italy, there are other circumstances which
are also very essential. These are, the distance of the
measuring outlet from the head, the form of the chamber
included between those points, the form and dimensions
of the chamber below the measuring outlet, the proper
dimensions of the measuring outlets themselves. These
latter conditions vary exceedingly in different cases; and
in looking to the approved modules of Northern Italy
two distinct points are to be noted. 1st, That each
exhibits in the paratoja, or hydrometric sluice, a fixed
and fundamental portion of ‘the apparatus destined to
insure constancy of pressure on the measuring orifice ;
and, 2d, That they exhibit various arrangements, differ-
ing in each, designed to regulate the condition and move-
ment of the water in the module, both as affected by the
supplying canal and the channel of distribution. These
general remarks may prepare the way for a clear concep-
tion of the module of the Milanese, which I now proceed
to describe.

The historical sketches of the great canals of the
Milanese, given in Part II., have rendered unnecessary
any detailed account of the circumstances under which
the modulo magistrale was introduced. The crying
evils arising from the fraudulent appropriations of the
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waters of the Naviglio Grande were the moving causes
to the establishment of this measure. From the com-
mencement of the thirteenth to that of the sixteenth cen-
turies, grants of water in the Milanese were made in the
rodigine, the synonym, as formerly mentioned, of the
Piedmontese ruota, the French @il de meule, or the
moulan d eau, and literally, in English, “the wheel.”
The rodigine was the quantity of water passing through
an opening, having an area of 72 local square inches, and
of which the sill was placed 8 inches above the bottom
of the canal. It was subdivided into 6 water-inches, but
as no conditions regarding pressure were fixed for it, its
absolute value is unknown. The oncia, or water-inch,
was also employed in regulating grants of water ; it was
the quantity of water passing through an opening of 12
local square inches, of which the sill was placed at 8 inches
above the canal-bed in the Naviglio Grande, and 4inches for
the river Olona. The water-inch, however, was a measure
quite as undetermined and unsatisfactory as the rodigine.

It is not until the beginning of the sixteenth century
that we find any accuracy introduced into the water-
measures of the Milanese. In 1503 the following instruc-
tions were issued :—1. That all outlets should be made in
glabs of granite or marble, with a fixed height of 4 local
inches. 2. That they should be established in the banks of
the canals, without accompanying dams, spurs, or any other
like works. 3. That the outlet, properly so called, should
have attached to it a chamber in masonry of the length of
9 braccia (17§ feet), of which the lateral walls parallel
to each other should form oun each side a return of 3
inches (5.895 English inches) in excess of the breadth of
the outlet. 4. Finally, that the sills of the outlets should
be established at heights fixed for each canal according to
the depth of water in it.
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The first rude outline of the modulo magistrale is to
be traced in these regulations. An attempt is made to
regulate the discharge from the outlets by the introduction
of a masonry chamber ; but as yet the means of estab-
lishing a fixed pressure had not been devised. It was
between 1559 and 1561 that the hydrometric sluice was
first employed, and then in association with the module
of Cremona, which, as we have formerly seen, combined
with it, by a sort of perverse ingenuity, as large a number
of imperfections as such an apparatus could display. Ten
years later, or in 1572, Soldati submitted to the magis-
tracy of Milan the modulo he had invented ; and it is
curious to note that it was constructed on purely empiri-
cal data, for at that period it may be said that the scien-
tific principles of hydraulics were scarcely known. In the
higtory of the Naviglio Grande I have given the conditions
of the problem, as submitted by the magistrates to the
engineers of Milan, and of these I may repeat here the
three which may be considered fundamental

1. To indicate the best unit for the measurement of
water employed in irrigation, and such a method of dis-
tributing it as should be injurious neither to the public
treasury, to navigation, nor to the consumers.

2. To discover an apparatus which should be competent
to discharge in a given time, by outlets of fixed dimensions,
a constant volume of water, whatever may be the varia-
tions in the level of the supplying canal: or that this
volume, once fixed under a known pressure, should be
rendered perfectly independent of the variations which
might take place either in the level of the water, or in
the form or direction of the canal.

8. To construct the apparatus so that it would oppose
all possible obstacles to that system.of fraud or alteration
by which a greater quantity of water had been obtained
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than was originally granted, and which had hitherto pre-
vailed throughout the country.

These instructions were fulfilled by Soldati in the fol-
lowing way :—

The unit of measure fixed upon was called the oncia
magstrale, and is that quantity of water which flows freely,
orunderthe sole influence of pressure, through arectangular
opening, having a uniform height of 4 local inches (7.86
English inches), a breadth of 3 local inches (4.12 English
inches), and a constant pressure of 2 local inches (3.93
English inches), above the upper edge of the outlet.

The diagram below exhibits to the eye the dimensions
of this unit of measure.

ONcIA MAGISTRALE oF MmAN IN ENorisg MEASURES,

7.86

It is essential that the above dimensions should be
rigorously observed, and especially that the constant pres-
sure of 3.93 inches over the outlet should be maintained.
‘When one outlet is designed for the discharge of several
water-inches, the breadth only varies in the proportion
of 3 local linear inches (4.12 English inches) for each
additional water-inch, the height and the pressure re-
maining constant, as thus—
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OUTLET FOoR 6 WATER-INCHES.
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The outlets are cut with care in a single slab of stone,
which varies in different localities, being in some granite,
in some mica slate, and in some marble. To preserve
them from being tampered with, an iron rim is fixed upon
them of the exact dimensions corresponding to the dis-
charge. They ought invariably to be cut in a simple
plate, with no arrangement of any kind to increase the
volume beyond that due to pressure alone. The thickness
of the slab varies somewhat with the dimensions of the
outlet, but in a rigidly exact module this dimension should
be fixed in common with all the others. These are the
conditions applicable to the measuring outlets. To illus-
trate the other arrangements of the modulo, I give below
a plan and section of it in its complete form.

Mopuro MAGISTRALE oF MILAN.
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The head A B, Fig. 1, is placed on the bank of the
canal of supply with the sill C D, Fig. 2, on the same
level as the bottom of this canal. It is formed of two
side-walls or cheeks, of good masonry, in brick or stone,
with a flooring generally of the latter material. To pre-
vent erosive action, the bed of the canal, for such distance
as the force of the current may render necessary, is paved
with slabs of stone or boulders, both above and below the
head. The outlet of the head is usually made of the
same breadth as that of the measuring orifice G H, Fig. 2;
while its height is regulated by that of the head itself.
The sluice-gate or paratoja, I K, Fig. 2, works in grooves,
and is fitted with a rack and lever, by which it can be
readily raised or depressed at pleasure. As the surface
level of the canals of the Milanese varies comparatively
little, the upright of the sluice has a small catch in iron
or wood attached to it, by which it is kept at a fixed
height corresponding to the requisite pressure on the ori-
fice G H, Fig. 2. This little catch is locally termed the
gattello ; and as it is provided with a lock and key, the
latter of which is intrusted to the guardian of the canal,
the proprietor of the water-course is supposed to be
restricted to his legitimate supply ; and probably is so,
within reasonable limits, provided always that the guar-
dian is incorruptible. .

In rear of the sluice-gate at the head is placed the

VOL. IL D
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first chamber, L M, Figs. 1 and 2, called in the language
of irrigation, the tromba coperta, or covered chamber.
It has, in the established form of the modulo, a fixed
length of 10 braccia, equal to very nearly 20 English
feet, and a breadth variable according to the size of the
head-sluice, which it exceeds by the fixed quantity of 5
local inches on each side, or 10 on the entire breadth, being
nearly 1.64 English feet. The bottom of the covered
chamber, D H, Fig. 2, is formed with a slope to the rear,
or as a ramp : the height of this slope, H 4, is equal to
8 local inches, or 15§ English inches very nearly; and
its object i8 to diminish the velocity with which the water
reaches the measuring outlet G H. Farther to assist in
effecting this object, the perfect modulo is provided with
a horizontal top of stone slabs, or planks, called the
cielo morto, the under surface of which is at precisely the
same height as the water ought to have over the outlet G H,
80 as to secure the fixed discharge ; that is, 3.93 English
inches above the upper edge of G H. The great purpose
of the apparatus being to secure the discharge taking
place under simple pressure, the cielo morto, which may
be roughly rendered the deadening cover, is found to
reduce the irregular motion of the water in passing from
the sluice A B to the measuring outlet G H.

To admit of ready inspection of the state of the water
within the covered chamber, the following arrangements are
made :—The entrance to the chamber is covered by a stone
slab of convenient thickness, shown in section at E, Fig. 2,
the lower surface of which is precisely on the same level
as the upper edge of the outlet G H. The height of the
ramp H 4 being 15.72, and that of the outlet G H being
7.86, the surface of the slab at E should be just 23.58
English inches above the sill of the head C D. An open
groove, L D, is made in' the masonry, large enough to
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admit a graduated rod or measure ; and when the water
stands at a height of (23.58+3.93) 27.51 inches above
the sill at D, it is known that the proper head of pressure
exists at G H. As it is found to be greater or less, the
sluice is raised or depressed, so as to adjust the pressure
to the fixed standard.

The slab of stone in which the measuring outlet is cut
being fixed at G H, Figs. 1 and 2, immediately in rear of
it there is placed the tromba scoperta, or open chamber.
Its breadth at N, Fig. 1, is two local inches, or 3.93
English inches greater on each side than that of the
measuring outlet ; orin all, 7.86 inches. Its total length,
N O, is very nearly 17§ English feet. Its side-walls,
which are perpendicular like those of the covered chamber,
have a splay outwards, so that the breadth at O is 11.79
inches greater than at N, or 15.72 inches in excess of that
of the regulating outlet G H, being the same as that of
the covered chamber. throughout. To insure the free
run of the water from G H, the flooring of the open
chamber has a drop or fall of 1.96 inches at H, and an
equal quantity distributed uniformly between H and O,
Fig. 2. There is, therefore, a total fall from the under
edge or lip of the measuring outlet to the end of the open
chamber of 3.93 inches; or—as the length is 17.72 feet—
very nearly 1 inch in 54. 'When the water reaches O, it
enters the channel of distribution, and becomes the pro-
perty either temporarily or permanently of the parties to
whom the grant of it has been made. Arrangements at
O vary. Sometimes there is a fall from the end of the
modulo to the bed of the channel ; but generally the two
are on the same level, the latter being carried forward at
the usual slope for such works. '

From the preceding details, it therefore appears that
the modulo magistrale, in its normal form, has a length of
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nearly 37§ English feet, and a breadth variable according
to the quantity of water it is designed to measure. If a
single “water-inch,” for example, be the volume, the
breadth of the covered chamber would be 25.54 inches,
and that of the open chamber 13.75 at its upper, and
25.54 atits lower extremity. The flooring of the former
rises 15.72 to the rear, while that of the latter falls 3.93
in the same direction.

It is essential to the effective operation of the regulat-
ing sluice in the modulo magistrale, that there should be
a difference of level between the waterin the canal and in
the apparatus of at least 7.86 inches ; and as the height
of water in the latter must be 27.51 inches, the depth of
water in the canal of supply must necessarily be not less
than the sum of these numbers, or 35.37, being very
nearly 3 feet. In this case the relative heights of different
parts of the works are given below, the bottom of the
canal of supply being the zero line.

English inches.
Bottom of the canal, . . . . . 0.00
Level of the water in the canal, . 85.87
Level of the water in the interior of the modulo giving the

constant pressure, . . 27.51

Level of under surface of the stone slab at the mout.h of the
covered chamber, and of the upper edge of the measuring

outlet, . . 23.58
Level of lower edge of meuurmg lppu'n.tus at the end of the

ramp of the flooring of the covered chamber, . 15.72
Level of the flooring at the head of the open chamber, 18.76

Level of the flooring at the termination of the open chamber, 11.79

In analysing this modulo, two essential objects become
apparent, to the fulfilment of which the various details just
given. are directed. 1st, To maintain on the measuring
outlet a constant pressure ; and, 2d, To make this pres-
sure, as much as possible, the sole force influencing the
discharge. To the first object are directed the different
mechanical arrangements at the head, the paratoja duly
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provided with the gatello, and, to a certain extent, the
cielo morto. 'To the second belong the interior arrange-
ments of the covered chamber, with its sloped flooring
and fixed top; while the free passage of the water is
secured by the open chamber, with its small fall at the
head and continued inclination of the bottom.

I purpose giving, in the description of the Plates, the
details of several examples of canals of distribution regu-
lated by the modulo magistrale, which will illustrate the
extent to which, in practice, the normal form has been
departed from. I examined personally a great number
of these works, and I can scarcely say I found any which
conformed rigorously to the prescribed form. The lengths
of the chambers varied continually, and apparently accord-
ing to the fancy of the engineers by whom they had been
constructed. One-half the normal lengths was a not un-
usual proportion ; but the breadths, with reference to
those of the measuring outlets, were usually observed
more carefully. In a great number, the deadening cover
was wholly dispensed with ; in many more, the backward
slope of the flooring of the covered chamber did not exist,
though the lower edge of the measuring outlet was main-
tained at the prescribed height of 15.72 inches above the
level of the sill of the head of the canal. All these
variations are unquestionably imperfections, though they
cannot be said to destroy the utility of the apparatus;
and it is matter of regret that they should have been
permitted to grow up as they have done. Discretion in
changing the details of a measuring apparatus should be
vested in the Government only, which can from time to
time sanction such alterations as seem likely to add to
the efficiency of the work; but for private parties to be
allowed to follow their own caprices, is ruinous to the
existence of any well-defined and generally-recognised
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system of measurement. Its results become uncertain ;
its unit ceases to be a fixed quantity ; and things re-
lapse into that state which favours fraud by defying easy
verification.

An apparatus so extensively employed, and linked in
its action with interests so important as the modulo ma-
gistrale, has necessarily engaged much attention, and
caused no small amount of discussion among mathema-
ticians and engineers. Though admitted on all hands to
be the best form yet devised for use in irrigation, these
discussions have drawn attention to some sources of error
which affect its results very materially.

In seeking to ascertain the real value of an oncia ma-
gistrale of water, as measured by the modulo magistrale,
I have been struck by the variety of results different
authors give. I am indebted to the Idrodinamica of
Colombani for some of the following values, to the tables
of the Piedmontese government for others, and I give
them to show practically that the modulo of Milan cannot
yet be said to have fulfilled its object perfectly.

According to the calculations of De Regi, in his Tavola
Parabolica, p. 67, 68, the value of an oncia magistrale
is 2.43 cubic metres per minute, or, in English measure,
very nearly 1.42 cubic feet per second.

Bruschetti gives a long detail of experiments made in
1744 by the engineer Merlo on the Muzza Canal (Stor.
Irrig., p. 230, et seq.) to determine the value of the
Milanese oncia, the mean result of all of which is to
make it equal to 1.57 cubic feet per second.

Signor Mazzeri, who was kind enough to communicate
many details of this kind to me in person, estimates the
value of the oncia at only 1.21 cubic feet per second.

Brunacci estimates it at 1.46 cubic feet per second,
while the Department of Public Works in Lombardy con-
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sider it to be equal to 1.64 cubic feet per second. The
highest estimate, so far as my examination has gone, is
that last mentioned, or 1.64 cubic feet per second, while
the lowest is 1.21 cubic feet per second, as given by
Signor Mazzeri, and generally adopted by the engineers
of Lombardy. The difference between these extreme
estimates is very considerable, being between one-third
and one-fourth of the total quantity discharged.

The origin of these differences is due to a cause which
affects the whole of the modules of Northern Italy. The
experience on which the estimates of the engineers is
founded has been generally derived from dealing with
small quantities of water not exceeding one or two inches.
The estimate made by the Government is founded on the
experience of the results on the great canals, where the
outlets are almost uniformly of large dimensions. Now,
it is certain that, all other circumstances being alike, the
quantities of water discharged from large outlets are pro-
portionally greater than those discharged from small ones.
Hence the oncia magistrale as determined by experi-
ments with the former, has a decidedly higher value than
when determined from the latter. The cause of this is
clear. To give a discharge, say of six water-inches, the
breadth of the outlet is made six times that for one inch,
the height and the pressure remaining in both cases the
same. The proportion between the sectional areas and
the perimeters of the outlets becomes, however, materially
altered, and the influence of the perimeter, in effecting
the contraction of the vein, diminishes gradually asthe size
of the outlet increases, and, in a similar proportion, the
discharge becomes greater. In elucidation of this remark
I may state that, in an outlet for one oncia magistrale,
the ratio of the section to the perimeter is as 1 t023.33 ;
of 2,a81t0 16.66; of 4, as 1 to 13.33; of 8, as 1 to
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11.66 ; of 10, as 1 to 11.33, or about half what it is for
one oncia ; of 20, as 1 to 10.66, and so on; and there
are real differences of discharge due to the variable ratios
now given. Very serious pecuniary loss may consequently
be the result either to the proprietors or the consumers of
the water. The recognition of the differences between
the discharges of large and small outlets was very early
made in Lombardy. In the module of Cremona, invented
in 1561, no single outlet was allowed to be more than
15.72 inches high, and 38.12 inches broad—equal to
about 12 or 13 once magistrale. In the Milanese, single
outlets have been restricted for nearly three centuries and
a half to discharges of from 9 to 12 once. In Piedmont
they have been more careful, and have there limited
single outlets to 6 once, which, by general consent, seems
to be the most approved size for diminishing to the ut-
most the error due to the inequality of discharges from
large and small openings. For practical purposes, there-
fore, and taking the mean of the various estimates of the
value of the oncia magistrale just adverted to, I think it
may safely be considered as equal to very nearly 1 cubic
feet per second. The following short extract from Bru-
nacci (Mem. sulla Dispensa delle Acque, p. 140), show-
ing the conclusions at which he had arrived after a minute
discussion of the various methods in use for measuring
water throughout Italy, will close appropriately this
section :—

“On the grounds previously detailed, we are of opinion,

“1st, That of all the methods in use throughout Italy
for the measurement of water, the method of the Milanege
is the most convenient.

“2d, That, in addition to reducing the local to metri-
cal measures, the other precautions to be adopted in per-
fecting its operation are as follow :—
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«“ First, To establish by careful observation, with an hy-
drometer, the variations of the height of water in the
canal of supply, and to mark on a scale the respective
positions of the sluice-gate required to neutralise such
variations in the interior of the modulo.

“Second, To enjoin the guardians to be most careful in
fixing the gate at the special point prescribed for each
variation, so that the batfente or pressure may be constant.

“ Third, To make no outlet greater than eight times the
unit of measure ; and when a discharge greater than this
is necessary, to obtain it by the comstruction of two or
more outlets in the same edifice, with the precautions for-
merly described, so that each outlet shall be quite inde-
pendent of the other, and have all the essential conditions
of constancy, just as though it stood by itself.

“ Fourth, Finally, to substitute for each oncia of the
braccio of Milan, in the dimensions of the apparatus, one-
half a decimetre (or 1.96 English inches).”

The following table shows approximately the volumes
of the principal water-measures referred to in the preced-
ing sections, and may be useful for reference :—

TaBLE showing the VorLumes in CuBic Feer per second of the
following WATER-MEASURES of LOMBARDY.

1. Oncia Milaness, . . . . . . . 1.50 L

2. Oncia Lodigiana, . . . . . . . 0.77 0.518
3. Oncia Cremonese, . . . . . . 0.7175 0.478
4. Quadretto Veronese, . . . . . 5.0890 8.392
5. Quadretto Mantovana, , . . . . 11.0005 7.333




SECTION 1IV.

ON THE INTRODUCTION OF A UNIT OF MEASURE AND NEASURING
APPARATUS INTO THE IRRIGATION SYSTEM OF NORTHERN INDIA.

T have already had occasion to remark that I do not
consider the information we are at present in possession
of sufficient to warrant the expression of any dogmatic
views, either as to the best unit of measure, or the best
form of measuring apparatus to be introduced into our
Indian irrigation system. That both points, however,
deserve the most serious consideration, is not likely to be
questioned ; and more in the hope that my remarks may
lead to a practical investigation of them, and be in some
degree suggestive as to the points this ought to embrace,
than as claiming to be at all decisive regarding them, I
propose now referring briefly to these subjecta.

The methods at present in use for issuing water from
the canals of Northern India are the following :—

1st, By single outlets of masonry, made directly in the
banks of the canal. In the establishment of these, the sole
precaution observed is to limit the sectional area: there is
no provision whatever regarding the pressure, the level of
the sill of the outlet with reference to the canal- nor
are any oth:mgements whatsoever made to insure
constancy of di ge. The outlets are rectangular,
from 15 to 20 feet in length, so that they are in fact t’;ual:le(:
of masonry, and no attempts that I am aware of have ever
been made to determine, by actual experiments, the
volumes of water passing through them.
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2d, By reservoir outlets—. e., simple outlets of large
dimensions, terminating outside the canal-bank in reser-
voirs, in the sides of which several smaller outlets are
established for the irrigation of separate estates. In these,
new elements of disturbance are introduced in addition to
those peculiar to single tubes, and they are equally devoid
of securities for the maintenance of constant discharge.

3d, By rough wooden funnels or tubes inserted into the
banks of the canal, having fixed heights and breadths,
but otherwise altogether unregulated. This is a very
miserable arrangement, and its evils have shown them-
selves so clearly that every effort is being made to remove
all such funnels from the banks of main lines of canal,
and to substitute for them the method of distribution next
mentioned.

4th, By outlets, in a few cases of masonry, but in a
very large majority, of wood, established not in the banks
of the main canal, but in those of principal channels of
distribution, locally termed rajbuhas, from two vernacular
words meaning chief water-courses.

Among the provisions recommended by the Canal
Medical Committee, to which the investigation of the
sanitary relations of canal irrigation was intrusted, is one
for insuring on all new canals, and especially on the
grand cahal of the Ganges, that no irrigation outlets
whatever should be established on the main lines, but
that the distribution of the water should be effected by
means of a chain of chief water-courses on each side of
the central lines. The diagram at the head of the fol-
lowing page will make my meaning clearer :— .
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CONNRCTED CHAIX OF CRIEF WATER-COURSES.

A =+ B MAIN C CANAL P =, E

« v %N N

-——» ——

CONNECTED CHAIN OF CRIEF WATER-COURSES

A B CD E represents & main or central line of canal,
such as that of the Ganges. Instead of small outlets at
innumerable points along the banks, there are established
at A, B, C, D, and E, distant from each other two, three,
or more miles, according to local circumstances, heads of
chief water-courses, with volumes of water regulated by
special demand. The series on each bank is connected
as shown in the diagram, so that no wastage occurs; the
surplus water in each line passing onwards for the benefit
of those at lower levels. In addition to the numerous
sanitary and administrative advantages this excellent
gystem affords, it has a peculiar advantage in greatly
facilitating the introduction of a satisfactory measurement
system. For if the quantity of water entering each of
the chief water-courses is carefully regulated and con-
trolled, I believe that the minor distribution to the
separate estates dependent upon it would be found in
practice a matter of comparative facility.

What would be the best unit of measure to adopt in
this system is a point on which I am constrained to write
under correction, for I feel the want of those numerical
data by which its decision should be mainly determined.
It appears to me, however, that a convenient, perhaps
the most convenient, measure to adopt, would be the
familiar one of a cubic foot per second. It would be
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easy to calculate by existing formulse the dimensions in
height, breadth, and pressure to be given to an outlet
which would have this discharge ; but I confess I do not
think any formulse we now have are satisfactorily appli-
cable to such canals of irrigation as we deal with in India ;
and before the above points are definitively adopted, I
would recommend that experiments should be made to
settle them on existing canals. I can see no difficulty,
and very little expense, in carrying into effect this sugges-
tion, and I hold it to involve a fundamental condition to
the establishment of a satisfactory unit.

Supposing, however, the dimensions in height, breadth,
and pressure, which would secure the closest possible
approximation to the prescribed unit of one cubic foot
per second, to have been determined, we find, from the
statistics of irrigation in India, that this volume of water
is sufficient for the irrigation, throughout the year, of very
nearly 180 acres. By establishing, therefore, a decimal
division of the unit, it would be possible to supply the
wants of even the humblest cultivator, and a degree of
accuracy would be introduced into our distribution system,
of which at present it contains scarcely a trace.

In the estimate of the work dome in irrigation by a
cubic foot of water per second given above, all kinds of
cultivation are included. But I need scarcely say that
the consumption of water for different crops is extremely
variable—rice, sugar, cotton, the cereals, &c., require each
their special quantity, and I advert to the point to
remark, that we are in great need of specific numerical
data regarding it. When experiments are made to
determine the dimensions proper to the unit of measure,
means should therefore, I think, at the same time be
taken to ascertain the average extent of irrigation it is
capable of effecting with different crops, and on different
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soils. Practical results of the highest value would follow
the determination of such points—not, I may say, in rigid
and absolute accuracy, which, from the infinite variety of
local peculiarities, it would be impossible to attain, but
with sufficient correctness for working purposes. I have
been struck by the want of really good information on
this branch of the subject throughout Northern Italy.
With a minutely developed system of irrigation nearly
seven centuries old, with a vast body of engineers con-
stantly employed in its superintendence, it is wonderful
how little has been done to determine, by direct observa-
tion and experiment, the effective work of given quantities
of water applied to the irrigation of different agricultural
products—some half-dozen experiments by Mari, De Regi,
and the engineers who fixed the terms of the treaty for
the use of the waters of the Tartaro in 1764, being con-
tinually repeated in all the many works I have searched
for information on the subject; but of well-

and detailed series of observations, I have found no
indications. It is not that data obtained in Northern
Italy, in latitude and with products in many respects so
different, could be of use in guiding us in India, but I
was not prepared to find information, on a question of so
much interest in itself, so singularly deficient. Such
details as are recorded will be noticed more appropriately
hereafter.

With the unit of measure introduced into our system,
we should be prepared to establish an efficient measuring
apparatus. The various details given in the preceding
sections of this chapter furnish us with useful hints.
Regard being had to local peculiarities, both as concerns
the condition of the canals, the native establishments
which must be employed, and the feelings of the agricul-

_tural community, it does not seem to me desirable to
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multiply works of regulation requiring considerable outlay
for their construction, and necessarily intrusted to parties
in whose probity no great confidence can be placed. It
therefore seems to me, that a single measuring apparatus
for each chief water-course would be sufficient. This
should, I think, be constructed with every possible precau-
tion, to render it as nearly correct in its action as possible.
I would not insist on the adoption of the specific form of
the modulo Milanese, if local experience can suggest
modifications calculated to improve it, and to adapt it to
local wants; but, so far as I know, the principles on which
this form is founded are the best yet developed. With
modifications of dimensions to suit our own unit of water
and linear measures, there is not a single precaution
adopted in the Milanese system for insuring the constancy
of discharge which I would willingly see neglected. One
of the main objections to this system, stated by Tadini, is
the disturbing effect on the water within the apparatus
due to its position immediately on the bank of the main
canal, the rush of the water from which makes the main-
tenance of a constant height of pressure on the measuring
orifice a matter of considerable uncertainty. A special
arrangement proposed for correcting this source of error, is
to remove the measuring apparatus to some distance from
the canal bank. There is another, and equally important,
reason for doing this on canals in India. The operation
of any measuring apparatus placed directly on the bank
of the canal, or attached to the head of the chief water-
course, would inevitably be affected by the deposit of fine
sand, which invariably takes place there. This deposit,
go far as my own observation extends, ceases to be practi-
cally mischievous at a distance of about half a mile from
the head ; and for this distance, the surface level of the
water in the channel is usually so much below that of the
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soil as to make irrigation impracticable. The proper
distance, however, is a point to be established by expe-
rience in each case; and when it is so determined, the
position of the measuring apparatus can be fixed with
reference to it. When thus removed from the main line,
the disturbing influence on the water within the modulo
would be reduced to a minimum, and that of the silt
deposits would be eliminated altogether. Continued obser-
vation on the part of the European executive officers
would readily establish the ratio between the variations of
level outside the apparatus, and the changes of the head
of pressure over the measuring orifice dependent thereon ;
and by the application to the regulating sluice of an
arrangement analogous to the Milanese gattello, an effi-
cient control over the supply would be secured. The
number of complete worksfor measurementbeing restricted
to one for each chief water-course, the keys of the gattells
might, perhaps, be kept by the executive officer and his
European assistants, whereby the native establishment
would have no power over the supply of the principal
lines. In all cases in which chief water-courses are
made at the joint expense of several village communities
or landed proprietors, I am of opinion that Government
should invariably construct, at its own cost, the head of
supply and the measuring apparatus, so as to maintain an
indisputable right to these works, and thereby to vest in
the hands of its own officers, the entire regulation and
control of the water prior to its being issued to the culti-
vators. After it has been so issued, the less Government
officers interfere with it the better.

As regards village water-courses, or minor distribution
lines from the chief water-courses, I think the measuring
apparatus should be the simplest and most economical
possible, consistent with fair protection to the interests of
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the State. To allow the present wretched system to
continue, much less to extend, seems to me impossible ;
and in considering the arrangements to be substituted
for it on existing, and to be introduced on new, canals, 1
am disposed to think the following would be the best,
considering them, of course, open to correction, by the
larger experience or better knowledge of parties on the
spot.

Minor channels of distribution, numbering, as they will
do, by thousands, require measurement apparatus inde-
pendent of more than occasional inspection and control.
The main supply of each chief water-course being care-
fully regulated under the inspection of the government
officers, the small channels derived from it can never
obtain either very much more, or very much less, than their
prescribed volume. For them I therefore think that a
small masonry-work—as no wooden constructions for the
measurement of water ought on any account to be tole-
rated—consisting of the following elementary parts, would
suffice : 1st, A head or outlet fitted with a sluice for
opening or closing ; 2d, A rectangular chamber, about
10 or 12 feet in length, and in breadth varying according
to the size of the outlet; and 3d, A measuring orifice
at the lower extremity of the chamber, invariably cut
in a slab of stone from 3 to 4 inches thick, and having
the constant height due to the unit of measure, and the
breadth variable according to the number of units, or
parts of a unit, it is designed to discharge. The specific
dimensions it would be best to employ should, I think,
be subject of special inquiry, as ought also sundry minor
arrangements of this simple apparatus. These I do not
attempt to prescribe, wishing merely to indicate in general
terms the provisions which, at the minimum of cost and
trouble, would secure practically the interests both of the

VOL. IL E
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proprietors of the water and the cultivators of the land,
introducing, at the same time, the elements of order,
which admit of progressive improvement, into a system
at present very chaotic.

SECTION V.

ON MEASUREMENT OF WATER IN PIEDMONT AND LOMBARDY BY
HORARY ROTATION (ORARIO).

It will probably be a long time before the relation be-
tween supply and demand for water from canals of irriga-
tion becomes such in India as to lead to the introduction
of all those minutis of distribution which have grown up
in Italy during the seven centuries that have passed away
since the modern system of irrigation originated there.
But looking to the avidity with which water is employed
under a tropical sun, to its absolute necessity for agricul-
tural purposes, and to the fact that the demand must, in
course of time, become inevitably so great as to require
the most minute economising of the supply, I have no
doubt that the plan of distribution by horary rotation will
ultimately become as prominent a feature in Indian as
it now is in Italian irrigation ; and therefore I think a
short reference to it will not be misplaced here.

The period of rotation, locally termed the ruota d'acqua,
necessarily varies according to the nature of the cultivation
—rice, for example, requiring a more rapid rotation than
meadow land ; and so on.

The rotation, as a general rule, however, ranges between
seven and sixteen days, rarely, except in the case of rice
cultivation, falling below the former, or passing beyond




EXAMPLE OF DISTRIBUTION BY ROTATION. 67

the latter period. The consumers of the water receive the
full available volume, carried by the irrigating channel, for
such number of hours as may best be suited to the special
wants of each, and it is usual to enter into written agree-
ments among themselves to regulate all points which
might give rise to disputes. I give here an example of
such an agreement, which affords a clear illustration of
the system.

Horary DisTRIBUTION TABLE, for the Year 1851, of the WATER of
the IRRIGATING CHANNEL, X, carrying 24 cubic feet per second, of
which the period of Rotation is 8 Natural Days, or 192 Hours.

Commencement of Termivation of Horary
Number of Distribution
Number. erlm Hours for Horary Distribution.
oach. Hoar, Day. Hoar, Day.
1 Proprietor A 14 4 aM [1st April| 6 p.w | 1st April
2 ” B 16 6 P Do. 10ax | 24 ,,
3 ”» C 24 10am | 2d , |104a | 84 ,
4 ” D 18 10aM | 84 4aM | 4th
5 " E 2 4 py, | 4th , 6 aM. | 4th
(] ' F 25 6ax | 4th 7ax | 6th
7 o G 30 7am | 5th 1pM | 6th ,
8 » H 28 lex | 6th , (12 nm 7th ,,
9 - I 19 12 u. 7th ,, 7am | 8th ,
10 » K 21 7am | 8h , 4aM. | 9th ,,
Total of hours 192 The rotation again commences in
the same order with A.

The civil code of Sardinia has provided against most of
the causes of dispute to which such a system as this might
give rise. Thus, in Art. 645, it is fixed that, in distri-
butions of water by day and night, the natural day and
night are implied ; and that, as regards the use of water on
festival days, those festivals only which may be in existence
when the agreement was entered into are to be taken notice
of In Art. 646, it is prescribed that the time taken
by the water to reach the channel of any cultivator or
employer shall be included in his period, and that the
surplus water, (coda d'acqua), which may pass down
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the principal canal between the period of each consumer,
appertains to him with whom the rotation terminates. A
third difficulty in this system of distribution is provided
for in Art. 647, which prescribes that no consumer has
any right to the spring or drainage water which may
collect in the main canal. This belongs legally to the
original proprietor of the water, and can be disposed of
by him as he thinks best.

In the constant variations of wants incident to an
extensive system of agricultural irrigation, there are an
infinity of cases constantly occurring, which require modi-
fications of such a method of distribution as that by
horary rotation. The subject of these variations has
consequently occupied much of the attention of the Italian
engineers ; and in the Notes to the work of De Regi on
the use of the Parabolic Table,* there is a great number
of examples given in illustration of them. Itis not neces-
sary for me to dwell on these at any great length; but as
the system is widely diffused, and of considerable practical
importance, it will perhaps be useful to advert to it briefly.

It is clear, from very simple considerations, that the
quantity of water to which any single employer of a canal
common to several, and regulated by horary rotation, is
entitled, is in direct proportion to the total volume of the
canal, and the number of hours during which he is entitled
to possess it, and in reciprocal proportion to the number
of days over which the rotation extends. Hence, by a
simple proportion, we have the following general formula:

Q= Ei'.l', where

Q is the quantity appertaining to a single consumer in
continued discharge.

* % Metodo per la soluzione delle questioni relative all’ uso delle acque, special-
mente nelle irrigazione de’ fondi regolate sugli orarii.”—DEe Rzal, p. 57.
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T, the orario, or number of hours or days during which
he has the right to the whole volume of the canal.

N, the volume of the canal in cubic feet or once, or
any fixed measure.

R, the ruota, or number of days over which the rota-
tion extends.

I borrow a few examples from De Regi to show the
practical application of the above.

Ex. I. An employer of a common channel has a right
to 6 cubic feet of water per second for six days in a rota-
tion of fourteen days. He wishes to change this intermit-
tent for a continued supply, the value of which is sought.

In this case T = 6, N = 6, and R = 14; Whence,

Q= _6_}:_6 -§=2§oubiofeetpersoeond.

Ex. II. An employer has the right to a continued dis-
charge equal to 3 cubic feet per second, and he is allowed
to make use of an outlet having a discharge of 12 cubic
feet, with a period of four days. What ought to be the
duration of the rotation to give him an intermittent quan-
tity, under these conditions, equivalent to the continued
discharge to which he has a right ?

NT
R

From the equation g = we have

NT _12x4_48=1
R= T - sx =3 6
Hence a discharge for four days of 12 cubic feet in a
rotation of sixteen days, is equivalent to the continued
discharge of 3 cubic feet.

Ex. III. An employer having a continued discharge
of 4 cubic feet, desires to effect an exchange with another
who has a right to 20 cubic feet per second, for a certain
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time in a rotation of fifteen days. 'What ought the time
to be to make the two volumes equivalent ?

—RQ_15x4__ 60
T= N = 2 —-20—3da.ys.

Hence the periodic discharge of 20 cubic feet per second
for three days in fifteen, is equivalent to the continued
discharge of 4 cubic feet.

It is sometimes desirable to be able to compare the
rights of two or more consumers, or the quantities of
water to which they may be respectively entitled. Thus—

Ex. IV. An employer, A, of a certain canal has a right
to 6 cubic feet of water for six days in a rotation of
fifteen ; another employer, B, desires to have a supply
quadruple that of A, but he can only have the use of it
for five days in a rotation of twelve. What is the quan-
tity of water adapted to his wants ?

The ratio of % to ERT«isinthiscaseas4tol. Hence

NT nt 6 x6 bn
1:4:: —s =338 —0n : = :: :
4 Ry T3 i3 144 : 25 n
25n = 576
Or, n = 23y

Hence the requisite quantity B should have is 235 cubic
feet per second for five days in a rotation of twelve.

Ex. V. An employer who possesses 7 cubic feet of
water for six and a half days, in a rotation of fifteen days,
wishes to change it for another of 10 cubic feet in a rota-
tion of fourteen days. What ought the horary or diurnal
period to be ?

In this case the two volumes should be equal. Hence,

NT _ nt

Q=e& =7
_fNT _ 14 x7Tx6)__ ,,
Or,e= 20T = 12X 1 X% — yai7
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Or the period sought ought to be about four days five
hours and six minutes.

Ex. VI. A volume of water equal to 20 cubic feet per
second is employed in a rotation of twelve days. It be-
longs to three proprietors, A, B, and C. A has the right
to it for six days, B for four, and C for two. Band C
introduce, at their exclusive expense, a new supply of
8 cubic feet, making the total volume 20 cubic feet, and
change the period of rotation to fourteen instead of twelve
days. A having no right to any portion of the new
supply, which is equally divisible between B and C, it is
required to determine the time during which the first-
mentioned proprietor, A, is entitled to enjoy the full
supply, so that none of the parties may suffer loss.

Here the quantity due to A must be the same both
before and after the introduction of the new volume.

Hence

20 x 6 - 28__'1'&,1,‘l= 20x6x14
12 14 12x28

= 5 days.

Or A has the right to five days’ enjoyment of the full
supply of 28 cubic feet in a rotation of fourteen days,
instead of six days’ enjoyment of 20 cubic feet in a rota-
tion of twelve days.

As regards the right of B, since he is entitled to half the
new volume, it is clear that his original share, increased
by 4 cubic feet, must be equal to the quantity sought
under the new arrangements. Hence

4%20 28 T 82 _

So that B has a right to 5} days of the new rotation
of fourteen days. '

Similarly it will be found that the third proprietor,
C, is entitled to 2§ days of the modified period.

— —————— ———————
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In agreements for water by rotation, the element of
price constantly enters ; and it may be useful to show,
by one or two examples, how this is calculated.

Calling P the price of the water per cubic foot, or any
other unit, we have, by multiplying both sides of the
equation formerly given—

PQm P_L;T

wherein the first term shows the value of the share of
any proprietor in continued, and the second the same in
periodic, discharge. Expressing the former by U, we
have the general expression—

PNT

U=—m—

R

Ex. VII. A proprietor of a canal having a volume of
9 cubic feet per second, has farmed it to an employer,
under the condition that he shall have the enjoyment of
the entire volume for four days in a rotation of twelve
days, at the rate of £30 per cubic foot of continued
discharge. What sum must the employer pay ?

_PNT 30x9%4 _ 1080
Ue=g—=—13 =712 — %0

Ex. VIII. An employer of a canal has paid £90 for
the enjoyment, during three consecutive days, of a volume
of water, which is issued in a rotation of twelve days, and
at a rate of £30 per cubic foot. What number of cubic
feet ought he to have ?

Since U=ILR['£, we have N=¥—§,
Or N=9-g—:;g=%=l‘.’cubicfeet.

Ex. IX. A cultivator pays £90 for the rent of a
canal carrying a volume of 10 cubic feet per second
for four consecutive days, in a rotation of fifteen days.
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‘What ought he to pay as the rent of 1 cubic foot of con-
tinued discharge ?

_ RU _ 15 x 90 _ 1360
P=NT =Tox 4~ 10 = %10

Ex. X. There is paid for the use of 8 cubic feet of
water per second for six consecutive days, the sum of
£120, at the rate of £30 per cubic foot. What ought
the rotation period to be ?

From the equation v= _}‘_l_’ we have

R~ NTP _ 8 x 8 x 80
= =
U 120

= 12 days.

‘When any minute subdivision of water takes place, it
is occasionally necessary to enter into agreements by the
hour, and I may now give an illustration or two of the
methods of calculation employed in such cases : —

Since U ="t we have, by reducing the days to

hours, ;;UT 21: l;’ in which the first term gives the

value of an hour in the horary period. Designating

this by V, we have V=§%v or 21:—%; and hence

NP
V=oarn

By simple substitution of the different values of QU
and V, a variety of questions constantly occurring in
practice may be solved ; as, for example,

24 TV U
- _ 2 =
i3 U=24TV:V = T

Ex. XI. What is the value of one hour’s supply of
water from a canal carrying 13 cubic feet per second,
distributed in a rotation of fourteen days, the prlce per
cubic foot being £30 ¢

Here N=18:R=14P =30

v_ NP _18x380 _ 300 _
=R U x 14 536

Q=
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Ex. XII. What ought to be the price per cubic foot
of a volume of water, consisting of 6 cubic feet, distri-
buted in a rotation of fourteen days, and costing £1 per
hour ?

P=24§v=24x;4 XI=L§8=““'

Ex. XIII. What ought to be the period of rotation for
a cultivator who, for the use of a canal containing 10
cubic feet per second, at the rate of £30 per cubic foot,

pays £1 per hour ?

In the appendix to De Regi’s work there is a large
collection of problems, similar in character, though differ-
ing in detail, to those now given. I do not, however, see
any necessity for giving more, as I believe those already
noted will sufficiently illustrate the system of distribution
by horary rotation, and will furnish the means of apply-
ing it in practice, should circumstances require this to be
done on the canals of India.



CHAPTER IL

EMPLOYMENT OF WATER FOR IRRIGATION IN THE
AGRICULTURE OF NORTHERN ITALY.

SECTION 1L

SUMMER MEADOW IRRIGATION.

THE traveller in the central valley of the Po is familiar
with those vast plains of meadow-land which form the
characteristic feature of the agriculture of that region,
and supply food for the cattle, on which the wealth of
the irrigated districts is so materially dependent.

These meadows are locally divided into two principal
classes, the permanent and the temporary—meaning by
the latter term such as are introduced into the rotation
of crops adopted in the irrigated region. Of the perma-
nent, there are two kinds, the summer and the winter
meadows—prati irrigatoris simplice and prati marcitoris.
The permanent summer-meadow, being that which is
under irrigation from the end of March to the middle of
September, is now restricted ; and so much advantage has
been found from introducing the temporary meadow in
rotation with other crops, that the former is used only in
localities not well adapted for general cultivation. The
winter-meadows are peculiar to Italian agriculture; and
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as being 8o, it may be worth while to give presently some
details regarding their formation and maintenance.

In adapting land either for permanent or temporary
summer-meadows, the general principles to be followed
are few and simple. It is essential that the surface should
be so disposed as that each part of it should receive
readily the water from the main channel of distribution.
In practice, this is effected in all possible cases, by taking
advantage of such natural inequalities of level as admit
of the water being delivered from culminating lines.
‘Where nature is not so favourable, the soil is lowered in
some places and raised in others, until the requisite con-
dition has been obtained. The extent to which this latter
process has been carried, especially in Lombardy, is very
remarkable. In one of the estates I saw near Milan,
excavation in one place and raising in another were in
progress over an extensive area, ranging from 3 to as
. much as 5 feet in depth; and I was informed by the
proprietor that he anticipated an expenditure for this
single operation of from £10 to £12 per acre. This,
however, I must add, was not an average case, and
is referred to here simply as an illustration of the
extent to which the system may be carried, with rea-
sonable hope of a fair return in time on the capital
expended.

It is farther requisite that the water should spread
itself in a thin uniform sheet over the surface of the land.
This is effected by disposing the soil in gently inclined
planes, the dimensions of which vary exceedingly,
according to the practice of different localities, and also
according to the peculiarities of the soil. Where the
land is very light and absorptive, the planes, locally
termed ale, have a breadth sometimes as low as from 25 to
30 feet ; while in heavy retentive soil, this dimension is in-
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creased to eight and even ten times these numbers. Colom-
bani mentions,* that for summer-meadows in the province
of Lodi the breadth in the direction of the slope is 140
metres, or nearly 460 feet, while the length in the direc-
tion transverse to the slope is 180 metres, or 590 feet,
which would make each of the great compartments con-
tain an area of about 6 acres English. To each such
compartment a main irrigating channel, of about 3 feet
in breadth, running in a direction transverse to the slope,
is allotted ; and in summer-meadow it is not usual to have
minor channels, unless special local circumstances render
them absolutely necessary. The slope given to the surface
of the meadow is, when practicable, two-tenths per 100 ;
or, in English measure, about 3 inches in each 100 feet.
It must, however, be remarked that, in travelling through
the irrigated districts, I found an interminable variety of
dimensions in every part of the system of irrigation ; and,
in fact, all such details are regulated in Northern Italy
rather by a sort of practical instinct on the part of the
campary, or men to whom the distribution of water is
intrusted, than by any established or universally re-
ceived rules. Such specific numerical statements as I
may give here, are therefore to be regarded merely as
averages,

A third provision essential to the efficiency of meadow
irrigation is to have ready means of drainage, so as to
prevent any stagnation of the water on the land. To
secure this, a drainage channel is carried along the base
of the slope of each compartment, parallel to the main
irrigating channel, into which the surplus water is collected
and carried off by some natural line of discharge, or, as
is far more generally the case, made available for the
irrigation of another compartment at a lower level. The

* Idrodinamica, p. 189.
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importance attached to these drainage or surplus waters,
locally termed colatori, is very great throughout the
whole of the irrigated region. Passing over lands richly
manured, as they universally do, they become charged with
fertilising matter, and have a value often considerably
superior to their original one. Their temperature also
becomes higher than when issuing directly from the canals ;
and this is found to act as a powerful stimulant on the
production of the grass. In subordination to the general
topographical features of the country, the compartments
of the meadow lands are, whenever practicable, made to
slope from north to south ; the irrigating and drainage
channels, accordingly, running from east to west. It is
not, of course, always possible to carry this arrangement
into effect ; but the advantage of having the land to be
irrigated inclined similarly to the canals of irrigation, is
so manifest that it is always thus disposed when it can
be done.

From the article on agriculture in the work entitled
“ Milano e il Suo Territorio,” 1 have derived the follow-
ing details regarding the produce of permanent summer-
meadows. These meadows are cut thrice during the
season, and each cutting supplies a kind of hay distin-
guished by a peculiar name. The first cutting in May is
termed Maggengo; the second in July, Agostano; and
the third about the end of August, or beginning of Sep-
tember, Terzuolo. The grass growing after the third
cutting, which is termed Quartirola, supplies pasturage to
the cattle at the end of autumn. If irrigation is com-
menced very early in spring, some lands supply four
crops, the second being distinguished as Magghengino.
The annual production may be calculated as follows, in
English measures, assuming the fasci of Milan to be equal,
as they very nearly are, to 1} cwt. each.
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Cwt.
Hay from first cutting, . . . 24.375 per acre.
Do. from second do. . . . 18.5 do.
Do. from third do. . . . 13.9 do.
Total of hay per acre, . . 56.775

The value of the pasturage of the gquartirola is about
eight shillings per acre, and the average price of hay in
the irrigated districts may be taken at 2s. 6d. per cwt.
The gross value of the produce of an acre of permanent
meadow in Lombardy would therefore be about £7, 8s.
per annum. The expenses will be indicated hereafter.

The temporary summer-meadows (pratt a wvicenda),
or those which are introduced into the rotation of crops,
are arranged similarly to the preceding in all that regards
irrigation. The essential conditions in both cases are the
same, only in one the land remains continuously under
grass, while in the other it is so only for two or three
years. The ordinary period of rotation is for five years,
in the following order :—

First year, wheat, cut about the middle of July, grass
seeds being sown with the wheat. 2d, 3d, and 4th,
Meadow under irrigation, and abundantly manured. 5th,
Indian corn or flax. After flax, cut at the end of June,
millet is immediately sown, and comes to maturity about
the end of October of the same year. A sixth year is
occasionally added to the period, when another crop of
Indian corn is taken, and the rotation again commences
in the same order.

In illustration of several points connected with this
subject, I may give here the following comparative state-
ment of expenditure and return from irrigated and unir-
rigated lands in the Lumellina, which is one of the best
irrigated districts of Piedmont. They were prepared by
an excellent authority, a gentleman in charge of a number
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of the canalsin the provinces of Mortara and Novara, and
are the results of actual experience on a property consist-
I believe, therefore, they may be
accepted as tolerably correct. The originals being all in
Piedmontese measures, I have reduced them throughout

ing of 3750 acres.

to their equivalents in our own.

CoMPARATIVE STATEMENT of ExpeNsEs and RETURNS from
IRRIGATED and UNIRRIGATED LAND in PIRDMONT.

YxAR. NATURE or CULTIVATION. ExPENSES. RETURNS.
First 1st, Culture of one acre of good strong
Year. land in the usual rotation of five
years— Without Irrigation.
Indian 4
corn. Manuring. — Purchase, carriage, an
spreading of 135 cwt. of stable
manure, at 44d each, . . £210 6
The plwg!nn} and barrowing are exocnted
in return for the grass and the gleaning
of the Indian corn after the harvest.
Other field-work is paid for e metayer,
with one-fourth of the produce.
Produce in grain, deducting seed and
the portion due to the metayer, 21.6
bushels, at 3a. 4d. each, £312 0
Second | Manure, two-thirds of the quanhty
Year. used the first year, . 113 8
— Three ploughmgl and horrowmgn, at
Legumes. 48, 012 0
Produce in legnmes, deductmg soed
and portion due to the metayer, 18
bushels, at 3a. 11d. each, .. 310 6
Third | One ploughing and harrowing, at 49., 0 40
Year. Pmduoemstnw, . . 0 8 0
Do. in grain, deducting seed ‘and portlon
Wheat. due to the metayer, 17.16 bushels,
at 58. 10d. each, . . . 5 01
Fourth | Four ploughings and hanovn.ngs, st
Year. 4s,, . 016 0
Mnnure, a8 in tho ﬁrst year, . 210 6
Wheat. | Produce equal to that of the third
year—viz,,
Strqw, . . . . . . . . 0 8 0
Grain, . . . . . . . 5 0 1
Carry forward, (£8 6 8| £17 18 8
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Year. Narurs or CuLTivATION, Expansus. RETURNS.
Brought forward, . |£8 6 8| £1718 8
Fifth | Four ploughings and hnrromngu, at
Year. 4s., . . 016 o
Producemstnw, . . 0 80
Rye. Produce in grain, deductm seod and
Bortmn due to the Mayer, 17.16 :
ushels, at 3s. 4d., . . o« . 217 2
£9 2 8| £21 310
Deduct expenses, . . . . 9 2 8
Net returns for five years, . . £12 1 2
Annual return per acre, . . |£2 8 2
Means of | 2d, Culture of the same land as the pre-
three ceding, converted into an irrigable
Years. meadow. The averages of three
years are given.
Meadow. | Manure.—150 cwt. of stable manure, at
4{d. each, . £216 8
Charges for imgntxon channels and
spreading manure, . 012 6
Watering, cutting, making, and um.lgo
of hay, 178
Produce of three outtmgs, 72 owt. of
hay, at 2s. 4d. each, £8 8 0
Rent received for pumnge afbar tho
third cutting, . 0 8 4
Totals, . . . . |#£418 5 £3 16 4
Deduct e . . 416 &
Net annual produce of one acre of irri- e——
gated meadow, . . . . . . £319 11
R —
Comparative Statement.
Annual produce of one acre of irrigated
hnd,P e e .« . . . |#&81911
Annual produce of one acre of unirri-
gatedland, . . . . .- 2 8 2
Excess per acre in favour of irrigation, ‘ £ 11 9

The preceding details show results on strong good land
in the Lumellina. It may be interesting to give an
example of the same kind for light and rather inferior
soil in the same locality.

VOL. II.
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Yzar.

Naturs or Cror.

Exrexscs.

Reczirrs.

First
Year.

1st, Culture of an acre of light and sandy
goil in a rotation of four years—
Unirrigated.

Manure as in No. 1, . . . .

1ndian
corn.

Second
Year.

Third
Year.

Labour is paid for en melayer, as in
No. L., with oll::-fomh of the produce.
Net 'uoe, deducting portion due to
the metayer and 16.7 bushels,
at 3s. 4d. each, . .
Manure equal to first yem', .

——| Three ploughings and harrowings, at

8a. 4d. each, .
Net produce, Mi bushels, at Se. each,
Ploughing and hnnowmg, . . .
Net produce, . . . .

Rye.

Fourth
Year.

Straw,
Five ploughmgs md ha.rrowmga, at
3s. 4d.,

Net produce, . . . .
Straw, . . . . . .

Rye.

Totals, . . .
Deduct expenses, . . .

Net returns for four years, . .
Annual return per acre, . o .

2d, Culture of an acre of the same land
as the preceding, converted into an
irrigated meadow. Averages of three

years.

Manure.—150 cwt. of manure, at 4{d.
each, . . o e e e

Cost of irrigated channels and spmding
manure,

Cost of watering, cuttmg, mnhng, &

Produce of three cuttings, 60 cwt. of
hay, at 2s. 4d. each, .

Reeexved for putunge dter third cut-

¢ . .

Totals, .
Deduct expenses, . .

Annual net return of one acre of irri-
gated meadow, . .

Comparative Statement.

Annual net produce of one acre of irri-
gated land, .
Annual net produce of one acre of un-
irrigated land, . . . .

Excess per acre in favour of irrigation,

£210 6
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The preceding details apply to summer irrigation in
Piedmont. The following show the net rent derived from
a farm of about 350 acres thoroughly irrigated, in the
province of Milan :—

Rent in money paid to the landlord per acre, . . £119 6
Minor items paid in kind, . . 01 3
Communal (parish) charges paid by the tennnt, . . 018
Government charges paid by tenant, . . 09 4
Proceeds of sale of wood reserved by the landlord 0109

Gross rent per acre, £313 6
Deduct proportion of expenses paid by the landlord as follows : —
Government and communal charges, . . £011 0
Repairs of buildings and bydraulic works, . 0209
Expense of admmutntxon, mpectiom by en-
gineers, &c., . . 0 2 0

015 9

Net rent per acre, £117 9

,  Such land as is referred to in these details, sells for
from £40 to £45 per acre; so that the interest on capital
thus invested does not much exceed 4 per cent. The gross
returns from irrigated meadow land in the Milanese have
formerly been estimated at £7, 8s. per acre; and if these
data are to be depended upon, it would appear that the
rent is just one-fourth of the total amount of these returns.

As regards the quantity of water to be given to mea-
dow land, there is great variety of opinion, as might be
expected in a matter dependent on so many variable
elements. There are three ways in which this quantity
18 estimated : 1st, By the volume of water in continued
discharge required to irrigate a given area of land; 2d,
By the total depth of water spread over the soil, either at
each watering, or during the whole season of irrigation ;
3d, By the total cubic contents of the mass of water
employed.

According to an experiment of De Regi, the detalls of
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which I reduce to English measures, the continued dis-
charge of 1 cubic foot per second is sufficient for the
irrigation, in twenty-four hours, of 4 acres. Hence, as
the total volume discharged during that time amounts
to 86,400 cubic feet, and the area watered to 174,240
square feet, it appears that a stratum of water, equal to
nearly 6 inches in depth, was in this case spread over
the surface of the meadow. And as the general period
of rotation may be taken at fourteen days, it would thence
appear that a continued discharge of 1 cubic foot per
second would suffice for the irrigation of (12 x 4) 48 acres
of meadow land, there being precisely twelve periods of
fourteen days each in the season of summer irrigation.
The above estimate, however, implies that the whole water
is absorbed by the soil, which, in point of fact, is never
the case. Lombard engineers calculate the absorption in
each watering as ranging from one-half to one-third of
the total quantity of water employed. Hence, supposing
it to be the larger of these proportions, it appears that
after the irrigation of 48 acres had been effected, half a
cubic foot would be available, as what is locally termed
colatori, for farther employment, and similarly in succes-
sive series till the entire quantity was exhausted. Effec-
tively, the irrigating power of any given quantity of water
employed in meadow irrigation, is held by practical men
to be equal to twice the area watered on the first appli-
cation. According to De Regi’s experiments, therefore,
1 cubic foot of water, perfectly economised, would be
sufficient for the irrigation of 96 acres of permanent or
temporary meadows,

In the article on the agriculture of irrigated Lombardy,
formerly quoted, it is stated that (reducing the numbers
to English equivalents) 1 cubic foot of water is sufficient
for the irrigation, in the ordinary period of rotation, of 38
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acres only; or, if account be taken of the surplus waters,
of twice this quantity—being 76 acres in all

It is usual, in grants of water made at the present day
throughout the provinces of Verona and Mantua, to ad-
here to the data established by the treaty of 1764, be-
tween the Venetians and the Austrians, for regulating the
distribution of the waters of these districts. The period
of rotation here is stated to be seven days; and according
to one series of experiments, a cubic foot per second would
be sufficient for the irrigation of 34 acres in 24 hours,
or for 22} in periods of seven days; while by another
series, under more fortunate circumstances, these numbers
are just doubled. Hence, in this instance, it would appear
that, taking an average, and supposing the entire surplus
waters economised, the effective irrigating power of a
cubic foot per second would be very nearly 68 acres, and
proportionally more as the period of rotation was extended.

Finally, Tadini mentions, as the result of numerous
experiments made by him on the irrigation of meadows,
that a mass of water equal to 35,000 cubic feet is suffi-
cient for an area of 107,100 square feet, being a stratum
of about 3} inches at each watering, which would give an
effective power to the cubic foot equal to that established
by De Regi, or about 96 acres.

It may, therefore, I think, be safely concluded, that a
stratum of water about 4 inches deep, leaving half the
quantity in the soil, and the other half available for farther
use, would be abundant in all cases ; and if provision to
this extent be made, the differences due to variety of soil
and other circumstances would be sufficiently provided for.

"In conclusion, I may note that, after summing up the
results of experience in France and Italy, M. de Buffon
comes to the conclusion that the irrigation of an acre of
meadow requires, under average circumstances, the con-
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tinued discharge of 18} cubic inches of water, which gives
an effective power per cubic foot per second of 93 acres;
and this I believe to be a very close approximation to
the truth, as the following summary shows :—

De Regi's estimate, . . 96 acres per cubic foot per second.

Milanese do., . . . 78 . ”

Veronese and Mantuan do., . 68 ” »

Tadini'’s do., . . . 96 ” ”

Buffon's do., . . . 93 s »
SECTION II.

MARCITE OR WINTER-MEADOW IRRIGATION.

Viewed in reference to its superficial area, the winter
irrigation of Italy is extremely limited, not exceeding in
Lombardy and Piedmont from 12 to 15,000 acres. The
great mass of the water consumed there is spread over
the land between the middle of March and the beginning
of September; for the remainder of the year it does no
more than maintain the above-mentioned limited extent
of winter meadow. In this point of view the contrast
between the irrigation systems of Italy and India is
striking. The winter harvest of the latter, or that sown
about October or November, and reaped in April or May,
is, as respects irrigation, by far the most important.
While the Italian cultivator rarely has occasion to irri-
gate any of the corn-crops except the maize, these products
would in India be inferior equally in quality and quantity
without the use of water; and hence it is that during the
entire year irrigation is in demand. The periodic rains
modify to some extent, and even occasionally supersede,
the necessity for water during the latter summer months,
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or from July to September ; but as rice and sugar-cane
must always be irrigated, the water cannot be considered
idle even within these limits. It thence arises that the
average area of irrigation in India is considerably in ex-
cess of that in Italy. We have seen, at the close of the
preceding section, that about 90 acres is the average extent
of ordinary irrigation by 1 cubic foot per second in the
latter country. In India, the statistics of the canals there
show that the same quantity of water, being employed
during the whole year, does, so to speak, just twice the
work, the area irrigated by a continued discharge of one
foot being equal to 180 acres. We have no data by
which we can reduce this quantity, so as to show the
elements of which it is composed. It is merely a general
average obtained by dividing the total area watered by
the volumes of the canals employed. There is, however,
no species of cultivation in India or elsewhere, that I am
aware of, similar to the marcite of Northern Italy, the
quantity of water required for which is enormous, and the
details of the cultivation altogether peculiar. I propose,
therefore, giving in this section some details illustrative of
this remarkable species of culture, for which I am indebted
chiefly to a work by Signor Dominico Berra, entitled Dez
Prati del Basso Milanese detty a Marcita, published at
Milan in 1822. In my travels through the irrigated dis-
tricts, I was constantly referred to this book as containing
the best account of the winter meadows yet extant.

The right to water for winter irrigation commences on
the 8th of September, and terminates on the 25th of
March. It is essential to the establishment of a winter
meadow, a marcita, that entire command over the water
should be held by the proprietor ; for intermittent irriga-
tion is not adapted to this species of culture. Continuous
irrigation, suspended only for the time required to cut the
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grass, is the first requisite for entire success. The water
thus employed is derived either from the ordinary canals
of irrigation, from springs, from the smaller streams, or
lastly, from the surplus or drainage of other irrigated
lands at higher levels. Of these sources of supply, the
springs and the drainage waters are the best. It is
essential to the success of a winter meadow, that the
water employed should have as high a temperature as
possible. Hence it is that the springs, being always
warmer in winter than water freely exposed to the influ-
ence of the atmosphere, are preferred to any other means
of irrigation during this season. In illustration of this
point, Signor Berra mentions that, on the 14th February
of the year in which his work was published (1822), the
thermometer of Reaumur indicated, at six in the morning,
an atmospheric temperature of —1°.5. On immersing the
instrument in the tube (tinello) at the spring-head, it at
once rose to + 10.5, showing a difference of 12° of Reaumur,
or 27° of Fahrenheit, between the temperature of the
spring and that of the external atmosphere. As the
water passes to a distance from the spring, it of course
parts with this excess of temperature ; and hence it is
invariably to be observed that the finest meadows are
those nearest to the fountain-head. The water from the
ordinary canals being generally about the same tempera-
ture as the air, does not produce the same stimulating
effects on the marcite, with exception, however, to that
which is collected in the Naviglio Interno of Milan, and
the Vecchabbia. The water in these lines, passing through
the subterranean channels of the town, and charged with
an abundance of fermenting matter, is found not only to
retain a higher temperature, but farther to stimulate the
productive power of the meadows, by deposits so rich as
to excel every other species of manure. So abundant are
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these deposits, that the surface of the fields hecomes
speedily elevated by them, and it is necessary, at intervals
of two or three years, to lower the levels so as to insure
eagy irrigation, The material thus removed is greedily
sought by cultivators in the vicinity, as a most powerful
and valuable manure. The supplies from canals present
one material advantage over those from springs, in being
practically invariable. As no marcite can possibly sur-
vive the want of water for even very short periods, the
intermittent nature of the supplies from springs, which
vary much with the variations of the weather, cause con-
siderable uncertainty ; and hence the canals, as being
constant in this respect, are, in spite of their low temper-
ature, in request with the cultivators.

The worst water of all for the use of winter meadows
is that derived directly from such rivers as the Olona,
Lambro, &c.; for not only is the temperature low, and the
supply uncertain, but the deposits brought down after the
rain are most injurious to the meadow produce, and to the
cattle fed upon it.

The quality of the drainage-waters from other farms,
as applied to marcite, depends upen the source whence
they have originally been derived, and the nature of the
soil, or the species of cultivation, over which they may
have previously passed. The surplus waters of a well-
tilled and richly-manured farm are more valuable than
in their original condition, for they are charged with fer-
tilising matter. It has hence become a rule in the esta-
blishment of a series of winter meadows at different levels,
which are to be irrigated from the same source, to manure
most richly those near the head of the supply, whether
spring or canal, and to make the water itself the medium
of conveying the manure to the others below. The pre-
sence of this manure is supposed to raise in some degree
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the temperature of the water, a point always much insisted
on by Lombard and Piedmontese agriculturists, who hold
that, in proportion as the heat of the water becomes greater,
so much better is it adapted for the kind of cultivation
now under notice. The order of succession in quality of
waters for marcite may therefore be stated thus—

1st, Sewerage canals, like the Vecchiabbia. 2d, Fon-
tandy, or springs. 3d, Ordinary canals of irrigation.
4th, Colature, or drainage waters. 5th, Rivers, like the
Olona, Lambro, &ec.

The following are the details given by Signor Berra for
the preparation of the land of winter meadows, as derived
both from the practice of the most experienced Lombard
farmers, and from experiments made on his own property.

Having cleared the land of weeds and roots of all kinds,
it is ploughed and manured carefully in April, and Indian
corn is then sown, as being the crop with which it is held
to be best to prepare for the marcite, requiring, as it does,
repeated weeding and clearance of the soil. The crop
being reaped in October, the roots are carefully removed,
the land ploughed and harrowed, and its surface smoothed
as much as possible. In this state it is left until the
beginning of January, when the works necessary for
irrigation are commenced. It is of importance to the
economy of these operations that they should be executed
in winter, as Jabour is then more abundant and cheaper
than at any other period of the year.

The assistance of the camparo, or the man charged
with the distribution of the water, becomes necessary at
this stage. Long experience and traditional rules have
made this class of men very expert in all details of the
minor works of irrigation. Most frequently they are
guided in their levelling operations solely by the eye, and
their instrumental apparatus consists of only a few pickets
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of different lengths, and a line. With the assistance of
these, the first step the camparo takes, is to mark out, on
the highest level of the field, the direction and breadth of
the principal irrigating channel, locally termed the roggia
adacquatrice. The dimensions of this channel necessarily
vary with the quantity of water available for distribution ;
but care should be taken to restrict them as much as pos-
sible, it being cause of complaint that such channels are
almost invariably made too large, and a serious amount of
good land is thereby lost. When the position of the
main channel has been fixed, the field is then divided into
a series of rectangular compartments, termed piane or ale,
between each two of which, and at right angles to the
main channel, there is established a minor irrigating
channel, or roggetta. The breadth of each plane, in a
well-constructed winter meadow, is never more than from
25 to 30 feet : the length is more variable, and depends
on the quantity of water at command. It is usually,
however, about eight or ten times the breadth. The
planes slope from the minor channel on each side at the
rate of .03 in 1 ; or when the breadth is 30 feet, the slope
would be very nearly 12 inches. With this slope, the
water passing from the main to the minor channels, is dis-
charged from the latter in the form of a thin and ever-
moving veil, which, flowing over the surface of the planes
with just sufficient velocity to prevent congelation, sup-
plies the grass with continual stimulus. In addition to
the minor irrigating channels on the crests formed by each
two planes, there are minor drainage channels established
in the little valleys between the same, called scolators, all
of which discharge themselves into a main drainage
channel carried along the lowest level of the meadow,
called the scolatore maestre. The following diagram will
illustrate the general arrangements for irrigation and
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drainage. There are varieties of dispositions adopted in
practice, according to local peculiarities of level, &c.; and
of these I propose to give some illustrations in the Plates ;
but at present I restrict myself to a single general example.

ARRANGEMENT OF A MARCITE FIELD.

Plan.
ADAQUATRICE, OR MAIN IRRIGATING CHANNEL

%%
pt |

SBCOLATORE MAESTRE, OR MAIN DRAINAGE CHANNEL.

SECTION ON a b.

A B, main irrigating channel.

C D, main drainage channel.

E F, minor irrigating channels, generally 12 inches
wide, and 6 or 7 deep.

G H, minor drainage channels, about half the above
dimensions,
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Planes, from 25 to 30 feet in breadth, with a height
at the crest of 12 inches.

The earth from the irrigating and drainage channels
is spread over the planes with singular dexterity, so as to
give them the requisite slope; and when these arrange-
ments for irrigation are completed, another ploughing and
harrowing are given, and the land is then left untouched
until the end of February, or beginning of March, when
it is once more ploughed, harrowed, and carefully cleaned
of all weeds which may have shown themselves.

‘When it is necessary to level the field, a machine, called
a raggtia, being simply a large scoop drawn by two oxen
or horses, is employed. It is managed after the fashion
of a plough, and cuts off layer after layer of the more
elevated parts of the land, the earth being then trans-
ported to those at a lower level, and deposited there.
If levelling operations have been necessary, a fourth
ploughing and harrowing are given after their completion,
8o as to prepare the soil for the seed. In April, oats are
sown, with about 4} bushels to the acre. After harrowing,
clover and the Lolium perenne® are sown in the propor-
tions of one-fourth of a bushel of the former, and one
bushel of the latter, per acre. The ground is then rolled
with a heavy stone or wooden roller, so as to be perfectly
levelled. Care must be taken, however, to do this only
when the land is thoroughly dry, as otherwise the seed
adheres to the roller, making it necessary to sow a second
time in autumn.

The construction of the small drainage channels is
usually deferred until the sowing has been completed ;
and they are then made with ease, as their breadth does
not exceed 9, and their depth 6 inches. It is usual to leave
spaces at both ends of the meadow sufficiently large for

* Italian rye-grass.
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carts to pass. These are indicated in the diagram by dotted
lines ; and the irrigation and drainage waters are carried
across them by small wooden funnels. Irrigation is given
to the new meadow in June, July, and August ; and on
first admitting the water, great attention is paid to re-
moving all obstacles to its free circulation over the surface.

In illustration of the expense of forming winter mea-
dows, the following details are given :—

The superficial area was 5 acres—the land had been pre-
viously undercrop—wasmoderately level, and easy to work.

15th Nov.—1st Ploughing, . . . . .£112 6
25th Jan.—2d do., . . . . . . 112 6
Harrowing, . . . . .05 0
4th March— 84 Ploughing, . . . . . 112 6
Harrowing, . . . . . 050
8d April — Excavation of minor irrigating channels, . 316 6
Levelling the planes, . . . 212 6
Digging, . . . . .0 4 6
Use of the raggia, or earth-scoop, . 086
Final ploughing, . . . .°112 6
Do. harrowing, . . . . .05 0
Spreading manure, . . . . 0 4 86
Sowing, . . . . . .04 8
Rolling, . . . . . .0 40
Main chaunels of i jon and drainage, . 117 6

3]
[
-
-
-]

Total expense for 5 acres,

The outlay in this instance was therefore £3, 7s. 6d.
per acre ; but the example is certainly below the ave-
rage ; for, as will be seen by reference to the details, the
levelling operations were extremely trifling. While there
are extreme cases which rise far above it, I believe that
an average of about £6 peracre will very fairly represent
the ordinary cost of forming a winter meadow.

As land under marcite may be said to be in a constant
state of production, it is of necessity very richly manured.
The materials required are supplied in abundance by
those vast dairies which are maintained throughout the
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whole of the irrigated districts of Northern Italy ; and I
may give here a condensed abstract of the observations of
Signor Berra on this branch of the subject. Foremost
among the manures for marcite, he places the refuse of
those large pig-sties which are attached to every farm, and
in which the otherwise useless products of the dairy are
consumed. So important is this manure considered, that
farmers who do not themselves manufacture cheese or
butter, always make it a condition with the parties to
whom they dispose of the produce of their cows, that a
certain number of pigs shall be maintained on the farm.
It is usually calculated that three pigs supply, in the
course of the year, manure sufficient for one acre of
marcite. The manure is given in the liquid form, and is
distributed awkwardly enough from casks on low carts
which traverse the field. The arrangements for storing
the manure are very inefficient, as it is exposed in open
tanks, and great wastage is incurred. Sometimes, though
but rarely, it is kept in covered masonry cisterns. It
may be applied at any season of the year, care only being
taken to give it immediately after cutting, as it injures
the grown grass.

The stable manure, both solid and liquid, is usually
mixed with earth before being applied to the field. In a
corner of each marcite meadow is to be seen an oblong
mass, which is formed of the clearances of the irrigating
and drainage channels, the fresh earth removed from the
surface of the land, and the manure from the horses and
cows in the stables. These are all formed into a compost,
which is applied to the marcite in the proportion of about
250 cwt. per acre during the year. Linseed oil-cake
reduced to powder, and mixed with lime in the proportion
of seven of the former to one of the latter material, is a
very common manure for winter-meadows. About 15
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cwt. of this compost is considered sufficient for an acre,
and the mixture of its constituents should be made at
least ten days before it is applied to the land. When so
applied in autumn, some time should be allowed to elapse
before water is admitted. In the vicinity of Milan, the
refuse of soap-works, and like manufactories, is largely
employed as a manure, and is highly valued by the culti-
vators in this locality, the effect being great, owing to the
salts of soda and potash which it contains. One of the
richest manures available is the matter which collects
within the irrigating and drainage channels themselves,
more especially in the vicinity of large towns, where the
sewerage waters are made use of. I have already men-
tioned, that at Milan this is greedily sought, and it is
found to stimulate exceedingly the productive power of
the soil. The value of this material operates prejudicially
in one respect, by leading to an excessive enlargement of
the channels after each clearance. It is calculated that,
in the province of Lodi, nearly one acre in every hundred
of the irrigable land is thus rendered useless, which in a
great area becomes a matter of serious consideration,
amounting as it does in this single province to more than
1500 acres.

The quantity of water required for marcite is enormous.
From the statistics given in Part II, it appears that one
cubic foot of water per second is sufficient for the irriga-
tion of about 34 acres only. On this point I was favoured
with a memorandum by Signor Brioschi, a Milanese
engineer of high reputation, of which I give a translation
here, reducing the local to English measures.

“ While it is impossible,” M. Brioschi remarks, “to
establish marcite without having a great deal more water
than is necessary for the irrigation of the land, it is some-
what difficult to determine the precise quantity, as this
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must vary with local circumstances. However, I will
assume that the area of a winter meadow is 7 acres.
The quantity of water which I conceive to be necessary
for the perfect irrigation of this surface is 6 cubic feet per
second, of which 44 become available for further use in
~ the form of colator:, or surplus waters. The estimate
therefore would stand thus :—

Cubic fest

per second.
Original irrigation of 7 acres,. . . . 6
Surplus after irrigation, . Y *
Quaantity of water absorbed, . . . .13

“The quantity actually consumed by an acre of mar-
cite amounts, accordingly, to ¥ = 0.2 of a cubic foot
nearly, and the total quantity of 6 cubic feet, if thoroughly
economised, would be sufficiént, in actual practice, for the
irrigation of from 15 to 18 acres, being from 24 to 3
acres per cubic foot.” This result corresponds very
nearly with that shown in the general statistics of winter
irrigation formerly referred to. The average charge for
1 cubic foot of continued discharge during the winter
months is very nearly £3. Hence the expense of water
in marcite may be estimated at about 20s. per acre,
under average circumstances.

Colombani* states that, in localities where the surplus
waters are lost, it requires very nearly 1 cubic foot of
water in continued discharge for each acre of marcite—
an estimate which confirms that of Brioschi. It thence
appears, that over this area there passes in twenty-four
hours the enormous mass of 86,400 cubic feet, or nearly
390 tons, or 14,400 gallons of water!

As regards the produce of marcite, the following parti-
culars may be interesting. They are given as the results of

* Idrodinamica, p. 136,
VOL. II. G
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careful measurements and observations, made personally
by Signor Berra on his own property, and with land of
average quality, but possessing no special advantages,
such as vicinity to large cities, or command of sewerage
waters. The yield per acre is given as follows :—

Cwt.
1st, Cutting in February, . . . . . . 84
2d, From March to April,. . . . . . 126
3d, From April to May, . .. . 13125
4th, From May to beginning of J uly, . . . 785
5th, From July to middle of September, . . . 63
Total per acre during the year, . . . . 47775

or very nearly 24 tons of grass. The marcite meadows
in the vicinity of Milan, however, give fully twice this
quantity, being cut in November, January, March, and
April, for stable-feedings ; and in June, July, and August,
they furnish three crops of hay, while in September they
afford an abundant pasturage to the cattle. They thus
give seven crops during the year, and the ordinary yield
per acre is estimated at from 45 to 50 tons, with half as
much more in remarkable instances.

Of the ordinary marcite meadows it is considered that
35 acres supply grass and hay sufficient for the mainten-
ance during the year of 50 cows stall-fed, except in Sep-
tember and October, when they are turned out for pasture.
Twenty acres are sufficient for the supply of grass during
seven months, and 15 more furnish the hay required
during the three winter months. To give an idea of the
money-returns, we assume that the proprietor of fifty
cows has 20 acres under marcite, the expenses and re-
turns connected with which are as follows :—
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EXPENSES.
Preparation of the land, repairs of ungatxon chmnels, &c.,
for 20 acres, . . £6 38 6
Manure, 259 cwt. per acre, . . . . 68 5 7
Labour in spreading and carrying do., . . 270
Labour in cutting during seven months, carriage of
grass, &e., . . . . . 1913 9
£91 910
RETURNS,

Food for 50 cattle in February, for fifteen days,
at 3d. per head (being the price paid by

proprietors of cattle, not farmers), . £9 7 6
Do. from March to middle of September, for

195 days, at 6d. per head, . . . 24315 0

Pasturage at 8s. 9d. per acre, . . . 815 0

Value of manure, . . . . 5212 0

£314 9 6

Deduct expenses, . . 91 910

Total for 20 acres, . . £22219 8

Or £11, 2a. 6d. per acre.

The proprietor of the land has been supposed in these
estimates to be also the proprietor of the water; but should
he not be 8o, the net returns would be decreased by 20s.
per acre as the price of irrigation.

The produce of the plantations invariably surrounding
irrigated lands is valued at £1, 6s. per acre annually.
Hence the entire returns would amount, in case of the
water belonging to the proprietor, to £12, 8s. 6d., and
otherwise to £11, 8s. 6d. per acre. It is usually calcu-
lated that the net returns are divided equally between
the landlord and the tenant. The rent from such land
as the above would therefore be from £5 to £6 per acre.

When cattle are not fed on the farm, but the produce
is disposed of either as grass or made into hay, the net
returns range from £7 to £8, 10s. per acre.

In the vicinity of Milan the returns are very much
higher, not merely because of the greater produce, but of
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the better prices the demand of the city insures. It is
not unusual to find the marcite here yielding a rent equal
to the highest net returns elsewhere, the tenants paying
from £10 to £12 per acre, and occasionally, under circum-
stances peculiarly advantageous, even double these sums.
These details regarding a cultivation so peculiar as that
of marcite meadows, will not, I trust, be altogether unin-
teresting. Owing to the immense consumption of water
it requires, it can be employed profitably only in countries
where there is no demand for irrigation of any other kind
during the winter months. This, as I have already shown,
is far from being the case in India ; but as there may be
special circumstances which might admit of the system
being employed—as perhaps in the valleys of mountain
streams, or in localities where water is now running to
waste, as in mill-streams, &c.—I have thought I might
with propriety enter into the particulars now given.

SECTION III.
RICE-CULTIVATION IN THE IRRIGATED DISTRICTS.

As an important and familiar element of the Irrigation
System of India, the cultivation of rice naturally inte-
rested me ; and while in Northern Italy, I endeavoured
to collect such information regarding it as seemed likely
to be useful. This I propose to give in the present
section.

The rice-cultivation of Piedmont and Lombardy is
divided into two classes—permanent (locally termed
risaje da zappa, from the use of the spade in its tillage)
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and temporary (risaje da vicenda), which forms a part
of the rotation of crops in the irrigated districts.

The permanent rice-cultivation is restricted exclusively
to low marshy localities, unsuited for any other culture.
It abounds in the swampy districts of Mantua and
Verona ; and though inferior in quantity and quality of
produce to the other kind, it is still of great value, as
being the only crop which soils so wet are capable of
affording. When rice is introduced into the rotation,
this extends over nine years, generally in the following
order :—1st year, wheat, with grass seeds; 2d, 3d, 4th,
meadows ; 5th, 6th, and 7th, rice; 8th and 9th, Indian
corn, or other crops, varying from year to year.

A clayey impervious soil, with a small proportion of
sand near the surface, is found to he the best for rice.
As the plant passes its existence in water, the details of
the culture are directed to securing this condition.  The
means employed are much the same in Italy as in India.
The surface of rice-land is made, as nearly as possible,
horizontal; and where variations of level occur, a series of
terraces is formed, each of which is carefully levelled.
Compartments are then marked out, of which the dimen-
sions are extremely variable, and each is surrounded by
earthen walls or banks, about 2 feet high. Connection
is established between the compartments at high and low
levels, so that the water entering the first passes on to
the others, and thus maintains a very gentle movement,
which keeps the supply always fresh. It is an open
question among Italian cultivators as to whether large or
small compartments are best. With equal heights of
water in each, many think superficial area a point of
little practical importance ; but in the best rice-provinces,
a8 in Novara and Mortara in Piedmont, and in the
Milanese, a preference is given to the system of small
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divisions, containing each from 3 to 6 acres. Within
such limits there is much greater facility in managing the
irrigation, which is frequently, and especially when the
crop is threatened with injury from blight or insects, a
matter of great delicacy. The green rice-crop is pecu-
liarly subject to the attacks of insects of different kinds,
and it is solely by the management of the water that
these are destroyed. If the animals are aquatic, the rice-
field is laid dry for a time, and if otherwise, it is flooded ;
the much-dreaded enemies being thereby disposed of,
whether they proceed from the land or the water.

When the divisions are duly formed, the rice-ground
is ploughed and carefully weeded in spring. If the soil
be too wet for the use of the plough, as in marshy
localities, it is broken up by the spade, a tedious and
unhealthy process. After the ground has been thus
prepared, water is admitted for the purpose of verifying
the levels, and of consolidating the partition-walls of the
different divisions. It is necessary to remove all trees
from the immediate vicinity, as shade is very hurtful to
the crop.

The period of sowing extends from the beginning of
March to the beginning of May. The new rice-lands are
sown first, those which have been established for one or
more years at a later period, as the soil is benefited by
exposure for some time to the heat of the sun. Rice in
the husk (locally termed risone) is employed as seed, in
the proportion of from 3 to 4 bushels per acre, according
to the nature of the soil. It is sown by hand; and as the
land is literally in the state of mud, it is very laborious
and very unhealthy work for the cultivator. It is neces-
sary not to sow thick ; and in proportion as the land is
strong, the quantity of seed is diminished. It is usual to
soak the rice-seed in water for twenty-four hours previous
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to sowing, with the double object of quickening its vege-
tation, and preventing it floating on the surface of the
water, as without this precaution it occasionally does.
If new rice is employed as seed, it requires to be sown
early, that is, in the course of the month of March ;
old grain is sown later—in April, or at the beginning
of May. :

Twelve or fifteen days after sowing, the young plants
rise above the surface of the soil, and, as they increase in
height, the sheet of water is gradually increased with
them, so that merely their tops show above it. The fields
are kept in this flooded state until the plant flowers,
which, according to the time of sowing, takes place
between the middle of July and the middle of August.
About this time the flooding of the crop is replaced by
regular but abundant irrigation, at intervals of a few days.
When the head becomes well formed, the grain of good
size, and the colour changes from deep to lighter yellow-
ish green, all use of water is discontinued, the land is
drained as dry as practicable, and in ten or fifteen days
afterwards the crop is ready for cutting. The rice har-
vest in the north of Italy ranges, according to circum-
stances, from the middle of September to the beginning
of October ; and the crop is cut with the scythe when
large compartments are used, and with the reaping-hook
in the smaller ones. The grain is made into small
sheaves about 25 or 30 Ib. in weight, and with a con-
stant length of 18 inches. When the plants are longer
than this, they are cut higher, and the stubble is after-
wards ploughed in as manure. The thrashing is effected
after the Oriental fashion, by the treading of bullocks or
horses ; and the grain is subsequently dried for some
days by exposure to the sun. It is then stored, and
during the winter, when water is cheap and abundant, it
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is cleared of the husks in the rice-mills attached to the
farms, which are worked by water-power.

The produce of rice-land necessarily varies much
according to soil and supply of water. The permanent
rice-lands receiving but little manure, and being in low,
marshy localities, difficult to cultivate efficiently, yield
much less than those introduced into the usual agricul-
tural rotation. In the provinces of Mantua, Verona, and
Novara, where permanent rice-lands are extensive, the
average produce per acre is estimated at from 30 to
35 bushels of uncleaned grain, or rsome; while the
temporary land in the same and the adjoining pro-
vinces yield about one-fifth more, or about 40 bushels
per acre. Of the latter class, however, there are many
which yield much more—even to 60 or 70 bushels. The
process of cleaning reduces the rice to about one-third of
its bulk ; so that for permanent land the produce would
be nearly 13 bushels. As an illustration of the pro-
duce of rotation rice-lands, I give the following, to which
my attention was directed by a skilful Lombard proprie-
tor of much experience in this cultivation. It is given in
vol. ii. of the work entitled Milano e il suo Territorio,
p. 140, and exhibits actual results, which I have reduced
to their equivalents in English measure :—

STATEMENT showing the PRODUCE per Acre of RoTATION
RICE-LAND in LoMBARDY.
Unclesned rics.  Cleaned rics.

1st Year, . . . 57.7 17.6
2d do. . . . 49.6 16.8
8d do. . . . b54.4 20.2
4th do. . . . 445 16.6
Totals, 206.2 71.2

Annual means, 51.55 17.8

The larger produce of the first year is due to the land
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being new ; that of the third year is the result of thorough
manuring. By the fourth year the land shows signs of
exhaustion, no manure having then been given. It will
be noted that, as the rice-land becomes older, the propor-
tion of cleaned to uncleaned rice increases; or, in other
words, the grain is more easily separated from the husk
in the latter years of the rotation. The cleaned rice may
be valued at 6s. the bushel. Hence the gross average
return per acre is £5, 6s. 9d. The expenses of cultiva-
tion were only about 15s. per acre,* and supposing the
expense of water to double this amount, we have a net
return of £4, 11s. 9d. per acre. It is mentioned that in
certain years this same land has yielded 25 bushels
of cleaned rice, thus giving a net return of £7, 5s. per
acre. With a species of cultivation so cheap and so pro-
fitable, it is not wonderful that all attempts to restrict its
extension should have failed. No sanitary regulations
have yet offered more than merely temporary impedi-
ments to its progress. It has extended, and is extending
even now ; and though the impression of its unhealthiness
is universal, the temptation of its profits is too great to be
resisted. I shall have occasion to show hereafter what
has been done to reconcile sanitary and pecuniary inte-
rests—not, I would hope, necessarily incompatible in this
case ; to do so at present would lead me away from my
subject.

It is peculiarly difficult to form any precise estimate of
the quantity of water necessary for a given area of rice-
land. Unlike all other irrigated products which require
only occasional watering, at more or less distant intervals,
rice is flooded continuously for at least three months of
its growth. The fields are then a series of ponds, so to

* 8o in the original authority; but I think the amount must be under
estimated.

-
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speak, receiving constantly such new supplies as are neces-
sary to compensate for wastage by evaporation, absorp-
tion, and other causes. In such a system it is evident
how great the influence of soil must necessarily be—it is,
in fact, the most important consideration of all, and with
its variations, vary also the quantities of water required.
According to the best Italian authorities, 1 cubic foot
per second is sufficient for the irrigation of from 35 to 40
acres of rice, being from 45 to 50 cubic inches per acre.
This is fully twice the quantity required for ordinary
meadow irrigation. In the Milanese it is held that land
under rice absorbs every 24 hours a stratum of water
having a depth of .47 inches, or very nearly half an inch.
In Verona and Mantua, the daily consumption is esti-
mated at just double this quantity. In the south of
France, where winds, similar to the regular hot winds of
the Indian summer, prevail, the depth of water to be
supplied daily to rice-ground is estimated at .663 inches.
It is calculated that, in the north of Italy and centre of
France, the daily evaporation varies between 0.78 and
.117 inches ; while in the south, and under the influence
of the hot winds, it increases to between .156 and .195
inches. Assuming the average daily loss by evaporation
to be .180, we have for supplying the plants, and for loss
by filtration, a stratum having a depth of .473 inches,
which, from all the testimony I have been able to collect,
is practically abundant. From these data it may there-
fore be safely concluded that a continued discharge of
from 45 to 50 cubic inches of water per second is suffi-
cient for the irrigation, throughout the season, of 1 acre
of rice-land, supplying, as this volume would do, a daily
stratum having a depth of between 0.62 and 0.68 inches.
In estimating the cost of irrigation for rice-land, I find

~ it stated, that water to be so employed is sold throughout
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the greater part of Lombardy at an annual rate equiva-
lent in English money to £26 per cubic foot per second.
Supposing this volume to be sufficient for the irrigation
of 40 acres, we have a rate of 14s. 6d. per acre for water
in rice-cultivation.

I have little more to add on the subject of the employ-
ment. of water in agriculture throughout Northern Italy.
The meadow and the rice lands may be said almost to
divide between them that vast volume of water which is
every year poured over the face of the country. The
irrigation of Indian corn or flax consumes but a compa-
ratively small portion of the supply, and I have not con-
sidered it necessary to advert to it in any detail. I con-
clude this section with a tabular statement of some
statistical details, which may be useful for reference.

NUMERICAL DETAILS connected with the EMPLOYMENT of WATER
for IRRIGATION in the AGRICULTURE of NORTHERN ITALY.
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SECTION LAST.
ON THE USE OF “ FONTANILL” OR SPRINGS FOR IRRIGATION.

I have had occasion to refer frequently to the use of
natural springs for agricultural irrigation in Italy, and it
seems to me that I may appropriately finish the present
chapter, by giving some more special account of these
valuable sources of supply, and of the methods by which
their waters are made available for useful purposes.

Throughout the whole of the great plain on the left of
the Po, forming the irrigated region of Piedmont and
Lombardy, there occur water-bearing strata of sand or
gravel at depths which vary materially. Ina zone about
three miles in width, following generally the parallel of
45° 28, and extending from the river Sesia to the Oglio,
there is a very remarkable abundance of subterranean
waters met with, at depths varying from 9 to 15 feet.
The influence of the canals of irrigation on the level of
such springs is very perceptible—as in the vicinity of
the canal Martesana, and also near Milan, where the
depth of the water-bearing stratum does not exceed 4
feet. The springs, however, most in request for irrigation,
rise from greater depths, and are connected with the
permeable alluvial beds which stretch away towards the
rising lands on the northward of the plain. In seeking
for these springs, there are a number of natural signs
which are followed as gunides ; and though the faith in the
magic virtues of the divining-rod, which once prevailed
universally throughout these districts, may now have
passed away, the fountain-seeker—amuch-employed mem-
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ber of the community—has still his traditional signs, which
gather round the source he is in search of. Where, in
the spring-time, the verdure of a meadow is of a deeper
green than the general mass, or the soil of a field has a
darker or damper appearance than the rest, there he
considers it desirable to try his fortune. When, in the
summer, the gnats are seen hovering in masses over a
particular spot, and resting very close to the soil, he
suspects that aqueous vapour is ascending from below,
and that a spring must be near the surface. At all seasons
of the year, light vapours frequently rest over the hidden
springs at night and morning, and to these the searcher
gives attention with the sort of practical instinct in recog-
nising their indications which long observation creates.

Supposing that by these or other similar signs the
existence of springs is sufficiently indicated, excavations
are made through the surface-soil to those beds of sand or
gravel which form the subsoil of the whole irrigated plain ;
and as new threads of water, rising to the surface, con-
tinue to show themselves, so does the excavation extend,
until a supply adequate to the demand has been obtained,
or until the area of the head of the spring reaches the
limit beyond which it cannot profitably be carried, owing
to the value of the land. The small jets of water form-
ing the springs rise, of course, in variable volume, and
with variable force; and in the large spring-heads (locally
termed teste dev fontane), it is only the more important
of these that receive special attention.

In the irrigated plains of Piedmont and Lombardy,
the depth to which the excavation for springs has to be
carried very rarely exceeds 8 or 9 feet ; and owing to the
natural slope of the country from north to south, this
depth is soon worked out, and the channel brought to the
level of the soil. The shape of the spring-head is deter-
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mined entirely by the manner in which the jets (termed,
on the spot, the occhi, or eyes of the spring) are distri-
buted. Among the immense number I saw, there were
none that affected any regularity of form, though the
banks were trimmed and cared for with more or less
attention, according to the tastes or habits of the pro-
prietors. I observed generally that those in the Milanese
were kept in better condition than either in Piedmont or
the other provinces of Lombardy.

Passing through sandy strata, the jets are liable to
obstruction from the matter the water carries with it, or
from collections of earthy or vegetable deposits in the head.
It is therefore necessary to protect them from these, and
this is done by enclosing each jet within a wooden tube
of variable depth, but generally ranging between 6 and
10 feet. This tube, of about 3 or 4 feet in diameter,
slightly conical in form, is made of alder-wood or oak,
about 1 or 1} inches in thickness, bound with three or
four strong iron hoops. It is, in short, very like a cask
without a bottom, and it is forced into the soil until its
upper rim is a few inches above the surface of the water
in the spring-head. On one side of the rim a small cut
18 made, through which the discharge of the water takes
place, and occasionally, though rarely, the top is covered

over.

The excavation of the flooring of the spring-head is
carried to a depth of about 1 foot or 18 inches below the
level at which the jets are distinctly visible. The sides
are either formed in long slopes and sown with grass, or,
a8 in many instances I saw near Milan, neatly revetted
with small piles and planks, and having trees planted all
round, so that the spring-heads are generally rather pic-
turesque spots. Occasionally it happens that the entire
basin becomes filled with water, in such manner as to
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make it difficult to discover the localities of the jets. My
kind friend, M. Charles Noe, drew my attention to an
example of this kind in the Vercellese, and informed me
that the method usually employed to discover the jets
was to leave the water undisturbed for some time, when
the surface became covered with water-cresses, which
were invariably much denser over the sites of the jets than
anywhere else. I saw this very distinctly in the case in
question, and the indication is considered on the spot an
almost infallible one.

" When the dimensions of the head and the consequent
volume of water have been tolerably well ascertained, the
next process is to excavate the channel of irrigation
(locally termed asta di fontana). Regarding this there
is nothing special to remark, as it is merely an ordinary
channel, having dimensions and slopes varying according
to local circumstances. When the soil is very porous,
wooden or metal pipes are occasionally in use to econo-
mise the water, though it is but rarely that such expe-
dients have to be employed.

As all springs become the private property of the
parties on whose lands they are found, their value may
be ascertained by a comparison with the sums paid for
like quantities of water derived from the ordinary canals
of irrigation. We have formerly seen woat a volume equal
to 1 cubic foot per second may be purchased in perpe-
tuity for about £280. The discovery of a spring giving
from 5 to 10 cubic feet, which are the ordinary limits,
increases the value of the property on which it is
found by from £1400 to £2800 ; and as the expenses
scarcely equal, in average cases, a hundredth part of
these sums, it is easy to understand the extent to
which the system has been carried, and the importance
attached to it, especially as the command of spring-



112 CANAL SUPPLIES INCBEASED BY SPRINGS.

water is so valuable in the establishment of marcite
meadows.

The great and the minor canals of Northern Italy
derive occasionally no inconsiderable portion of their sup-
plies from the subterranean waters. The depth at which
their beds are usually placed beneath the surface of the
soil brings them within the limits of the water-bear-
ing strata, and on all occasions, when the main supply
from the rivers is cut off, the effect of the springs is very
perceptible. It is, indeed, generally held that the pro-
portion due to these is equal to from one-fifth to as much
as one-third of the total volume. The Naviglio Taverna,
of which the entire discharge is nearly 30 cubic feet per
second, draws only 15 of these from the canal Martesana,
the remaining half being from springs opened during the
progress of the excavation for the bed. In this case the
capital value of the additional supply of water thus
obtained does not fall below £4200, and similarly with
the private canals Litta, Cattaneo, Visconti, Barmetti,
Borromeo, and, in fact, nearly the whole which form the
branches of the great arterial lines.

It would be vain to attempt to give any rigid estimate
of the total quantity of water supplied by springs for
agricultural purposes, as no perfectly trustworthy data
exist on which to base it. I will therefore merely men-
tion here, that in the Notizie Civile ¢ Naturale su la
Lombardia, Lombardini calculates the total quantity util-
ised in the Lombardian provinces at 2160 cubic feet per
second, and that Michela, in the notes attached to his
history of the canal of Caluso, estimates the volume for
the Lumellina alone at 788 cubic feet per second. We
shall certainly be under the truth if we estimate the whole
throughout the irrigated plain of Northern Italy at 3000
cubic feet per second, of which the value in money is not
less than £840,000 sterling.
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With these details I terminate the Third Part of this
Report. My object has been, not so much to enter into
very minute particulars on the practice of irrigation, as to
give a general idea of its most note-worthy features. The
Irrigation System of Northern Italy demands, as essential
to its existence, the possession of large capital and the
concentration of property in the hands of wealthy pro-
prietors. To this combination its actual development is
due ; and however well the system of small farms may
act in Upper Lombardy, I believe it would be the entire
ruin of those provinces whose fertility has been produced
entirely by their canals of irrigation, constructed at vast
original outlay, and maintained at present by heavy and
annually recurring expenses, beyond the means of small
proprietors to defray. To establish, in well-adjusted
proportions, the various kinds of irrigated culture I have
adverted to, and to insure an adequate return on the
capital thus invested, requires farms of large areas, and
working capital of considerable amount. In a calcula-
tion I have now before me, it appears that, to work effi-
ciently an irrigated farm of 640 acres, would require, on
the part of the tenant, command of capital to the extent
of at least £6000, while the amount sunk by the land-
lord in constructing canals, farm-buildings, and in levelling
operations necessary to adapt the land for irrigation, is
estimated at £40,000. Unless such sums are at the
command of the one party, and have been invested by
the other, the maximum advantages of irrigation are not
to be obtained, as the water has not full justice done to
its capabilities. It is clear therefore, that, for Lower
Lombardy, the existing arrangement of large farms, held
by superior tenants under liberal landlords, is not only
the best, but I believe the only system adapted to a
region whose agriculture is based on irrigation, and where

VOL. IT. H
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the Government does not assist in the construction of
works of distribution. If measures be taken to alter the
distribution of property—to replace the large by small
proprietors, I feel quite certain that the descent of Lower
Lombardy, from its high position among the productive
regions of Europe, will be rapid and inevitable. These
remarks do not apply at all to Middle and Upper Lom-
bardy, where irrigation enters but little, if at all, into the
system of husbandry. There, subdivision of property has
not yet, so far as my observation went, been productive
of any injurious effects whatever ; but I must repeat, that
circumstances are wholly different in provinces whose
agricultural life’s-blood, so to speak, circulates in their
irrigation channels. Even now, the financial pressure
checks the essential freedom of this circulation ; and if it
is carried so far as to lead to permanent embarrassment
on the part of existing proprietors, and the necessary
partition of land to meet demands so oppressive, the
Government will most unquestionably soon have cause to
feel that they have realised the ancient fable, in killing
the bird that for so many centuries has been laying eggs
of gold for their use.
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PART 1V.

LEGISLATION OF IRRIGATION IN NORTHERN ITALY.

INTRODUCTORY REMARKS, BEING A HISTORICAL SUMMARY OF
THE PROGRESS OF THE LEGISLATION OF IRRIGATION IN
NORTHERN ITALY.

THERE is reason to believe that long before the laws
affecting irrigation in Northern Italy were embodied in
any written code, they were recognised and acted on as
being among the common customs or unwritten laws of
the country. The earliest record of them which now
exists is found in a manuscript collection of the statutes of
Milan, preserved in the great Ambrosian Library of that
city, and bearing date 1216. But in this collection they
appear not as new laws then for the first time established
by the local government, but as customs which from time
immemorial had regulated the matters to which they spe-
cially apply. Verri, who is considered one of the most
careful of the historians of Milan, is disposed to carry
back the date of the first compilation of the statutes to
the tenth century, when Otho the Great, emperor of Ger-
many, granted to the cities of Lombardy the right “to
live according to their ancient laws and local customs,” a
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right subsequently ratified and confirmed by Frederic I.
at the peace of Constance in 1183. In the historical
summary I have formerly given of the progress of irriga-
tion, I have mentioned that this was the period when the
greatest of existing canals were executed ; that it was, in
truth, the birth-time of that irrigation system to which
Lombardy owes its singular agricultural prosperity. But
the use of water on a smaller scale was traced to a much
earlier period, and reaches back even to classic times.
The unwritten laws of irrigation in this region are there-
fore considered, with probability, to be fragments of the
Roman jurisprudence once established there, and which
have survived the destructive influencesof that dark period
which intervened between the fall of the Empire and the
rise of modern civilisation, by right of their utility and
adaptation to the wants and habits of the people.

In the code of 1216, formed by Brunasio Porcha of
Novara, then Podesta, or elected chief of the republic of
Milan, we find embodied the leading ideas which at the
present time regulate the legislation of irrigation. With-
out entering into minute details, it will, I am sure, be in-
teresting to quote those provisions which, for at least seven
centuries, have' influenced the social state of Northern
Italy, and whose beneficial effects are to be recognised
over the whole region of irrigation.

The ancient laws regulating the use of water are found
in Statutes 240 to 249, and in general terms are as
follow :— '

“1. Whoever has the right to obtain water from springs
or rivers, or in any other manner whatsoever, can carry it
through the fields and farms of any individual, commune,
or public corporation in this state, and also across the
public roads.

“2. To this end he can construct the canals or channels,
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and other necessary works, at the least possible inconve-
nience and injury to the proprietors of the farms, paying
one-fourth more than the true value of the land thereby
occupied.

“3. In addition, he must repair all damages caused by
the works, according to the estimate of two practical men
(perz'tz')—provided, however, that the compensation for
damages shall in no case exceed twice the value of the
property damaged.

“ 4. He shall be bound to maintain in eﬁiclent repair,
at his own expense, the bridges and drains required for
the passage of the water, whether on the farms or across
the roads, so that these latter shall suffer no injury, espe-
cially in rainy weather.

“5. The water may be conducted, or caused to pass,
above or below canals previously existing, new channels
of brick and lime being made for it in such manner as
that the water flowing under shall not be mixed with that
flowing over or within the pre-existing canals.

“ 6. These new channels must be maintained in such
condition as that the proprietor of the water at the upper
levels shall suffer no damage from the reflux of the same.
The water shall have a free and unobstructed course.”

Such were the earliest provisions made in the interest
of irrigation. They express very clearly that right of
passage which, as securing the free circulation of the
water without let or hindrance from the passions or igno-
rance of individuals, lies at the root of a widely-spread
system of irrigation ; while, at the same time, precautions
are taken to make the exercise of this right, so essential to
the common good, as little oppressive to individuals as is
compatible with its full enjoyment. The limitation of
the right, by the condition that it shall be exercised only
in the way which, according to professional judgment, is
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least injurious to the party granting the passage, has been
found to operate most beneficially in practice; and so
universal is the conviction of the necessity for the main-
tenance of the right thus guarded from abuse, that oppo-
gition to it is almost unknown. However much the
experience of centuries may have amplified the laws of
irrigation, it is to this first rough code that we have to
trace the establishment of the leading principles which
have regulated the gradual development of the system.

These principles are briefly—

1st, The right of passage.

2d, The limitation of this right to lines of least in-
convenience.

3d, Paymentfortheland occupied, with a certain fraction
in excess of the true value—being one-fourth in this case.

4th, Compensation for damages—limited here to not
more than twice the true value of the damaged property.

5th, Obligation on the proprietor of the water to
maintain the works.

6th, Obligation on the proprietor of the land to keep
the channel free of impediments to the course of the water.

The old Statutes further contain a number of detailed
regulations connected with irrigation, such as limiting the
distances of canals or springs from each other, or from
rivers the property of the State; securing certain distances
on each side of the channels for the reception of the de-
posits cleared from them; prohibiting the construction of
dams in rivers without due authority—and so on. But
the preceding abstract will give a sufficiently clear idea
of the general principles involved, to make it unnecessary
for me to dwell longer upon them.

From time to time, during the middle ages, new collec-
_ tions of the Statutes were formed by different princes. In
1351, Luchino Visconti caused the whole to be revised ;
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and his successor, the great Giovanni Galeazzo, published
the collection in 1396, under the name of the Nuove
Constituzioni. In 1457, the right of passage was spe-
cially established by Francesco Sforza on the Canal Mar-
tesana ; and some time afterwards, the reigning duchess
of Milan, Bianca Maria Visconti, published a new series
of regulations for its exercise, of which the most remark-
able was, that the engineers to whom was committed the
duty of determining the amounts of compensation to be
paid were to be named in equal numbers by the proprie-
tors of the water and the land—an arrangement difficult
to work in practice, from there being no provision for a
casting vote in the event of an equal division of opinion.
After the termination of the national dynasty, on the
defeat and capture of Ludovico Sforza il Moro, by Louis
XII. of France, another series of statutes, carefully em-
bodying all pre-existing laws of irrigation, with such
farther developments as seemed expedient, was published
in 1502 by the latter monarch.

About the same time the republic of Venice estab-
lished, throughout its irrigated provinces, regulations
similar in principle, though different in detail, to those of
the Milanese. It may be curious to show how this ques-
tion was treated by a body so celebrated as the senate of
the republic; and I have therefore translated the following
statute on irrigation, which bears date the 27th August
1455, and is therefore very nearly four hundred years
old. It is applicable to the province of Verona, where,
as formerly remarked, there are canals of irrigation very
nearly as old as the Naviglio Grande, and where common
custom had doubtless preserved, by equally clear tradi-
tion, traces of a legislation far more ancient than any
written record. The Veronese statute is as follows :—
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“ 1. Every inhabitant of the territory of Verona is at
liberty to derive, from the rivers appertaining to the State,
such supply of water as is necessary for the irrigation of
his property, on obtaining the requisite authority from
competent magistrates, and under the condition that he
inflicts no injury on parties possessing older rights to the
same waters.

“ 2. Whoever shall obtain the right of establishing an
irrigation channel, may demand a passage for the water
across the land of any other person ; paying, however, to
the proprietor, twice the value of the land occupied.

“ 3. This value shall be fixed by skilful men chosen by
the parties interested.

“4. The compensation shall be payable in advance,
except when the proprietor of the land is willing to grant
a delay thereof.

“5. On fulfilment of the above conditions, the sale of
the land demanded shall be obligatory, and should be
effected by a legal act.

“6. In case of refusal on the part of the proprietor
to acquiesce in the preceding terms, it shall be competent
to the administrative authority (the Podesta) to adopt
compulsory measures, since the right to the possession of
the land exists without reference to the inclinations of
individuals, corporations, or communities.

“79. Possession obtained in execution of the present
statute shall be held good and admissible as regards the
grantee.

“8. In the case of a proprietor refusing all acquies-
cence in the possession thus granted, and declining to
receive the price of the land, regulated as above pre-
acribed, this price shall then be deposited with the autho-
rities ; and immediately after this formality, the works
of irrigation may be begun.
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“9. When parties differ as to the proper position of
the channel, the professional men, named at the instance
of the recusant, ought always to prefer the place least
injurious to the property traversed.

“10. The same rule ought equally to be observed in
cases of dispute regarding channels sanctioned prior to
the publication of this statute.

“11. When a channel intersects another canal, or
water-course of any kind, the passage shall be effected
either above or below, by means of appropriate works of
art. The proprietor demanding the passage shall be
bound to deposit security for all damages which may be
caused by the said works to water-courses or canals pre-
viously in existence.

“12. This precaution being observed, the proprietor of
the land cannot impede the execution of the works, but
ought to lend all practicable assistance during the period
of their construction. The definitive settlement of the
amount of compensation for damages shall be made on
the completion of the works.

“13. In the event of the construction of a water-
course causing & marked diminution of the extent or
value of a property, the party claiming the passage shall
be bound, not only to pay compensation for all injuries as
estimated by professional men, but also to purchase the
entire property should its owner so desire.

“14. The present statute is applicable only to canals
and water-courses to be constructed within the province
of Verona.”

This law exhibits the importance attached to irrigation,
in leading the Venetian legislature to sanction, on its
behalf, so decided an interference with the rights of pro-
perty as is here exhibited, and in the scrupulous care
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taken to make such interference productive of the least
possible injury. The same general principles pervade the
laws of Verona and Milan, but the former are more strin-
gently protective to the proprietor of the land than the
latter. The payment of twice the real value of the soil
—the obligation to purchase the entire property, should
it be seriously deteriorated—and the payment of all de-
mands in advance, except those for damages, which could
fiot then be known, are features peculiar to the Venetian
legislation, and indicate an anxious desire to reconcile the
rights of property with that free extension of irrigation
which was 8o essential to the general agricultural interest
of the province.

After the defeat of Francis I. at Pavia, and the subjec-
tion of Lombardy to Charles V., a new code of statutes
was published by the latter in 1541. As the Sesia was
then the boundary of the Italian provinces subject to
Spain, these statutes were extended to the region between
that river and the Ticino. But here, as in the ancient
duchy of Milan, and the irrigable provinces of Venice,
there is reason to believe that tradition had regulated the
distribution of water for ages before the code of Charles V.
was introduced. M. Giovanetti mentions, that, having
had occasion to examine many documents of the tenth,
eleventh, and twelfth centuries, he has found in these
numerous proofs that in Novara the principles of the
Roman law, in matters connected with the use of water,
had never been wholly lost sight of, but, embodied in the
traditions of the people, had continued, in unwritten forms,
to influence the development of irrigation there. Before
the time of Charles V., the canals of the Sesia, Busca,
Biraga, Mora, and others, were in existence, meadow and
rice cultivation was established, and the general machinery
of an irrigation system was fairly at work. It is certain,
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however, that the introduction of a legislation already so
well defined as that of the Milanese, into the provinces
west of the Ticino, was of the utmost value in stimulating
agricultural improvement ; for it is well known that, at
the middle of the sixteenth century, when the statutes of
Charles V. were made the laws of all his Italian pro-
vinces, the extent of irrigation in Novara was less than
one-fifth of what it is at this moment.

However little Northern Italy may be indebted to the
dominion of the Spaniards in other respects, it is unde-
niable that they devoted much attention to the develop-
ment of irrigation, bringing with them, doubtless, the
traditions of the. Moors, to whom they owe their own
remarkable system, which exhibits many features worthy
of careful study. :

As regards the other provinces of Piedmont, an imper-
fect legislation of irrigation was preserved in the ancient
provincial statutes, or the immemorial customs of different
localities. The right of passage is always recognised in
the earliest statutes, though in these the party claiming it
is bound to pay no more than the simple value of the soil
occupied. The first notice of any legislation by the house
of Savoy dates from 1584, when the right just referred
to was distinctly established, with some slight modifica-
tions of the ancient conditions, by an edict of the Duke
Charles Emanuel. This edict, however, was very vague
and indefinite ; and it is in the Royal Statutes of Victor
Amadeo II, and in those of his son, Charles Emanuel
IIL, published in 1770, that we find the legislation of
Piedmont assuming a clear and definite form. To illus-
trate the first stages of legislation in Piedmont, as I have
already done those in Milan and Verona, I give a trans-
lation of such parts of these statutes as apply specially to
irrigation.
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“1. Every commune, corporation, or individual what-
soever, shall be bound to grant a passage through their
lands for waters legitimately derived from rivers or foun-
tains, whether for irrigation or machinery. This passage
shall likewise be granted through existing canals and
water-courses, provided always that this operation shall
cause no injury to the proprietors of these eanals, and
shall in no way impede the free course of their own
proper waters.

“2. Whoever claims a passage for his water-course
across the property of another ought to effect the same with
the least possible injury. The proprietor of the water
shall pay the value of the soil occupied, with one-eighth in
excess, a8 estimated by professional men. He shall farther
repair all damages he may cause, or pay the full value of
the same.

“3. Whoever has the right of obtaining water, whether
from rivers, streams, torrents, or from canals and water-
courses, shall be bound to do so in such manner as to
cause no injury, either to proprietors above or below, by
the reflux or the stagnation of the waters. Whoever by
their own neglect shall violate this provision, and thereby
injure others, shall be liable, not only to repair the
damages done, but also to pay a fine of ten crowns in
addition.

“4. If the waters thus flowing for the benefit of indi-
viduals shall impede the free transit of proprietors from
one point of their properties to another, those benefiting
by the canals shall be bound to construct and maintain
bridges wherever the necessity for cross-communication
may exist, provided always that there shall be no agree-
ment between the parties to the contrary.”

Some characteristic differences will be noted in the
terms of the foregoing regulations, as compared with those
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of Lombardy. The compensation for the occupation
of the soil is only one-eighth in excess of the true value.
The proprietors of pre-existing canals are bound to permit
the use of these for new supplies, unless they can prove
that injury to their interests will be the consequence
thereof ; and the parties availing themselves of the right
of passage, but neglecting the duties connected therewith,
are subjected to punishment by fine, in addition to pay-
ment of the cost of damages due to their neglect. The
right to make use of pre-existing canals, though it does
not specifically appear in any of the written statutes of
Lombardy which I have seen, was still practised there to
a considerable extent, and from a very ancient date. It
is supposed to have originated at the time of the construc-
tion of the Naviglio Grande, which in its course inter-
sected several pre-existing channels. Hydraulic architec-
ture was then in its infancy; the use of syphons, aque-
ducts, and similar works, was unknown for many years
afterwards. The only way of preserving uninjured the
interests of the proprietors of these old channels, was to
allow the waters in them to enter the bed of the Great
Canal, and to grant outlets discharging nominally equal
volumes at such lower levels as were most convenient.
There is no difficulty in understanding how easily this
arrangement lent itself to abuse: the quantity of water
entering the main canal from a pre-existing channel was
never clearly known ; and it was invariably found that the
volume taken from it exceeded much its legitimate limits.
So great and manifest became the losses due to this cause
that means were found, in the invention of appropriate
works, for carrying all waters above or below channels
previously existing ; and the obligation to do this became,
as has already been shown, a prominent feature in Lom-
bardian legislation, being one of the main causes of the
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high cost of all canals of irrigation in this region. From
time to time, however, even down to very recent date, the
local government granted permission for the junction of
waters belonging to different proprietors in the same chan-
nels ; and as there are, unquestionably, circumstances
under which it might be convenient to both parties to
abide by such an arrangement, we shall hereafter see how
the principle has been maintained, and at the same time
guarded from abuse, in the modern systems of legisla-
tion. Its first appearance in that of Piedmont is found
in the edict of Charles Emanuel ; but it is there expressed
in terms so absolute that its employment in practice must
have led to much abuse and litigation.

During the reign of Maria Theresa, great improvements
were effected in the administration of the canals of Lom-
bardy, and many new rules were introduced by her local
government, all tending to establish more clearly the
ancient principles of legislation, and to facilitate their
application in daily practice. Proprietors irrigating from
the different canals and rivers were formed into associa-
tions, with power to elect representatives, to whom the
internal management of the works was committed. Engi-
neers were attached to each association, and over the
whole a supreme council of irrigation was nominated, and
charged with the general superintendence of all matters
connected with the use and distribution of water through-
out the kingdom. Such associations were of very ancient
origin in Lombardy—some, as that of the river Olona,
dating from the twelfth century; but all were reorganised
at the time we are now referring to, invested with large
powers, and brought into close relation with the public
administration. The regulations thus established conti-
nued in force during the existence of the Cisalpine and
Italian republics, for which a legislative council was organ-
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ised about 1802. So many of the old feudal statutes
were swept away during this convulsive period, that
special legislation on the subject of irrigation became
necessary, and on the 20th April 1804, a law was pro-
mulgated by which the Statutes of Milan and the Consti-
tutions of Charles V. were re-established. On the 20th
of May 1806, another law was published, amplifying the
provisions of the preceding, and embracing not only irri-
gation, but its allied subjects of drainage and improve-
ment of land.

In 1816, the Civil Code of Austria for the Lombardo-
Venetian kingdom was published. In this, no special
provision was made for securing that right of passage,
hitherto a fundamental principle of the legislation of irri-
gation. In consequence of this omission, serious disputes
arose ; and the question having been finally carried before
the Aulic Council of Vienna, a decree of this body, dated
17th August 1820, re-established in full force the laws of
April 1804 and May 1806, by which, at this moment, all
questions connected with the use of water for irrigation
are regulated.

That portion of Piedmont which was incorporated with
the kingdom of Italy benefited by the laws of 1804 and
1806, until the fall of Napoleon, when the Ticino be-
came the boundary of the kingdom. In 1814, the royal
statutes of Charles Emanuel were re-established for the
entire monarchy; and three years afterwards a patent
was published, in which the provisions of these statutes
were clearly defined, amplified, and protected by various
penal awards. With like objects, other royal patents
were published in 1828, 1834, and 1836 ; but as all the
details in these are reproduced more elaborately in the
Civil Code of 1837, it is not necessary for me to dwell
upon them now.

VOL. 1L I
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For Lombardy, therefors, the Civil Code of Austria, and
the Laws of the 20th April 1804, and 20th of May 1806,
form the existing legislation of irrigation. For Piedmont,
this is embodied in the Civil Code of Charles Albert. I
now proceed to give such portions of these various enact-
ments as are immediately connected with my subject. *

* In the preparation of the preceding summary I have consulted a great many
authorities, for access to which in original I am indebted to the liberality of the
Court of Directors of the East India Company, by whom I was supplied with
the means of procuring copies of the whole. As the same works furnish me
with all my materials for the subsequent chapters on the Legislation of Irriga-
tion, I quote those to which I have been most indebted below :—

‘ Statuti di Milano.” 2 vols. of text, with notes, and an appendix of interest-
ing observations, Milan: 1778.

“ Codice Civile Universale Austriaco pel Regno Lombardo-Veneto. Edizione
Ufficiale.” Milan : 1815.

“ Raccolta dei Leggi, Regolamenti e Discipline, dell’ Acque e Strade del Regno
d’ Italia.” 2 vols, Milan: 1806.

“ Manuale delle Leggi, Regolamenti e Discipline, intorno alle Strade, Acqus,
&c., da Antonio Cantalupi” 4 vols. Milan: 1845.

“ Codice Civile di Sardegna ; Codice Penale di Sardegna.” 2 vols.

“ Régime des Eaux par Jacques Giovanetti” 1 vol. Lithographed.

“ Rapport sur la Pratique et la Legislation des Irrigations. Par M. de Mauny
de Mornay.” 1 vol. Paris: 1844.

“ Des Canaux de I'Irrigation. Par M. Nadault de Buffon.” Vol.iii Paris:
1843.

“ Manuale di Idrodinamica di F. Colombani ; Appendices on Legislation in
Lombardy and Sardinia.” Milan : 1845,

“ Romagnosi, Trattato della Condotta della Acque.” 4 vols.



CHAPTER I

LEGISLATION OF IRRIGATION IN LOMBARDY.

SECTION L

RIGHT OF PROPERTY IN WATER.

THE right of property in all running water, whether of
rivers, streams, or torrents, appertains, in the Lombardo-
Venetian kingdom, to the Government. The water of
springs existing on the private properties of individuals is
the only exception to this general rule. I cannot better
illustrate the growth of the right of the Government, above
referred to, than by the following short quotation from
the work of M. Giovanetti, in which this accomplished
lawyer traces it from the earliest times of which records
remain :—

“Jt is to an object of the most important and most
serious character that I now desire to draw your atten-
tion. Call to mind the remark I formerly made, that we
in Northern Italy had been judicious in ranking among
the things appertaining to the royal or public domain,
the waters of all rivers and streams, whether navigable
or non-navigable. In this respect, Art. 420 of our Civil
Code is the reverse of Art. 538 of the Code Napoleon,
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which regards navigable rivers only as those belonging
exclusively to the State.

“ The distinction between waters which are public
property, and those which may be appropriated by indi-
viduals, has always appeared to me to merit the especial
attention of the legislator.

“ On this distinction is based the solution of a vast
number of questions on the right of property in the bed,
on the alluvial deposits, and on the waters themselves.
But to explain clearly my views, it is necessary that I
should trace briefly the history of the right. Be good
enough to follow me. I will move rapidly ; but, for love
of order, I will divide the matter into several paragraphs.

“ In my opinion, the Roman lawyers have viewed the
relation of waters to the public interest in a very just
manner. They have declared public the navigable rivers,
and all those which could be rendered so; but in doing
this, they propose no other end than to render more
efficient the navigation and the ports. According to
them, the use only of the bed was public, but the right of
property to the bed, to the islands existing in it, to the
alluvial deposits, and, in the event of a change of course,
to the abandoned channel, was held to appertain to the
proprietors on the banks. The fundamental principle
from which this system flowed is recognisable at a glance.
There was no necessity—there would, in truth, have been
many inconveniences—in reserving to the public domain
more than the simple use of the waters for navigation or
transit in any other form. The establishment of a patri-
mony for the community was not the object to be contem-
plated, but simply to place beyond the reach of private
appropriation all that naturally was designed for the
common good—all that facilitated individual or commer-
cial intercommunication ; and hence stimulated social
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development, and quickened the march of that progress
to which the Creator has called us. But beyond these
limits, it is palpably for the general good of society and
progress that the fertile principle of private right should
be left to the freest possible action.

“All that the Roman jurisprudence has established
regarding the bed, whether occupied or abandoned, on
alluvion and on islands, is no more than the logical
sequence of the regulating principle which we have noted.

“The natural corollary of this system is, that a right
to a supply of water from a river, a stream, or a torrent,
may be acquired either by a direct grant, or by presecrip-
tive title, on the distinct condition that no injury shall
thereby be inflicted on the navigable efficiency of the
waters, and that the public administration has the power
of revoking any grant whatever, whether tacit or ex-
pressed, whenever it violates this condition.

“Such is the state of the question according to the
Roman law, which has always been acknowledged with
us, notwithstanding the feudal law, which especially
affects the Lombard cities, and to which I have now
more especially to refer.

“To complete, however, my explanation of the ideas of
the Roman lawyers, I have to observe, that, in subordi-
nation to the interest of the entire community, there arises
a second interest, less extended, it is true, but which un-
questionably ranks among what are termed collective in-
terests. It is for the protection of this secondary interest
that every derivation of water from any river, whether
navigable or otherwise, exists under the condition that it
shall not be injurious to neighbouring properties. Hy-
draulic agriculture ought to learn to profit by this precious
germ, due to the high intellect of the legislators of a great
people, and to glean from it the means of guarding and
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regulating those collective interests which develop them-
selves with the progress of irrigation, and with the grow-
ing importance which water, daily almost, gathers in those
countries so fortunate as to be able to employ it usefully.

“The irruption of the barbarians brought into Northern
Italy the Germanic rights and the feudal laws. All the
rights appertaining to the public, centred in the feudal
lord of a commune, a province, or a kingdom, becoming
his absolute property. It appears to me that it was not
for purposes of police that the feudal superiors exercised
all the rights of masters over the various water-courses,
but that their right of absolute property necessarily ab-
sorbed everything previously held to belong to the com-
munity. There existed, in fact, merely the relations of
masters and subjects.

“At the peace of Constance, in 1183, the Italian
towns of the Lombard League recovered all the rights
previously vested in the feudal superiors, and from that
time the rivers have been held to be public property.
These rights were then vested in the cities themselves,
which, as you know, exercised authority over a certain
extent of the adjoining country. When the monarchic
element was introduced, there were constant struggles
between the royal and municipal governments on the
question of the right to the running waters, and of the
amount of tax to be paid for their use.”

The results of these various struggles have tended to
define clearly the different rights involved ; and while the
Government now disposes of the waters of all rivers and
canals, it recognises the claims of towns, or communes, or
associations of proprietors, to the supplies which they have
enjoyed by grant or prescriptive title for long periods of
time. It is to this arrangement that the exceedingly
limited advantage derived by the State from the waters
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of Lombardy is to be traced. In the historical sketch of
the great canals, I have given numerous proofs of the
extent to which private rights had grown up during the
troubled times, and under the various dominions, native
or foreign, which have prevailed in the country. The
right asserted by the State is now an almost barren one,
and its enforcement has reference rather to administrative
and police duties than to direct financial considerations.
In exercising its right of property in waters available
for irrigation, the government of Lombardy follows one
of three courses. 1st, It disposes of the water in absolute
property, to parties paying certain established sums for
it. 2d, It grants a perpetual lease of the water on the
payment of a certain annual amount. 3d, It grants a
temporary lease for a variable time at a certain annual
rate, the water reverting to the State on the termination
of the lease. By far the most common of these courses
is the first ; and it has, on the whole, I think, operated
beneficially in the actual circumstances of the country.
The great landed proprietors during the progressive
development of irrigation were the municipal, the reli-
gious, and charitable corporations, and the powerful noble
families, the feudal superiors of the soil. As the whole
of these associations commanded large capital, it was in
their power to pay at once the sums required by the
State, for such volumes of water as were suited to the
wants of their respective properties; and having thus
secured the right to employ the waters so purchased as
seemed to them best, they were relieved from all harass-
ing interference in applying them for their own use, or in
disposing of them to others. With the revival of know-
ledge in Italy, the art of hydraulic engineering was called
into existence, and the extensive demand for skill in its
details created early a supply of men familiar with all of
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these. Hence the remarkable number and the great
talent of the executive engineers, by whose exertions,
rewarded and stimulated by their wealthy and powerful
employers, that vast network of irrigation channels was
spread over the entire face of the country. We have, in
fact, seen repeatedly that the private resources thus
employed were more powerful than those of the State
itself ; their proprietors carried on a successful resistance
against every attempt of the administration to enforce
the regulation of their water-courses, or the introduction
of fixed measures for their supplies. Varied though the
dynasties governing Lombardy have been, and however
different in their origin, their claims, or their systems of
administration, all found that, having once granted the
absolute property in the waters of the country to private
parties, in consideration of certain sums paid, or services
rendered, they had thereby created collective interests -
powerful enough to maintain this right against all
encroachment, and even to withstand, up to the present
hour, the just claim of the State to regulate the grants
according to their original terms. Whatever the actuat-
ing motives for their moderation may have been, there is
certainly no just cause to consider the manner in which
the governments of Lombardy have administered their
rights to water as oppressive or despotic; in truth, it
would perhaps have been occasionally better for all
parties, had they been able to carry their administrative
reforms farther ; but, looking to the general result, it may
safely be asserted that, in the peculiar circumstances of
the country, with the wealth at the command of the
landed proprietors, the number and the skill of its engi-
neers and agriculturists, the disposal in perpetuity of the
water has operated powerfully in producing that social pro-
sperity for which the irrigated districts are so remarkable.
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I have considered it necessary to qualify the preceding
opinion by reference to the special circumstances of the
country, since I am very far from thinking, that because,
as a matter of fact, irrigated Lombardy has reached a
highly productive state under the system of sale of water
in perpetuity, it would therefore be wise to introduce
such a system at once into other countries. In Northern
India, for example, as in Lombardy, the Government
possesses the right of property in all running waters
whatsoever ; it may equally dispose of them for ever if it
thinks fit, and it has far greater power to secure the
maintenance of such grants as it may make in all their
original integrity. But this part of irrigated India wants
two important elements of that success which marks the
progress of irrigation in Northern Italy. It has no great
landed proprietors, with the will and the means to under-
take expensive works, for utilising the grants of water
which might be made to them ; and the science of
hydraulic engineering is as yet virtually unknown in its
social system. The Government must, in justice to itself,
fix a fair value on the water ; and I doubt very much
whether, on its doing so, any private parties would be
found willing to undertake the responsibility of construct-
ing large hydraulic works for its distribution. The pro-
fession of an hydraulic engineer does not yet exist,-and it
will be called into being with better effect under a system
less liable to abuse, and more easy to control, than that
which the force of circumstances rather than deliberate
choice has established in Lombardy. A grant in per-
petuity of such a material as water, whose value must
necessarily go on augmenting with the progress of agri-
cultural irrigation, is an act of injustice towards the
Government, and is especially so in a country where the
revenue derived from the water forms a legitimate addi-
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tion to the resources of the State, supplying it with the
means of extending the works, which, in the actual con-
dition of society, it alone is able to undertake. Hence,
therefore, I am distinctly of opinion, that for the Govern-
ment of India to follow the example of that of Lombardy,
in parting for ever with its right of property in the waters
of the country, on receipt of sums which cannot possibly
represent the real value of the article, would be an unwise
course, not only as regards its own interests, but also
those of the irrigating community. For there is no one
_point better established by experience in Northern Italy
generally, and in Lombardy particularly, than this, that
the selfishness of grantees in perpetuity of water has been
one of the most serious obstacles to the development of
irrigation. Acting on the principle that they had a right
to do what they liked with their own, they were in the
habit of suspending arbitrarily the supplies of water dis-
posed of by them to other parties under subordinate grants,
of increasing as they thought fit the prices to be paid,
and, in a word, of pushing to its utmost limits the right
of absolute property purchased by them from the State.
But an agriculture founded on artificial irrigation cannot
advance as it ought to do, under such an arbitrary system ;
and so, in protection of the irrigating communities, there
gradually grew up a right, which, being acknowledged by
the legislative tribunals, modified the despotism of the
government grantees. This right bears the name of the
diritto d insistenza, and assures to a province, or com-
mune, or association of irrigators, or even to individuals,
a legal claim to a continuance of such a supply of water
as they may have enjoyed for long periods of time, and
on the faith of possessing which they may have incurred
heavy expenses. So long as the irrigating community pays
the water-rent fixed by the grantee of the canal, it cannot
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be arbitrarily dispossessed of its supply; and in the event
of the proprietor of the water desiring to change the
rates of payment, this must be done through the medium
of arbitrators duly nominated by both parties. It is held
by the tribunals, that canals of irrigation are not to be
regarded as works designed solely for the benefit of their
original constructors. Certain rights and privileges, as
the right of passage for the water across the lands of
others, &c., have been granted in partial violation of the
principle of private property, to facilitate the establish-
ment of such works ; and hence the general good of the
community has to be considered, as well as the benefit of
individuals who may be holders of government grants.
‘When, therefore, the right of property in all running water
in a country has been vested in the State, to be by it
administered for the combined benefit of the public
treasury and the agricultural community, the surest way
of escaping all such injurious influences as I have just
referred to, is for the Government to retain its right, and
so to guard the grants of water it may make, as to secure
all the interests of which it is the natural protector.
The general principle on which grants should be made,
appears to me to be by lease or contract for fixed periods
of considerable extent, as from twenty to thirty years, the
terms of such contracts reserving to the Government the
general control of the waters, and the power of enforcing
such police arrangements as are essential to sanitary or
other purposes. The making of these leases renewable at
certain intervals would give opportunities of introducing
all such improvements as increased experience.and know-
ledge had intermediately suggested, while their length
would be sufficient to encourage the grantees to invest
the capital necessary for the construction of the minor, but
still very important works required for the passage and
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distribution of the water. It is in India so directly the
interest of the Government to stimulate the agriculture of
the country, on which the great mass of its own resources
depends, that the contracts would invariably be renewed
on just and moderate terms; and I am sure that all
parties concerned would be better satisfied under such a
system, than if what may be called “perpetual settle-
ments,” similar