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PART III

PRACTICE OF IRRIGATION IN NORTHERN ITALY.

INTRODUCTORY "REMARKS.

Tun curiously fragmentary state of socicty 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 scems 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, ab
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 thronghout
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the small kingdom of Piedmont alone. The confusion
naturally arising from this cxtraordivary varicty has led
to vigorous efforts on the part of the governments to
replace the local mcasures 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 cquivalents in the French decimal sys-
tem. Of course, an article of so much social value as
water for irrigation forms no cxception to the geueral
rule, and the measures in use for its distribution exhibit
the same varicty as characterises those for arca, capacity,
weight, and lincar 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 subjeet, refercnces to which I give

below.*

There is, perhaps, no branch of the practice of irriga-
tion so important to the intcrests 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 rcasonable limits of crror.
With the prospeet before us of a system of irrigation
canaly developing itself over the entire surface of the

* “Tavole di Ragguaglio degli Antichi Pesi e Misure, &e. &e., publicate del
Ministero di Agricoltura ¢ 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,” listory of irrigation in the
Milanese. ¢ De Regi, Uso della Tavola Parubolica per le Bocche d'Irvigazione.
Milan, 1804.” “Tudini, del Movimento ¢ della Misura della acgue Corrente.
Milan, 1816.”  * Brunacci, Sulla dispensa delle acque. Milan, 1827.” * Turazza,
Trattato di Idrometrin. Padua, 1845.” “ Colowbani, 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 1t 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 uwader 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 arca
of irrigation, the defects arc almost self-cvident. The
lands irrigated vary annually—1 might say bicnnially—
in extent and position, hence the necessity for annual or
biennial measurcments by government officers to protect
the interests of the state ; and hence, also, constant inter-
ference with the cultivators, and no small amount of
fradulent collusion between them and the subordinate
officials to whom the duty of measurcment 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 is found, 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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vat?rs to‘ defer irrigation so long, that their crops are
{scrlously mjured ; and as the hope of a present saving
18 very frequently more powerful than the fear of 2
prospgctivc loss, a sort of spirit of gambling is gencrated-
Tt is a step in advance to fix the dimensions of the
outlet, and to regulate the charge by the superficial arca
thereof, leaving to the cultivator the unrestricted use of
th(': volume of water thus supplied to him. But it 13
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 arca 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
w.hich 1t 1 now cmployed in India, and of the impossi-
bility of sccuring just and satisfactory results by its
employment without additional precautions. The nature
of these precautions, as dctermined by long experience
in Northern Italy, we shall now proceced 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 caleulated for introduction
into our Indian system.
v s o ik o et i
as ved, which it is desir-
f;‘lile to' define cleayly, and to keep separate in the mind.
geizleer 1:1' (i; btﬂ?tomlél:sso\i | lz;,cll:mty of measure, a[?ar‘b alto-
er from may be taken to insure its
al.)phcatlon m actual practice. Considerations of expe-
diency will determine, in different localities, the S)e(?i 1
selection of this unity. It is sometimes tht,) quantlity zf
water which issucs from an opening of fixed dimensions,

wi i L
thor without a certain pressure ; at other times it is

UNIT OF THE SARDINIAN CIVIL CODE. 7

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 Ttaly, 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 definec in
terms of the ostablished units, is measured and issued.
The forms of this apparatus depend, in principle, o
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 itsclf. 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 i—

« 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,
(concessioni A bocea 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, $0 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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stz?nds, with its upper surface perfectly free, at a constant
height of four decimetres (15.748 inches) above the lower
edge of the outlet.”

I{_o\'rv the mechanical arrangements for fulfilling the
conditions involved in this legal definition of the Picd-
glontcfse new module are to be worked out, is left t0

10 sl:xll of the engineers employed —varying according t0

l- I3 > - YL 1 1
P f1.va ¢ agreement in cach case.  Though the omission of
a O ¥ 1 3 ; ‘
i rm r.)f measuring apparatus has been censured, and has
ven Tis ry lively ¢
%nd Tise to very hvely controversy among the lawyers
e " 3 oo "\ 1 1
;),e fc gincers of the country, I am disposed to think that
va RO : )
e ;ncrs of the code were judicious in fixing only the
done(; measure, and providing as they have eclsewhere
fone (l))r l;)nan)ldublo imperfections in the actual measure-
iy » by barring all right to action unless the excess OF
tctuilcncy complained of shall exceed one-cighth of the
ota .volu'mc‘specmcd in the grant, (Art. 641.) Such a
margin will in practice be found to cover the probable
.€rr f‘);;al of most forms of measuring apparatus now in use
o 1'at the unit of measure, or the module, for Indjan
urlgatllon' should Dbe is a delicate and difficult (uestion
scarc ini i ‘
wreely, It my opinion, to be satisfactorily solved, i :
existing statc of owr informati Joro et i the

: : ; 1 .
Do Site © ation on the subject ; for
) ve have been so busy in ]

ramework of our can:

. ) our canal system, that we have had
cither time or opportunity fi e mer e
. 1 " enteri i
quostions somo, tmity for cntering on the minuter
. ' mnected with it.  When. Low i
of Italian experience have 1, » however, the details
usoful it © have been reviewed, perhaps some
s may be eleancd fr
Ay gleanced from them,
s might be anticipated fy ;

po e ' Pated from the limited devel b
obrrigation within them, the S LI
the Po present the x-udcs’t N { rates on the right bank of

. st and mog
measuring. apparain 108t clementary forms of

: 8. nmemoir ;

Dispensa, deile Acque, furnist e Drunacd, Sull
, furnishes i
some details connected

creating the grand

WATER-MEASURES IN PARMA AND PLACENTIA. 9
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 thab 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 arca 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 cvident that extreme irregu-
larity must be the result. It is well known, farther,
that with variatious of the heights and perimeters of out-
lets, the discharges vary materially ; and as in each of
ng cases both of these clements of calculation
b differences, the unity becomes of a very
By natural consequence, recourse is had
blished and more defi-

and more especially to

the precedi
show importa
indefinite kind.
in all important cases to the csta

nitive measures of other countries,

the module of the Milanesc.
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 yuder periods of irrigation. It is
locally termed a Macina, and supplies the quantity of
water necessary to drive the wheel of a corn-mill. It is
the same measure which we find in the irrigated districts
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of the Pyrenees under the term Moulun ; in Piedmont it
oceurs as the Ruota ' Acqua; and in Lombardy as the
Rodigine. Tt was in fact the first rude idea of unity

likel cur to 1 |
y 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
braccio (cqual <o nearly 19.65 inches) square.  There
are no conditions established for
the l.mcar dimensions when the volume exceeds a single
macind, so that it would be vain endeavouring to deter-
mine the real discharge. "The dimensions of :hc macind
of Modena are nearly the same ag those of the ruota of

T
Piedmont ; 'and as the conditions of the lagter are tolerably
well fixed, its value will aive uy

fixing the pressure OF

' ab Ieast an approximate
ldt‘{f of that of the Modenese unit, The Sardiman
engineers value the ruota at very nearly 12 cubie feet per
sccond, an(% this may be assumed to represent the volume
of the m'acma also—that is, supposing the water in both
cases to 1ssue at the surface level, and conscequently with-
out pressure.  Though thig may be generally, it s
undoubtcdly not always, the case, as inbccrtain :mcicllb
grants expressed in maucine the height of water above the
lllI)Per Oflgc 'Of the outlet rises to IOhlocal inches,(or nearly
it sible t L any precise .vzulu(.: to this unit.
acina 1s occastonally subdivided into nine parts, the
volum('a of cach being measured by a square outlet, having
each side 6.68 Linglish inchies in length ; but s;ramrcl;
enough, this measure is cqually indcﬁiitc as r’c"zu‘dsbthc
pressure under which the discharge from it t ¥
and its value cannot therefore bo correctly det
1 In Ferrara and Romagna, the torrent
the streams limits so much the appli

akes place,
ermined.

al character of
cation of their waters

MEASURES OF FERRARA AND ROMAGNA. 11

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 Appenines, is
extremely precarious, and in summer the channel becomes
nearly dry ; hence the rules for measuring the water fur-
nished by it arc nccessarily temporary and special.  When
grants are made, the pontifical engincers determinc at
discretion, and, according to the local peculiarities of each
case, the conditions which must be observed. In general,
the outlets arc simply openings in the bank of the canal,
of variable dimcnsions, and supplied with sluices, which
are regulated by custodi, 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
madc of stone, and raised threc Bolognese fect above the
Jével of the bottom of the canal; while each opening
should be supplied with a sluice to regulate its discharge.
This order was rencwed in 1749, 1757, and 1793, by
various cardinal - delegates, and finally in 1805 by the
prefet of the department. 1In 1811, the canal Torbido,
ncar 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 have
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led to the introduction there of any well-defined system
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 subject,
that any precise rules are in force throughout these terri-
tories. These brief introductory details show the infancy,
as it were, of the measurement system, and represent that
stage at which we have arrived in our Indian practice ; for
we are as yet scarcely, if at all, in advance of the Dbetter
defined among the methods Just deseribed, and much in
arrear of the best of those, to the account of which we
may now procecd.

CHAPTER 1.

SYSTEMS OF MEASUREMENT OF WATER 1IN
NORTHERN ITALY.

SECTION I
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 reduced
throughout to English equivalents, and T have endeavoured
to secure as much accuracy as was possible. But those
who arc 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.

. THE RUOTA OF PIEDMONT.

For several centuries after the first introduction of tbe
modern system of irrigation into Piedmont, no special
unit of measure for running water was employ f?d' Cer-
tain ancient documents referred to by Brunacel, (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 tg
ha.ve been the earliest unit employed ; but as no deter-
unate pressure was specificd, this early form was no
d.oubt; exceedingly imperfect. About the middle of the
antecnth century, however, the clement of pressurc was
mtroduced, and clearly defined. Tn the Vercellese, and
on the canal of Caluso, water was then issued in tcr’ms of
ruote, or wheels, cach of which was the quantity passing
through a square opening of one foot, the upper edge 07'
the outlet being what is locally termed « Jior di acor[ua
or level with the surface of the water of the canal 01"
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 oncie, or inches, and
the superficial arca of the ruota was consequently, 144
local square inches. The somewhat incongruous employ-
ment throughout the irrigated districts of Northern Italy
of the term inch at once as a linear, superficial, and water
measure, is apt to lead to a little confusion; but a
mome.nt’s consideration will serve to indicate the special
meaning of the term in each case.

The volume discharged by the ruota is estimated 1
the Piedmontese engineers at 12.05 cubic feet per secondy
But into this determination there enters an element f
error which local estimates do not take account of. IO
employing the ruofq as a regulating measure refcre;x 1
made. so.lely to its superficial area—144 s:]uare in((zzil .
coustituting a ruota, however this area may be obtain de ?
or, in other words, the measure under remark Is 1 o
fect, because no fixed form is prescribed for it lml’i‘el'-

following short table illustrates my meaning :— he
g:

‘a good unit.

SOURCES OF ERROR IN THE RUOTA. 15

Linear dimensions appli- Fixed superficial .
cable to a ruota. area of & ruota. Perimeters.

Height. Breadth,

12 x 12 = 14 (124122 = 48
16 x 9 = 144 (16 + 9)2 = 50
18 8 = 144 . (18 4+ 8) 2= 52
36 X 4 = 144 (36 + 42 = 80
48 x 3 = M4 @8+ 32 =102
2 x 2 = M4 (724 2)2=148

A glance at these figures will show the heights varying
from 1 to 6, and the perimcters from 1 to 3, while the
superficial area remains constant. To ascribe a fixed
value to a measure thus variable in the most nmportant
clements which enter into the calculation of discharge, is
impossible.  That such variations arc not merely possible,
but have actually occurred, admits of documentary proof.
Tn 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 ruola is defined to be that quantity of
water which passes without pressure through an opening
by 16 inches wide, being an area of 144

Again, In 1764, in a grant made to the
Count of Massino of threc ruofe of water from the canal
of Caluso, the dimensions given to the outlet are 12
inches in height and 36 n preadth, or for each rwota 12
inches by 12. Various outlets with greater contrasts of
dimensions are to be secn on the different canals, and
show clearly that the ruola is too indefinite to constitut.e
Two principal considerations support this
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 {leCGSS&I‘-IIy
modifies the contraction of the vein of water in passing

9 inches high
squarc inches.

opinion :—1st, Outlets
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through the outlets. These are crrors of principle, but
extreme inconvenience in practice arises from the pecu-
liarity of the ruota in having, as essential to its definition,
no head of water or pressurc over the upper cdge of the
opening. To expect perfect constancy in the surface-
level of any canal of irrigation is a delusion. Tt inevitably
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 cdge of
the outlet should be « 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 bost measurcs of
No.rthern 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
commences 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
Vercellese T found the modules dispensing  water by
ruote quite as often with licads of water as without them.

I have already mentioned that it was in 1474 that
the first trace of a wuni of water-
Piedmont. The imperfect form th
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 oncig, and the volume thus
tem.led 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

measure appears in

en introdaced con-

1
DETAILS OF THE ONCIA OF CALUSO. 7

i I8
avove the upper edge of the outlet. This measure
IOCally termed

II. THE ONCIA OF CALUSO,

from its being employed very extensively on the <.:anal‘
of that name. It was first introduced by the engineer
Contini, director-general of the roya.l canals, a.,nd ) dl:
merely a copy of the inck of the Mllanfase as rega
dimensions and pressure, except that the linear measures
of Piedmont are employed instead of thc?se of. Mxla.n. .
The oncia of Caluso has the following dimensions in

English measures—(1 oncia = 1.68 iu'ches English )——
Height, 6.72 inches ; breadth, 5.04 mche§; prgssuze,
3.36 inches ; discharge, according to the official eStl‘m.‘:l e{
0.85 cubic feet per second. S.llch are the th‘emetufa
conditions of this measure, but it would be a great mis-
take to suppose that they are observe.d m‘ pra;:tltc}i;
There is scarcely a single outlet regulat.ed.m terms 0 .
hich the above limits are observed.

The pressure is invariably greater than it oucgllsts to EE):;
and by consequence the dls?hal'ge is also 112 e;l ese.abuses
reasons best known to part.les on the sgo ) iose
are tolerated, though occasional efforts have

rrect them. N ‘
’ g)ne of the strangest of these was the re-introduction,

1 ; 'ancesco
at the close of the eighteenth century, by l*; m;:auli
] i i i inent Piedmontese hy -
Dominico Michelotti, an emm.en KAsnol
! i t imperfect measure by
cian, of the ancient and mos e B

1 tal ct of extreme folly, and,

This was certainly an a e
tunately, the resistance to the system ‘;aih?:crevived
very few outlets were granted in terms of

oncie under notice In W

measure. i D. Michelotti,
In 1800, however, Tgnazio, the son of . B
VOL. I
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ha:vmg 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 su.rface' of the water in the canal of supply, induced
Ignazio Michelotti to adopt an outlet, giving wit’h a head
of pressure the same discharge as the ruotaoof his father.
He calct‘xlated that a rectangular opening, 4 Piedmontese
inches high, 3 wide, with a pressure of 4 i,nches above its
upper edge, should give a volume equal to 1 inch, or the
twelfth part of the new ruota, being 0.98 cubic ;'eet 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 e;
SECOI:ld. Hence the conversion of outlets regulated I;C'
cording to the former, into others having t’he dimensions
of t.he latter, operated to the disadvantage of the State in
giving larger volumes than were just. This circums‘t'mce
ch('acked the extensive introduction of the oncia of Ig i

Michelotti, which had in truth no special recommen§n?'ZlO
over the more ancient form of Contini. o

ITI. ONCIA OF THE NOVARESE.

.Tbe extent to which irrigation was early developed
W(;thm' the provinces of Novara and Mortarg legvio()l;ﬁe
ir:rigﬁin :231'61]11 ‘of a unit of measure resembiing that of
el and O\fnte;a,. It was called the Oncia Novarese,
et pooced of 1e quantity of water issuing through an
o on b § area of.12 square inches. The ancient

: of Novara furnish, under date 30th July 1487
211 1]1-}u3tra.t10n of the use of this measure in grang’s madf;
t ge W\; Oc;;rlcoof.Sfy'c}?z?l, duke of Milan, from the canal Mora,
e L which are expressed in “inches” At this

» Bowever, 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-
seribed, 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 DLank 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 curi-
ous to find measures of Pavia so far to the westward ; but

it probably arises from the fact that the hospital of this

city was possessed of extensive property in the Lumellina,

both in land and water.

The preceding details will suffice to show how many
in the measurement system of Pied-
ible for the government to rectify the

There is but little hope of rooting out
ancient regime ;

imperfections exist
mont. It is imposs

errors of the past.
the evils which have grown up under the
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but it i i _
ag(ti 1; ;:hzgzmsslethto mtroduce uniformity for the future;
the community, it fnadvantages of this become manifest to
convenient fox.*r; thazy ;Ven be P racticable to remodel into
greater and greater ¢ fao.s which has been growing into
first steps to this Zon usion for centuries past. As the
uniform measure ?n , he leg?l establishment of a single
bition of th or the entire kingdom, and the prohi-

e use of any other unit whatever ecxcept

that fixed b . .
; y the civil .
importance. code, are of much interest and

IV. THE MODULO OF PIEDMONT,

Ih 0 .
remay]?:i:ltfizdc}l’ ‘glven, in the course of the introductory
Civil Code of thu%telj’-a .tm“SIation of Article 643 of the
essential conditi ¢ Sardinian States, which prescribes the
ment of rain ong tof the 11ch module for the measurc-
sure are, heighf ;Vg 76; Its dimensjons in English mea-
o héad of pressln:e abol:gh:]?’e bltl'lc):lt)dth '(71.8’74 inches, with
equal to 7. ' upper edge of the outl
O%icia,l est'?; rﬁ:‘i 1:ches. Its discharge, according to tl?:
When grants z;remn?:gzsfzi 12112 ' ctlllbic feet per second.
only di : . ) re than onc 1
theyh(:ilglllin:;o; Thmh varies is the breadth o;‘nt(s)ljlgl f&t;ll:

the pressure remaining in all cases invari-,

able. Hence, fo
. » 1or two mod
15.748 inches, for three 23.6u;(;s’ithc breadth would be

i::pheightl and pressure would con
ectively. .
defined in {he ;I;I(;e essential conditions of the module as
the outlet by Sim}flf‘:1 rg, that the water should issue from
be maintai  pressure ; that this press
amed practically constant ; that tﬁe oul:{:t ziiguﬁil
u

be made in a thi
thin plate ; th
t > at th . .
he outlet, should have a free fa]l~-e Zzits:;e(:inecisilll:ntg 'fr({)m
, that is, by

tinue to be 7.874 inches

nches, and so on, while
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v back water ; that the outlet should be square, with

5 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 exercised,
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 anconcealed feelings of dislike between
Picdmontese 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 ap-
paratus devised by the engineers of Piedmont for securing
the uniform discharge of fixed quantities of water ; but,
meanwhile, I may select a single illustration of the system,
<0 as to afford a general idea of how it is worked out n

practice.

The following diagr
ments for the issue of a cert
modules, as may be, and will
object I have at present in view.

am represents the general arrange-
ain number of “ inches,” or
sufficiently illustrate the

IEDMONTESE OUTLET.

SECTIONAL DIAGRAM OF A P

EET envw

plying canal, the first part of

A B, representing the sup
the sluice, locally termed the

the measuring apparatus is
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paratoja, which consi
» onsists .
gate of wood, workin of masonry side-walls, and a
primary outlet are 8 v.e?hcau)'- The dimensions of this
to admit a larger onOt r]gi']dl)’ fixed, its object being merely
, 8 I smaller supply i
f;;e tslmce 15 established in theplx))aili“:; ?110 chambor € o
1
JZCt) O:Samay be most favourable for the
> 8 may b
Its sill is some)t’imzsﬁxed upon by the canal authorities.
sometimes above it on the same level as the canal-bed,
in the diagram there ?:d ;e]]ly frequently, as represented
to draw t o a fall in front of the
0 50 fee??‘r:r:ti;] eto;vz.u'ds it. For a leugthoz?eéojs :g
stuice, the bed
perfectl . cd of the cl ) is
e upp};:l;)rl?ontal, paved with masonryc(;limcnzl li madle
of the sluiceur alii of \.vhich is on the same leveluasstl(izes’iﬁ
16 to 32 feet, is ﬁﬂl QIStance from the outlet, ranging from
in which the ; o ]Xe.d the partition or slab of :to:e ¢ 4,
which the hoighy iy o p o i oulct o fis cut of
. xed at 6.72, whj ’
according to t} - 12, while the bre: i
sented b{; e 41ei I?:lmber ?‘f inches, each inch b:i(i t(}rl :carll_i
outlet is Ordina l 1€8. lhe IO\V()]_' edge Of the mb p
of the floori rily placed at 9.825 jneh casyring
o the Ii)ormg of the chamber C D Aes ?,bove the level
above th: e:lr face of the slab at g heioh:n;?ll.‘srg t»ur,n’ cu
level of thgp:; fdge of the outlet, inc?icates th'e D e
pressure. Thisa 1:31'_ Decessary to insure the es:‘;ﬁ?tgn(;
lowering, as m eight is maintained by th ablishie
of th ’ ay be requisite, of the sly; ° Yaising or
0 ¢ chamber. sluice at the entrance
0 examining the dj
. ifferent f; .
of Piedmont, I found excessiy orms in use on the canals

the breadth e varlety in tl
Mensuri oofl the chamber formed b};r the ;;uilength and
g outlet.  Some had this part of ‘thece e the
apparatus

abom-, 15
foot. Tohfe.et lo.ng, others 25, aud some
e mterior walls of the chambers t:i much as 35
, 100, assumed all

he canal at such
proprietor’s ob-
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sorts of forms, being sometimes circular, sometimes oval
d, and occasionally so twisted as to defy
description.  The object of this variety of form is t0
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
fulflled. T 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
er of such measures as are ab 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, €veD the fixed height which
the latter ought to have is neglected ; and the pressure,
too, is not always observed, being sometimes double what

it ought to be.
The general conclusi

or pear-shape

the pow

on warranted by our examination

of the measurement system of Piedmont, is, that while its
past condition is useful only as showing us a great deal to
avoid, (a very Jdesirable kind of information,) its present
state supplies us with something to copy 1n the distinct

and legal establishment of a single well-defined unit of
whole kingdom. Though the framers

der themselves justified in esta-
blishing 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 attention to it, and, by
introducing and enforcing on the canals under its direct
control the best form which the present state of hydraulic
knowledge suggests, t0 furnish a worthy example to the
other canal proprietors of the kingdom, and so to bring
the law and the practice into harmonious relation.

measure for the
of the code did not consl
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UL
A FOR DISCHARGE USED IN PIEDMONT.

It ma
o give ti’eple;};:&s be useful, before closing this section,
on Weights and ?v[used by the Piedmontese Commission
easures, for calculating the value of

er employed throughout the

t rari
he various measures of wat
country. It is as follows :—

Q = 2 l i
| 3u,{(u+b)‘~'—ba}\/“
where

Q represents the volume sought.

{ l’;‘he bre.adth of the outlet.
@ The height of the same.

6 The head
of water givj
-9 The force of gmvitg. ving tho prossure, locally termed tho battente

% The coeffici
lent due to the contraction of the vein

For the last- :
with the dim:;Zigztedf quantity, which of course varies
of the problem thfss ({)e:};ed(;:tlet'and the other conditions
experim ’ erminations are gi i
grelz)at va?i]::y O:f Poncelet and Lesbros, whiclgfwi:ll:;:h:
analogous £y thecases, and among them some precisel
The coefficient of mOduk? and the oncia of Piedmong’
dimensione. wnd uco(;roract:lon, With an opening of the samc;
is 0.600 by actua]n ver t.he same pressure as the modulo
it is necessary to 0;: periment, For the oncia, however,
nome of the wrae ain the c.oefficient by aPproximation’
exactly correspcﬁl(?ments,ha‘vmg been made with outlet;
dimensions, it g (ng to it.  Taking, however, the nearest
equal to that requj ed weht of the orifice undor a ,pres;sure
8 and 9 centims'lcrere for the oncia of Caluso or between
;l}ifheda the value ;' <3 '}:crzgd g .i37 i"CheS,,) vas dimi-
18 clear N sed by 0.0015
with 3 hegl’lt?h;f e; perments of Les}fr 08 givtof"or ::: m'?ike
the pressure dye tO centimetres, (7.86 inches,) and ander
o the oncig, 4 — 0.599 ’)a,?g funder
: ’ or an

-entail considerable labour in attaini
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u = 0.614. Hence
difference of height
015 for each

orifice with a height of 10 centimetres,
the difference in the value of % due the
is 0.015 for ten decimetres, or as above, 0.0

centimetre.
The calculations made by the Commission are given, of

course, cither in French or Sardinian measures, and the
cumbrous ratios between these and our English measures
ng the results. The
formula being, however, gencral, there is no difficulty in
and if we had experiments on outlets,
quited 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
would be, in every respect, worthy of
ndia to cause such experiments to be
executed in comnection with the canals under its cbarge,
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.

employing 1t ;

may remark that it
the government of I

1.—TABLE SHOWING THE ABSOLUTE VOLUMES OF TiE MEASURES

oF WATER FOR [RRIGATION 1N PIEDMONT.
-
‘

T
Denomination of Measure. vo{ile‘:-ngej-gn‘(;fres vfgtle‘t“::ri:ec%:lg?
/ - T/“
Modulo of the Civil Code, . 57.938 2,047
Oncia of Caluso, 24.053 0.849
Do. of F. D. Michelotti, 27.928 0.986
Do. of Ignazio Michelotti, 28.861 1.0198
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II.—TaBLE sHOWING the RELATIVE VALUES of the WATER-MEASURES
of PIEDMONT.

f | “Inchrs ** Inches ™ "“ Tnches ™ J“Inches
j ; Mo | o erchdotti ‘!\1351,.‘?11\3: f Novis,
‘ I I |
Modulo, . . . ' L0000 24087 | 20745” 20074[ 1.6042[
Oncia of Caluso, . . t 0.4151 | 1.0000 | 0.8612 [ 0.8334 ‘ 0.6659 !
Do. of F. D. Michelotti, : 0.4820 | Lon i 1.0000 | 0.9676 { 0.7732
Do. of Ignazio Michelotti, = 0.4981 | 1.1999 | 1.0334 | 1.0000 | 0.799
Do.of Novara, . . | 0.623¢ Lo0ts | 1.292 1.2514‘ 10000
SECTION 1IL

SYSTEM OF MEASUREMENT IN LOMBARDY.

As preliminary to a description of the measurement
system of the Milanese, the most complete in Northern
Ttaly, 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.

I. ONCIA OR “INCH” OF THE PROVINCE OF LODI.

The combination of effort by which the great canal of
the Muzza was originally executed, has left a curious
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ress on the measure generally employed in the distri-

ion 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 inconvenient argangement can be another illustra-
tion 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 to 1.9257 English inches.
Consequently, the dimensions of the water wmch 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 six-
teenth century, it can scarcely be said that the oncia of
Lodi had any determinable 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 introduction, liowever, of the module of Soldati
on the Naviglio Grande, the value of the inck 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.

1. 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
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' THE MODULO o CREMONA,
the quanti .
throggh a;b); oefn\'vatcr :Vthh, under simple pressure, passes
1.572 in by eaIZithm]g l_f)'838 nglish inches in height, and
inches above the ,llpllz:;mgl & pressure or battente of 1.572
. i ' T edge of the 1
1S estimat S outlet. The volume
each additie;in;t -ab}?“t 0.88 cubic feet per second, and for
by one local i e tlle.breadth of the outlet is increased
height and 'mear oneia, or 1.572 English inches, the
ﬁxebd . pressure remaining constant ° )
all b g'veve:)’ ancient regulations,, that no single outlet
corresponds tog:, ejttc;* VOIIllmc than 24 water inches, which

ectangle, having g he ’

a ) a height

breadth of 37.728 English jncl?es, e of 15.838, and

The measur;
) g apparatus of ¢ .
complicat ; . remona is very
are Plicated.  The followmg diagram wil] z cedlessly
angementg adopted in it - ° make clear the

MobuLo op CrEson,,

8Bectional Diagram.

It is, however,

DETAILS OF CONSTRUCTION. 29

The head of the irrigation channel is established on
the bank of the canal of supply at @ 4. 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 paratoja. 'The bottom of
this channel is carefully levelled, and maintained horizon-
tal, 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 work-
ing 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 ¢ 4 and
i k, are altogether peculiar to the Cremoncse module.
That at ¢ 4 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. Tt is locally termed the scagno, literally
the dench or bank, while the similar work at ¢ £ 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 tbat of the out‘let' from
the canal of supply. Both the scagno and the brigha are
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ther . .
desi;f::: t:]ri:gt Proﬁles In stone, or somectimes wood,
canal of suppl a(;n }per.mz?,nen't the levels at once of the
to the sill 0%) t'};l'm]] the irrigation channel, with reference
covered channele“}]’el?jl O:e:\}l] ¢ latter. The mouth of the
is ol ’ ' €8 as a measuring apparatus,
ing :jegl:); : msgone sla'b, in w}.lich an 0pening,bco£-zsp0nd_
this opening ane'r- of tncles, .IS.Cut; and on the edge of
senting suczljl, n 'lllon' scale, divided into breadths, repre-
cbanngl is abouctliii’ lfzezs%alzy.ﬁxed' .The length of the
thi;ta-nd all other POints’ isl;e;:liftreighce great variety in
i . ‘

that i: V(::;dgz‘t’i:::im t.he.; arrangements of this apparatus,
discharge from .ﬁOPlglnally at a time when the laws of
Itis p;rfectl “?;‘111 108 were but imperfectly apprehended.
correctly theydi ] .nown how difficult it is to estimate
plate; when a N lal.g? from a single opening in a thin
considerable, le CO\LGI'ed channel of variable, but always
disturbance - ngth is annexed thereto, new elements of

are introduced, the precise cffect of which it

is impossible to estima

. te. No fix i
the proportions of the different et e e
the variability of the bre
both chaunels causes the

parts of the apparatus;
adths of the sills of t;h(f)ls)purs iI:
beneficial, 5o that. o }:n to be mischievous rather than
does not commfmc’l n the whole, the Cremonese module
1 be the o :inalmfuch confidence. It claims, however,
appal‘atus—_togbe t} orm of the Lombardian measuring
is undeniable that t;]e germ. of the Milanese module, It
a decreo uuder e e magistracy of Milan sanctioned, by
duction of the Crz ¢ the 22d December 1551, the intro-
under their dhos m011?§e module into the irrigation system
simpler in detailgt: %he apparatus, however, was much
was placed direct] 'a'n 1t subsequently became. The outlet
through an ty in the canal-bauk ; the discharge was

opening of the dimensions prescribed for the
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Cramones om0 e 40 o v i

. 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
zlge\I/;f;desta of (?remm-]a, under orders from‘the magistrates
f Milan, .apphed 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, lis claim to originality is
scarcely affected by the buief priority due to the apparatus
At this particular time, in truth, the evils
on so forced themselves into notice
usy generally in devising means of
herefore most probable that
d their respective plans inde-

of Donenini.
of imperfect regulati
that thought was b
removing them, and it is t
Soldati and Donenini invente

pendently of each other.
Tn 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 inch 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
of Cremona produce like uncertainty in the volume

modulo
t of Crema.

of water discharged by tha
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L. ONCIA “
» OR “ WATER-INCH ” OF THE PROVINCE
OF BERGAMO,

ex:;:l? measure is a very peculiar one, being the solitary
em l(f) fnm NOrthe?n Italy, so far as I know, of the
orifIi)ce:Y f;;fe 22 {; C;‘r‘;;llm‘ mSte.a d of the usual rectilinear
which  passes ilblro lcl‘gamo. is that quantity of water
diameter of 1.73 01113{3: l:rl'a} C-Ircular opening, having &
measure of extreme 111;;;?%;:;?108&1 It 1s, howevc.r, a
pressure is prescribed for it ; dy > PICE. O dctgrmmate
poses tables have be . an thoug.h for practical pur-
with different headzn Olf)lcpm'ed’ Show‘lng'thc discharges
admitted that it is one IEFCSSLIFG’ still it is generally
various local 1 _ 1¢ of the least satisfactory of the

neasures now employed, and there is there-

« « « aze 1 1vin

IV, WATER-ME )
ATER MEASURE, OR ¢ QUADRETTO ” OF T}
Y ) )
PROVINCE OF BRUESCIA.

T i '
Whicllllepi;::ctlsro u({{xafz’retto is that quantity of water
equal to one local %);'a‘;cz'iqu(i?el 80 I()ic(?illzg’ ila"ing S
‘ e ) , . inglish i
;zz r(}):)g:;::uflirls some offqrt was made t(? mgixi?:i};es; coflIj
.ing canal; but in practice, evenatlglsl::xllfgvtllt;tf t{:e N
l};nper'feCt condition is rarely attended to. Wl::)ns?[uiie atng
ofrsﬁzxz;ri V\:I?jefa(\lroured with a paper on the water measslu(:‘c
Fillig, Dogn ,b raS“i'n up for me at. the request of Signor
Py eXtenSi, y %nor Corbolani, au engineer of that
o ol ve employment. I give here a translation

ote, 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 rununing water are
constructed in this province, I have,” says Signor 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 guadretto.
« A quadretto is that body of running water which
1 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 sccure regularity of distribu-

tion ;—

passes througl

Diagram of the Brescian Quadretto.

Total length C E = 600 braccia = 930 feet.
Do. Slope == 4founce = 6.20inches.

= 300 bra. = 465 feet.

Length € D = 300 bra. = 465 feet; DE
2 ouce = 3.1 in.

2once = 3.1 in.; Slope =

Slope -

«Tp 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. II. ¢
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DETAILS CONCLUDED.
This head i : :
constructd I;S iurlll)181le('l With a sluice-gate (paratoja) so
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« Theso ar 1¢ level of the flooring of the ]lC‘ld,
that the l)oiw]l;{tugfg'cmcms made, the sluice is so 1'cv.ulated as
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- d T ‘Vat’ . . . . . .
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“When lare
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P ¢ 110mams constant at the rec ulzt ’ D
in ou .3 ) S or 1.
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eads to extreme variations of volume, 1s
ater, instcad of passing the regulating
opening with no velocity, arrives at it with that due to a
fall of between 2% and 3 feet per mile and as the linear
dimensions of the regulator vary much in practice, it i8
ovident 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 T am awarc of.

regulator, which I
essential — the W

v, WATER MEASURE OR “ QUADRETTO” OF THE PROVINCE

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

cules 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 ¢ inches in thick-
and the discharge <hould take place under the
pressure without velocity. ~Strange to
f the outlet—which, whatever be the
ought to remain fixed,
ged constantly in
the real value of

ness,
influence of simple

say, the height ©

r of quadretté issucd,

pumbe )
varies—I18 chan

while the breadth only s—i
practice, S0 that the determination of
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A
SUREMEN™T SYSTEM OF THE MILANESE.
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SECTION III
MEAS
UREMENT SYSTEM OF TIE MILANRSE

As preparator
moduls ngm :;,[}; t;) t'he detailed description of the
the ssenti) 1. d 0 Milan, T may first state in outline
proved Tialia, n lth{lS{ which, according to the most ap-
worthy a authorities, are to be fulfilled by a t;rusI;
T Pparatus for the measurement of water employ‘ed-

on, 1 iot y y

; practicable a problem as Ttalian
e(;dca.voured in vain to procuré
garding it, as those best qualified i?

((;(l;(r)n e?[siterl_y: provinces of the Lom-
» there is.no well-defined system
adily explicable, from
/ rigation is develo ed
r())nthf}hl\s; subj.ect, Brunacci remafks’
e epctu.m provinces there are
'¢ distribution of water, nor 18
nmty of measure. In all g,rants of

inferring that the element of
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the present condition of hydraulic knowledge,
but where the object is the practical one
o water issued within reasonable limits of
ay, I think, be obtained.

paratus, in
is impossible ;
of measuring th

error, satisfactory results m
The general laws by which the motion of fluids are

regulated are sufficiently familiar to make it unnecessary
for me to dwell at any length upon them. The basis of
all formule for discharge Dby 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 fAuid 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
2

r= \/ 2¢ghand b= :y

in which v represents the velocity of the fluid on issuing

from the orifice, & the height corresponding to this velo-

city, and ¢ 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 abscisse, and the velocities due to these
Lieights as ordinates, will have its abscisse proportional
to the square of its ordinates; O, in other wordsf the
curve in question will be the parabola, the .prop.eljtles of
which supply the means of calculating with simplicity the

velocities corresponding to given heights, as has been donc
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by De Regi, in his “ Tavole Parabolica per le Bocche
d'Irrigazicne,” a work which I found of high authority
among the engincers of Northern Italy in all hydraulic

calculations.
The means thus existing for determining the velocity

due to given heights of water, it might scem that, to
obtain the discharge, it was only nccessary to multiply
the area of the scction of the outlet by the velocity
corresponding to the head of pressure, or baltente 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 formule, with
every possible correction, are still far from rigidly accurate.
There are numerous disturbing clements to be taken into
account, some of which remain still but imperfectly deter-
mined. First, the cocfficient, reprosenting the force of
gravity, varies with the latitude and the clevation of the
locality ; and it is neccessary, to the accuracy of the
discharge, that its exact nwmerical 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 modificd by the resistance of the
water.  Tlird, There is scarcely a single condition of the
supplying chanuel, 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 iy capable of discharging under given circumstances.
According as this form varies, the coefficient representing
what is technically called * the contraction of the vein”
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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
“ Buperiences Hydrauliques Metrigues,” 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 coeflicient of contraction
is between 0.62 and 0.63. DBut even at best these
results 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
immmersed in water, as is constantly the case with the
heads of channels of irrigation. Many new conditions
arise n such cascs 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, thercfore, 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 Brunacei,
(< Memoria,” p. 71.)

“ In order that orifices in two separate reservoirs,
maintained constantly full, skould discharge cqual quanti-

ties of water in equal times, it Is neccssary—
“ 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 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
<0 as to avoid all risk of its being injured either

or ignorance. .

5. That no calculation should be necessary in regulating
the discharges; but when alterations of the quantity of
water were necessary, they eould be made ab once by the

‘mere adjustment of the measuring apparatus.

6. The apparatus should occupy but a limited space,
so0 as to admit of its being applied in all localities.

. The pormal discharge, O¥ unity of measure, being
once determined, the apparatus ought to be so constructed
as to insure constancy of volume from large and small

regulation,
by their awkwardness

outlets.

When these seven conditions are exactly fulfilled, the

problem of a measure of water, perfectly applicable to the

of the most extensively developed system of irriga-
proceed to show in how

as effected this ; and,
hich its

wants

tion, will be solved. I may now
far the modulo magistrale of Milan h
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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 1" being variable,
the difference between the levels of the water, in the com-
partments A L I' B and I' 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 clevations 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 cach 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 caval 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 plysical 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 cstablish, 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 cxpressed 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 poin,
it has been found that, in the Milancse 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-
sive influence, so to speak, is accordingly of material use
I practice.

Although the introduction of the regulating, or, as it is
sometimes termed, the hydromctric 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 hecad, 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 ex-
hibits 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 coneep-
tion of the module of the Milanese, which T 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
thf* mo.d_ulo magistrale was introduced. The crying
evils arising from the fraudulent appropriations of the
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waters of the Naviglio Grande were theﬂmoving causes
to the establishment of this measure. ].*rqm the com-
mencement of the thirteenth to that of the smteentl'l celn-
turies, grants of water in the Milanese were made in t }ie
rodigine, the synonym, as formerly_ mentioned, of‘ tl e
Piedmontese ruota, the French il c'le meule, or tli
moulan d eaun, and literally, in English, “.the wheel.1
The rodigine was the quantity of water passing throug (i
an opening, having an area of 7? local square inches, an
of which the sill was placed 8 mphes above t%le bOtt{:n;
of the canal. It was subdivided into 6 water-mche.s, u
as no conditions regarding pressure were fixed for lt}., 1£s
absolute value is unknown. The oncia, or waifel:—mc X
was also employed in regulating grants of \vate.r ; ltfwla;
the quantity of water passing thyough an openmg 0 2
local square inches, of which tl.le 's111 was placed at 1mcf ‘
above the canal-bed in the Naviglio Grande, and 4 inches 0‘1
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 sg(tecnth century
that we find any accuracy introduced into 'the. water-
measures of the Milanese. In 1503 the following instruc-
d :—1. That all outlets should be made in
slabs of granite or marble, with a ﬁx?d hei'ght;1 ofb4 }{oscz}
inches. 2. That they should l?ek established in tfe an oof
the canals, without accompanying dams, spurs, o1 azlnylo ¥
like works. 3. That the outlet, properly so-called, s 1(;11 f
have attached to it a chamber in masonry of the lengs 1110l
9 braccia, (173 feet,) of which the lafseral walls ?araf 6:)3
to each other should form on each side a retumd:h 3
5.895 English inches) in excess of the breah o
4. Finally, that the sills of the outlets s. ou
ights fixed for each canal according to

tions were issue

inches (
the outlet.
be established at he .
the depth of water in it.
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The first rude outline of the modulo magistrale 13 0
be traced in these regulations. An attempt is made to
regulate the discharge from the outlets by the introduction
O'f' z?, 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 employcd, and then in association with the module
of: szemona, which, as we have formerly seen combined
w11‘ih i, by a sort of perverse ingenuity, as larrrc’ a number
of imperfections as such an apparatus could d?splay. Ten
years later, or in 1572, Soldati submitted to the magis-
tra?y of Milan the modulo he had invented ; and it 18
curious to note that it was constructed on purely empiri-
c?,l data, for at that period it may be said that the scien-
tl.ﬁc principles of hydraulics were scarcely known. In the
history of the Naviglio Grande I have given the conditions
of 1:,he 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 distri-
buting 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 ren-
dered 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.

113. ’1‘?) construct the apparatus so that it would oppose
Z sv(;s'm}ll)le obstacles to that system of fraud or alteration
Y which a greater quantity of water Lhad 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
magistrale, and is that quantity of water which flows frecly,
or under the sole influence of pressure, through a rectangular
. 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 dimeusions

of this unit of measure.

Op()llll]g

OxcisA MAGISTRALE OF MinaN 1IN ENGLISH MEASURES.

PR
Inches

at the above dimensions should be
nd especially that the constant pres-
should be maintained.
he discharge of several
the proportion of
for each addi-

It is essential th
rigorously observed, a
sure of 3.93 inches over the outlet
When one outlet is designed for ¢
water-inches, the breadth only varies in
3 local linear inches (4.12 English inches) ad
tional water-inch, the height and the pressure remaining

constant, as thus—
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The outlets are cut with carc in a single slab of stone,
?vhich 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 ﬁ)fed in common with all the others. These are the
conditions applicable to the measuring outlets. To illus-
trate the other arrangements of the modulo, T give belo;
a plan and section of it in its complete forn;. V

Mopuro MAacISTRALE oF Minax.

Plan. Fig. 1,

-
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Longitudinal Section. Fig. 2.

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
hoad. 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
lovel 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
cestricted to hi§ legitimate supply ; and probably is so,

within reasonable limits, provided always that the guar-

dian is incorruptible.
In rear of the sluice-gat
YOL. 11.

e at the head is placed the
D
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HE CLOSED CHAMBERS AND DEADENING COVER.

fir . A
ofsgr:;;:igil’ tLh Mt, Figs. 1 and 2, called in the language
1t has, in til ; romb“ coperta, or covered chamber:
lenoth,Of 100 beStab‘hshed form of the modulo, a fixed
feet, and . breadth ve cqual to very nearly 20 English
head-sluice Wle:-l,ht - variable according to the size of the
local inche; 0 I.L llt' exceeds by the fixed quantity of 5
nearly 1.64 I;}}cacrl ;nde, or 10 on the entire breadth, being
chamber.D H np%':,s lofe-ct' The bottom of the covered
or as a r’am . ,th 10-1 H‘, 18 fOl-me(v'l with a slope to the rear,
8 local inClII)O.S e lflf;ght of .thls slope, H 4, is equal t0
its object is to,d(')l ,1_')*‘47 English inches very nearly ; and
ronchas, the o nm‘l.ush thg velocity with which the water
effecting this ;[?S uring outlet G H. Iarther to assist in
a hotiorta] t_]cct;, the perfect modulo is provided with
cielo morto thcoﬁngcfr S:uO;;‘O SI&? \ ]01'] planks, called £
L surface of which is at precisely the
2211: lzzlil;ct as the water Ol‘lght to have over thg outrlet{} ,
trohes abovzrtehthe fixed discharge ; that is, 3.93 English
of the apparato upg r edge of G H. The great purpose
place under Simus1 eing to secure the discharge taking
be roughly 1 ge pressure, the cielo morto, which may
reduce theyin‘i:l*;uf:dmgﬁ deé;dening cover, is found to
theTsluice A B to the me:;zr?ngtilfuv;r:tg‘ }]In passing from
with?ni(lixznctov(:ai I;a?y inspection of the state of the water
made :—The en:l‘af 1amber, the following arrangements are
dlab of . 1ce to the chamber is coverced by a stone
. couvenient thickness, shown in section at I, F;
the lower surface of which is preciscly on the , Fig. 2,
::n:heflilf}apiz-edge of the outlet G H.  The llei;izliflet‘;i
7.8()P the Su;?g 15.72, and that of the butlet G H bein
B 1: ; ace of the shb at E should be just 9 g
nglish inches above the sill of the head C D : .98

ToQv i i
g e, L D, 18 made mn the masonr
Ys

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 II.  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 ; or in all, 7.86 inches. Its total length,
N O, is very nearly 173 English feet. Its side-walls,
those of the covered chamber,
ab the breadth at O is 11.79
79 inches in excess of that

which are perpendicular like
have a splay outwards, so th

inches greater than at N, or 15.
of the regulating outlet G H, being the same as that of

the covered chamber throughout. To insure the free
cun 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 ab
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,
the modulo magistrale, in 1ts normal form,

it therefore appears that
has a length of
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nearly 373 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
2.5.54 at 1ts lower, extremity. The flooring of the former
f'lses 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 water in 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.

Bottom of the canal, el Incles
. . . . 0.00

Level of the water in the canal, . 35
. 37

Level of the water in the i i ‘7 od u,lo. V.
e juterior of the ivi
" v gving the

Level of under surface of the stonc slab at the ux.outh f th #
f:overed chamber, and of the upper edge of the s,
ing outlet, . . e
Level of lower edge of measuring apparatus at thc. end of the w8
5 r&;mp of the ﬂ«:)oring of the covered chamber, . . 15.72
evel of the flooring at the head of the open chamber, . 13.75

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

In analysing this modulo, two essential objects b
apparent, ?the fulfilment of which the various detailesc‘(j):lnsi
given are directed. 1st, T intai i
outlet a constant pressure ; anialgfn'i‘g nmgll(i I:;ﬁ:su)“ng
Zlil:cel,l as much as possible, Phe sole force inﬂuencingI l;eli;
s harg.e. To the first object are directed the different

chanical arrangements at the head, the paratoja duly
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provided with the gatcllo, 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 18
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 cxamples 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 nmumber
of these works, and T 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 unusual 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
Jevel 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 n
changing the details of 2 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, i3 TuIDOus to the
existence of any well-defined and generally recognised
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gystem 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 wmuch 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
magistrale 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 Tawvoly
.Pambolz'ca, p- 67, 68, the value of an oncig magstrale
1s 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
174-4 by the engineer Merlo on the Muzza Canal, (Stor
Irrig., p. 2'30, et seq.) to determine the value of the Mi—.
!anese 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.
hBrunacci estimates it at 1.46 cubic feet per second, while
the Department of Public Works in Lombardy consider it
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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 6 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 as the size
of the outlet increases, and, in a similar proportion, the
discharge becomes greater. In elucidation 9f this 1:emark
I may state that, in an outlet for one onci@ magistrale,
the ratio of the section to the perimeter is as 1 to 23.33;
of 2, as 1 to 16.66; of 4,as1 to 13.33; of 8,as 1 to
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11.66 ; f)f 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 regl differences of discharge due to the valjiable ratios
Eov:hglven. Ve.ry serious pecuniary loss may consequently
\ }(:e ‘:a:::ulc 'ther to thfz 'proprietors or the consumers of
ol : e recognition of the differcnces between
l'scharges 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 n’aore than
15.72 inches high, and 388.12 inches broad—cqual 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 Picdmont
t%)ey have been more careful, and have there limited
single outlets to 6 once, which, by general consent, scems
:1(1)0:): t:]l;e ;msti (z;pproved si‘ze for diminishing to the ut-
langs sad Sg;)lll ue .to the inequality of discharges from
e t.akim(1‘11)1enxn§,grs;. For practical purposes, there-
vl o g the mean of tpe various estimates of the
s sl neta magistrale just adverted to, T think it
oy oor éye cOe gonszdered as eflual to very nearly 11 cubic
et (o n .” l‘ht‘z following short extract from Bru-
. ﬂ,le e 1. sulla Dzsp?nsa delle Acque, p 140,) show-
o eie e c ;SI}ODS ab .whlch he had arrived after a minute
s throc‘)l htolct vz;rlous mfzthods in use for measuring
ater th ghout Italy, will close appropriately this
) ?Slz t']Il'; ag;'m;nds pbreviously detailed, we are of opinion,
e ,m of all the methods in use throughout Italy
: casurcment of water, the method of the Milan
is the most convenient. e
i, 2d, That, in addition to reducing the local to metrical
measures, the other precautions to be adopted in perfecti
1ts operation are as follow :—- pericting
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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
dariation, so that the batlente or pressure may be constant.

« Tlird, 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 construction of two or
more outlets in the same cdifice, 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
braceio 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 :—

£ showing the Vorumes in Cusrc FEET per second of the

TABL
following WATER-MEASURES of LOMBARDY.

Ratio of each fo |

I

| Volume in cubi of eac ‘
| o Recond, | the oneia Milanese
1/_”_-'—‘_____—___‘ 1
— S : 3
1. Oncia Milanese, - -« - - - | 1.50 1. ‘
" r
9. Oncia Lodigiana, . - - 0.77 0.513 :,
LA LA L4 ]
3. Oncia Cremonese, 0.7175 0.478 |
‘ 2 \
4. Quadretto Veronese, . 5.0890 3.392 ‘

’ L3
5. Quadretto Mantovana, . . - ! 11.0005 7.333 {
e

-



SECTION 1IV.

ON THE INTRODUCTION OF A UNIT OF MEASURE AND MEASURING

APPARATUS INTO THE IRRIGATION SYSTEM OF NORTHERN INDIA.

I 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 subjects.

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. 1In 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-bed, nor
are any other arrangements whatsocver made to insure con-
stancy of discharge. The outlets are rectangular, and from
15 to 20 feet in length, so that they are in fact tubes 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—s. ¢., 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 nnregulated. This is a very
miserable arrangement, and its evils have shown them-
selves so clearly that cvery cffort 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 nexs
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 verna-
cular 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 canal 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
following page will make my meaning clearer :—
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BUTION BY CHIEF WATER-COURSES.

CONNKC i
NECTED CIHAIN OF CilIke WATER-COUNSKS,

e o - -

TN

CONNICTE |
TED CHAIN O1FF i WATER-COURNEN

ABC 2 o .
such a(; trl)m]tlolfq;;leese(l‘l.ts a main or central line of canal,
innumerable points ajlnulges‘ Instead of small outlets ab
at A, B,C, D, an;l EOrzlg the banks, there are established
or more miles accol.di’x ulsmnt from .Cach other two, three,
chief watcl‘-cc;urscq s .]5 to local Cll:cumstancos, heads of
special demand ;J"I N ,l‘-VO]umOH of water regulated by
as shown in thé (liﬁ(:ja:CIIes on cach bank is connccted
surplus water in C&Clbl lin'; S?a:h'at o wastago ocours ; th‘c
of those at lower levels I] sing onwards for the benefit
sanitary and administtiz;t' " addition to tl.xc numerous
system affords, it h;;s a e a(.lva‘ntagos this excellent
facilitating thc’introduct; pc?uhar “l(‘lvalltagc in greatly
system. For if the qu Oltl- ot a satisfactory measurcment
the chief watcr-cours(lsa?s o ‘0 i water entering cach of
trolled, I believe tha‘t ‘thsal;_ully re"o’“lflted. and con-

mor  distribution to the

separate estates de
‘ pendent upon it would i
practice a matter of comparative facility be found i

What would be the best unit
- : . st unit of measure to adopt in
this 'ystem 18 a pomnt on which I am constrained to VI;rite

er corre;tmn, for I feel the want of those numerical
data by which its decision should be mainly determe'nc?i
It appears to me, however, that a convenient‘ erl]ne ‘
the-x?lost convenient, measure to adopt, woulil pb mlps
familiar one of a cubic foot per second. Tt woufd tl;:
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easy to calculate by existing formule the dimensions in
height, breadth, and pressure to be given to an outlet
which would bave this discharge ; but I confess I do not
think any formulee 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 cxisting 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 cstablishment of a satisfactory unit.
Supposing, however, the dimensions in height, breadth,
and pressure, which would secure the closest possible
to the prescribed unit of one cubic foot

approximation
been determined, we find, from the

per second, to have
statistics of irrigation in India, that this volume of water

s sufficient for the irrigation, throughout the year, of very
nearly 180 acres. DBy establishing, thercfore, 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.

[n the cstimate of the work done in irrigation by a
cubic foot of water per second given above, all kinds of
cultivation are included. Bub 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 1. When experiments are made to
f measure,

1o the dimensions proper to the unit 0
I think, at the same tme be

extent of irrigation it is
s, and on different

determir
means should therefore,

taken to- ascertain the average
capable of effecting with different crop
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soils. Practical results of the highest value would follow
the determination of such points—not, 1 may say, in rigid
and absolute accuracy, which, from the infinite varicty of
local peculiaritics, 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 engincers con-
stantly employed in its supecrintendence, 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
continually repeated in all the many works I have
searched for information on the subject; but of well-
arranged and detailed scries 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 itsclf, so singularly deficient. Such
details as are rccorded will be noticed more appropriately
hereafter.

With the unit of measure introduced into our system,
we should be prepared to cstablish an cfficient measuring
apparatus. The various details given in the preceding
sections of this chapter furnish ws 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 docs 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 secms to me, that a single measuring apparatus
for cach chief water-course would be sufficient. This
should, T think, be constructed with every possible precau-
tion, to render it as nearly correet 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 dircetly 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,
so 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
d.istance, however, is a point to be established by expe-
rlerfc.e n cach case ; and when it is so determined, the
posttion 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
deppmts would be climinated altogether. Continued obser-
vation on the part of the Luropean exceutive oflicers
would readily establish the ratio hetween 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 analagous to the Milancse gatfello, an cffi-
cient control over the supply would be sccured. The
number of complete works for measurement being restricted
to one for cach chief water-course, the keys of the gattells
might, perhaps, be kept by the exceutive officer and his
European assistants, whereby the native cstablishment
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 sceveral 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 issucd, the less government
officers interfere with it the better.

As ‘regards village water-courses, or minor distribution
lines from the chicf 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, scems to me impossible ;
and in considering the arrangements to be substituted for
it on existing, and to be introduced on new, canals, T
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 clementary 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 cxtremity 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. I1. E
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proprietors of the water and the cultivators of the land,
introducing, at the same time, the clements of order, which
admit of progressive improvement, into a system at present
very chaofic.

SECTION V.

ON MEASUREMENT O 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 minutiz 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 incvitably so great as to require
the most minute cconomising of the supply, I have no
doubt that the plan of distribution by Lorary 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
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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 DistributioNn TaBLE, for the Year 1851, of the WarEr of
the IrrIcaTING CHANNEL, X, carrying 24 cubic feet per second, of
which the period of Rotation is 8 Natural Days, or 192 Hours.

i - B . B ) : - H
Commencement of | Termination of Homry[

| f Nanies of i Nuniber of | j1orary Distribution. | Distribution.
Nomber. CuMivators, | Howrsfor | R _,'
{ . Hour. | Day. Hour. |  Day. |
S OO - — i

1 J Proprietor A 14 4 aar |1st Apz-il“‘ 6 .M. Ist April
2 B 16 6ry | Do ;10amM | 2d , !
3 ! , C 24 1043 [ 24 ,, {104 |3d ,
4 i D 18 10 a0 34, 1 4 Ay, . 4th , !
5 ” E 2 drx ath ,, b oGant D 4th o, !
6 wF 25 6ad | 4th ,  Tax  5th , )
I y G 30 7am Stho,, ¢ 1ra. o 6th {
R . H 2 Tra o 6th o, 32w ! Gth o, |
| 9 " J 19 12w | Tth , (‘ TaM | Bth ,,
6 . K 21 7aM  8h ., | 4am " 9th , |
. Total of hoursi 192 The rotation again commences in f
)

the same order with A.

- j, - e ———

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 is 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 cach consumer,
appertains to him with whom the rotation terminates. A
thll"(.l difficulty in this system of distribution is provided
for 1n.Arb. 64.'7, 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 proprictor of the water, and can be disposed of
by him as he thinks best.
~In the constant variations of wants incident to an
faxtensive system of agricultural irrigation, there are an
infinity of cascs constantly occurring, which require modi-
fications of such a method of distribution as that by
horary rotation. The subject of these variations has
conf;equcntly occupicd 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, * therce 1s a great nu?nber
of examples given in illustration of them. It is not neces-
sary for me to dwell on these at any great length ; but as
t.;he system is widely diffused, and of consideralﬁe p’mctical
1mp0rfsance, it will perhaps be uscful 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 i;
entitled, is in direct proportion to the total volume of ’;ho
canal, and .the number of hours during which he is entitle(i
to possess it, and in reciprocal proportion to the number
o.f days over which the rotation extends. Hence, by a
simple proportion, we have the following gencral fo;mu)lra:

Q= I‘IR,'IL, where

Q 18 the ql.lantity appertaining to a single consumer in
continued discharge.

“ Metodo per la soluzione dell ioni relative all’ uso de
*, e questioni relati 1I' us elle acque
specialmente nelle irrigazione de' fondi regolate sugli orarii.”—Dr Rrqr p 57u '
i LGl P. .
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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 num

tion extends.
I borrow a few examples from De Regi to show the

practical application of the above.

ber of days over which the rota-

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. e wishes to change this intermit-
tent for a continued supply, the value of which is sought.

Tn this case T = 6, N=6,and R = 14; whence,

6x6_ 36_ 24 cubic feet per second.

= 714 I

Ex. TI. An cmployer has the right to a continued dis-
charge equal to 3 cubic foet 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, cquivalent to the continued
discharge to which he has a right ?

. NT
From the equation Q = 5~ W have

_NT_12x4_ 4y
Q 3 3

a discharge for four days of 12 cubic feet in a

Hence
t to the continued

rotation of sixteen days, is equivalen
discharge of 3 cubic feet.

a continued discharge
hange with another
d, for a certain

Ex. TIL. An employer having
of 4 cubic feet, desires to effect an exc

who has a right to 20 cubic feet per secon
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time in & rotation of fifteen days. What ought the time
to be to make the two volumes equivalent ¢
Vl‘:: RQ:lﬁx4_6l)

N 20 gy = 3 days

Hence the periodic discharge of 20 cubic feet per second

for three days in fiftcen, is equivalent to the continued
discharge of 4 cubic fect. ’

. It is sometimes desirable to be able to compare the

rights of two or morc consumers, or the quantitics 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 cmployer, 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 ?

N

m . nt T - .
The ratio of - to w18 1n this case as 4 to 1. Hence

., NT =t 6x6 Hn
14 R :-;:: i5” ¢ -~ 144 1 25 n
Or 26n = 576

3

no= 234

g Y

Hence the requisite quantity B should have is 23% cubic
feet per second for five days in a rotation of twelve.

Ex. V. An employer who possesses 7 cubic feet of
Wfttel‘ for six and a half days, in a rotation of fiftcen days
v».rlshes to change it for another of 10 cubic fect in a ro’ca-’
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
C=0&5 =7
PNT  14x7x6}

= e = o T —
Or, Rn iEx10 = 447
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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, aud C for two. B and 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 1s
required to determine the time during which the first-
mentioned proprictor, 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

2 20 x 6 x 14

Wx6 WL 20XOX
12 14 1238

= b5 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 28T . 32 o ]
,,1£H+4_—H oY 3~2T01T._5§da§s.

So that B has a right to 53 days of the new rotation
of fourteen days.

Similarly it w
C, is entitled to 23

il be found that the third proprietor,
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 uscful 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—

PNT

Pe="p-

wherein the first term shows the value of the share of
any proprictor in continucd, and the sccond the same in
periodic, discharge. Expressing the former by U, we
have the general expression—
. 11\1;71

Ex. VIL. A proprictor of a canal having a volume of
9 cubic feet per sccond, has farmed it to an employer,
under the condition that he shall have the enjoyment of
the cuntire volume for four days in a rotation of twelve
days, at the ratc of £30 per cubic foot of continued
discharge. What sum must the cmployer pay ?
PNT 30x9x4 1080

no= 0, M=o =

Ex. VIII. An cmployer of a canal has paid £90 for
the enjoyment, during three consccutive 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 ?

NTP
it

UR

we have n= YR
» we have N T

Since U=

Or n=%x12_ 1080

Ex. IX. A cultivator pays £90 for the rent of a
canal carrying a volume of 10 cubic fect 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 _ 1350
P = ST T T = o = £33, 10s

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 ?

NTP
R

NTP 8 x6 x30

R==%"="15

From the equation v = we have

= 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 :—

. NTP .

Since U= "3~ we have, by reducing the days to

hours, 5ix= ~5s in which the first term gives the
» 24T 2IR 5
value of an hour in the horary period. Designating

; e V= 0 LQ,
this by V, we have V=45 or 5;5; and hence
NP

TR

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

=207 v =anviv= o
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 price per

cubic foot being £30 *

Here N=13:R=14 P =30

NP 13x380 390
SE e EE e I e 22 l -Qd
V=GR~ arx1 =6 0%
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Ex.
of a v f{II. What ought to be the price per cubic foot
e olume of water consisting of ¢ cubic feet, distri-
ed in a rotation of fourteen days, and costing £1
per hour ? - &

P PRY 2l 1g x4
= s = L £56,

N [ G
Ex.
o cuﬁiIVI'lIt;) Wlhat ;)ng];t to be the period of rotation
ator who, for the use of g canal ¢ ini
' ‘ a canal containing 10
cubic feet per sccond, at the rate of ¢3¢ per cubic {f::oot
pays £1 per hour 7 ’

Re PN__ 30 x 10 300
VT 0y T oy = 12) days

In the ap ' i
pendix to De Regi’s wor e i ‘
collotion of Lo De {c.gls work there is a large
- O problems, similar‘in character, though differ-
) .
Ing in detail, to those now given. I do not, however, see
an v- . . va : - . a
nogf ;ecc;lsmty for giving more, as I Delieye those alrcady
o :
poted will suﬁl(,_luntly illustrate the system of distribution
iI;y .tr.ary rota.tlon, and will furnish the meang of apply-
; g 1t 1n practice, should circumstances require this to be
one on the canals of Tndjg,

CHAPTER IL

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

SECTION L
SUMMER MEADOW IRRIGATION.

THE traveller in the central valley of the Po is familiar
with thosc 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 mcadows 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 irrigatorii simplice and prati marcitori.
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 as
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being so, it may be worth while to give presently some
details regarding their formation and maintenance.

In adapting land cither for permancnt or temporary
summer meadows, the general principles to be followed
are few and simple. Tt is essential that the surface should
be so disposed as that cach 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 incqualities 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, espedially in Lombardy, is very
remarkable. In onc of the estates I saw near Milan,
excavation in one place and raising in another were in
progress over an cxtensive arca, 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 requisitc 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 cxceedingly,
according to the practice of different localities, and also
according to the peculiaritics 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 dircction 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 arca of about 6 acres English. To each such
compartment a main irrigating channel, of about 3 feet
m breadth, running in a direction transverse to the slope,
is allotted ; and in summer meadow it is not usual to have
minor channels, uuless special local circumstances render
them absolutely neeessary.  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 instinet on the part of the
campart, or men to whom the distribution of water is
intrusted, than by any established or universally re-
ceived rules. Such specific numerical statements as 1
may give here, arc therefore to be regarded mercly as
averages.

A third provision cssential to the efficiency of meadow
irrigation is to have rcady 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 compartinent at a lower level. The

* Idrodinamica, p. 139,
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importance attached to these drainage or surplus waters,
locally termed colatori, is very great throughout the whole
of the irigated 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 direetly 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 mnorth to south : the irrigating and drainage
channels, accordingly, running from cast 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
80 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,” T have derived the follow-
ing details regarding the produce of permanent summer
meadows,  These meadows are cut thrice during the
season, and each cutting supplics a kind of hay distin-
guished Dy a peculiar name.  The first cutting in May is
termed Maggengo ; the sccond in J uly, 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 Quartirolu, 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 annmal production may be calculated as follows, in
English measures, assuming the Jasci of Milan to be equal,
as they very nearly arc, to 14 ewt. cach.
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Cwt.
Hay from first cutting, 24.375 per acre.
Do. from second do. 18.5 (llo.
Do. from third do. 13.9 do.
56.575

Total of hay per acre,

The value of the pasturage of the quartirola is abm'lt
cight 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 thercfore be about £7, 8s.
per annum.  The expenses will be indicated. herez}fter.

The temporary summer meadows, ])r(zt/' a @'z?enda, y;
or those which arc introduced into the }'otatlou of crops,
are arranged similarly to the p%‘qccdu.)g in all that regarlds
irrigation.  The essential CODdlthl?S in bot'h cases arc ; 1e
same, only in one the land remains continuously un ‘er
grass, while in the other it is so ox.lly f.'or two or three
years. The ordinary period of rotation is for five years,
in the following order :— .

Iirst year, wheat, cut about the middle (?f July, gralss
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,
nillet is immediately sown, and comes to maturity abm}t
the end of October of the szm.le year. A sixth y.ear 1.;
occasionally added to the period, \.vhen an'other crop o
Indian corn is taken, and the rotation again commences
i ame order. '
: ;l:le isl(lltllztration of several point's connected 'with this
subject, I may give here the following .co_mparatw?i szitii:
ments of expenditure and refurn frf)m }rrlgatedfa:he -
rigated lands in the Lumellina, W}HCh is one (:e e
irrigated districts of Piedmont. I‘h.ey Wel“e p fp \ )I"
an excellent authority, a gentleman in charge of a numbe
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of the canals in the provinces of Mortara and Novara, and
are the results of actual experience on a property consist-
ing of 3750 acres. I believe, therefore, they may be
- accepted as tolerably correct. The originals being all m
Piedmontese measures, I have reduced them throughout
to their equivalents in our own.

CoMPARATIVE STATEMENT of Expenses, and Rerunrxs from
IRRIGATED and UNIRRIGATED LanD in PIEDMONT.

YEear, NATURE OF CULTIVATION. EXPENSES. RETURNS,

First Ist, Culture of one acre of good strong
Year. land in the usual rotation of five
years — Without Irrigation.

Indian

corn. | Manuring. — Purchase, carringe and
spreading of 135 ewt. of stable
manure, at 44, cach, . . £210 6

The ploughing and harrowing are executed
in return for the grass and the gleaning
of the Indian corn after the harvest.
Other field-work is paid for en metayer,
with one-fourth of the produce.

Produce in grain, deducting sced and
the portion duc to the metuyer,

21.6 bushels, at 3s. 4d. each, . . . 312 0
Second | Manure, two-thirds of the quantity
Year. used the first year, . . 113 8
Three ploughings and harrowings, at ;
Legumes. 4s. 012 0

Produce in legumes, deducting seced
and portion due to the metayer,
18 bushels, at 8s. 11d. cach, . . . 310 6

Third | One ploughing and harrowing, at 4., 0 4 0
Year, Produce in straw,

1 ) . . . . 0 8 0
—————=f Do. in grain, deducting sced and por-
Wheat. tion due to the metayer, 17.16
bushels, at 5. 10d. each, . 5 0 1
Fourth | Four ploughings and harrowings, at
Year. 4s, . . . . . 016 0
Manure, as in the first year, . . 210 6
Wheat. | Produce equal to that of the third
year—yviz.,
Straw, . . . . . . . . 0 8 ¢
Grain, . 5 0 1
Carry forward, [£8 6 8 | £17 18 8

YEAR.

Fifth
Year.

Rye.

Mecans of
three
Years.

Mcadow.
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e —

NATURE OF CULTIVATION.

- —

Brought forward,
Four ploughings and harrowings, at
o sy, L
giggggg in grain, deducting seed imd
portion due to the metayer, 17.16
bushels, at 3s. 4d., .

Deduct expenses,

Net returns for five years,
Annual rcturn per acre, - .

2d, Culture of the same land as _the
preceding, converted into an 1wrriga-
ble meadow. 'The averages of three
ccars are given.

Ma?mrc.—lf;() ewt. of stable manurc,
at 44d. cach, . . . .

Charges for irrigation channels and
spreading manurc, - - ‘1

Watcring, cutting, making, and car-
riage of hay, . . :

Produce of threc cuttings, 72 cwt
of hay, at 2s. 4d. cach, . .

Rent received for pasturage after the
third cutting, - . ..

Totals, . . . .

Deduct expenses,
Net annual produce of one acre O
irrigated meadow, . . .

Comparative Statement.

Annual produce of onc acre of irri-

ated land, . . -
Amgfual producc of onc acre of unirri-

gated land, . . .

Excess per acre in favour of irrigation,

The preceding details show results

in the Lumellina.
example of the same

soil in the same locality.

VOR II.

ExPENSES. RETURNS,

£8 6 8| £17 18 8

016 0
.o 080
217 2
£9 2 8| £1 310
. 9 2 8
NEEEE
£2 8 2
£216 3
012 6
178
£ 8 0
oo 0 8 4
£416 5| £316 4
. 416 5
S
£319 11

£319 11
2 8 2
El 1 9

.

[ R

on strong good land

It may be interesting t0 give an
kind for light and rather inferior
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T The preceding details apply to summer irrigation in

Year. NATURE oF CRop, ‘} Exernsgs. ’ F— ) :
e B Piedmont. The following show the net rent derived from
! T »
Lst, Culture of an acre of light and : { a farm of about 350 acres thoroughly irrigated, in the
S g =]
sandy soil in & rotation of four " : 1 .
Firet years—Unirrigated. } province of Milan :—
1rs i
Year, Maﬁ:{juis.m Nol :’ ) : - (€210 6 ’ Rent in money paid to the landlord per acre, £1 19 6
~ 18 paid for e taye 3 . R Sy .
Indian No. L., with o}x)le-fou(;th Zf ﬁfe(:';/rtféuzse " : Minor items paid in kind, . . : : 013
corn, Net produce, deductin g portion duo to I Communal (parish) charges paid by the tenant, 01 8
8 N tt%mcﬁt&yer and secd, 16.7 bushels, ! Government charges paid by tenant, . 09 4
econ ab 38, 4d. cach, . . . A . ;
Year. %ﬁanurelequzlﬂ to first year, [ 310 6 [ £215 8 Proceeds of sale of wood reserved by the landlord, 01 9
~ Theee ploughings and harrowing
Legumes, 3s. fd. ezExcl;::gq an. l'l.lrowx'ng,s, at | 010 o Gross rent per acre, £2183 6
Thi f)\;et produce, 14} bus}fds: at 3s. each, ’ . / 216 9 Deduct proportion of expenses paid by the landlord as follows :—
Yhmd N (;ug'hmg and harrowing, c 0 3 4 Government and communal charges, £0 11 0
sk Stiasvmduco, Do . ’ 2 97 Repairs of buildings and hydraulic works, 02 9
Rye, Five ‘ploughing's and har}owiﬁgg, at 068 Expense of administration, inspections by en-
38, 4d. . . 016 8 gineers, &c., . . 020
. . . (] ’
F@urth get produce, . . . . 9 ¢ 015 9
ear. traw, . ' ’ : 37
. e 0 6 8 —_—
Rye. Ded Totals, . . le4 ¢ ;J _—£“_ o Net rent per acre, £117 9
educt cxpenses, I .
. -] < 4 0 ¢
Net roturns for four years, A Such land as is referred to in these details, sells for
! - e B . .
Annual return peraere, . . |erag g | from £40 to £45 per acre ; so that the interest on capital
24, Culture ot an nero of the samo | thus invested does not much exceed 4 per cent. The gross
8 Lhe preceding. spto o . . .
into an irrigatod raeadon ol B returns from irrigated meadow land in the Mllanes.e have
Maiii'i_"_{‘5‘5°§‘3;°j“;;‘;~m,mm 43, | formerly been estimated at £7, 8s. per acre ; and if these
cosﬁa(ffh;mgated channols” d’- s )::2 16 3 data are to be depended upon, it would appear that the
! annels and spread. ‘ ..
Cost of watersrs outiir ! e 012 0 rent is just one-fourth of the total amount of these returns.
Wwatering, eutting, making, &c . .
FrOpce o puhreo cuttings, 60 et of ] P As regards the quantity of water to be given to mea-
ay, av 2s. 4d. ecach, . . . . .o .. :
Recen;:fl for pasturage after thivd | = £7.0 0 dow land, there is great variety of opinion, as mlb}}t be
cutting, . ° T 050 expected in a matter dependent on so many variable
Deduct cxporeay © ¢ |£411 0 £ 5 o elements. There are three ways in which this quantity
Annual net ret S N AL is estimated :  1st, By the volume of water in continued
al net return of f ‘ T . .. . . .
irrigated meadow, o0 ©f : £214 0 discharge required to irrigate a given area of land ; 2d,
Comparative Statement, o By the total depth of water spread over the soil, c?ltht?r at
An’i‘l"rfflg ’ge(tl lpl‘t()iduce of one acre of | each watering, or during the whole season of irrigation ;
'Tigated land, . . | .
Annua) pet produce of ono aors of un. o 3d, By the total cubic contents of the mass of water
irrigated land, . 116 1 ‘
— employed.
6% peracre in favour of irrigation, | £0 17 11 ) According to an experiment of De Regi, the details of
T
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which T reduce to English measurcs, the continued dis-
f;h:fmrge. of 1 cubic foot per sccond is sufficient for the
irrigation, in twenty-four hours, of 4 acres. Hence, as the
total volume discharged during that time amo:mts to
86,400 cubic feet, and the area watered to 174,240
square feet, it appears that a stratum of water 0(1112,1.1 to
nearly 6 inches in depth, was in this case sp;'cad over
the surf"aco of the mcadow. And as the general period
of rotation may be taken at fourteen days, i: would fhcncc
appear that a continucd discharge of 1 cubic foot per
second would suffice for the irrigation of (12 x 4) 48 acll)‘es
?f meadow land, there being precisely twelve periods of
ourteen days cach in the scason of summer irrigation
tl‘he above estimate, however, implics that the whol: Watm:
2511 absorbed by the soil, which, in point of fact, is never
: ;zhci:gt e .Lombard cn.gineers calculate the absorption in
et r:;i tf'ttsx ranging from onc-half to one-third of
e o 3} ‘ 1.;1- y of ;vatcr employed.  Hence, supposing
e oo the ger o these proportions, it appears that
e fOeOtlr‘I‘:lgaltcllor;) of 48 acres had been cffected, half a
00t would be available, as what is locall ’t d
c?latorz, for farther emplo imi v
:}vel series ?ill. the cntirf qz;?l(:t?r \‘::13 lelzizgdm S;lcf(;'sz-
el,:;, l)c'),yzléeigrlgatglg power qf any given quantity of water
% be s tr:(;av.ow 1rrigation, is held by practical men
o Accordi\:l 1cet th](; area viatered on the first appli-
e poerd gr 0 De Regi’s experiments, therefore,
foiont for o xi\raj:er,.perfectly economised, would be
temportsy meadows.ngatlon of 96 acres of permanent or
In the article on the agriculture of irrigated Lombard
formerly quoted, it is stated that (reducing the nu 3«{’) "
:‘grlilngl'ish. equivalents) 1 cubic foot of wa?er 18 suﬂrinci:;:
1e Irrigation, in the ordinar i

gation, 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.

Tt 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 accord-
ing to one series of expcriments, a cubic foot per second
would be sufficient for the irrigation of 3%} acres in 24
hours, or for 223 in periods of seven days ; while by another
series, under more fortunate circumstances, these numbers
arc just doubled. Hence, in this instance, it would appear
that, taking an average, and supposing the cntire surplus
waters economised, the effective irrigating power of a cubic
foot per second would be very nearly 68 acres, and pro-
portionally 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 cach watering, which would give an
effective power to the cubic foot cqual 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, lcaving 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.

Tn 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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ti i ..

a‘;“z;‘ic(:.‘%harge of 184 Cu.blc inches of water, which gives

and thi 1;ebp;).wer per cubic foot per second of 93 acres ;

e 8 I believe t'o be a very close approximation to the
, ails the followmg Summary shows :—

De Regi’s estim
ate . .
Milanese do, i . 96 acres per cubic foot per second.

. . 78
Veronese ang Mantuan, do. | 68 ; .
Tadini’s do. . . . 9 ; ;
Buffon's do, . . . ' Dg ; .,
» »
SECTION 1L

M
ARCITE oR WINTER MEADOW IRRIGATION.

Vie i . ;
. 8Jti‘zed lfn refele?nce to its superficial arca, the winter
Loiba 3 0 Italy 18 extremely limited, not exceeding in

rdy and Piedmont from 12 to 15,000 acres. The

the :

of Slea;lt(i;:}j‘:r?e? the mlddle. of March and the beginning

more than maj tOI: the remainder of the year it does no

of winter 3151 aln the ab_ove-mentioned limited extent
meadow. In thig point of view the contrast

i oL
t';,ea?[ tr:lsizzcts Irrigation, by far the most important. While
cultivator rarely has occasion to irri

of the corn-crops except the mg; rodusts woula

in Todis he b ¢ maize, these products would

n nterior equally in quality and quantity
Wlt‘ out the 'use of water; and hence it is that durip th

entn:e year irrigation is in demang. The periodic t(x%:a.ines;
gllodxfy to some extent, and even occasionally supersede

© necessity for water during the latter summer months’

2
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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 I 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 ele-
ments 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 detti 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, @ 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



88 HOURCES OF THE WATER FOR WINTER MEADOWS.

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 strcams, 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 arc 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 frecly exposed to the influ-
ence of the atmosphere, arc preferred to any other means
of irrigation during this scason. In illustration of this
point, Signor Berra mentions that, on the 146h E‘cbrtxaf'y,
of the year in which his work was published, ( 1822,) the
thermometer of Reaumur indicated, at six in the morning,
an atmospheric tempcrature of —1°.5. On immersing the
instrument in the tube (Zinello) at the spring-head, it at
once rose to + 10.5, showing a difference of 12° of Reau-
mur, 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 tcmperature ; and hence it is
invariably to be observed that the fincst meadows are
those nearest to the fountain-head. The water from the
ordinary canals being gencrally 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 becomes
speedily elevated by them, and it is necessary, at intervals
of two or threc years, to lower the levels so as to insure
casy 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
onc material advantage over those from springs, in being
practically Invariable. As no marcife 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 tem-
perature, 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 temperaturc low, and the
supply uncertain, but the deposits brought down after the
rain arc 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 upon 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 arc 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 the
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;;mli)::gurs of ;hliwdater, a point always much insisted on
ard ana Piedmontese agriculturi
. ar g urists, who hold that
ilz:u;c)lx;ogox tlon' as the heat of the water becomes greater S(;
mueh nettt.er 18 1‘t adapted for the kind of cultintion r;ow
o otice. The order of succession in quality of waters
lmarczte may therefore be stated thus—
t ;E), Sewerz}ge canals, like the Vecchiabbia, 2d, Fon
4at;n t,CoZr lsprmgs. 3d, Ordinary canals of irri;;ation
), Coiatlure, or drainage-waters. 5 8 i .
: a i . 5th, T '
Olona, Lambro, &c. i » Hivers ke the
o The folIO\.ving are the details given by Signor Berra for
' e ﬁ)lfeparatlon of the land of winter meadows, as derived
fot rom the practice of the most experienced Lombard
ar}n{xersi, and from experiments made on his own property
. aving cleared the land of weeds and roots of all kinds
1t is PIoughed and manured carcfully in April, and Indiar;
co v i .
torlr)lelz tl;en sown, as being the crop with which it is held
to be | ((els to prepare for the marcite, requiring, as it docs
beli) ate Wee(.hng and clearance of the soil. 'The cro ’
thenlg rflaped n October, the roots are carcfully remov (f
th am1 ploughcq and harrowed, and its surface smootle(i
begg:z;:nlg asfponmble. In this state it is left until tlﬁe
of January, when the w
oeginn: ' ) 'orks necesss
;rrlgatlon are commenced. It is of importancsemg ;01'
cO J i
o ;);)rily of tl;e;e operations that they should be executels
er, as labour is then mor
e ab
thalt‘lhat any other period of the year ndant aud cheaper
e assistance of the ¢q .
. - m ) )
with the distribution of the w}':f 7'0 e man charged
this stage. Long expex;ience a :7tb°§?’_nes e ave
made thts ol g hd traditional rules have
: 1en very expert in all i
ming T men all details of ¢
guidel;i Yvorks' of urigation.  Most frequently they a};e
e In their levelling operations solely by the eye, a ;
hstrumental apparatus consists of only g f ek
Y & 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 rectangulm‘ compnrtments, termed pz’ane or ale,
between cach two of which, and at right angles to the
ain channel, there is established a minor irrigating

The breadth of cach plane, in a
than from

m

channel, or roggetta.
well-constructed winter meadow, is never more

95 to 30 fect : the length is more variable, and depends
on the quantity of water at command. Tt is usually,
. about cight or ten times the breadth. The
minor channel on each side at the
hen 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 th'c 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 arc minor drainage channels established
in the little valleys between the same, called scolatori, all
of which discharge themselves into a main drainage
channel carried along the lowest level of the meadow,
called the scolatore maestre. The following diagl:am will
illustrate the general arrangements for irrigation and

however
planes slope from the
ratcof .03 in 1; orw
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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 asingle general example.

ARRANGEMENT OF A MARCITE FIELD.

Plan.
ADAQUATRICE, OR MAIN IRRIGATING CHANNEL.
. N
R R <75 P S SR AR, “« B
A X< A Ty

‘i o i
" i
il |
|

L

MINOR IRRIGAT(NG CHANNE

ALA, OR PLANE
s OR MINOR DRAL\'AGE CHANNEL

ROGGETTA OR

SCOLATORE.

&)
SCOLATORE MAESTRE, OR MAIN DRAINAGIH CIIANNEL.

SECTION ON « b.

10 é o 10 20 Foes

A B, main irrigating channel,
C D, main drainage channel.
E F, minor irrigating channels, generally 12 inches

wide, and 6 or 7 decp.
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 carth 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 arc 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 ficld, a machine, called

a raggia, 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 nccessary, a fourth
ploughing and harrowing are given after their completion,
80 as to prepare the soil for the sced. 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 onc-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 sced
adheres to the roller, making it necessary to sow a sccond

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

* Jtalian rye-grass.
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ca .o
‘ rts to pass. These are indicated ip the di
e - ..
es; and the irrigation and draip
across them by 2
pero ¥ small wooden funnels
: t1ed,new meadow in June, July
rst admitti .
g s n% the \Yatex', great attention is paid to remov
A iuust?ct'es to ;‘ts free circulation over the surface
ration of the ex j nter m
Xpense "In| i
dows, the following details 'Fre gi o comE inter me
: oy g iven :——
. The superficial area was 5 acres—the 1
viously under crop—w

agram by dotted
aters are carried
Irrigation is given
and August ; and on

and had been pre-
as moderately level, and easy to work.

15th Nov.—Ist Ploughing,

25th Jan.~2d do., aps
Harrowing, .o
4th March—34d Ploughing, e
0d A Harrowing, oy
ril — Excavati inor irigating chany
P Lxcava.tlon of minor irrigating channels, s 6
Levelling the planes, N 21 o
Digging, . . g NS
Uf«)o of the ragyia, or enrth-scoop, 0 5 G
Final ploughing, 2 0
Do. harrowing, 05 o
Spreading manure, o 4 ¢
Sowing, . . o 4 o
Rolling, . o 4o
Main channels of irrigation and drainage 1 l; g
)
Total expense for 5 acres, £16 17 6
1]

eItl‘he outlay in this instance was therefore £3, 7s. 6d
o o : , 78. 6d.
fage ; 1;; but Fhe example is certainly below the ave-
leveu,i o (;p::a:s:)llllsbe seen by reference to the details, the
were extremely triflir ile ¢
o Te X 1z, Wh

e :a::remefcases which rise far above itg I belille tltllere
erage of about £6 per a 1 ’ ot

o cre will very fair
theA oulimzry cost of forming a winter me)',u{i:rly represent

s . w1t .
- o?n lénde.r mqrqzte may be said to be in a constant
e © pro uction, }t 1s of necessity very richly manured
o va;Ltsetrlzls. .requu*ed are supplied in abundance b)'
airles which are maintai '
alntained throughout the
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whole of the irrigated districts of Northern Ttaly ; 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
cortain number of pigs shall be maintained on the farm.
Tt is usually calculated that threc pigs supply, in the

course of the year, manure sufficient for one acre 0

marcite. The manure is given in the liquid form, and 18

distributed awkwardly enough from casks on low carts
which traverse the field. The arrangements for storing
the manure are very inefficicnt, as it is exposed in open
tanks, and great wastage is incurred.  Sometimes, though
but rarely, it is kept mn covered masonry cisterus. It
may be applicd at any season of the year, care only being
taken to give it immediatcly 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. Ina
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
950 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 tlng compost is considered sufficient for an acre
;mdtthe mixture of its constituents should be made a;,
eas]‘ten. days before it is applied to the land. When so
ix)sf[‘) ied in aut.umn, some time should be allowed to clapse
ref::sl: 2;1}:;:4&:33{1;&(1. 1 11111 the vicinity f)f Milan, the
ployed wn Lo g a'n( ke manufactories, is largcly
e o : anure, and is highly valued by the culti-
ors in this locality, the effect being great, owing to the
s.t,zlts of soda and potash which it cdntains., On(t:D of the
rl?}ie.St manures available is the matter which collects
le;:rl;nesﬂ:;i ;lrll"lg?.tlllg m'l(.l. flraina.ge channels themselves,
p ¥y in the vicinity of large towns, where the
sewerage waters are made use of. I have already men-
tioned, that at Milan this is grecdily sought, and it is
found.to stimulate exceedingly the productt)ivc power of
f,he soil.  The value of this material operates prejudicially
In one respect, by leading to an excessive enlargement of
f,he channels after ecach clearance. Tt 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 scrious consideration,
amounting as it does in this single province to more than
1500 acres.

The quantity of water required for marcite is enormous.
Fro.m the statistics given in Part I1., it appears that onc
c.ubxc foot of water per sccond is sufficient for the irriga-
tl?n of about 3! acres only.  On this point T was favoulo'cd
Wlt‘fl a mem'orandum by Signor Brioschi, a Milanese
engineer of high reputation, of which I give a translation
here, red.ucing the local to English measures.

“ While it is impossible,” M. Brioschi remarks, « to
establish marcite without having a great deal more ,wat
than is necessary for the irrigation of the land, it ig somer
what difficult to determine the precise quant’ity, as t,]:;;
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must vary with local circumstances. However, I wil
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 41 become available for further use in
the form of colatori, or surplus waters. The cstimate
thereforc would stand thus :—

Cubic feet
per second.
Original irrigation of 7 acrgs, . . . . 6
Surplus after irrigation, . . 4%

Quantity of wator absorbed, 1}

“The quantity actually consumed by an acre of manr-
cite amounts, accordingly, to'2 = 0.2 of a cubic foot
nearly, and the total quantity of 6 cubic feet, if thoroughly
cconomised, would be sufficient, in actual practice, for the
irrigation of from 15 to 18 acres, being from 2% to 3
acres per cubic foot.”  This resuls 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 cstimated at about 20s. per acre

under average circumstances.
Colombani® states that, in localities where the surplus

waters are losl, it requires very ncarly 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
* Jdrodinamica, p. 136

YOL. TL )
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carefl}l measurements and observations, made personally
by Signor Berra on his own property, and with land of
average c!u.al.ity, but possessing no épccial advantages,
such as vicinity to large cities, or command of scwcl‘i"wc
waters. 'The yicld per acre is given as follows +— )

1st, Cutting in February, .
2d, From March to April, . ‘ ‘ ) M‘
3d, From April to May, R . l?(’ 25
4th, From May to beginning of July . ‘ . U‘L’Z’J
5th, From July to middle of Scptcnibcr, . . . (713‘)
. . v
Total per acre during the year, ‘4_77 75

or
or \;flrey r{c?.r.ly 24 tons of grass. The marcite meadows
quant-tvmll)m.ty of Mxlan, liowever, give fully twice this
Aplill g’, :1111;15' cut in November, January, March, and
1, for stable-feedings; 1 ' ;

iy }umish ; feedings ; andin June, July, and August,
i b iree crops of lay, while in September they
v San abundant pasturage to the cattle. They thus
" even crops during the year, and the ordinary yield
per acre is e.stlmated at from 45 to 50 tons, with half as

muz)hf more in remarkable instances.
e the ordinary marcite meadows it is considered that
2 (Iies .supplly grass and hay sufficient for the mainten
uring the year of 50 cows stall-fed X -
oy all-fed, exeept in Sep-

ober, when they arve turned
20 gainc Uctobe ¥ rned out for pasture.
ufficient for tl g 1
onthe. a5 ot e supply of grass during seven
N 0]10 wrnish the hay required during the
cr months. To giv i o

give an idea of the moncy-

retur
ns, we assume that the proprictor of fifty cows has

20 acr
€8 under mar "
cite, the cx
n : . ’ penses and -
ected with which are as follows . returns con
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EXPENSES.

Preparation of the land, repairs of irrigation channels, &c.,

for 20 acres, . . . . . ., £6 3 6
Manure, 259 cwt. per acre, 63 5 7
Labour in spreading and carrying do., . . 2 70
Labour in cutting during seven months, carriage of

grass, &c., 1913 9

£91 910

RETURNS.

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

proprictors 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, . . 8§15 0

Value of manure, 5212 0

£314 9 6

Deduct expenses, - . 91 910

—

Total for 20 acres, - L £22219 8

—————

Or £11, 2s. 6d. per acre.

The proprietor of the land has becn supposed in_ thesc
estimates to be also the proprictor of the water; but should
he not be so, 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-
Jated 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
18 disposcd of cither 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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100 RICE-CULTIVATION IN NORTHERN ITALY,
the better prices the demand of the city insures, It g and temporary, (risaje fz’a mcc'n(?a,) wh _h»-j.'orms:, a-part
of the rotation of crops in the irrigated Mistricts.

not unusual to find the marcite here yielding a rent cqual
to the highest net returns clsewhere, the tenantg paying
from £10 to £12 per acre, and occasionally, under ¢ircum-
stances peculiarly advantageous, even double these sums,
These details regarding a cultivation so peculiar ay that

The permanent rice-cultivation is resfpicted exclusively
to low marshy localitics, unsuited for aly other culture.
It abounds in the swampy districts o Mantua and =

Verona ; and though inferior in quantity Nqﬁah;y,@,wfa{
produce to the other kind, it is still of gre:tt*%;ag;?‘:' :

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 alrcady 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 localitics where water is now running to
waste, as in mill-streams, &c.-—I have thought I might
with propricty enter into the particulars now given.

SECTION 111
RICE-CULTIVATION IN T IRRIGATED DISTRICTS.

As an important and familiar element of the Trrigation
System of India, the cultivation of ricc naturally inte-
rested me ; and while in Northern Italy, I cudeavoured
to collect such information regarding it as scemed likely
to be useful. This I proposc to give in the present

* section. '
The rice-cultivation of Piedmont and Lombardy is

divided into two classes—permanent (IO‘fa“_.Y tormed
risaje da zappa, from the use of the spade in its tillage)

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 ycar to year.

A claycy impervious soil, with a small proportion of
sand near the surface, is found to be 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 cmployed 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, cach of which is carefully levelled.
Compartments are then marked out, of which the dimen-
sions are cxtremely variable, and each is surrounded by
carthen walls or banks, about 2 feet high. Connection
is established between the compartments at high and low
levels, so that the water cntering 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 cach, many think superficial area a point of
little practical importance ; but in the best rice-provinces,
as in Novara and Mortara in Piedmont, and in the
Milanese, a preference is given to the system of small
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glllzifml?s’. containing cach from 3 to G acres. Within
irrigatil::tiv ;hie{e Is much greater facility in managing the
crop is t’hreatm ; fljcqu?n_tly, and especially when the
mattor of o ctncél \}uth injury from Dblight or insects, a
liarly Subjeft C? thhcacy ‘ Thc' green rice-crop is pecu-
and it is sol 1O 110 attacks of insects of different kinds,
these are dcstiy ()Iy the management of the water that
field s Lid 1. O)f,'e.. ‘If the animals are aquatic, the rice-
the much-dcmd 0(1l a tlme., and if otherwise, it is flooded ;
whether the rL (;ncmlcs being thereby disposed of,
When th)(r; Iziio?c.c from the land or the water.

is plonghed and visions are duly formed, the rice-ground
be too wet for tlcarefuuy weeded in spring. 1f the soil
lities, it iy Lo kle use of the plough, as in marshy loca-
health)’ Drocc;)s . le by the spade, a tedious and un-
pared, water is ’a d .fter the gronnd las been thus pre-
levels, and of comltlt'Cd f:or the purpose of verifyin.g_gr the
different divis nso lda.tmg the partition-walls of the

ons. It is necessary to remove all trees

from the immed; .
mediate vicini .
the crop. ciity, as shade is very hurtful to

The i i
period of sowing extends from the beginning of
=]

March ¢ inni

g ﬁr:t’th:hi):eglvr:’;l{nﬁ of May. The new rice-lands are

ey oS latl;i hz'we been established for one or

izsoiure for some timepizlii;al?e:}tleosml e

e usk (lf)cally termed risone) is
proportion of from 3 to 4 bugh

to the nature of the soi] ol

f the sun. Rice in
cmployed as seed, in
$ per acre, according

land to _ It is sown by hand :
nd is literally in the state of mud ﬁliln‘(}e’r;?dbas.the
; aborious

and very unhealth
y work .for the i
e . ‘the cultivator. It j
i gng tt;ht;o sow .thlck ; and in proportion ag tlﬁc:slalfgeé-
o tile ricquantlty of seed is diminished. Tt is usug] .
e-seed in water for twenty-four hours pre:' .
previous
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to sowing, with the double object of quickening 1ts vege-
tation, and preventing it floating on the surface of the
ithout this precaution it occasionally does.

water, as W
If new rice is employed as seed, it requires to be sown

in the course of the month of March ;

early, that 18,
n later—in April, or at the beginning

old grain is sOW

of May.
Twelve or fiftcen 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 fAooded state until the plant flowers,
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 usc of water is discontinued, the land 1s
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 cub 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 lbs. in weight, and with a con-
gtant length of 18 inches. When the plants are longer
than this, they are cut Ligher, 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 t0 the sup. It is then stored, and
during the winter, when water is cheap and abundant, 1t

which,
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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, diflicult to cultivate efficicntly, yicld
much less than thosc introduced into the usual agricul-
tural rotation. In the provinces of Mantua, Verona, and
Novara, where permancent rice-lands are cxtensive, the
average produce per acre is cstimated at from 30 to
35 bushels of uncleancd grain, or risone; while the
temporary land in the same and the adjoining pro-
vinces yicld 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 onc-third of
its bulk ; so that for permancnt land the produce would
be pearly 13 bushels. As an illustration of the pro-
duce of rotation rice-lands, T give the following, to which
my attention was dirccted by a skilful Lombard propric-
tor of much experience in this cultivation. It is given in
vol. ii. of the work cntitled Miluno ¢ il suo Territorio,
p- 140, and exhibits actual results, which I have reduced
to their equivalents in Lnglish measure :—

StatEMENT showing the Probuck per Acre of Roration
Rice-Lanp in LoMBARDY.

Uncleaned rice. Cleained rice,
Bushels. Bushels.

1st Year, . . . 57.7 17.6
2d do. . . . 49.6 16.8
3d do. . . . 54.4 20.2
4th do. . . . 44.5 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 yct offered more than mercly temporary impedi-
ments to its progress. 1t has extended, and is extending
cven 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, T 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

* Soin the original authority; but I think the amount must be under-

estimated.
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speak, receiving constantly such new supplics as are neces-
sary to compensate for wastage by cvaporation, absorp-
tion, and other causes. In such a system it is evident
how great the influence of soil must nccessarily 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 Milancse 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 .078 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
fx:om 45 to 50 cubic inches of water per sccond is suffi-
cient for the irrigation, throughout the scason, 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
1t stated, that water to be so employed is sold throughout
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the greater part of Lombardy at an an‘nual rate equiva-
lent in English money to £26 per cubic foot'pg\r sgcond.
Supposing this volume to be sufficient for the irrigation _Of
40 acres, we have a rate of 14s. 6d. per acre for water 1n
ice-cultivation.

I‘IG; chlzzlfflevlibtle more to add on the subject of the employ-
ment of water in agriculture throughout Northern I.ta.ly.
'he meadow and the rice lands may be said a11119st to divide
between them that vast volume of water wlnch' is every
year pourcd over the face of the country. Thg 1rr1gat1o;;
of Indian corn or flax consumces but a comparatlvgly sma

portion of the supply, and I have not cons1dered'1t neces-
sary to advert to it in any detail. 1 .COI.wlude th}s gecltl.o?
with a tabular statement of some statistical details, wlich

may be useful for reference.

s connected with the TypLOYMENT of WATER
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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 Ttaly, 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 arc made available for uscful 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.  In a 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 rcmarkable abundance of subterrancan
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 ncar 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 connccted with the
permcable alluvial. beds which stretch away towards the
rising lands on the northward of the plain. In sccking
for these springs, there arc a number of natural signs

which are followed as guides; 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-secker—a much-employed mem-
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ber of the community—has still his traditional sigus, 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 gencral 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 arc scen 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 ycar, light vapours frequently rest over the hidden
springs at night and morning, and to these the searcher
gives attention with the sort of practical instinet in recog-
nising their indications which long obscrvation creates.
Supposing that by these or other similar signs the
existence of springs is sufficicntly 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 themsclves, so docs the excavation extend,
until a supply adequate to the demand has been obtained,
or until the areca 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 feste dei 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 cyes of the spring) are distri-
buted. Among thc immense number T 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 cither in Picdmont or
the other provinces of Lombardy.

Passing through sandy strata, the jets arc lable 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 cnclosing cach 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
is 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,
1s in many instances I saw ncar Milan, ncatly revetted
with small piles and planks, and having trecs planted all
round, so that the spring-heads are gencrally rather pic-
turesque spots. Occasionally it bappens that the entire
basin becomes filled with water, in such manner as to
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nake it difticult to discover the localities of the jets. My
ind friend, M. Charles Noe, drew my attention to an
:xample 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 clse. I saw this very distinctly in the case in
question, and the indication is considcred 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 chaunel of irrigation,
(locally termed asta di fontana.) Regarding this there
1s nothing special to remark, as it is mercly 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 arc 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. W have formerly scen that a volume equal
to 1 cubic foot per sccond 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-
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water is so valuable in the cstablishiment of marcite
meadows, :

The great and the minor canals of Northern Ttaly
derive occasionally no inconsiderable portion of their sup-
plies from the subterrancan 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 cffect of the springs is very
pereeptible. It is, indeed, gencrally held that the pro-
portion duc to these is cqual to from onc-fifth to as much
as one-third of the total volume. 'Fhe Naviglio Taverna,
of which the entirc 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, Cattanco, Visconti, Barmetti,
Borromeo, and, in fact, ncarly the whole which form the
branches of the great arterial lines.

1t would be vain to attempt to give any rigid cstimate
of the total quantity of watcr supplied by springs for
agricultural purposes, as no perfeetly trustworthy data
exist on which to base it. T 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, cstimates the volume for
the Lumcllina alonc at 788 cubic feet per sccond. 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 valuc in money is not
less than £840,000 sterling.
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With thesc 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 gencral idea of its most note-worthy features. The
[rrigation System of Northern Italy demands, as essential
to its existence, the possession of large capital and the
concentration of property in the hauds of wealthy pro-
prictors.  To this combination its actual devclopment is
duc; and however well the system of small farms may
act in Upper Lombardy, T believe it would be the entire
ruin of those provinces whose fertility has been produced
cntirely by their canals of irrigation, constructed at vast
original outlay, and maintained at present by heavy and
annually recurring cxpenscs, beyoud the means of small
proprictors to defray. To cstablish, 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 arcas, 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 nccessary 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 arc not
to be obtained, as the water has not full justice done to
its capabilitics. 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
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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, 1 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 jrrigation 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 offects whatever ; but 1 must repeat, that
circumstances arc wholly different in provinces whosc
agricultural life's-blood, so to speak, circulates in their
irrigation channels.  Joven now, the financial pressurc
checks the essential freedom of this cireulation ; and if 1t
is carried so far as to lead to permancnt cmbarrassment
on the part of existing proprictors, and the nceessary
partition of land to mect 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 centurics has been laying eggs
of gold for their use.

LEGISL
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PART 1V.

LEGISLATION OF IRRIGATION IN NORTHERN ITALY.

INTRODUCTORY REMARKS, BEING A HISTORTCAL 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 Ttaly 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 carliost 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 speci-
ally apply. Verri, who is considered onc 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,” 5
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right subsequently ratified and confirmed by Frederic I.
at the peacc of Constance in 1183, 1In the historical
summary I have formerly given of the progress of irriga-
tion, I have mentioned that this was the périod when the
greatest of existing canals were exceuted ; 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
hat.'e survived the destructive influcnces of that dark period
v»fhlch intervened between the fall of the Empire and the
rise of .modern civilisation, Dy right of their utility and
adaptation to the wants and habits of the people.

In the code of 1216, formed by Brunasio Porcha of
N(?vara, then Podesta, or clected chief of the republic of
Milan, we find embodied the leading ideas which at the
present time regulate the legislation of irrigation. With-
out exftering into minute details, it will, T Zm sm:e be in-
terestlflg to quote those provisions which, for at lea;t sev
centuries, have influenced the social state of Northern Tt 10“
and whose beneficial effects arc to be ool ovor

: leiz : recognised over tl
whole region of rrigation. 7 °

- 'ls‘ltlzt::clent laws regulating the use of water are found
€8 240 to 249, and ip general terms are as

“1. Whoev 1
. er has the rig 1
OF ivers, or in am ot ght to obtain water from springs
thronel ,t o ]:1 Yy other manner whatsoever, can carry it
o Ifbl' 1¢ niclds and farms of any individual, commune
bublic corporation in thj ,
! S sta
wblic rogds te, and also across the

(13
2. To thi
o this end he can construct the canals or channe]
els,
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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,
( periti,)—provided, however, that the compensation for
damages shall in no case excced twice the value of the
property damaged.

« 4, He shall be bound to maintain in cfficient 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, especially
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-cxisting canals.

« g These new chaunels 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 frec 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 ignorance
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
ttle oppressive to individuals as is com-
patible with its full enjoyment. The limitzftion of tl?e
right, by the condition that it shal.l be e.xerc1sed 9111)' in
the way which, according to professional judgment, 1s least

common good, as li
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injurious to the party granting the passage, Lias been found
to operate most beneficially in practice ; and so universal
is the conviction of the necessity for the maintenance of
the right thus guarded from abuse, that opposition to it
is almost unknown. However much the experience of
centuries may have amplificd the laws of irrigation, it is
to this first rough code that we have to trace the estab-

lishment of the leading principles which have regulated
the gradual development of the system.

These principles arc briefly-—

1st, The right of passage.

2d, The limitation of this right to lines of lc

ast in-
convenience.

3d, Payment for the land occupied, with a certain fraction
10 excess of the true value—Dbeing 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 proprictor of the water to
maintain the works.
6th, Obligation on the proprictor of the land to keep
the channel free of impediments to the course of the water,
The old Statutes farther contain a number of detailed
rggulations connected with irrigation, suel, gg limiting the
distances of canals or springs from eacl, other, or from

rivers the.property of the State ; securing certain distances
on each side of the channe]

s t du rity—and 50 on. But the
preceding ‘abs.tract will give g sufficiently clear idea of the
general principles mvolved, to make it uunecessary for me

to dwell longer upon them.

. From time to time, durin
tions of the Statutes were fo
1351, Luching Visconti ca

g the middle ages, new collec-
rmed by different princes, In
used the whole to be revised ;
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z 1 Sp ,
tablished by Francesco Sforza on t.he Cane; fosa
Csc‘l ome time afterwards, the reigning duchess ; h,
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e nsation to be paid were
determining the amounts of compe : ot the
i 's by the pr
al numbers by t
¢ named 1n-cqu pro o o
N t)x and the land—an arrangement difficult t ok
‘ater ' men ; >
o ta'c(c from there being no provision for a caAftD o
l‘aC 1 . . . - . el‘
P the e’vcnt of an cqual division of opnnorll. Ater 00
in ! )
termination of the national dynasty, on ]t;e' X(H <
¥ : . i y ouls .
ture of Ludovico Sforza il Moro, b}; s XL o
s nother scries of statutcs, carefully embo (i) g]-
it igatl i r develop-
o exi’stimr laws of irrigation, with such f'art;lioo ; tlll)e
I‘e— e . . . ;
glents as scemed expedient, was published 1 1502 by

atter monarch. ‘ . o
l‘tt‘fb;ut the same time _tl'lO rcpubhc.of sVe:;cﬁlazisszs
blished, throughout its irmgated pr'0v1(;lctewi,1 tOgthose e
similar in principle, though dl?FCl‘CIlt in detail, those of
tho Milano It may be curious t0 show how this q
e d by a body so celebrated as the senate' of
bon s treajtc d ihavc therefore translated the following
o repubhci;‘rzit?ation, which bears date the 27th Augus:t
Sta:l;te (;111 is Dtherefore very nearly four hundred )l'leales
e Ia is applicable to the province of Yer.ona', where,
o e lls };Il)arked there are canals of irrigation very
e yl;efls the Iilaviglio Grande, and where comm((l).n
nea;ly;lai;d ({Oubtless preserved, by equall);e I(}:ie:mlzartlr:;n;
o islation far more anc
tio'nt’telgr?(ozgzr(;) f aTllligl\Sfls::)i[;se statute is as follows :—
wrl .
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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 requisitc 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 proprictor, fwice the value of the land occupicd.

“3. This value shall be fixed by skilful men chiosen 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 proprictor
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 communitics.

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

“8. In the case of a proprictor refusing all acquies-
cence in the possession thus granted, and declining to
receive the price of the land, regulated as above prescribed,
this price shall then be deposited with the authorities ;
and immediately after this formality, the works of irriga-
tion 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 statutc.

“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 cauals 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 a 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 ownet so desire.

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

This Jaw 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 proprictor 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, cxcept those for damages, whicl could
not then be known, are featurcs peculiar to the Venetian
legislation, and indicate an anxious desire to reconcile the
rights of property with that free extension of irrigation
which was so essential to the gencral 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 Scsia was
then the boundary of the Italian provinces subject to
Spain, these statutes were extended to the region between

that river and the Ticino. DBut 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 centurics, 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 Scsia, Busca,
Biraga, Mora, and others, were in existence, meadow and
rice cultivation was cstablished, and the geneval 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 cxhibits many features worthy

of careful study.
As regards the other provinces of Piedmont, an imper-

feet legislation of irrigation was preserved in the ancient
provincial statutes, or the immemorial customs of different
localitics.  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 Emanucl. This cdict, 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
II1., 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

1rrigation.
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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 proprictors of these canals, 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 proprictor of the water
shall pay the value of the soil occupied, with one-cighth in
excess, as estimated by professional men. e 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, cither 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 proprictors from
one point of their propertics 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-cighth in cxcess of the true value.
The proprietors of pre-existing canals are bound to permit
the use of these for new supplics, unless they can prove
that injury to their interests will be the consequence
thercof ; and the partics availing themselves of the right
of passage, but neglecting the dutics 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 scen, 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 chanmels
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 proprictors in the same
channels; and as there are, unquestionably, circumstances
under which it might be convenient to both partics 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 legislation.
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 cffected 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. Proprictors irrigating from
the different canals and rivers were formed into associa-
tions, with power to elcct representatives, to whom the
internal management of the works was committed. LEngi-
neers were attached to cach association, and over the
whole a supreme council of irrigation was nominated, and
charged with the gencral superintendence of all matters
connected with the use and distribution of water through-
out the kingdom. Such associations were of very ancient
origin in Lowbardy—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 allicd subjects of drainage and improve-

ment of land.
In 18186, 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,
liitherto a fundamental principle of the legislation of irri-
gation. In consequence of this omission, scrious disputes
arose; and the question having been finally carried before
the Aulic Council of Vienna, a decrce of this body, dated
17th August 1820, rc-established in full force the laws of
April 1804 and May 1806, by which, at this moment,
all questions connceted with the use of water for irriga-
tion 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
Lecame the boundary of the kingdom. In 1814, the
royal statutes of Charles Emanuel were re-cstablished 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, therefore, 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. 1
now proceed to give such portions of these various cnact-
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 copics of the whole. As the same works furnish me
with all my materials for the subsequent chapters on the Legislation of frriga-
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 inte-
resting obsecvations, Milan: 1773.

“Codice Civile Universale Austriaco pel Regno Lombardo-Vencto,  Ldizione

Ufficiale,” Milan: 1815,

% Raceolta dei Leggi, Regolamenti, ¢ Discipline, dell’ Aeque ¢ Strade del Regng
& Italia.,” 2 vols. Milan: 1808,

% Manuale delle Leggi, Regolamenti ¢ Discipline, intorno alle Strade, Acque,
&ec., da Antonio Cantalupi.” 4 vols. Milau: 1845

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

“ Regime des Eaux par Jacques Giovanctti,” 1 vol.  Lithographed.

“ Rapport sur la Pratique et la Legislation des Irrigations,  Pav M. de Mauny
de Mornay.” 1 vol. Puris: 1844,

“ Des Canaux de I'lrrigation. Par M, Nadault de Buffon,”  Vol. {ii. Puris:
1843,
“ Manuale di Idrodinamica di I Colombani; Appendices on Legislation in
Lombardy and Sardinia.” Milan: 1845,

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

2 vols.

CHAPTER L.

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 gencral rule. 1 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
remam —

“It 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
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 betwcen waters which arc public
property, and those which may be appropriated by indi-
viduals, has always appeared to me to wmerit the especial
attention of the legislator.

“0n 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 nceessary 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 {hose which could be rendered so ; but in doing
this, they proposec 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 cvent 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 cstablishment of a patri-
mony for the community was not the object to be con-
templated, 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 patural corollary of this system is, that a right
to a supply of water from a river, a stream, or a torrent,
may be acquired cither by a direct grant, or by preserip-
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 gx'ow-
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 nccessarily ab-
sorbed everything previously held to belong to the com-
munity. There existed, in fact, mercly 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, therc 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
lomited 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
16, 2d, It grants a perpetual lcasc 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. Dy 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 proprictors 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 engincers, by whose cxertions,
rewarded and stimulated by their we
employers, that vast network of irig

spread over the entire face of the country. 'We have, in
fact, scen repeatedly that the private resources thus
cmployed were more powerful than those of the State
itself ; their proprietors carried on

against every attempt of the administration to enforce
the regulation of their water-

courses, or the introduction
of fixed measures for their supplics.  Varied though the
dynasties governing Lombardy have been, and however
different in their origin, their claims, or their systems of
adwinistration, 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 intorosts
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
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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. 1t 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 Dbe holders of government grants.
W hen, thercfore, 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 cscaping all such injurious influences as I have just
reforred to, is for the government to rctain its right, and
so to guard the grants of water it may make, as to sccure
all the interests of which it is the natural protector.
'The general principle on which grants should be made,
appears to me fo 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 arc essential to sanitary or
other purposes. The making of these leases rencwable ab
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 inves the
capital necessary for the construction of the minor, but
still very important works required for the passage and
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showing distinctly the position where lie desires to place
it. This plan shall be submitted for the approval of the
superior authorities; and its cxccution—superintended, ab
the expense of the lessee, by an engineer deputed by the
administration of canals—shall be subject to whatever addi-
tional conditions it maybeconsidered expedient to proscribe.

“4. The works shall be constructed at the expense
of the lessce during the first spring stoppage of the canal
which may follow the sanction of the contract. They
ought then to be subjected to a special inspection by the
engineer who is deputed by the direction-general of public
works. So soon as the water is readmitted into the canal,
the new outlet is subjected to gattelation,” according to the
method in common use, and by the individual just referred
to. The key of the hydrometic sluice shall remain in charge
of the agents appointed by the superior administration.

« 5. The lessee of the waters is bound, during the period
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claim any stoppage of the canal to cnable him to execute
the necessary repairs; but he shall be bound to effect
own expense, and while the canal ig full, such provisional
repairs as the government engineer may consider absolutely

hecessary for the protection of the water, e shall

further be bound to close the outlet entirely, should such
a step be cousidercd absolutely indispensable.  The defi-

nitive repairs shall then be postponed to the first, stoppage.

“7. In addition to all expenses for the construction
and superintendence of the outlet, the lessce shall be held
responsible for all charges connected witl,
survey and gattelation, and for all document
administration may be obliged to
with these various points.
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control. Contracts under such conditions as the preceding
last for any number of years; but the general limit is
nine, as that is the usual period of agricultural leases
throughout the country. It is, in my opinion, too bricf
even for Lombardy, whether as concerns land or water ;
and for India, the duration of the water-lease should
‘correspond with that of the land, by lasting for at least
thrice the time just specified. It is to be remarked that
the government of Lombardy deals somewhat hardly with

the holders of leases under these rules, in cases of defeet

of supply in the rivers or canals. All claim for damages

is barred, but no remission of water-rent, in proportion to
the injury caused, is promised. It may possibly be given
in practice, (although I am not awarc that it actually is;)
but i6 would have becn more satisfactory had the same
open regard been shown for the interests of the commu-
nity as for those of the State.

I may conclude this section by giving those articles of
the law of the 20th of May 1806, by which the general
conditions of grants of water are defined and regulated at

the present time.

“ITALIAN  REGuLATION of the 20th May 1806, for
IrricaTioNn and the Use of WarER in WoORKS.

“TrrLE L—Derivations of Watey from Rivers, Torvents,

A and Public Canuls.

“1. No one can obtain possession of public waters, or
ercct works on the same, without the investiture or grant
of the government,.

“9, The Investiturc or grant determines the quantity,
the time, the manner, and the terms of the extraction, the
passage, and the special use of the water or the building, and
establishes the annual payment to be made accordingly.
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“3. The arrangements of the preceding articles are
not intended to injure the actual proprietors in the uses,
buildings, and rights relating thereto, to which they enjoy
a just title according to the laws and legitimate customs
of their respective provinces.

“4. No new grant can be made to the injury of the
rights of others. These rights shall be guarded by ap-
propriate limitations in all such grants. To this end the
petitions for grants shall be published, and all parties
interested therein shall be heard.

“5. It is not permitted, under any pretence, to alter
the outlets or fixed dams without the consent of the
government.

“6. In derivations effected by temporary dams, all
works should be approved by the engineer-in-chief of the
department, and reported to the direction-general.

“7. The engincers-in~chief arc cnjoined to take care
that the waters granted for irrigation or hydraulic works
be employed in all that affects the public interests, in
accordance with the terms, obligations, and conditions
imposed by the investitures or grants.

“8. To this end they shall have by them the register
of the said grants, &e.

“9. If any one having a right to use water shall
introduce any abuse, or neglect any duty connected there-
with, the engincers are authorised to place things in their
original condition, in accordance with the grants, report-
ing their proceedings to the direction-general.

“10. When disputes concerning water have reference
solely to the interests of individuals, they shall be sub-
mitted for decision to the ordinary tribunals.

“11. When public interests are concerned in such dis-
putes, they are reserved for the consideration of the public
administration.”

VOL. II. K
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LEGAL RIGHT OF PASSAGE FoR WATER
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for the soil occupied by it, the use of which was tem-
porarily lost by him. It is a curious circumstance that
this same method of compensation should present itself at
a point 80 far distant as Northern India, where exactly
the same idea originated on the first establishment of the
rudely defined right of passage which exists in that region
of irrigation. When the benefits of canal irrigation
were better known and understood,” says Major Baker, in
his History of the Canals West of the Ruwver Jumna,*
« they became the object of desire to many villages which
had no ancient water-courses; and as these were, for the
most part, at some distance from the canal, a necessity
arose for arranging authoritatively, and once for all, the
torms on which water-courses might be cub through the
lands of other villages, than those for whose use they were
intended. Under the arrangement proposed by Colonel
Colvin, and sanctioned by the government, it was made
compulsory on all villages bordering on the canal, to per-
mit the excavation through their lands of such water-
courses as should be approved and considered necessary
by the superintendent ; and any village 80 intersected
by a water-course was entitled to as mauch water as i
could raise by one “daul;) (a large light wooden scoop
used for raising water,) worked by two men. No remis-
sion of land revenue was, I believe, made at the time, on
account of land occupied as above described, (at least no
report on the subject was made by the canal officers to
the collector,) but it was duly considered in the present
settlement, 1n which only cultivated and culturable lands
were assessed.” This is a very curious illustration of the
similarity of ideas that occur to people placed in similar
for here we have an English officer propos-

circumstances ; gHsn o :
anctioning, in the nine-

nd an English government $
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accordingly forced on the government and the legislative

¢ribunals, from the necessity which arose for lulling to
rest these discontents. It became evident that, while
the utility of maintaining the right, when applied to such
undertakings as involved the benefit of the entire commu-
nity, was incontestible, yet modifications and limitations of
it were just and necessary, when it was to be enforced on
behalf of works which were directly for the advantage of

individuals, and executed, not at the, cost of the State, as
public interest, but of these

Into the latter class of works

the element of public utility entered only in a secondary
manner; and in reserving to partics desirous of irrigating
their lands, the right of carrying the water across the
properties of others, the conditions were Now enforced In
favour of the latter of the payment of a certain sum in
excess of the estimated value of the soil occupied, and
compensation for all injuries caused. Such excess of pay-
ment and compensation Was restricted to the cases of
private works ; and thus, while that free circulation of the

water was secured, without which no irrigation system can

exist in efficiency, the sacrifice entailed on individuals was

made as light as possible.
The right of passage Was held from its first origin to

be a simple servitude, (servitw.) The payment of the value
of the land, with compensation for damages, and a certain
fraction In excess, did not give to the proprietor of the
water any right of property whatever in the soil forming
the bed—that remained with the original Jandowner ; and
he continued to pay the land-tax and other burdens

attached to proprietorship, so that if by any accident the

water-course ceased to be employed for a certain time, the

channel reverted thereupon to the first proprietor, and the
right of passage became extinguished.

the representative of the
individuals, themselves.
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It .became further clear, that merely to secure the
proprietor of. the land from pecuniary loss was not suffi-
clent.. In fixing the directions of their irvigation channels
proprietors of water might be inilucnc?:d by varim;s;
motives : they might desire to pass through land pre-
?’lously 'irrigated, that they might have tie benefit of
infiltration or over land, where there were indications of
subterranean springs, of the supplics from whicl, their
W«j:ltCI'-COlll‘SeS would have the advantage; or they might
wish to benefit one neighbour by carrying water nearrixiq
land, or to injure another by a contral?y course 'l‘h;:
government saw that it would be necessary to placé lifﬁit%
to this fl.'eedom of choice, and hence originated the rul(;
that, prior to any special dircction being determined 701;
for a water-course, cvidence must be ]aidbbcfore the com-
pe‘ten't authorities, that tle line selected was the least
m_)ur.lou§ to all parties concerned. 1t 15 truc that tlh
application in practice of this principle continued t‘o bé ?
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« CAPTER VII.——OF SERVITUDES.

« 479, In accordance with the right of servitude, th'e
of a thing subject thercto is bound to permit
m doing certain acts for the benefit of
a real right, which affects

proprietor
or to refrain fro
another. The scrvitude is : .
every proprictor of the thing subject t? this servitude.
«473. If the right of scrvitude 1 attached to the
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) In other cases the servi-
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greater convenience of thg s
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either for rural economy or to another usc.
Servitudes are hence divided into rural and urban.

ietors

« 477, The principal rural servitudes are—
“2 ;F o water cattlé, to draw water, to divert or to
conduct it.

«“ 480. The ti'tle to a servitude Is founded on contract%
or on the disposition of a last will, or on the sentence to
a judge pronouuced on the division of a common estate,

o

or, finally, on prescription.

« 48é It is the rule in all that regards a se;vlt;de,
that the proprietor of the subject-estate 1 not obliged to

) ] it to another the
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exercis ° prietor he might do.

which otherwise as pro



152 SERVITUDE OF WATER-PASSAGE,

“ 483. Consequently, the party having the right of
servitude is bound to preserve and repair the things sub-
ject to the servitude. DProvided that if the proprietor of
the thing subject to the scrvitude does himsclf make use
of the same, he shall be bound to contribute proportion-
ally to the expenses; and he cannot otherwise frec himself
from this obligation than by surrendering the thing to
him who has the right of servitude. Dissent on the part
of the latter would not be sufficicnt to prevent this step.

“484. The proprictor of the dominant estate can
exercise, according to his free will, his peculiar right, but
the servitude ought not to be either extended or restricted
more than is in conformity with its nature, and the end
for which it was constituted.

“496. The right to draw water belonging to another
involves the right of access to it.

“ 497, Whoever has the right to bring water from the
lands of another into his own, or to carry water from his
own lands across those of another, has the power of con-
structing, at his own cxpense, the channels, the canals,
and dams necessary to this end. 'The extent to which
these works may be carried shall be determined by the
wants of the dominant estate.

« 525. The servitude is interrupted if the subject or
dominant estate perishes; but if the estate or edifice be
re-established in its primitive condition, the servitude
recommences, without being in any way changed or
diminished.

“ 526. The servitude ceases when the subject and
dominant properties are united in the hands of the sawe
person. But if one of the united estates be alienated
anew, without the record of the right of servitude having

IMPERFECTIONS ‘OF THE CIVIL CODE. ]53

been in the meanwhile legally effaced from the public
books, the new proprietor of the dominant estate has the
right to exercise the servitude.”

I have thought it as well to give nearly all the articles
of the Austrian code which affect the nature and exercise
of the right of passage for water; but, among these, the
only one which enters into any kind of detail on the spe-
cific conditions anncxed to it is Art. 497. It will be
seen, however, that this has none of the minute provisions
which had gathered round the right during the many cen-
turies it had been freely exercised by the people of Lom-
bardy. In fact, the agriculture and industry of the
country ccased to possess, under the operation of the
Austrian code, that absolute right of water-passage which
had formerly been attached to the legitimate possession of
waters, from whatever sources derived ; and by conse-
quence, the most serious inconvenicnces would inevitably
have arisen, had not the decp popular sense of the neces-
sity for such free circulation tended to rectify the imper-
fection of the laws. The attachment to the custom was
so firmly rooted in the national mind, that but few cases
arose in which the passage was denied to partics desirous
of obtaining it. A few such cases, however, did arise,
and were followed by legal proceedings, which forced on
the notice of the administrative authority the error that
had been made in leaving so open to doubt all the main
points connected with this right. Among these cases, the
most important was one instituted by two brothers Sor-
mani against the Marquis Cagnola, of which the details
are given by Romagnosi, (Trattato della Condotta delle
Acque, vol. i, p. 697-709.) A brief outline of the case
may perhaps be interesting, as illustrating the re-establish-
ment of an important principle in the legislation of irri-
gation in Lombardy. The brothers Sormani claimed the
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right of traversing a property of the Marquis Cagnola, which
wag surrounded by waters derived from springs on their
estate in the district of Cernusco and province of Milan. A
long discussion was, in the first instance, held between the
opposing parties and their respective engineers, as to the
line of direction the proposed water-course should follow,
there having been a disposition to arrange the passage
amicably, if possible. Matters, however, became so much
embroiled, that, from disputing the mere dircction, the
Marquis Cagnola questioned the right of passage alto-
gether, holding that, by the civil code of Austria, a servi-
tude of this kind could only be established by contract,
by the dispositions of a last will, by the sentence of a
judge on the division of a property held in common, or,
finally, by prescription ; on no one of which bases could the
brothers Sormani found their demand. The letters-patent
accompanying the civil code had declared all other laws
whatsoever abrogated, unless they had been specially
maintained by imperial decrec; and hence the ancient
statutes and the modern laws of the kingdom of Ttaly
were held to be alike nall and void. The case was, in the
first instance, tried before the civil tribunal of Milan ; and
by a decree of this court, under date the 11th June 1819,
it was declared that the law of the 20th of April 1804

had not been abrogated by the publication of the civil

code of Austria, but that its provisions were still appli-

cable in all matters concerning the use of water in agricul-

ture and industry. The tribunal held that the Austrian

code regulated the cxercise of the private rights of citi-
zens in their different relations to cach other, but that
there was not reason sufficient to conclude that the legis-
lature contemplated, by its publication, the entire abroga-
tion of all pre-existing laws which regulated the wellbeing

and the economic organisation of the State in its relations
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to the rights and privileges of private parties. Hence it
ruled that the laws of the 20th April 1804 and 20th May
1806, as tending to regulate the exercise of individual
rights in relation to the interest of the community and the
public good, should Dbe considered in full force in the
absence of any special act of abrogation. The brothers
Sormani accordingly obtained the right of passage across
the lands of the Marquis Cagnola under the provisions

of the laws in question.
This decision was then carried before the imperial

and royal court of general appeal in Milan, by which it
was reversed, and the right of passage was altogether
denied.  The grounds of the new decision were, that the -
imperial patent of the 28th September 1813, in referring
to that of the 1st June 1811, declared that the Austrian
code should form the sole and single rule for all the pro-
vinces appertaining to the government of Milan, in substi-
tution of all other laws or statutes whatsoever ; that by
article 10 of the said code all common customs were
abolished, except in cases where these were referred to in
the laws ; that by article 11, only such statutes of single
provinces should have the force of laws as were expressly
confirmed by the legislature ; that by the patent of the
1st June 1811, various pre-existing statutes had been
declared in full vigour, but that among these the agrarian
regulations as concerned waters were not included ; that
to maintain the laws of 20th April 1804 and 20th May
1806 in full force, involved such an interference with the
right of private property, as defined by articles 354 and
362 of the code, as would require an express confirma-
tion of the supreme authority ; that for objects of declared
public utility alone could individuals be deprived of any
portion of their private properties ; and that, in the present
case, the object was not of this nature. The Marquis Cag-



156 )
FINAL DECISION BY THE AULIC CQUNCIT

nola was accordi
tribunal of ?,?»Zfﬁgs?;ff SOlveddfmm tho sentence of tho ivi
¢; and it was decj
sage across I as decided that tt -
DThe mztltlels land could be granted only at his owf \Iz'?lsl
The local ad;.\\'as not, however, allowed to rest here.
right of passa ’mStrath,} saw clearly that to abrogate tl .
cultural oo iug(; “;a§ lto inflict a severe blow on tﬁc a 16
ustrial interest agrl-
therefore d i sts of the country ; 1
Aulic 0011nc?1t<2‘;n{3e(1 to carry the case ﬁnal){): S;fgrlct \tvlas
rity for its ulti:mtlcen(?a,.sp as to obtain the highest authc:c
¢ ecision.  This i )
under dat 18 tribunal, b )
of the couibt;}e 17th August 1820, reversed g;l: gc‘m‘ee
and declared th: 1;1':33;1, ‘flptllleld that of the civil tribtl(r:)l:]e
May 1505 o he laws of the 20t April 1504 ’
,in . a
on which ite deg:‘l force. In the exposition of themll'oioflh
“ R 1on was based, the A ulic council gromnes
o Ing waters are in this unett remarks —
: t(:ihe soil—they increase its
products. To them are d
defect of rain, e

1fcg1<.>1? the necessary aliment
telltlht;y, and they insure its
' 10se¢ retury ich, i
agriculture would he llls,li)f o
wholly depri
ved.

ment exerci
s .
in no way es on the public good.  The new eivi] ploy-
Oppose ) W clvi .
to Pre-exist;ilg(), aé{l 'fO.the recurrence on special lcode is
ture on the zne xlmmstrat)ve regulations But nat';ters
* o
running wat tand, and the ugaoe agricul-
Crs on the ot} ges connected with
among such specialiti other, occupy an impo t wit
ities ;] rtant ]
n . s> hence ) place
ew law has in no degree the promulgation of the

a
connected therewith, v brogated the laws and statutes

hicl
of t . 1 ought, -
be Austrian code itself togremzfco-ldmg to the termg

’ nin

they are not f
not formally abro » orce, so long g
A special notificatio gated. 5

date the 25¢h J uly 1 n of the government of

. Mi
825, is to the following ilan, undey

effect .

PROVISIONS OF T{E LAW OF APRIL 1804. 157
« Tt is ordered that the Italian laws of the 20th April -

1804 and the 20th May 1806, shall have full force In

all matters connected with the legal servitude of the

passage of water.”
This question having been thus finally and satisfactorily

decided, and the right placed on the old basis, I may now
give the articles of the law in question, whereby its
excreise is defined and regulated at the present time.

« Law of the 20th April 1804.

« Apf. 51.—BEvery individual is bound to cede the land
necessary for the channels, the rectifications of the direc-
tions, the alteration of the courses, or the cmbankments
of rivers, canals, or public drainage channels ; and, in
gencral terms, for all works connected with water, which
are designed for the public good, receiving compensation
for the samc at a reasonable rate.

« 59, Whoever desires to make use of waters, public or
egitimate proprictor, for pur-
agriculture, or for the movement of machinery
may carry them across the lands of
others, paying the value of the soil occupied by the water-
cording to an estimate of the same, with one-
fourth in excess; and coming also under an obligation to
maintain the water-course, banks, works, &¢.; and further,
to indemnify the proprietor of the land for all damages
whatsoever which the said land may sustain.

« 53, Such water-courses should be carried across that
portion of the estate where, a.ccorc.lir}g to the judgment
of practical men, the least possible mjury .shall be caused
to the proprietor or possessor, reference being always had,
however, to the convenient derivation of the water.

« 54. Lower lands are bound to give passage o waters

private, of which he is the 1

poses of
and hydraulic works,

course, ac
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flowing from higher levels. In addition to the obligations
imposed by the preceding articles, the proprictor of the
upper lands is bound to defray the cost of such drainage
channels as may be nccessary; and of such works of
defence as may be required to protect the lands through
which the waters pass, as also to repair any damage whicl
at any time the said lands may sustain. The preceding
article does not affect special agreements between pro-
prietors, nor rights of servitude legitimately acquired.”

The only addition made by the law of the 20th May
1806 to these rules is the following :— '

“4rt. 16.—Whoever desires to introduce water into a
public canal, with the view of extracting it again at a
lower point, shall submit his claim to the direction-general.
This will be decided in accordance with Art. 4, (i.e. so
as to cause no injury to the rights of other parties.)
Objections to this arrangement shall be disposed of by

the public administration.”

This article forms the sole reference to the use of pre-
existing canals which I have found in the present legisla-
tion of Lombardy : it restricts such use to the case of
public canals only, and I believe no private water-courses
are ever now subjected to any such claim. We shall
hereafter find that the Piedmontese have arranged this
point admirably, but in Lombardy it is still less clearly
defined than it ought to be.

I have had occasion to refer to the importance of
surplus irrigation waters, or colature, to the agriculture of
Lombardy; and I may state here that it has been estab-
lished by judicial decisions, that parties possessing legiti-
. mate rights to such waters, may claim the same privileges
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as belong to original derivations from rivers, canals, or
springs. In a word, the right of passage is applicable,
with entire generality throughout Lombardy, to all waters

legitimately possessed, from whatever sources they may
be obtained ; and so long as the conditions prescribed by

‘law are complied with, their circulation is free and facile.

Nothing contributes so much to this most valuable result
as the high character and qualifications of that immense
body of hydraulic engineers which has been created by
the general development of the system of irrigation, and
its intimate relations with the rights of property and the
progress of improvement. It is to members of this pro-
fession that all those questions connected with compensa-
tion, whether for the soil occupied or the damages caused
by the works, with the lines of direction which channels
should follow, so as to cause the least possible injury, and
all other particulars of like character, are referred.  The
judicial authorities base their decisions in all questions of
hydraulic art on their evidence ; and under the general
name of perits, we find them holding an important
position in the whole courze of the legislation of irriga-
tion, from the earliest times to the present day. The
discharge of the duties required at their hands is always
delicate and difficult, but as a class they are universally
respected for general efficiency, good faith, and profes-
sional honour. I owe so much to the kindness of many
among them, that I may be permitted to bear my testi-
mony, in passing, to their worth and ability.



SECTION IIL

MEASUREMENT AND DIVISION OF WATER.

No universal rule has yet been established in Lom-
bardy for the measurement and division of water in
irrigation. It is not nccessary that T should trace again
the history of the efforts which, at various times and
under various fortunes, have been made to introduce such
arule. In the history of the great canals of the Ticino
and the Adda, I have given sufficient details of the diffi-
culties which have hitherto prevented the establishment,
either of a general wnit of measure or of a definitive
measuring apparatus.  The existing legislation on the
subject is embodied in the following articles of the law of
the 20th May 1806 :—

“Art. 13. Pending the establishment of a uniform
measuring apparatus, (modulo,) and a unit of measure for
the public waters, regulated outlets (bocche modellate)
shall be constructed in the forms and with the dimensions
In use in their respective districts.

“14. For all such localities as possess no measuring
apparatus, the direction-general of public works shall

prescribe one suitable to the circumstances of t}
and of the canals.

- ““Where it is necessary to divide waters, tfe division
shall be effected after the mannor and under the condi-

tions which may be prescribed by the direction-general of
public works.”

Each province, therefore, continues to use its own
Measure, under the general control of the direction of

1e places

1
FORM OF A LEASE FOR WATER IN PERPETUITY. 16

public works, and outlets are regulated in the.: Mxlafle.se
according to the form of the modulo magistrale ,. n
Mantua, according to the quadretto Mantovana; b
Verona, according to the guadrett.o Veronese ; ?Illvd. in
Lodi, Brescia, and Bergamo, according to the 1.0(:‘:1i Olllm:‘
of these provinces. As I have already described all o

these forms in the chapter on the methods of measuring

o ar
‘waters in use throughout Lombardy, it is not necessary

to say anything more about them Lere. e

In illustration, however, of the manner in which ,
contracts are generally made under ‘ex1stmg arrfarfg;mene;
I may give in this place a translation of one _01f 1(1 P "
petual lease of a certain volume, say 1 cubic foot p
second of water, for summer irrigation.

Trrrk—Lease for 1 cubic foot of Summer Water
in Perpetuity.

«In virtue of these presents, which shall have force
and value as a public and authentic z.wt, A conveys, and1
has conveyed effectively, under the title of a pel.'petulix
lease to B, who accepts it for Lhimself and hls.hen's,1t e
right to 1 cubic foot per sccond of water, de?'wcd fn})I.n
the canal M , of which he, A, is the p1:opr1etor; this
volume of water being delivered, as is explained hereafter,
for the irrigation of the property of B. e

« In addition to the rent or perpetual payment, whic
shall be £26 yearly, he shall pay, once for all, the% sum of
£100, in satisfaction of the right of entry, which sum
A acknowledges having already received from B for this
object, granting hereby a receipt for the same. o and

« The present contract of perpetual lease 1s mz:l e t},
accepted between the parties above n‘ame_d, m; er ; e
clauses, charges, conditions, and obligations hereafter
specified :— )

VOL. IL
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“1. The delivery of 1 cubic foot per sccond of water
shall be made from the canal M During summer
the discharge of this water shall be constant from the
10th of April to the 11th of Junc of cach year. Irom
the last-mentioned date to the 15th September, B shall
have, during forty-two hours, the cnjoyment of a volume
equal to four times the first-mentioned quantity, or 4
cubic feet per sccond, in a rotation of seven days ; with
the exception always of forty-cight hours in cvery twenty-
cight days, during which time it is customary to effect the
clearance of deposits from the canal itself, During win-
ter the original quantity of 1 cubic foot per sccond shall
flow constantly from the 10th of October to the 15tk of
March of the following year; with the reservation, that
at two periods of the year-—that is to say, hetween the
15th of March and the 10th of April, and between the
15th September and the 10th of October of cach ycar—
the complete clearance and repairs of the said canal shall
be executed according to the practice now in force,

“2. The enjoyment of the volume of water appro-
priated to B, for the times and after the mauner above
prescribed, shall commence from the 10th of April next,
to continue for ever without interruption.

“3. The modulo Ly which the quantity of water shall
be measured at the different periods
be constructed in masonry,
ing the magistral form ;
attached to it shall be com

above specified, shall
of bricks or cut stone, follow-
but the chambers which are

‘ plete or incomplete, covered or
open, according to the wil

’ . Lof B and hLis representatives.
I'he hydrometric sluice puratoja) placed at the head of
the modulo, shall be provided with a chain and padlock,

of which the key shall be lodged in the hands of the
guardian appointed by the proprictor of the canal. Tlig
modulo shall be established and maintained in repair by
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B in such manner as that it shall have a total dlschar%c

of 4 cubic feet per second; it being, however, clearly

understood, that in spring and winter, when the discharge
? «

is Limited to 1 cubic foot per sccond, according 1t011til)e

preceding conditions, the opening of the modulo shall be

reduced accordingly. .

« 4. Should it so happen that by any qcc1dcnt,_ S(lilch as
breach of cmbankments, or by any other cause n; ep:;'
dent of the will of A and his agents, a fi(laﬁcuzwy oer;z)v;0 uai

1 1 i 1l occur, neither the p
cither entire or partial, sha u, > perpen
X - his administrator, shall ha y
tenant of the water, nox :
rioht to refuse payment of the moncy-rent agreed uplorslé
p:ovided always that this want of watc?‘ shall not d:d
loneer than three entire days : if this period be excee Sate,
thcoproprietor of the canal shall be bound to comlpen s
icncy, by lvine to the tenant, when the
for the deficiency, by supplymg . t, ‘
canal reaches its usual level, the entire quanFlt)dof water
of which he may have been temporarily deprived. .
« 5, The tenants of the water, and overy other .pelsn
whatsoever, are expressly forbidden to mte}fmle in ztte 3/
i » with the outlet of the water-
wav with the modulo, or Wl
('013;50 or with any of the works dependent'upon ’che;iel,~
, \ | ‘
or with the canal itself, under pcnal?yl of having f,(i)v; egse
1 L acts of violence may g .
all damages to which suc : o may ghve T
i to institute an examinatl .
B shall be at liberty : .
aforesaid modulo by a professional man of 111§ own chou;e,
(who will act in co-operation with the cngineer of tl;:
canal to the end that the entire regularity of the wor
* )
may be ascertained. . o
‘)‘7 6. The repairs of the canal and its works of .alt, ‘;'11;}11
the general and partial clearances it may 1‘equ1r<?,ts f
roprietor o
i the cost of A, the propr
continue to be effected at | proprele”
i kind of works which may
the said canal ; but the same kind 0 whie
be executed on the channels or irngating couIses situated
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below the modulo at the head, shall be at the charge of
B.  Whatever changes of volume may occur in the supply
of water below the same point, shall be to the profit or
loss of the samc party.

“7. The payment of the perpetual rent, fixed above a

£26 yearly, shall be made during the month of June of
each year, commencing with the year now current.
. “8. The payment of the said sum, or its redemption
m'terms hercafter specified, shall always have effect in
Mllan at the dwelling-house of A, in true coin of gold or
silver current in the rcalm, according to the terms of the
Austrian civil code, to the exclusion of all paper-moncy, or
other representative sign of ready moncy, cven when such
paper-money may be sanctioned by the law. Tu the cvent
of B or his representatives persisting in paying the whole or
any part of the sums due by them in paper currency, A and
his representatives shall have the right of closing the outlet
of distribution, and of refusing to gi‘ant it a"ai; to B.

“9. In case cither of actual disputes, orcof the occur-
rence of circumstances whence these might arise, the
tenant shall have no right to delay the payments stipu-
lated.abovc. He shall not have the right of even com-
mencing any action at law against the proprictor of the
car'lal, until he shall have certificd beforchand that he has
paid exactly all the claims which were duc by him. In
‘?hefeven't of the tc;:nant being in arrcar more than a month
E;H :;ﬁll;nl%i:lli ;f;ls);l}:z;ijlv obligations, the proprietor of the

, es, shall have power to close, and
tf) keep closed, the outlet at the head during the “,rhole
time that the delay in payment of the amoul:lt: due ma
last ; and the tenant shall be not the loss bound to ay
the full amount of the ordinary rent, without any deduc’goﬂ
<(>1n account of the time during which he may have been

eprived of the water under the operation of this article.
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«10. The tenant shall have the power of redceming
the annnual payment stipulated above, by giving the pro-
prietor of the canal three months’ notice of his desire
to this cffect, and by paying onc hundred pounds of
capital for four pounds of rent. The redemption may be
partial, provided always that the portion to be redeemed
shall not be less than one-third of the total annual water-
rent, and that the payments shall be made in the manner
above preseribed.

«11. In all matters connected with this contract, the
contracting parties agree for themsclves and their heirs to
submit to the jurisdiction of the judges and tribunals
sitting in Milan, as being the place where the payment
for the water granted is to be made, in accordance with
article 25 of the decree of government, dated 29th Sep-
tember 1819. ‘ :

«12. The present agrecments and obligations bind the
contracting partics, and their heirs and successors, and
such parties as become debtors by delay in payment of
the rent stipulated, to submit themselves to all the condi-
tions above made and provided for this contingency.
The expenses of the preparation of this deed, and of the
authentic copy thereof to be delivered to A within a
fortnight, shall be at the sole charge of the tenant.”

A special agreement of this kind will probably give a
clearer idea of the course actually followed in the practical
division and distribution of the irrigation waters, than any
other method. There is, of course, modification in detail
among the immense numbers of such contracts yearly
made—occasionally, instead of the magistral form of
measuring apparatus being prescribed, a certain sum per
pertica, or other superficial measure of land, forms the
basis of the contract ; or in the case of rice-lands, the
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ropriet
proprietor of the canal agrees to furnish the full supply

of water n . ..
ecessary, on receiving a certain specified pro

orti .
f))rdin(::;} gi’::‘liila;l.ly one-fourth of the gross produce.  For
the differentba ilon the contracts describe, in clear detail,
noting their pgs?tciiioil fand for which water is required.
Important points ’11 i superficial contents, and other
certified bypa sur’v . .Of W.l iich have to be verified and
canals. The usu‘ 7}’01 f‘PpOmted b}.’ the proprictors of the
held to be iuml f‘dpt':uod of rotation of fourtcen days is
express stipuhg . l.n all contracts of this kind, unless
For l‘ice—lz\;d SOltjls alc‘ ma.de for a different one.
binds himself usy ‘1(13 proprictor of the canal, or Lis agent,
place and to mai at)" to supply the water necessary to
the lands, as dcscm'bm:ll n the requisite state of irrigation
the afrree,ment 'ivl} e Ina special statement annexed to
e g:nem“ .th t 1(131 principal conditions of the bargain
jected to cz),;lst ; ta the works undertaken shall be sub-
nominated b %Hl SllpOI'l{ltCIldOIlCC by a practical man,
seed shall be);"u- l'el proprictor of the water ; that the
the watarnt rnis 11‘ed by the- said proprictor, and that
gross crop shall ll)n ind, consisting of onc-fourth of the
1s to be returned Oe;)cz{:d’em.d()pcndontly of the sced which
account to be included ?n atlllctoc the proprictor,
duce.

ol and on no

alculation of the oross

The pronriefar 1C UT0SS Pro-

celf th ¢ proprietor of the canal also 1'cscrvoz to ﬁil

" ¢ power to break the contract ‘ "
e found that the land ig essentiall

vation, fro .
further usu;i fiicglsz of porosity or other causes. It is
proprietors of the yj '
ice-lands to agree

to pay a small su
- m of money in .
ad
of the produce, as cost of supcrinten((ll:;::): to the qarter

The exampl .
ordi : a fair general ¢
iml::iry agrecments ; but there is Oie Pointylz)ef of the
a i 1 1 r .
nee omitted in it. This regards the disposs(l)me;
al o

» 1f, on experience, it
y unfit for rice-culti-
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the surplus waters, the right to which is almost invariably
reserved to himself by the proprictor of the canal.  This
is usual in all ordinary irrigation; but I believe it 1s never
otherwise in irrigation of rice-lands, where such surplus

v colature, arc of large volume, and generally

waters, O
1g manure of

possess very fertilising properties, from holdi
various kinds in suspension.

SECTION IV.

DERIVATIONS OF WATER FROM SPRINGS, (lv'ONTANILI—SORGENTI.)

"The common origin, in the great water-bearing stratum
of light sand or gravel which underlics the surface-soil of
so large a portion of the plain of Lombardy, of that im-
mense number of natural springs whose waters have been
pressed into the service of irrigation, led at a very carly
date to precautions being taken to protect the interests
of their respeetive proprictors. Tt was soon obscrved that
new springs, opened in the vicinity of pre-existing ones,
drew away from these latter a portion of their volume.
W ater-courses similarly opencd were found to have a like
effect, and proprictors of land were not long in availing
themselves of such experienccs. Among the earliest of
the statutes of Milan, we find (cap. 242) one to the fol-
lowing cffect :—* In future, no one shall be permitted to

establish a spring-head (festa di fontana) within a less

distance than 8 trabucchi (67.88 English feet) from the
bank of any public river. The party breaking this law
shall be subject to a fine of 100 imperial lire, to be ap-
propriated, ipso jure, to the commune of Milan, and shall
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further be compelled to rc-establish the locality in its

243 C : 1bi
pem;l)it\t\;ed have another, preseribing that «it shall not be
ot bt:a fo.rm(:9 new spring within a less distance
ccua (493.6 Lnglish f i
b / ghsh feet) of any fountain-
acqua(;r psi?r;g (if water (testa di fontana soryente du
lously existing, under a pen:
ﬁx?rd by the foregoing st:tutc 7 ey edal to that
h . . ) -
. ? l?glslatlon o.f modern times has discontinued the
fhes:] ltptllgm ((;f specetfic distances, more Judiciously leaving
0 be determined by the evid cti n
: . ridence of pr
the practical me
SOilea.<(:1h i)}?rtlcular case, according to the peculiaritics 0];'
star,mesei)‘k lof tl.xe springs, and other physical circum-
ikely to influence the question. The law of th
. e

'20th April 1804 : o
effoct - on this point is to the following

13 A " ;
rt. 5 b
. ? It. 1s forbidden to excavate or open springs
o
o b sp‘rmgs, water-courses, and channels ¢ as al ,
deepen or increase the dimensions ’ o
Springs a isting, i i
\‘E)ith.g cbua‘Hy existing, in the vicinity of rivers or canal
in the distances which, accordin ot o

it g to the jud

" : g udgmen
practical men, could lead to injury to the rich g‘ o
or to their banks.” o or canls

The law of the 2 y
20th Ma 1806, in i
. / s cxtension
precedmg, pl‘O\'ldCS thus in Art, 12—« Saving t]lzf o
¢ g pre-

Seription 1 A
Iption in Art. 55 of the law of the 20th April 1804

1t is permitt
ed
to every one to excavate springs on his
o

own land, and to conduct the same, res i

ha('ir ltlc; Zrlls};lf;ﬂzts which other partic,:s nlgfrc;(:)s?ezg.jlways

o st 1<;Iel oi water, whether from springs, canals,

° inval.ia’bly o su;i*)t} ated by h‘orary or diurnal rotation,

the g Jec(t1 of special agreement, in which all

b s of © and quantity are carefully noted. I
J given 1n a previous part an example of this

of excavations, or

"~ the supreme authority.
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form of distribution; and as there is no special legislation

connected with the subject, I need not now enter into
any further details regarding it.

SECTION V.
GENERAL ADMINISTRATION AND POLICE.

In dealing with the waters of the country generally,
the government of Lombardy appears to have found 1t
most_effective and convenient to organise local associa-
tions of the parties specially interested in these, and to
vest in such bodies certain powers of self-administration
through the agency of elective councils. This associative
principle dates from a very carly period, in the Milanese
especially, and some of the cxisting corporations trace
their origin to the commencement of the twelfth century.
They have held together during the various convulsions
which have disturbed the country, and their rights and
privileges have always been respected under all the dif-
ferent governments which bave succeeded each other in
this region. There arc no points of special interest con-
nected with the ancient organisation of these associations.
The rules of the whole are now founded on the general
provisions of the laws of the 20th April 1804 and 20th
May 1806, which, although originally designed to regu-
Jate societies formed for purposes of drainage and general
improvement, were declared by the Aulic Council, in a
despatch dated 28th September 1837, to be equally ap-
plicable to associations for irrigation duly authorised by
At present, both in the Lombar-

dian and Venetian provinces, societies may be constituted
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for every purpose connccted with the use or control of the
waters for drainage, for irrigation, for mainten ftl

embankments of the rivers, for ,ix ov o manh
oy ) nprovement of marsh-
ands, whether by removal of the water, or by warpin

(colmata) for machinery, and for sanitz’u'y purposésp ?
proposc, accordingly, to give in this scction the ﬂe;;eml
provisions of the laws by which the oreanisation 0? th ( }
somletlos 18 regulated, and to illustrate tij\cm by exampl aof
their application in special cases.  This appgar;; lto I:neeS 1(:) f
bc' the best plan T can adopt, to exhibit the intevior m':3
chm-ery of. a system which has a special interest in 00;1—
necti,lon with the irrigation of Northern Indiu‘from our
having found, in the same associative principlc, our mol;:
poTverf"ul means of developing the capabilitiés of our
frrigating canals in that region. "

. oo ,
L. Ovganisution of the Associations.

13 1 ,' 1
work. lAﬁ proprietors interested in special hydvaulic
v i) sha l?e formed into such number of associations ag
a . . 13 ‘
i y est smt their common interests and the territorial
wisions of the kingdom.
«g . I
- All existing associations shall be preserved
3

with such modifications or additions as m

desirable. ay appear

“3. The list of associatio
. ' as ations shall be definiti
lished during the course of the followi efinitively pub-

no "
“« 4. The a,SSOCi 2 yeal.

ations are subj

‘ jected to the ¢

the prefecture, and shall exercise their fun e
to such rules and regulations
superior authorities.*

ctions according
as may be prescribed by the

* ey £ h M
“CCI‘( e of 6th ht Arts i i 4 Deeree o 1y 1
6 I\T'L} 1806, LS, 7 ] 2, 3, 7 H 20th M y 806

Translation fr
N om the Raccolta di P
@ Halia. Milano, 1506, di Leggi, de., delle Aeque ¢ Strade ded Regno
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« 5. The properties benefiting by one drainage Or
irrigating canal constitute a district, (comprensorio.)

«g. All the proprictors of ecstates situated within a
district constitute an association, (societa.)

« 7 If the cxtent and circumstances of a canal should
so require, 1t may be divided into several sections; each
section may have its own district, and cach district its

own association.
« 3. Tach association shall be represented by a delega-

tion.
«9. The number of delegates shall be determined by

the dircction-general, in proportion to the wants of the

district.

«10. The proprictors in cach district shall nominate
the members of the delegation by ballot. To this end
the prefecturce shall convoke the proprietors at a specified
time and place. The assembly shall be presided over by
the prefect, the viee-prefect, or one of their deputics.

«If the number present shall not cqual a third of the
total number of the proprictors, those actually present
shall select the delegates from three lists composed of
the larger proprictors.

«11. One delegate shall be removed from the delega-
tion bicnnially. The retiring delegate shall be selected
by lot from among those first elected ; afterwards the
senior member shall retire.

« The retiring delegate may be re-elected indefinitely.

«19, The delegation has a president, whose tenure of
office lasts for one year. All the delegates succeed to the
presidency in duc order. Among those first elected, the
majority of votes in the election shall regulate the order

of succession.  Subsequently, the rule of seniority shall

be observed.
«13. The delegation shall determine the days of its ordi-
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nary meetings. The prefect, the vice-prefect, and the
president, can, on necessary occasions, summon extraordi-
nary meetings. The president shall cause the decisions
of the delegation to be exccuted in all cases where no
special member has been nominated for this purpose.

“14. The ordinary dutics of the delegation are to super-
intend the canals with their outlets and banks, as also the
works of such other canals as may traverse or surround
their district, to maintain all thesc in repair, and to
collect the funds necessary for these objects.

“15. The delegation shall decide on all matters within
its powers by simple majority of votes.

“16. When mnew projects interesting to the entire
district come under discussion—such as the construction
of new canals, the enlarging or prolonging of old ones,
the formation of outlets or tunnels under rivers, or similar
works involving extraordinary outlay—then the whole of
the proprietors of the district shall be convoked, and shall
proceed to the election of as many extraordinary as there
are ordinary delegates.

“17. The union of the new with the old delegates
forms an extraordinary delegation, which shall decide on
the proposed works, and the means of exccuting them.

“18. The result of the deliberations of the extraordi-
nary delegation shall be submitted for approval to the
direction-general. On the works and means of execution
receiving the approval of the superior authorities, their
completion is intrusted to the ordinary delegation.

“19. Each delegation shall have an accountant and
a cashier.

“20. In such districts as have relations with foreign
powers, the conventions and customs in present force
shall continue.

“21. TIn cases of new canals, or improvements of land
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by drainage or warping, the districts and associations
shall be formed in accordance with the foregoing rules.

« TL—Buperintendence of the Canals, OQutlets, and, Embank-
ments belonging to @ District.

“23. There shall be nominated, for the superintendence
of the canals, outlets, and embankments belonging to a
district, such number of guards (custodi) as the delegation
may consider necessary.

«24. The delegation shall prescribe the police rules
for the regular protection of these objects.

“25. The ordinary cugincer shall visit triennally, and
oftener if requisite, all the canals in his department : he
shall then examine the interior condition of all the fixed
works, note their wants, defects, or abuses, propose to the
delegation the appropriate repairs, and shall inform the
enginecr-in-chief of the whole, who will then report to
the direction-gencral. Should the delegation not be pre-
pared to execute the works suggested, the engineer-in-
ordinary will report accordingly to the enginecr-in-chief,
who will then submit the question to the direction, with
his observations and opinion upon it, for the decision
of the superior authorities. During such visits the condi-
tion of new land-improvements (bonificazions) should be
especially noted.

“26. In times of floods, or inroads of the waters, the
extraordinary guard reserved for such occasions shall be
bound, in operating on any works belonging to any
particular district, to act in accordance with the wants
and usual customs of the localities.
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“IIL—Works connected with the Cunals of Drainage.

“27. With the view of showing clearly the interior
condition of the principal canals, fixed marks shall be
established at every 1400 fect along their banks, on which
shall be shown the depth that cach scction of the
channels ought to have. This depth shall be shown in
local measures, with the cquivalent Italian measures, on
each of the marks above referred to.

“28. Each delegation shall fix a ccrtain minimum
depth for each canal within its district ; and when filling -
in above this line takes place, recourse should immediately
be had to excavation. The depth in question should be
approved of by the engincer-in-chicf.

“29. The clearances of the canals should bhe effected
twice a-year, at least.

“30. Should it happen that by any river breaking its
embankments, portions of canals are blocked up, the
delegation should instantly re-establish the same.

“IV.—Distribution und Reulisation of the Ewpenditure.

“31. A preparatory cstimate of the expense required
for the public and communal canals included within a
district, shall be made by an engineer or other qualified
party. The same course shall be followed in all cases of
cxtraordinary works.

“32. The dclegation shall prepare annually an assess-
ment list, the bascs of which shall be the amount of
annual public burdens ou each property, and the cstimates
of the probable expense required for the works, as given
by the engineer.

“33. This assessment list shall be submitted for the
tpproval of the prefect, who shall forward the same for
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the consideration of the Magistracy of W .aters. On re-
ceiving the sanction of the preceding partics, the assess-
ment shall be enforced according to existing agrecments
and customs.

«34. Where no speeial agreements or common custor;l):s
exist, the proprictors subject to thc? asscssment shallt cf
arranged in different classes, according to the amount o
benefit they derive respectively from the work.s. y

“ An enginecr-in-chicf, selectc-d by .the prcsade‘nt (‘)' , l‘e
delegation, shall propose the cl.asmﬁc'atlon of the }‘n oprietors
and the different proportions in which the separate classes
shall contribute to the expenses. ' |

«This proposal shall be mad? public, so that the pl(?;
prictors may present any obJ:octlol%s 'thoy may have to 1
before the Provincial Delegation, w1th1n'a t?rm. to be fixed
by this body. The Provincial Delegfmtlo?,'“ with the con-
currence of the Provincial Congregation,® shall report on
the case to the government.  On receipt of the approval
or alterations of the superior authorities, the quota fixed
for cach class of proprictors shall be distribut'ed among
the individuals composing this class, in proportion to the
vevenue-survey valuations (in ragione del valore catas-
trale) of their respective propertics. .

«35. Tn collecting this asscssment, the cashier shall
cxercise the same powers as arve prescribed by the laws
for the collection of the dircct taxces. -

« 36. The fines imposed on partics breaking the existing
regulations belong to the association, and shall be lodged
in the treasury of the same. Whatever other .proﬁt.s may
in any way accrue, shall be similarly deposited in the
treasury at the disposal of the delegation.

«37. The cashier shall make payments on orders

* These are local bodies, established in each province for the management of
its internal affuirs, as connected with roads, bridges, canals, &e.
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signed by the president, one delegate, and the accountant.
He ought to be required to furnish a sufficient amount of
security. He is appointed by the presiding body on its
own responsibility. The entirc amount of cach rate im-
posed shall be placed to his debit five days after it has
become due, whether it has then been received by him or

not,
“38. At the end of cach year the superintending body

shall present to the provincial delegation the accounts of
the expenditure, with a statement of the debits and credits
of the treasury; and when these have been approved by a
vote of the provincial congregation, tlicy shall be publishied,
and a copy forwarded to the government.

« 39, In case of several channels, which cannot conve-
niently be included within onc district, having a common
escape-canal or other works, the expense required for the
protection and maintenance of the said works shall be
divided among the districts using them, in proportion to
their respective interests in them, excepting always any
agreements in force to a different effect.

“40. If the defence of an embankment concerns several

districts, the expense of repairing it shall be divided among
them according to their respective interests, saving agree-
ments in force to the contrary.

“V.—~—General Avrangements.

“41. Associations of proprietors interested in drainage,
land-improvement, or irrigation, are subject to the inspec-
tion of the Provincial Delegations, and are placed under
the guardianship (tutela) of the political administrative
authority. They exercise their duties according to the
rules and regulations prescribed by the superior authority.

“42. All works appertaining to associations shall De
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made by regular contracts. To proceed otherwise, and to
execute the works by daily labour, (per economia,) requires
an express order from the government, who will decide on
the case and the necessity. In contracting for the annual
repairs of the works, the contracts shall be made for nine
years, The government may alter this arrangement under
special circumstances.

“43. The channels shall be furnished, not only with
the appliances necessary for opening or closing them with
facility, but also with supplies of all the materials which
may be required to strengthen and protect them in time
of floods. All arrangements that concern the defence of
embanked rivers are under charge of the engineer-in-chief
and his subalterns.

“44, Where the respective titles do not otherwise pro-
vide, the volume and the special regulations for each outlet
from the rivers shall be fixed in such manner as that no
injury may result to the interests of any of the proprietors
belonging to the district. The same care shall be observed
in the use of turbid waters employed in operations of im-
provement by deposits.

“45. Objections made by the proprietors within a dis-
trict to the proceedings of the presiding body (e presi-
denza) shall be considered by the provincial delegation,
which, having verified the facts, and submitted them to
the provincial congregation, shall decide each case accord-
ing to its merits. If the objections should involve points
of great importance, the provincial delegation shall submit
them to the government, and shall await its instructions
before coming to any decision.

“46. Each delegation shall present to the provincial
delegation a project of regulations for the careful protec-
tion of all the matters committed to its charge. These

YOL. II. M
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regulations shall not have force until approved of by the
protecting awthority (dell’ autorita tutoria, )

“47. The laws, regulations, cdicts, punishments, and
fines, established for the associations of drainage, improve-
ment, and irrigation, prior to the publication of the law
of the 20th May 1806, shall continue in full vigour in all

cases for which no provision to the contrary has been
made by the law just referred to.”

The preceding provisions form the frame-work of all
the associations for purposes connceted with the use of
water in agriculture or gencral industry throughout Lom-
bardy. They are fruits of the organising genius of Napo-
leon; and so satisfactorily have they been found to work
in practice, that the Austrian government has adopted
them in their integrity.  The scries of deerces, of which
the preceding form only one part, embraces the entire
organisation of the roads; the embankments of the rivers,
so incaleulably important in this region ; the administration
and police of river, lake, and canal navigation; in fact, the
entire machinery of communication by land and water
irrigation, and protection from floods. I have, however,
restricted myself at present, as much as was possible, to
those details peculiarly affecting irrigation ; and I proceed
to give some examples of the manner in which the gener
rules just detailed are applied in special cases,

The river Olona is one of the minor str
Milanese, which, rising
flows from thence to

al

cams of the
among the high lands of Varese,
Milan, contributing a large portion
of its volume to purposes of irrigation. The association
of proprietors irrigating from this strcam is the most
ancient in the country: the waters were granted originally
to the Cistercian monks of Chiaravalle, then, and for long

afterwards, the great owners and employers of nearly all
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the streams in the vicinity of Milan. 'Ijhe proprietors, 011‘
tenants of lands irrigating from the river, were forrlnete
into an association, which appears on rec‘?rd at{ the1 c os'S
of the twelfth century, under the Dame of “The Empf oyeellf-
(Utenti) of the Olona.” To this body a power 2'mse "
administration was committed; and from time t.o. : o I
raised claims to entire independence of the adr'mms.(: ]imt "
authority of the State, on the ground .thalt .1ts 1“3, v
property in the stream ;v.as absolutz.f t'ill‘lllzswca?:;),mll(:i Oned;
1 X itted, and in course .
zoaili:tzellilidglltzether bodies of: the same class, ’c.he'a :SSEC‘:;
ation of the Olona is now subject t_o such adnﬁnns 1:T in ‘
and policc enactments as arc §anct1'oned by't te slul[)nethc
authority. A council of adlmmlsltratuig,s :;?g;;na;) ;cth glaw
i i the rules pr
p; Oﬁf;e;(g:{l ai\?:;dllg%(io regulates tlf)c interior economy of
:he association ; but all works projected for 'the fxttens;ﬁz
or improvement of irrigation must be sub)mlt‘tecwo,k »
approved of by, the Dircction-Getnelral of Public Works
i re they can be executed.

M]'ll‘ai?é 1;;£Zst regﬁla’oions for the .river bear date the 11th
May 1812, and are to the following effect :-—

River Olona.

Preamble.—With the view of tern-linating the griﬁe
disorders and abuses which have l?ecn mtr.oduced1 0111 e
river Olona, and of maintaining in full v1g0ur'.t1e tiz::;z
and proclamations which have been issued at various

' for the protection and the better distribution of its waters,

to the advantage at once of the public, and of ll)nda;ldlézils:
especially that of the 12th September 1'77(3), \ }{) re; o
servator Verri ; as also that of the 7th of Octobe 7 ;
by the duke of Modena, Francesco 111., governor o
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Milan, and in conformity with Art. 43 of the regulation
of the 20th of May 1806, for associations interested in
drainage and improvement, and with the ordinance of the
Direction-General of Public Works, under date the 12th
May 1808.

The delegation of the said river, authorised by the
Direction-General, and by the Prefecture of the Depart-
ment of the Olona, and adhering to the afore-mentioned
laws and proclamations, without in any way detracting
from the same, has published the following

Generval Regulations for the River Olona.

1. No one shall be permitted to extract, derive, or
use the water of the river Olona, cither directly or indi-
rectly, unless he is possessed of the right and privilege so
to do, under a penalty for cach contravention of 230 lire,
(about £8,) whereof two-thirds shall be lodged in the
treasury of the delegation, and one-third be granted to
the guardian or the informer, (whose name shall be kept
secret, should he so desire.) 1In enforcing the said punish-
ment, all such proceedings as arc within the competence
of the delegation shall be had recourse to.

2. All parties claiming to have right and privilege to
use the said watcr, shall have two months, from the period
of the publication of this regulation, allowed them for the
production, before the Chancellor of the Dele
legal proof of the right or privilege they claim,
specify the time and the hor
use of the w

gation, of
They shall

ater, the outlets, the works, the quantity and
nature of the meadows, the district in which they are
situated, and the corresponding numbers of the Revenue
Survey Map, so as to facilitate the proceedings which it
may be necessary to adopt in each case. If the time above

ary period (orario) for the
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specified is allowed to elapse without the product}otrll oi
proof in the manner just prescribed, the recusants, w:it l?u
any other intimation, and W'lthOI'lt hope of farther de dy%
shall be irremediably excluded, ¢pso jure, from t:?l‘e usci )
the said water, and shall be bound to remove their outlets
i xpensc.

" gl.lelVI\‘f(i)tYllilnetlf)e same period of two months, all brez?c%lf:s
in the banks, or injurics to the heads of chzn'mels w1t11mt
12 feet of the viver, should be carefully ‘1'ep'a1r'ed, S(:i t '1a
no leakage of water may occur within this lin'nlt, uﬁ elrozt
penalty equal to that specified before, to w 1‘10113 EJ ‘
prictors or tenants of lands whereon t%uch breaches cx
be found shall be subject, and the repairs of any dafnageb
caused by these shall be made, e oﬁ({zo, at the e;p.iE:i
of the parties violating this order, without any far
mtzlaltllzgl.ect in removing, within fifteen days, t-h(f d::;m,
impediments, deposits, or any other matters which el ‘1e1'
interfere with the free course of the water, or force) hﬁ gl()n
supplies than are just into any of the outlets, shail be

‘subject to the same penalty, and the removal of the said

impediment shall be effected ea(;l officio, at the expense of
ti avening this order. .
thc5.19 a;;‘lﬁ:socsgzlti‘larg: or small, (le bocche ¢ bocchel[;.)
which have not their sills made of st?ne, or which n.aay ‘le
broken, as also the dams of mills which are not pl.opex y
restricted, ought to be established in agcordance with 1;]16
forms prescribed in the new statutes™ and these r:‘ e.s,
within the period of two months, under the pe'na.lt}.f b; E]le
specified.  They shall be surveyed by the engmﬁam 0 tlel)
delegation, who will proceed, under the autb(?nty ves;c
in him, to execute all such repairs or alterations on the

* These are very imperfect, fixing merely the superficial dimensions, and
the height of the sills of the outlets above the bed of the stream.
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outlets as may be necessary to insure their conformity to
the regulations.

6. All outlets, of which the sills are placed at levels
lower than those prescribed by the proclamation of the
15th of May 1643, in exceution of a decrec of the late
senate, dated the 5th of the same month, shall, under the
sanction of the delegation, be reduced, within the term of
one month, to the limits therein prescribed ; that is, all
situated above Castellanza shall have their sills on the
same level as the inlet of the first mill immediately below
each head; from Castellanza inclusive to Nerviano exelu-
sive, the sills shall be four inches higher than the level of
the inlet of the first mill below each lead ; and finally,
from Nerviano inclusive to the end, the sills shall be
only 2 inches higher than the inlet of the mill next below
cach head. The preceding shall be observed under the
penalty before fixed.

7. All outlets not constructed after the manner pre-
scribed by the order of the 14th May 1575, ought, with
the previous sanction of the delegation, to be forthwith
established according to the conditions therein preseribed—
namely, with the sills and sides of the outlets themselves
made of cut stone, the wing-walls in brick masonry with-
out impediment below the outlets, or with the sills of the
chambers in rear horizontal, and with no fall in the
channels below for a distance of at least 10 feet, under
the penalty before preseribed, in addition to the stoppage
of the defective outlets until they are rectificd. The
guards of the river ought to report to the engineer of the

delegation all deficiencies they may detect,

with the
needful proofs,

so that the delegation may proceed effec-
tively against parties neglecting or contravening their
orders. The period of one month is granted for the
purpose of bringing the defective outlets into conformity
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with this rule, and of preparing them for survey by the
ineer legation.

On%me';lh::) fgzltl:sicrlcsiuices of all outlets ought 'to ?oe kepﬁ
invariably well sccured by catches,. (gatéellz,?dlr;eliZ?n
manner as that they cannot be raised eyt;) ) gortain
fixed limits. These sluices ought also to fe o o
structed as that there shall be no waste 0 fWZO Zz’,.);
leakage beneath them, under a penalty o Ao
(about 32 shillings) on each sluice, and for each

tion. o .
Ve‘;)l Under the same penalty, it is forbidden to keep

private padlocks or common locks and kcysl; zm(: tlliz
i locks, shall cause them to
cuards, on finding such , : .
T)roken, and shaliD denounce the contravention, noiz;ntg,
that in’ each of the aforesaid cases, they shall proceed to
: her large or small.
losc the outlets whet o 5
: 10. It is forbidden to move, to 1&{30, to lower, ‘Zo
repair, to alter, or, in fact, to do anything whatever to
3 . ‘
change the state of the river, or the outlets, t.he dam.s,
the szijlls the mills, and their inlets, without a hc.cgls;: bm
? . . . .
writing from the delegation, the provisions pxelscu ?(23%7)
which shall be rigidly observed, under a penaity o
lire, (about £8.)
1’1< Specifies some local arrangements of no general
interest. ‘ ‘ .
12. All proprietors of outlets', large 011 sn?alal, o
provided with channels (soratori) .fo? collecting a
carrying to the river the waters remaining aftel: t.he irri-
gation of the land has been effected, are enjoined ttl‘o
construct such channels within the space of one nilo'n 11,
according to the cxisting rules, which will be explained
o

to them by the engineer of the delegation, under the

penalty of having all such outlets as are unprovided with

the aforesaid channels immediately stopped. The chan-
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nels shall be kept clear from all impediments, under the
same penalty.

13. On all festival days, as well as on others when
the mills are not at work, the millers shall keep the gates
and escapes of their mills open, so that the water may
have its natural and free course, under a penalty as above
in case of contravention.

14. The provision in the new statutes against millers
irrigating more than 5 pertiche of land (about three-
fourths of an acrc) above the inlets of their mills, shall
be enforced, under a penalty for cach contravention, of
115 lire, to be appropriated in the mamner formetly
specified, (two-thirds to the delegation treasury, and onc-
third to the informer.)

15. Whocever shall be discovered to have irrigated
with, or to have had in any way on his lands, the waters
of the Olona, in violation of the regulations, shall incur,
for each offence, a fine of 115 fire, (about £4,) if the extent
of land watered shall exceed 5 pertiche, and of 18.42 lire
when it shall be less.

16. Prohibits fishing in the Olona without license,
under a penalty of 46 lire for cach offence, and killing
the fish with lime, or other poisonous matter, under double
this amount.

17. Any onc using, impeding, or changing the course
of old or new springs, whose waters flow into the river,
shall incur a penalty of 46G0.51 lire, (about £16,) to be
distributed in the manner formerly described.

18. Prohibits the soaking of flax in the river, or the
throwing of any matter into it likely to interfere with its
free course, under a penalty of 115 lire.

19. In accordance with the new statutes and regula-
tions, no proprietor of land along the Olona shall be
permitted to countract the channel of the river by esta-
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blishing plantations, or brushwood, or stones. The chan-
nel shall be maintained with a breadth of at least 20 feet,
with the bauks clear of every kind of impediment, in terms
of the existing regulations, and under the penalty specified
in the preceding article, or under others adapted to the
circumstances of each case.

20. Water from the outlets, destined for irrigation,
can be granted to brickmakers and others for the use of
their works, only under the written license of the delega-
tion, the provisions mentioned in which shall be minutely
observed, under a penalty of 115 lire for cach offence.

21. When more than one person may be concerned
in the various offences above specified, the prescribed
penalties shall be imposed on each of the offenders, who
shall be liable also for all Jegal expenses whatsoever.

22. Whoever becomes possessed of rig.hts to the water
of the Olona, under the dispositions of a last will, or
by agreements between living parties, or in any way
ceases to possess such rights, shall be bound, within the
period of two months from the publication of the present
regulation, to describe, under their proper heads in the
register of the Olona, the manner in which these rights
have been acquired or lost. In all time to come, the
same obligation shall rest upon all parties acquiring or
losing rights to the water, who shall be bound to register
these within two months ; and in casc of contravention,
the offender shall be fined one Zire on every crown of the
estimated value of the property or edifice not duly regis-
tered.

In cases of changes of property, the first proprietors,
in the event of their failing to replace their own names
by those of their successors, shall be held responsible,
without farther notice, for all taxes or other burdens
attached to the properties, according to the provisions of
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Art. 28 of the I. and R. decrce of the 10th February
1809.

23. In inflicting fines, the delegation shall proceed
according to the provisions of the disciplinary regulation
for the river Olona, to be submitted for the approval of
the superior authority.

24. Whoever shall presume to offend, by word or
deed, the delegates, the engincers, the chancellor, and the
guards of the said river, shall be punished according to
the terms of the penal code of the kingdom.

The delegation reserves to itself the power of publish-
ing such supplementary provisious as are in conformity
with the spirit of the present regulation, always, however,
subject to approval by the superior authority.

The present shall be published for general informa-

tion, and affixed in the usual places throughout all the
lands adjacent to the Olona.

From the Office of the »river Olonw at Milun, on the
11th May 1812,

The Lambro is another of the smaller streams of the
Milanese, which, as I have stated in greater detail in Part
1L, irrigates a considerable exteut of land to the north-
eastward of Milan. Irom its source in the hilly region
near Como, to its junction with the canal Martesana, ncar
Crescenzago, and from thence to the Lo, it is under the
administrative control of an association organised similarly
to that of the Olona.* The regulations by which its ad-
ministrative details are conducted, date from between the

* T am not perfectly cortain on this point, as some of the documents con-
nected with the administration of the river would scem to indicatc that this
wag exercised more immediately by the Direction-General of Public Works., It
is a point of no great importance ; for whether, in analogy with all similar cases,
the administration is vested in an association of proprictors, or by exception in
a government office, the edicts above given show the details of management,
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middle and the close of the last century. In 1832, two
special edicts were republished by the Austrian govern-
ment, one dated the 26th July 1756 ; the other, the
20th December 1782 ; and by these the interior economy
of the river is at present regulated. 'The provisions of
these edicts are given in the following translation :—

« River Lambro.

“ All the arrangements relative to the river Lambro
are included in the two following edicts, republished in
1832, under the authority of the I. and R. government,
as conveyed in its despatch dated 9th November of that
year :—

$ 1756, July 26.

“ The numerous disorders which exist along the entire
course of the river Lambro, from its origin in the lakes of
Alserio and Pusiano, to its junction with the Po, having
attracted the attention of the magistracy of the state of
Milan, in consequence of the inconvenicnees and injuries
at once to the royal treasury, and to public and private
interests, which they have caused, most especially in the
deficiency of water so frequently occurring, and traceable

to them, and particularly as affecting the supply of the
canal Martesana :

“The said magistracy, with the view of remedying such
inconveniences, has judged it expedient—Ileaving in full
force all former proclamations, especially such as affect
the royalties (regali) of the waters—to publish the present
edict :—

“ Whereby, in the first place, it is forbidden to every
person, of every grade or condition without exception, to
divert the water of the river Lambro from its proper
course. No one shall employ it for the irrigation of
arable land or meadows without the appropriate permis-
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sion i ..
pen;,ltz;fn(()lf ‘z;frecnes;a bfl privilege or royal grant, under a
belong to the r 1“;1 I"ed crowns, of which two-thirds shall
the guards of thoy a tl‘casur)t, and the remaining third to
testimony, with (:] 1‘”1"01 appomth for its protection, whose
ficient, oo ) ' 1at of one credible witness, shall be suf-
ol wa.utmnt Progrcdmgs against offenders.
bro, are 5111223 enio?’ ng thc' use of water from the Lam-
to them by theira?a,mst .mkmi{ more than is sccured to
on pain of being respective I)I‘l\flngCS, grants, and rights,
to the extent ofo tI})I’OCOCdCd agaiust, not only for damages
in time past, but tI: valfle of thf: water improperly taken
other penal,ties ' e.l'l,m‘e qel)l‘l\'.atiou of the water, and
shall be closed ’ (elsc“bOd I this edict 5 their outlets
offier partics re, an‘t. the 0\'1d?nce of the guards, or any
witness, shall bp((;l ng the offence, supported Ly a single
“1 > shall be cemed .sufhclent for conviction.
mill t1s lforblddcn to millers, or
s on iver |
any way ,t(;: 1:111‘;10;‘ Lambro, to retain or check the water in
are not at work tlany pretext whatsoever. When the mills
entire period of’ stm ¢scapes fhall be left open during the
proper escapes shOIl)lp{LgO' bl.wh mills as do not possess
eight days afte’r tla L P roYlded with the same within
that the water 10 Pubhcatlon. of the present edict, so
These provisio Hlé{y flow freely into the bed of the river.
hundsed cmwnr;s ts uﬂl be opsel'ved, under a penalty of one
“ Whoever ;os:e (-jl' applicd as above described.
channcls fon ,tllle exs:rl'llxii (:Beo?g\ht tto (;st,ablish outlets or
) vater from the .
::;g ifag’l?alillllli)gvel)d the same to become broken 0{‘4:&(1)11111;18%
Within’ one monthozilfrtld.to place. them in good condition
h moni er the publication of this edict, under
€ appropriate license of the magistracy, who will deter-
:l;n?’ accmtding to the cirgumstances of each case, whether
inspection by the enginecr or other official of the tri-

other partics possessing
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bunal be necessary, or simply the assistance of the guard
(camparo.) 1f the repairs are not exccuted within the
time specified, they shall immediately afterwards be
offected under the orders of the magistracy, and at the
expense of the recusants.

« Within fifteen days after the publication of this
edict, all breaches in the cmbankments of the river or its
branches shall be closed and repaired, so as t0 prevent
any wastage of water, under a penalty of one hundred
crowns, to be applied as formerly provided. Parties on
whose lands such breaches occur, shall be held responsi-
ble for the repairs, under the penalty above mentioned,
which shall also be enforced against all on whose lands
such breaches may occur in future. These shall be re-
paired by the agents of the magistracy at the expense of
the offending parties.

« Tt is forbidden to establish dams, or to construct
works of any kind whatever, either across the bed or
along the banks of the river, without the special permis-
sion of the magistracy, under a penalty of two hundred
crowns for cach offence. The water shall be allowed to
flow freely, for the benefit of irrigators at lower levels,
and particularly for the increase of the supply in the

canal Martesana.
« It is forbidden to fish in the Lambro, or to destroy

the fish with lime or other substance, under a penalty of
two hundred crowns, unless special licenses are granted
by the magistracy.”

« All parties using the water of the Lambro are en-
joined to obey the orders of the guards appointed to watch
over the execution of the present edict, under a penalty

* The great care of the fish in all the rivers and canals will be appreciated
when it is borne in mind how important they are as articles of food in a

Catholic country.
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of one hundred crowns, which may be increased at the
will of the magistracy.

“Two guardians are appointed for the river, one having
c‘harge from the source, near the lakes Alserio and Pu-
siano, throughout the entire district of Crescenzago, and
the other from this latter point to the junction of the
Lambro with the Po. 'They arc enjoined to watch care-
fully over the cxccution of the present and all pre-existing
regulations, to sccurc for the river all the water that of
right appertains to it, and to rcport all infractions of the
orders of the magistracy, on pain of removal, and such
other punishment as may appcar due.

“ No one shall be permitted to persevere in present or
past abuses, on the plea of ncglect, tolerance, or carcless-
ness of the public agents.  No such plea shall he accepted
from any onc in mitigation of punishment for breach of
these orders; and the magistracy reserves to itself the
power of taking whatever steps may scem to it best in
cach case, saving always such rights as may be vested in
the royal treasury. '

o e 0.
“ This notification shall be published, not only in this

cltﬁ 9f Milan, 'b}xt. in the towns of Monza and Melegnano,
and in the adjoining districts,” )

“ His royal highness th “ MiLAN, 20th December 1782.
serious considerat?on ths d'0 govemof. l.mving taken into
stration of the river I, ° b‘sorders existing in the admini-
to furnish to the o z‘xm *0, ha,:% enjoined the magistracy

¢ guards such Instructions as seem best

calculated to brin
g these , e .
are therefore prescribed ;ibuses to a close. The following

« R.etaining in full force all pre-
eipecmlly that under date the 26
of the Lambro residing at Mo

existing regulations, and
th J }ﬂy 1756, the guard
DZa 18 enjoined to visit
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annually, before the 25th of Marel, the springs commonly
called feste, (the heads,) by which the river is fed, with the
view of ascertaining that all these ave well clcared, and
that they really supply the catire quantity of water which
could be obtained from them. All parties interested in
such supply should depute persons to accompany the cam-
paro during the said visits, to concert and arrange with
him regarding the nature and extent of the necessary
clearances, or of such other works as may be required for
the efficiency of the heads. The guard should report the
whole of these proccedings for the information of the
magistracy.

«Ilaving satisfied themselves of the correctness of this
report, the magistracy shall order the execution of the
repairs, the expense of which shall be recovercd from the

- employers of the water in proportion to their respective

interests in the same. In addition to thesc cxpenses for
works, a fair remuneration shall be fixed, at the discretion
of the magistracy, for the assistance given by the cuard.

« T is forbidden for the future to throw carth or rub-
bish, or other matter, into the river, or to extract sand,
except from collections of deposit; and in removing these,
care shall be taken not to derange the natural level of the
river. Excavations or ditches for the collection of sand
or gravel are absolutely prohibited.

«Tf a necessity should arisc for clearing earthy mate-
rials from the bed of the stream, parties desirous of doing
so should communicate with the guard, who will satisfy
himself that the work contemplated can cause no damage
either to the river itself or to the adjoining properties.
In the event of new work being undertaken, reference
should be made to the magistracy, who will prescribe such
conditions as may appear most appropriate in each case.

« Various tortuosities of the Lambro being caused by
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trees falling into the bed, or by spurs which throw the
force of the stream on the opposite bauk, to the injury of
the proprictors of land there from the corrosion which is
the consequence, the guard ought immediately to intimate
to the proprictors of such trees or spurs that they must
remove them within three days, otherwise they shall be
removed by the guard himself, and all cxpenses for work
or damage shall be at the charge of the proprictor.

« The trunks and roots of trces which come down the
river in time of flood shall be removed by the guard ; and
as it is impossible to know whose property they are, they
shall be granted to him as a reward for his excrtions in
removing them.

“The soaking of flax in the river being injurious .to the
fish, it is absolutely prohibited, but partics may carry on
the process cach in their own channels, and the guard
should at once report any infraction of this order to the
magistracy. .

.“ To prevent any affectation of ignorance, his royal
highness orders this edict to be affixed in all public places

along the river, and enjoins all parties to obey the agents
of the magistracy.”

T‘he foregoing will, T think, be sufficient to illustrate
tbg mternal economy of the irrigating associations of the
Mlla.nese. I might add more, but I do not find that the
fieta.uls contain matter of sufficient practical interest to
justify my doing so. The examples given do not indicat
a very exa'ct system of measurement or distributioy - ans
as no specific means are taken to insure the observa,;l(;e f
the precise terms of the grants, we may safely conel (;)
that mere injunctions to the proprietors will not, ip e
oft: tte;mptation, be much attended to. In fact, the ;ntiqi?tse
of the rig : ; ’

rights to the water of these rivers prevents an;:

VALUE OF THE ASSOCIATIVE PRINCIPLE, 193

minute interference with them ; and as the government
has always been foiled in its efforts to introduce exact
measurements, it seems now to have arrived at the convic-
tion that it had best confine itself to general police and
protective measures, such as have just been illustrated. 1t
will be seen at once from the terms of these that the due
enforcement of the system hinges entirely on the personal
probity and conscientiousness of the campar: or guards ;
and it must be admitted that the temptations to which
they are exposed are excessive. It is not, therefore, to be
wondered at that police regulations, however sternly ex-
pressed, do not gencrally produce any great moral effect.
I believe, however, that the administration is always best
when the proprictors themselves can be made its agents ;
the value of the water is in truth so great that every man
becomes more or less a police officer ; and as his interests
are directly concerned, his vigilance has the best possible
stimulant : hence onc of the main causes of the value of
that associative principle which pervades the irrigation sys-
tem of Lombardy. When in vigorous and healthy action,
it is a far more powerful conservator than the most elaborate
establishment depending solely on the government, though
supported by the severest of edicts and proclamations.

It may perbaps be interesting to illustrate the manner
in which this principle is applied in practice, by giving
here the rules for the elections of the representatives of
the great canal Muzza, which is administered by two con-
gregations—one called the congregation of the Muzza
Milanese, for the province of Milan; the other that of the
Muzza Lodigiana, for the province of Lodi. These rules
were published on the 11th of April 1817, and are to the

following effect :—*

% From BRUSCHETIIS Storia dei Projetti per I'Irrigazione del Milanese,
p. 416.

YOL. II. N
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APPLICATION OF TIIE PRINCIPLE TO TIE MUZZA
“1. Within i
. a per
from e o Ofpt?uod of‘ nof: more than three months
ic publication of this notification, all
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oyers of the w
. ¢ VWA e
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. Under t) € 2

(utenti . 1c term ¢ employers

outlets,) g:zft loli-duded all those who obtain ‘VatICl‘ )ﬁ'om

their own namessm.a.1 I, and having attested titles cither in
“2. For all ncl)'lxtllell'sllsvllxlim]“cs of others.

. ¢ ch concern th .
rcsidzncc;’oflil aSs‘cmbhcs shall be held, at the official
luogo o oficio dle? ’loy'al changelliors of land revenue (nel
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and in the offices “;' 11)10\'11100 of L.Od'i’ and with the aid
of the I)l‘ovincc5 Of ;110 same functionaries in the districts
employe‘rs formi ; ] Han, for a I that may concern the

“3. The ro)lvnl(lar t.lc congregation of the Muzza Milanese.
assemblies of tlz: enclhTHCM.I ors of land rovenue may hold
same day. ployers of one or more outlets on the

[13 .
hOUl‘jl.an'l(‘ih:hzbJ(iit of lthe assemblics, with the day, the
published in g 8 ce‘.\vtxc{e they are to be held, should 1)e
anmexed at ot px'u; ed form, similar to that leret o
ond M, : st cig 1t days before the day of mectine

p cireu ated m.all the communes where outlets ¢ L
an“ ;l}sl(; 1rr(1) thle ?hmf towns of the districts and I)rovinz;t’
enter Inte cﬁ?n ni lm‘lcel.lors qf the different districts shou1.d
conveniont] foruilllcatxon T'ntl{ cach other, 50 as to arrange
they will rg’ o tllo publication of the summonses ; a{fd
necessary no(iiﬁ(;at' 1e I L R. R: Delegations to make the

A IOES n the chief places of the Provinceg
wbove describid 1;33 111011 of the summonses, in the mannel"
vocation fur all, 8 Hf ] have the force of a legal act of ¢op-
communes wher P:l“tles who may not be domiciled in th

e the outlets belonging to then exist, ¢

DUTIES OF THE DEPUTIES. 195

« 6. Employers have the power of deputing a procura-
tor, furnished with a special mandate, to represent them
in the assemblics, whether as individuals or corporations.

« 7 The military, wards, minors, women, and corpora-
tions, or public and private administrative bodies, shall be
represented by their respective guardians, tutors, curators,
procurators, and legitimate administrators.

“ 8. The cmployers of each outlet, legitimately convoked
as above prescribed, shall proceed to the election of one
deputy to represent the body of the said employers in the
respective congregations of the Muzza. This deputy shall
have power to vote, in the congregation to which he
belongs, for a representative of the entire congregation ;
and to the two representatives thus elected—one for the
province of Milan, the other for the province of Lodi—
shall be committed full powers to arrange with a commis-
sion nominated Dby the government, all details connected
with the usc of the waters of the canal, whether as regards
the regulation and modulation of the irrigation outlets, or
the employment of the surplus waters, (acque colatizie,)
or the cquitable increase of the annual payments for the
taxed outlets.

«9. Tt is forbidden to propose in the convocation any
other subject of discussion, or to deliberate on the same,
under any title whatsoever.

«10. The olection of the deputy shall be made by
pallot, (@ scrutinio segreto.) Two individuals shall fivst
be nominated from each separate body of employcrs—that
is, from among the employers of each outlet—Dby the votes
of the entire asscmbly. From among those thus selected,
the four who are found to have the greatest number of
votes shall proceed to another ballot, and the individual
having the majority in this, shall be the representative of

the congregation.
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1L Th.e convocation is legitim
1ts number is not less than one-t);
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“12. A
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e space of five days. ¢ odi, within
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is th i
corp; ai?iise;nplgye.r,.elth(?r in his own person, or when
o foraion drz.m .mmlstratlo'ns are concerned, by means
employef , e:hm;msjtl.'ators ; 1n the second case, the largest
ployer bs | aetegltlmate repljesentative of the body. )
mplosers cts alr)ld proceedings of the convocations of
ployers 0 be recorded by the royal chancell
15t at them, and are signed by the said ¢l o
and two of the parties present. chacellors

ately constituted, when
rd of the total number

g them all in order

shall communicate wi
with the reg i
pective congregati
ons of

Lodi and Milan.

FAILURE OF THE PRESENT ATTEMPT. 197

form, and the single and principal employers having the
attributes of delegates, according to Art. 14, shall unite
themselves to their respective ordinary congregations, and
with them shall form one deliberate body.

« 19. The congregations and special deputies, thus
united, shall meet ab the chief place of the province on
the invitation of a royal deputy, and in accordance with
instructions which will be given by the government. The
royal deputy shall always be present, and shall discharge

the duties of president.
« 90. The congregations and deputies shall be sum-

moned by letters addressed to the members individually,
by the I. R. delegates, at least fifteen days before the
time fixed for the meeting. These letters shall specify
the day, the hour, the place, and the general object of the
meeting.”

21 to 29, being merely repetitions of the rules previously
he election of the deputies in each congrega-
ar elections in the united bodies of
ties, I do not consider 1t necessary
bject is to obtaln the nomination

of two representatives of the entire canal, whose arrange-
ments with the royal commission, on all matters connected
with the interior economy of irrigation, should be binding
on the whole body of employers in both the provinces of
Milan and Lodi.

I must add, that this effort to organise anew the police
and administration of the Muzza was not very successful,
as, according to Bruschetti, the employers of the canal,
distrusting the government, held back from the convoca-
tions, so that the legal numbers required to form a quorum
were rarely present. Tt seems always to have been in
this passively resisting manner that reforms projected by
the government have been defeated; and in the present

given for t
tion, applied to simil
congregations and depu
to give them. 'Their o
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ABUSES ON THE RIVER TARTARO. 199
was found that old outlets were enlarged without autho-
rity ; that new omes were similarly established ; that con-
stant robberies of water were systematically practised ;
and that, by the usc of temporary dams or other means,
proprictors possessed of no just title irrigated their land
during the night, to the injury of the legitimate owners of
the water ; that grants for irrigation of meadows were
made use of in establishing rice-lands, which accordingly
spread to an unduc extent, and absorbed so much of the
supply as to deteriorate all other irrigated products.
Scvere edicts were accordingly published in 1602, 1603,
1607, and 1610, against these malpractices ; and from
this time to the beginning of the cightcenth century, the
governments made constant, though not very successful,
cfforts, to enforce them. The violations, however, con-
tinued to exist, in spite of all cfforts to the contrary, and
about 1715, their extent threatened to cmbroil the two
Some years later, it was finally agreed between
and Venetian governments, to nominate
sisted by men of skill and honour, “to
propose a clear and precise regulation, which might remedy,
once for all, the abuses in existence on the Tartaro and
its affluents, in such a manner as to insure tranquillity
among the river population, and to preserve peace between
the two states.” Asa rosult of the deliberations of this
Dody, the first treaty of Ostiglia was signed on the 20th
April 1750, and was followed by the declaration of
Roveredo in 1753. The provisions of both these acts
were finally cmbodied in the treaty of the 25th of June
1764.

As preparatory to the adoption of the nccessary regula-
tions, the engineers of the two states met at Ostiglia, and
afterwards personally examined the various xivers, canals,
and water-courses. They classified the different abuses

pOWerS.
the Austrian
plenipotcntim‘ies, as
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Tenth Appendiz to the Treaty of Ostiglia.

Art. I. The Tartaro and its affluents, including also
of Pozzolo and Molinella, shall be cleared
in the manner and under the superin-

tendence of the cngineers appointed by the respective

governments. The expense of these repairs shall be

borne by the associations of proprietors interested, or by
individuals for such portions as are asssigned to them in
the present treaty, or as may belong to them by right of

ancient possession. (Certain portions of the Tartaro, the
Tartarello, and various smaller streams, are placed under
charge of the association of the Tartaro, which will supei-
intend and pay for all needful clearances; the canal
« T] Cavo” is similarly placed in charge of two private
individuals. Various other canals and streams are dis-
posed of In like manner, the details possessing 1o special

the canals
every five years,

interest.)
Art. TL. Continues the det

clearing the various streams and ¢
ciations or individuals at whose expense sucl

be executed.
Art. TIL. All the aforesaid excavations shall be renewed

als of five years, as well in the province of Man-
tua as in that of Verona. When the engineers deputed
by the governments to inspect the canals shall find any
work neglected, they are authorised to execute the same
at the expense of those by whom it ought originally to

have been done.

Art. IV. Such partial repa
affluents may require shall also be executed annually.
(Minute details of the nature of thesc repairs, and of the
parties by whom the expense of them is to be defrayed,
are given here. The qumber of annual clearances varies

ails of the work to be done n
anals, and of the asso-
1 works are to

at interv

irs as the Tartaro and its
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PERIODS OF CLEARANCE
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¢-noted class of details

RULES FOR MILL PROPRIETORS. 203

Cavriani the power of constructing a temporary dam or
spur, of certain specified dimensions, to be maintained 10
the river-bed from the 10th of October to the 10th of
March of cach year, but to be carefully removed on the
latter date by the proprictor, S0 that the full supply of
the river may be available for summer irrigation. 1f it is
not removed on the date spcciﬁcd, the engineers, OF the
proprictors below, are quthorised to destroy it at the
expense of the marchese.

Art. IX. Prescribes very strict rules for the proprietors
of mills, requiring them to rofrain from constructing any
dams across the streams, or in any way whatever obstruct-
ing the frec course of the waters for irrigation; t0 keep
the cscapes of their mills always open, so that the water
may return to the rivers, allowing them only in cases of
great scarcity of water to close the gates of the cxisting
dams across the strcams, until a quantity of water suffi-
cient for the movement of one wheel has been forced into
the mill channel: they are not permitted to take more
water than this until the rivers have returned to their

ordinary levels.
Art. X. Proprictors of land, Dordering on the Tartaro
and its affluents, are prohibited from breaking or in any
anks, and from growing trecs in posi-

tions injurious toO the same, or to the free course of the
water. Any of the latter which may exist shall be cut
down within cight days after the publication of the pre-
sent regulation, after which time the agents of the govern-
ment shall remove them ab the expense of the owners,
1g the wood for the benefit of the governing
In future, the river proprictors shall be
d order such portions of the
the limits of their respective

way injuring the b

confiscatit
authority.
bound to maintain in goo
embankments as lie within

properties.
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not be permitted to raise it by artificial works other than

those permitted by the treaty. Such lands must Temain
unirrigated, and their proprietors are enjoined to submit
patiently to this inevitable result of the elevated position

of their estates.
Art. XIV. The employers of the waters of the Tar-
taro, and its affluents <n Mantua and Verona, are required
and their areas of

to limit their consumption of water,
ng to the tables attached to the treaty

onfiscation of their rights for the bene-
fit of the governing authorities. To 1nsure the exact
execution of this provision, it is permitted to any em-
ployer to demand an ez oficio survey of the rice-irriga-
tion in any district where excess is suspected, on condition
that the expense shall be defrayed by the offending party,
if an excess over the area fixed by the conts guisti of

Gazo is found to exist, or, in the contrary case, by the
party at whose instance the survey was undertaken. And
in order that all may know the rule by which such sur-
veys shall be conducted, it is hereby declared, that in
measuring the extent of rice-land, an allowance of 5 per
cent on the total area shall always be made on account
of land occupied by water-courses, banks, or other works
required for irrigation. When the excess is not more
than 5 per cent on the area fixed for each proprietor in
the official tables, no contravention of the present rule can
be established. When several irrigators employ the same
outlet, the area of irrigation in each separate property
must be measured as above prescribed, so that in case of
ention the actual offender may thus be dis-

irrigation, accordi
under penalty of ¢

contrav

covered.
Art, XV. No one shall usurp the use of the water
of usurpation, summary

belonging t0 another. In case !
proceedings shall be taken to indemnify the injured party,
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ernments

or other officers duly nominated Dy the two gov
s of the

for maintaining in full force all the provision

treaty.

Art. XXII. Appo
works whenever neceessary,
the cvent of disagreement, prov
other professional men, (periti.)

Art. XXTIT. Asitis the will of the respective sovereign
at full and entire obedience shall be enforced to
the present proclamation, they resolve
Le terms of this treaty, in addi-
by their transgression,
al

ints two professional men to visit the
and to cxecute all repairs. In
ides for the nomination of

powers th
all the provisions of
that all offenders against ¢
tion to repairing all damages caused

<hall farther be subjected to such pecuniary or corpore
it to the respective govern-

punishments as may scem rig
ments ; and if the offenders have rights to the enjoyment
of water, they shall be deprived of these, in addition to
guch other penaltics as may be imposed upon them, and
their outlets shall be placed at the disposal of the govern-
ing authority. Aund if the offenders should be unable to
pay the fines ‘uflicted on them, or to repair the damages
they have caused, they shall be imprisoned  for such
periods as seem just ‘u each case.  All proceedings under
the present act shall e summary and free from the ordi-
nary formalities of judicial proceedings, each government
communicating to the other the steps taken against
offenders.

To the end that no one may allege ignorance of the
present cdict, it shall be published and affixed in all usual
places throughout the two provinces, with a view to its

full and inviolable exccution.
The 19th day of June 1765.

jce details contained in the

The administrative and pol
il reference to the xivers

preceding articles, have spec
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common to the two provinces of Mantug and Verona.

The management of the streams and canals belonging
exclusively to Mantua, ig regulated by an edict of the
Austrian government, dated the 24th December 1781,
which continues in full force at the present time.  This
document is the last which it seems to me necessary to
give in illustration of the present section, and I will

translate it in extenso only when the matter is new or of
special interest.

Edict vegulating the use and distribution of water in the
province of Muntua for irri gation or hydyaulic works.
Art. I. Forbids the damming up, dircetly or indirectly,
of water-courses of any class or kind, or the alteration of
any escapes, weirs, or channcls, in sucl, manner as that
the water may be turned to the use of the offending party,
or to the injury of others, under a penalty for cach
offence of 2000 Zire, (upwards of £60!) of which half
shall be granted to the informer. Failing payment of the

fine, the offender shall be sentenced to imprisonment wigh
hard labour for one year.

Art. IX. The chief soure
of obstruction to the free ¢
underwood, or bushes of
plant these on the banks 0
and such as cxist shal

es of injury to the banks, anq
ourse of the waters, are trees,
any kind. 1t js forbidden to
£ the public canals and rivers,

shall be cleared away within twenty
days from the publication of this edict.  Aftor this time

the wood shall be cut down by the public officers, and sold

for t]he general benefit of tho associations of the rivers and
canals,

Art. I11. The lines
facilitate fishing cause
be removed
future, wheev

of piles placed in the channels to
serious damage. These shall al
and sold for the general benefit ; and, iy
er replaces such works shall bhe subject to 4
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fine of 100 lre, (about £3,) whereof one-half shall be
the informer. . - -
gmztidlt:’ The proprietors of mills and their worl;s
]{e. are' forbidden to raise the water, by Zny n:gabe
P‘;}OE; or. above the levels either already fixed, orfl be
:iv adeiler’eafter. During floods, they shall be celxre f;ence
ox:n the escapes, so as to prevent damage. ' ?ac al %ne Of
against this rule shall subject the offender to
%% £6.
QOOAZ? e\,f (azﬂl;ropziotors of water-courses shall be bound
rt. V.

i that no water
intai in thorough repair, sO -
o o the nto the public roads, or 1n any

her parties, under a penalty folli
dition to payment of a

may escape from them 1
way cause damage to othe ;
each offence of 200 lire, :m &

exPenSeS‘f;r i?\jﬁriisrn(:)(l)g;rs of water shall obtain the
Art. .

b B hS
ta) .

irrigation.

; ious kinds

- orforence with any of the vai !

i er interference W1 s s

of lmirogn the canals. When a change misttracy of
ks .

of -“.ro(; application shall be 'made to ]the ;:)1 gr wtop 10
deSlle, the province who will order the prop

water for s

taken.
" Ait. VIII. Employers of wate

1 hall be

as assigned to them, s
aI:xs waters to flow. off freely for tl}
] To this end, cvery proprie

¢ who have irrigated the
bound to allow the s'ur—
e benefit of lower-lying
tor shall be boundlto
i rplus
ace channels for the collecmon.;ﬁ; ti}zistirg o
‘ 0
ters ; and n:«lect in doing so shall entlzl
waters ; g | e
all l‘igh,t to water from the respective Ca

VOL. II,

lands. _
establish drain
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PROTECTION OF SURPLUS WATERS
c
anals be made by the prefect or v

vince. so as o i) 1cc-prefect of the pro-
. ) to insure observance of tl s l
edict, 1¢ provisions of the

Art. X, Tt being

a oo
for partics to carry c“ C<t)mmon]l)ut mischicvons practice
rater to lands s
surplus . . ands so placed ths
langed watcn? are entirely lost, it is Ol.dlcl that the
proprictor shall \
all cause to
tlaxpenso, a map of hLis be m
and shall be shown in

red that cvery
" ade, at his own
Ii’t It’elty, on which the irrigable
. S tr i :
heights above the sources of e ;hmc"S‘Olls, and with its
. * 3 0L supp awto .
bited ; also, all the w tor PPy of water clearly exhi-
cipal canals, aqued ta er-courses, aulverts, ro
g ucts, weir "
of works, shall he PT N ?113, IIOCI‘S, and cvery other kind
amly shown Thi
preserved as . . This map shall b
s a record in t] ‘ b shat o
1c office of t] :
1 magistracy of
SISracy o

waters, and sl
v » and shall e corrected from time to i
anges arc duly g i

Neglcct of the pres
rights to the watcr.

Art. XI. N
o changes of any kind shall be cffected

but under tl
1¢ orders of tl aois
prefect or vico-profuct, 1€ magistracy, exccuted by the

Art. XII. T
associatio IL. The conscrvators of the dift
ns ar ioi
the works alel enjomed to watch over the eofficior
annual i under their charge.  They shall l:cy o
inshact: : shall mak
the conen Pei.tlon, and submit g report on the f o
regation i WOTKS
cating :11 t>the rsc Of-‘ their respective associations in(lt'o
estimating Ilems or mew buildings l'qulil‘(;’l ¢ l1
be mad S the probable expense thercof. "o v: S am
ade during the first days f - e visits shall
alnd the congregation shall yb 01 tl]le month of Iebruary,
the san o ¢ hield ab i
1 month : about the middle of
By which means all needful repai
irs

may be compl
pieted about ) .
demand for water arises, te middle of April, when the

ads or prin-

anctione , as
c‘ut 01'(111Ld by the proper authoritics.
er shall be punished by loss of

erent irrigating
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the canal-beds of all water-plants and weeds, causing
them to be dug out by tlic roots for some distance from
the water’s cdge, throwing the refuse clear of the embank-
ments. If necessary, clearances of this class shall be
executed three times a-year.

Art. XIV. All parties are enjoined to receive, and
exceute with promptitude and goodwill, the orders of the
conservators of the different associations. Disobedience
shall be punished by a fine for each offence of 200 Zire,
(about £6,) which shall be increased at the discretion of
the magistracy ; if any offence be committed a second
time by the same party, it shall be lawful to proceed
against him, under the provisions of the municipal laws.

Art. XV. The annual tax shall be paid by all parties
within the time prescribed by the congregations, and
dofaulters shall be proceeded against without further
notice.

Art. X VL Partics not posscssing legal titles to irriga-
tion shall not use, cven to the smallest extent, the waters
of the canal. 'The first offence against this rule shall be
punished by a fine of 1000 lire, (about £30,) with for-
feiture of all the imigated produce, and compensation to
parties injured by the misapp
The second offence shall be pun

of the land illegitimately irrigated.
Art. XVII. Wereserve to Ourselves the right to make

grants of water for irrigation; and We lereby declare, that
if it should come to our knowledge that arable or forest
or meadow lands have becn broken up for the purpose of
creating rice-fields, in excess of those fixed by considera-
tions of public police, and duly limited thereby, the grants
thus abused shall be revoked ; and we give notice that
we will not in future allow any new rice cultivation to be
established, until it has been proved to our entire satisfac-

ropriation of the waters.
ished by the confiscation




212 TERMS OF GRANTN.

tion that the lands to be so employed are all in such low-
lying localitics as to be unfitted for use under any less

injurious kind of cultivation,

Art. XVIII. In making grants, we do not thereby
vest in the grantee the right of property in the water,
but only the right to use it either in irrigation or for
hydraulic works. The right of property shall remain as
heretofore among the rights appertaining to the crown.

Art. XIX. In all grants for the use of water, whence-
soever derived, from colature or from works, we maintain
in full force the provisions of existing treatics, in con-
sideration of the benefits hitherto derived from their

observance.
Art. XX. Every grant shall be expressed in terms of

the guadretto Veronese, by which is meant that quantity
of water which flows through a square outlet for irriga-
tion, having ecach side cqual to 1 Veronese foot, and a
kead of pressure equal to 2 Veronese inches—(z. e. in
English measure, the side of the square cqual to 13.362,
and the head to 2.23 inches.)

Art. XX1I. To guide grantecs in their specifications of
the volumes of water necessary for their lands, it appears
from experiments made with the quadretto, as above de-
fined, that the water furnished by it is sufficient for the
primary irrigation of 80 campi Veronesi employed in rice
cultivation. (The campo Veronese is equal to very nearly
nine-tenths of an English acre; hence the area above spe-
cified is equal to 72 English acres) The first surplus
waters (prime scolaticce) are sufficient for the irrigation
of 40 campi (36 acres,) and the second (seconde scola-
ticce) for 20 campi (18 acres,) in addition to the pri-
mary area. (I may remark on these data, in passing,
that the value of the quadretfo Veronese, in English mea-
sure, is very nearly 5 cubic feet per second. The total

DETAILS OF IRRIGATION. 213

area, including primary, secondary, and tertiary irrigation,
which, on the present authority, this volume is competent
to water, equals 144 English acres—the land being under

rice. Hence the effective area of irrigation for 1 cubic

foot per second is 28.8 acres.)
When the water is employed for meadow lands, the

quadretto is sufficient for the irrigation of 25 campi
(22.5 acres) in twenty-four hours, or for 175 campi
(157.5 acres) in a rotation of seven days; and the same
proportion holds good according to the larger or smaller
extent of land, or to the variation of the periods of rota-
tion. (It therefore appears, that for meadow-land 1 cubic
foot of water is sufficient for the irrvigation of 31.5 acres
in a rotation of seven days, or for 63 acres in the more
usual period of fourteen days.)

Art XXII. The price of such a quadrelio of water
(and proportionally for one-half, one-fourth, onpe-sixth,
according to the wants of the grantee) shall be 44,400
lire, (£1480 nearly,) when it is to be used on lands
already in great part cultivated ; but in case of the lands
being generally uncultivated, the price shall be only
39,000 lire, (£1300 nearly.) These sums shall be paid
by the different consumers of the water, according to the
tariff hereunto annexed. (From these data, it appears

that, in the province of Mantua, proprietors of lands fully
cultivated pay for water at the rate of £29¢ per cubic
foot per second, and proprietors of inferior lands at the
rate of £260 for the same quantity. Payment of these
sums in capital gives a perpetual right to the use of the

water. The prices do not vary much from those in the
Milanese and elsewhere.)

Art. XXIII. For all rice and corn mills, (excepting
the floating mills on the Po, the Oglio, and other rivers,

for which the annual rent has been fixed in wheat by the
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magisterial chamber,) the price of water shall be 10,000
lire (about £333) for each wheel supplicd with a constant
stream of water, and for others in a like proportion,
according to the time during which they respectively
receive water sufficient for their cffective action—(z. ¢., if
they can work ouly for half the ycar, they pay half the
above sum, and so on for other periods.)

Art. XXTIV. For all other hydraulic works designed
for manufactures, the gratuitous use of the mnecessary
volume of water shall be granted for fiftcen years.  After
the lapse of this period, the proprictors shall be bound to
pay an annual sum of only 100 /lire, (a little more than
£3,) with the power of redeeming the same by a single

payment of the capital, caleulated at the rate of four per
cent.

Art. XXV. Lvery purchaser of water is permitted,
without limitation of time, to pay the price of the quan-
tity of water granted to him, cither in capital, as above
established, or in licu thercof by an annual sum, calcu-
lated at the rate of 4 per cent on the capital value, com-
mencing from the date of the contract. To facilitate the
payment in capital by partics of limited means, it is per-
mitted to liquidate the total amount in four equal instal-
ments, (annual, I presume, though no specific intervals
are mentioned. Under the operation of this rule, the
annual payment for 1 cubic foot of water in the provinece
of Mantua would range from £10 for inferior, to £12 for
superior lands. As this volume irrigates annually 28.8
acres of rice land, and 63 of meadow, the cost per acre is
about 8s. 4d. for the former, and 3s. 9d. for the latter.)

Art. XXVI. To insure the reform of abuses, and to
protect the interests of the royal treasury, all employers
of water shall be bound to submit their titles, after due
notice, to a deputation of officers, which from time to time
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shall visit the canals, with full authority to investigate and
dispose of all cases brought before them, according to
their judgment.

Art. XX VIIL The guards (camparsy and police (birrz)
shall use all diligence in protecting the interests intrusted
to them, and shall denounce all contraventions to the
secretary to the magistracy of waters. Incases of neglect,
the offending party shall be declared incapable of again
serving the State; but if collusion or participation be
established, he shall be sentenced to imprisonment with
hard labour for a period not exceeding three years, accord-
ing to the decision of the magisterial chamber,

Art. XXVIIL The magisterial chamber shall deter-
mine all farther. provisions necessary to the execution of
our laws, and shall decide on all matters counected with
the waters of the province.

Art. XXTIX. enjoins general obedience to the edict.

The tariff referred to in Art. XXII. is as below, 1
have shown the approximate values of the sums given in
Lnglish money. 1 say approximate values, because there
are various lire in use, and the edict does not specify
any particular one. By assuming the value of a lira

to be 8d., however, we are cxact enough for practical
purposes.

[TARIFF
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Tanirr of Prices of WATER for IRRIGATION per QuabRETTO
VEroxgsg, in the Province of MaNtua.

For Iand in /l"ur Iand very pnr- |

| I

: / grent part | tially, or uot st all
’ cultivated. | cultivated. I
e

The first employer, [ £845 14 0 | £742 17 4 i
i The second employer, for the} 42217 0 371 8 8 |
‘ first surplus waters, (
i

185 14 0 |

The third cmplo_y(,r, for thc} 211 9 0 |
|
f

second surplus waters, ’

R
|

Total per quadretto, Lqual] / !
to 5 cubic feet per snwud,}' £1480 0 0 ; £1300 0 0
[

I T -

To supply the means of comparing these results with
others in the former sections of this report, I annex the
values of a cubic foot per second, as deduced from the

preceding table :—

Value of one cubic | Valuse of one cubic |
" foot per second of | fout of water for

) water for tirst-class - second-cluss

| land. i Iand,

]

j
J For the first employer, £169 2 9 £148 11 6
84 4 ¢ 74500

! For the secoud do.,
212 9 | a7 29 [

For the third do., .

:£2UO' 0 ¢ 1‘£260 0 0

! ¢
’

From the details I have now given of the interior
management and police of the rivers Olona and Lambro
in the province of Milan, of the Capnal Muzza in the
provinces of Milan and Lodi, of the Tartaro and its
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affluents in Mantua and Verona, and lastly, of the
streams and canals specially belonging to the former of
these two provinces, a sufficiently clear idea will, T hope,
be found of the general organisation of the Irrigation
System throughout Lombardy. Perhaps a summary of its
main outlines, divested of detatl, will be the most appro-
priate conclusion to the present section which T can give.
The controlling and directing authority in all matters
connected with hydraulic works is vested in the direction-
general of public constructions, established in Milan, and
presided over by a director-general, always an engineer
of distinguished reputation.*  Attached to this office are
chiefs of the different departments of waters, roads, public
buildings, &c., some of whom make periodical visits of
inspection to the provinces, while others remain per-
manently at headquarters. In subordination to the
direction-general, the chief of the canal department regu-
lates the interior cconomy of the great government canals,
through the agency of the local superintendents and
guards ; and in those districts where no government canals
exist, references to the direction-general are made through
the government engincers in cach province. Through
these channels the government exercises its controlling
authority over that immense series of local associations
for irrigation, which is spread over the whole surface of
the irrigated regions of Lower Lombardy. Each of these
associations Is self-administering—is represented by an
elective council, in which is vested the power of nominat-
ing one or more engineers and subordinate agents, as the
extent of the works or the area of irrigation may render
necessary—is competent to impose taxes to the extent

* The present directorgeneral is Signor Elia Lombardini, of whose high
attainments and unvarying kindness I had vepeated proofs during my residence

in Milan,
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necessary for maintaining the works, to determine all
interior regulations, and to act freely within the limits
prescribed by the laws, and under the general superin-
tendence of the superior admivistrative authoritics. By
these associations the great mass of the civil engincers, so
numerous in the country, is maintained in constant and
profitable employment ; and it is unquestionably to the
energetic operation of the principle on which they are
founded, in combining effort and giving command of
capital far beyoud what isolated individuals could have
done, that the wonderful development of the Irrigation
System of Lombardy is to be traced. In thus collecting
the proprietors of water into groups, aud giving to cach
group its fairly elected representative body, its president
and cxecutive council, as it were, there is a simplicity and
efficiency which highly recommends the system ; and [ am
glad to think that, long before we had any knowledge of
its having heen sanctioned by centuries of practical expe-
rience in Italy, it had been introduced independently into

our canal administration in Northern India, with the

happiest possible results. It has been established as the
sole principle on which water shall be granted from the

grand Ganges canal. The two millions of cultivators
who will ultimately depend on this great arterial line and
its branches for their irrigation, will be linked together
in a series of such bodies as I have above described ; and
I trust it may be considered expedient to introduce the
representative systcm into the organisation of these bodies ;
for I am sure it will be found the most effective means, at
once of stimulating the development of irrigation, and of
facilitating the police duties, and the administration of the
works, as vested in the officers of the government. A
orinciple which is found to pervade the irrigation systems
of Italy, France, and Spain, and is admitted to work
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satisfactorily in all, may advantageously Dbe introduced
into that of Northern India, where, too, the habits and
feelings of the people, as illustrated in their village asso-
ciations and ordinary social customs, prove that such a
principle is already familiar to, and sanctioned by them.*

SECTION LAST.
SANITARY REGULATIONS,

However much the highest authorities on the subject may
differ as to the true nature of that malaria which mani-
fests itself by its influence on health in marshy districts,
there are certain circumstances under which all agree that
it is inevitably to be looked for.  When tracts of country
covered with vegetable matter, subject to periodic decay,
are alternately wet and dry—wlen, in addition to this
alternation, the moist and semi-putrescent soil is acted
on by the powerful stimulus of a temperature occasionally
almost tropical, all experience shows that miasmatous

influence, productive of fevers and othier forms of disease,

18 generated. It does not concern me now to inquire

* The Punchayat, literally implying « Council of Five, but applied as a
goneric term in practice, is the favourite arbitration system in this part of
India. The Lumberdars, or headmen of the village communities, are the repre-

We have now the associative principle

sentatives of the entire population.
fully vecognised in our irrvigation system, but the organisation of the associa-

tious is still very imperfect. The formation of a Punchayat for each chief
water-course { Rejbuka) would greatly simplify the dealings of the canal officers

with the eultivators, especially when these come to be numbered by bundreds
The Congregations of Northern Italy,

of thousands in each executive division.
the Syndicates of Southern France, the Juntas General and Ordimary of

Spain, arc all thus represcuted by executive councils having relations with the
government officers.  The organisation of associations for irrigation is com-
paratively wodern in France; but in Spain it dates from: a very remote epoch
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what the nature of this influence is; in fact, I am well
aware that it has hitherto eluded the most carcful inves-
tigations, and is to be recognised only by its effects on the
animal frame. I advert to one serics of conditions as
above, under which it is known to be developed, because
these are present in certain forms of irrigated cultivation ;
and it is to the measures which the government of Lom-
bardy has seen it expedient to adopt, to counteract, as
far as possible, the prejudicial results of these kinds of
culture, that T propose now to dircct my attention.

The species of culture in Northern Italy to which
objections have been taken on sanitary grounds, are those
of rice, marcite or constantly flooded winter meadows, and
common periodically irrigated meadows. The opposition
to the former has been decidedly more vigorous and con-
tinuous than to the latter. Public opinion is almost
unanimous as to the unhealthiness of rice cultivation,
and concerns itself about palliations for it, in the hope
rather of reducing it to a minimum, than of removing
it altogether. There is by no means the same general
agreement regarding the insalubrity of winter, or common
meadow, irrigation; and I shall have to show hereafter
some fair grounds for believing that these kinds of culture
are not unhealthy oncs. At present I will give a rapid

—s0 remote as to astound one! The earliest credible date of existing rogula-
tions is, however, 1239 ; though we arc gravely assured that the royal canal of
Moncada, to which they apply, was originally constructed during the ycar 850,
after the deluge ! The chronology of canals and the chateaur en Expagne, have,
I fear, foundations of the same aérial character ! Fables apart, however, the
Jjuntas of irrigation date certainly from the reign of James I, king of Arragon,
or from the beginning of the 13th century; and prodably their first formation
was earlier, as the Moors constructed large and important canals during their
sovereignty in Spain, leaving permanent records thercof in the technology of
irrigation, in which a great number of terms are palpably Arabic. There isn
great deal of most interesting information on the irrigation canals of Spain, ina
work by M. Joubert de Passa, of whick a copy is now before me. It is entitled,
Travels in Spain, or Rescarches on Irrigation, &e. 2 vols. Paris, 1823,
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historical sketch of the progress of sanitary legislation In
Lombardy, which exhibits curious ebbs and flows of opinion
on the subject, worthy of brief consideration.

The introduction of rice cultivation into Europe is
attributed to the Moors of Spain,* and, so far as is known,
took place about the close of the thirteenth century, at
which period a large number of the canals of irrigation
in the country were constructed. After the conquest of
Valencia, the Spanish government’ continued the cultiva-
tion for some time ; but on account of the numerous com-
plaints against its insalubrity, they were compelled to
prohibit it altogether. This prohibition was confirmed
by the king Don Pedro in 1342, and in 1403 was made
applicable to the entire kingdom. Since that period, the
culture of rice has been successively tolerated, sanctioned,
or forbidden, in constantly varying succession, though at
this moment it exists to a considerable extent. Its fate
in Italy has been very similar. Introduced into the
Venetiau provinces about the beginning of the fifteenth
century, it extended rapidly through the marshy tracts so
common in this region. The great swamps of Verona
and Mantua, uscless for every other species of culture,
offered a profitable field for rice ; in these it was carly
established, and has always continued to be of great im-
portance. Its progress to the westward was slow, and it
was not until the middle of the sixteenth century that the
rice cultivation of the Milanese became of sufficient extent
to attract public attention to its sanitary relations. Its
development thus kept pace with the progress of that
great system of irrigation canals which had been perfected
at this same time.

The earliest sanitary regulation on record bears date
the 4th of September 1575. By this, rice cultivation is

* Voyage en Espagne, par M. JouBERT DE Passa, vol. ii, p. 267,
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r the

sumption than of proof ; and that it was most unjust fo
right

government to interfere with the free exercise of the
of property on grounds still so indeterminate. 1t was
therefore held that, until experiments and investigations,
caleulated to cstablish clearly the facts of the case, bad been
undertaken, it was mischievous both to public and private
interests to cnforce prohibitions 80 extensive and severe.
The government of the day gave a certain amount of con-
sideration to these complaints; and though the prohibition
was not removed as the landowners wished, its limits were
restricted. The preseribed distance for Milan was fixed at
4 miles, and for other towns at 3 miles;* but in practice
ery imperfectly observed. A little later,
the government cstablished a regular system of sale for
permissions to form rice-lands, and authority to do so
was granted by a body of officers of health, on payment
at first of a certain fixed sum, and subsequently without
any payment ab L In 1600, the Spanish government
farther relaxed the terms of the prohibition, by allowing
the distances to be moasurcd from the centres of the
towns, and not from the exterior walls, or from the
terminations of connected puildings, as was previously the
rule. In 1630, a frightful pestilence devastated the pro-
vince of Milan, and led to renewed complaints against
the rice-lands. Many years passed by, however, without
any decided movement being made to give effect to these,
though in the meanwhile inquiries had been instituted, in
which nearly the entire medical faculty of the country are
related to have taken a part. The results were so far in
favour of the rice cultivators, that in 1661, and on the
evidence above roferred to, the government came to the

tlie terms were v

* There is but little difference between the English and Ttalian miles above
referred to. The common Ttalian mile is 1982, and the small one is 1818 yards

in length. The distances above given are in the former.
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conclusion that the injurious influence of the culture on
the public health was open to question, but that there
could be no question whatever as to the mischievous
effect of the restrictive system on the agriculture of the
country. Willing, however, to give sanitary considera-
tions the benefit of the doubt that existed, it was resolved
to maintain the existing prohibitions, only with the sub-
stitution of the small mile of 1818 yards for the large one
of 1982. The distance for Milan was therefore reduced
from 7928 to 7272 yards, and that for other towns from
5946 to 5454 yards. It was further decided that these
measures should be made from the centres, and not from
the exteriors of the towns. It cannot, however, be said
that the government was much in earncst in enforcing its
own laws on this subject. The tide of opinion, in fact,
flowed fairly at this time in favour of the agricultural
interest. In December 1668, a new edict farther dimi-
nished the distances to 5454 yards for Milan, and 3636
for the other towns. The execution of this edict was
preceded by a new examination of physicians and
engineers, the tendency of whose opinions is sufficiently
indicated by the modifications just referred to. The
parties generally opposing the extension of the culture of
rice were the municipal authorities of the towns, naturally
anxious for the salubrity of the places under their charge.
The entire body of the country proprietors was opposed
in this respect to the towns, and the government doubtless
found 1t an ungrateful task to mediate between the dis-
putants. A reaction against the proprictors, who had
hitherto the superiority in the contest, occurred in 1694,
when the king of Spain, as sovereign of Lombardy,
restored the ancient distances of 4 large miles for Milan,
and 3 for the other towns, further requiring the distances
to be measured, not from the centres, but from the exterior
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limits of the inhabited places. These provisions appear
to have continued in force, nominally at least, for nearly
a century ; but as in all times past, the execution of them
was little, if at all, attended to.

We are now arrived at the period when the cxisting
sanitary regulations had their origin.  They are based,
like the gencral legislation of irrigation, on an act of
Napolcon, bearing date the 3d Ifebruary 1809 ; and
though some of the provisions of this have been modified,
T think it will be interesting to give the regulation in full,
as an illustration of the manuer in which this question
has recently been treated in Lombardy.

“ItaLiaN REecgunaTioN of the 3d February 1809,
relative to Rice-Laxps, to Marcrres Meapows,
and to Irnicareny MEaDOWS.

“7rrne 1L—0f Rice-Lands,

“1. In futurc no onc shall be permitted to convert
land mto rice-ficlds, without the special permission of the
prefect of the department in which the land is situated.

“2. Offenders shall be punished by a fine cqual to
twice the value of the annual produce of the land formed
into rice-ficlds without permission.  The proprietor
cqually with the tenant shall be subjected to the above
fine, unless the former can prove his ignorance of the act
of contravention.

“3. Permission to cstablish new rvice-filds can be
granted by the prefects only under the following limita-
tions, viz.,—

“(1st.) That the ficlds so established shall be at a

distance from the capital of the kingdom, of at

least 8000 metres, (4.97, or say 5 Lnglish miles.)
VOL. 1I. P
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«The deliberations shall be held during the next session,
and the decisions shall be immediately forwarded by the
prefects, with their own opinions attached.

«PirLe IL—Of Marcite and I rrigated Meadows.

«g. Tt is forbidden to establish constantly or periodi-
cally irrigated meadows 1t the interiors of inhabited places.

«9. By the close of the present year all such meadows
shall be adapted to other kinds of cultivation.

«10. Tt is cqually forbidden to establish such meadows
in the vicinity of communcs of the first class or fortified
places, without the permission of the prefect.

«11, This permission shall be granted only on the
following conditions :—

«(1st.) With respect to the capital, the irrigated lands
shall be distant 1000 metres at least, (0.62 Eng-
lish mile, or about 1100 yards.)

« (2d.) With respect to the communes of the first class
and fortified places, the lands shall be distant 500
metres at least, (about 530 yards.)

« e distances shall be measured as for rice-lands.

«19. Before the close of the year 1811, all per-
manently or temporarily irrigated meadows within the
distance of 1000 metres from the capital, and of 500
metres from first-class communcs and fortified places, shall
be employed for other kinds of cultivation.

«13. The provisions in Art. 2 shall be applicable to
offenders against Articles 8, 9, 10, and 12.

«14, The fincs received for violations of the present
Jdecree shall be levied by the voccivers-general of finance,
and shall be paid into the royal treasury.

«15. The ministers of the interior and finance are
charged with the execution of the present decree, 1n all
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that concerns their respective departments, It shall be
published and recorded in the Bolletino delle Legyi.”

This regulation was not destined to he more permanent
than its predecessors of ancient times.  The enforcement
of Articles 5 and 12 would have been ruinous to a large
number of those proprictors who, clustering round the capi-
tal and the other large towns, had established there those
magnificent meadows to which T have often referred as
being the richest in Lombardy. Ilence, by a deeree of
the Viceroy Lugene, under date the 11th of March 1812,
these two articles were suspended until the publication of
a rural code, which was to cmbrace all such points, bub
which has ncver been heard of again since the downfall of
the kingdom of Ttaly. The regulation, lowever, with
the exception of these articles, was restored to full foree
in regard to rice cultivation by a circular of the govern-
ment of Milan, dated 1st Junc 1839, so that it may be
regarded as the present sanitary law of the kingdom.
The provisions regarding marede and common meadows,
though quoted in the latest collection of the regulations I
have scen, (dated 1846,) are, T conclude, tacitly neglected ;
for T am sure I saw mysclf countless instances in which
they had been violated with impunity. As regards
restrictions on rice cultivation, the law has the support of
the great mass of opinion, but it is not so in the case of
the irrigated meadows. The government recognises this
difference in practice, and has not concerned itsclf in
regulating farther in detail for the latter specics of culti-
vation.

The steps to be taken in applying for permission to
form new rice-fields are prescribed in a regulation of the
Austrian government, dated 19th May 1817, and still in
force. These arrangements are as follows -—
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“1. Partics desiring licenses for the establishment of
new rice-fields ought to submit the same to the district
comiissarics, at least two months before the sccond meet-
ing of the communal council or convocation general, which,
according to Articles 11 and 42 of the notification of the
12th April 1816, should be held cach year during the
month of Scptember, or, at latest, of October.

“2. The district commissarics shall transmit these claims
without dclay to the administrations of the communes
within which the lands in question are situated, reguest-
ing them to cause an engincer or authorised surveyor to
measure the exact distance of cach ficld from the walls of
the place, if walls exist, and if not, from the last house
forming part of the mass of buildings constituting the town,
as prescribed in Art. 4 of the decrec of 3d February
1809 ; noticing that these distances should be measured
from the places nearest to the fields in which it is pro-
posed to cultivate rice.

“4, The engineer or surveyor ought to note in
Lis survey, among other things, especially the follow-
g :—

“(1st.) The denomination of the field, (in the censo or

revenue survey, I presume,) and its position.

“(2d.) The quality of the land, whether marshy or
not ; and if the first, whether or not it is capable
of any other kind of cultivation.

“(3d.) If there exist other rice-fields in its immediate
vicinity or not.

“ (4¢h.) Finally, the source of the water which is to be
used for irvigating the land—the possibility of its
drainage or filtration being injurious to the drink-
ing-water of the neighbourhood, either for man or
beast—whether or not it is likely to render the
adjacent lands damp or marshy.
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“The expensc of the survey shall be borne by the

applicant.

“5. The claim and the survey being submitted to the
communal council, and duly considered by them in rela-
tion to the public health, they shall proceed to vote ; and
in recording their decision, they are required to note
whether rice eultivation has ever before been introduced
into their commune or not. If it has been so introduced,
the total area of rice-fields previously existing in the com-
mune must be specificd.

“6. The district commissaries shall forward, without
delay, the original demands, surveys, and decisions, to
their respective provincial dclegations, anncxing details
of any circumstances likely to guide the superior authori-
ties in forming their opinions on cach casc.

“%. The provincial delegations having carcfully cxa-
mined all the documents connected with each case, and
having recorded their opinions, shall prepare a general
tabular statement of the whole, to be submitted to the
I. R. Government not later than the month of Deeember
of the same ycar.”

From the data now given, it would appear that in
Lombardy the sanitary legislation of irrigation is in a
very imperfect state ; that practically it affccts rice culti-
vation alone, by cstablishing certain rules for regulating
its extension, the application of which, in cach particular
case, is determined by the will of the government. The
distances fixed by the law of the 3d February 1809 are
generally neglected ; and T do not think T shall make any
serious error if I state, that at the present moment the
agriculture of irrigation, though nominally restricted by
the existing regulations already quoted, is, under the sys-
tem by which these regulations are administered, really

SANITARY RELATIONS OF MEADOW IRRIGATION. 231

and practically free to extend itself, according to the
wishes, the wants, or the supposed iuterests of the pro-
prietors of the waters.

I am concerncd at present rather with things as they
are, than with things as they ought to be; and I will
therefore postpone the remarks that suggest themselves on
the state of affairs described above, until the experience -
of Piedmont has been examined. Meanwhile, I may
very bricfly give some details, which scem to me to justify
the non-interference  of the government in the case of
marcite and common meadow irrigation. Wy, indeed,
the latter should ever have been interfered with at all,
scems to me difficult to understand.  The meadows are
watered once a fortnight usually. The quantity of water
thrown upon them is equal in its effects to a heavy shower

. of rain, but scarccly more. Means of cfficient drainage

are invariably cstablished under the best of guarantces—
the guarantce of sclf-interest in the valuable surplus
waters, or colafure. Stagnation of the water, even for a
very limited time, is rigidly guarded against, as an imper-
fection most injurious to the crop.  With such provisions
and precautions, it is impossible to conceive that rrigation
can be mischicvous to health ; and the idea that it 1s so
scems to be universally abandoned.

As regards the winter meadows, which are continually
under water, there scems greater room for doubt ; but
even with these, the balance of evidence appears to be in
favour of leaving them free to expand at the will of the
community. In the work on winter meadows by Signor
Berra, to which I have before had oceasion to refer, there
1s a very elaborate discussion on the sanitary relations of
this species of culture. There is no necessity for my giving
this in detail ; but I think an abstract of it will not be
devoid of interest.
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are bulky, but to the general results of which it may be
interesting to advert. I may state, that I find these
statistics, though referring to the years 1816-21, quoted
in the very latest discussions on the preseut subject which
have come under my notice, and I thercfore conclude
that their authority in Ttaly is considerable.

The comparison between the salubrity of irrigated and
non-irrigated districts is made by means of two tables,
which are numbered II. and IT1. in the scries. In No.
ITI. are rccorded the marriages, births, and deaths,
throughout five irrigated districts of the provinee of Milan
during six years; and in No. II. the same data are given
for the same time in ten unirrigated districts.  The causes
and numbers of deaths at different ages are minutely
specified ; and from these, the following general inferences
may be drawn.

The mean population of the irrigated districts amounted
to 69,363 souls ; and the total number of deaths in six
years, to 15,675. The population of the unirrigated
districts was 228,002 ; and the total deaths, 49,335.
The mean annual deaths in the former amount, thercfore,
t0 2612.5; and in the latter, to 8222.5; or, in other terms,
while the annual mortality in the irrigated districts is 1 in
26.6, it is only 1 in 27.7 in the unirrigated districts.”
The difference, therefore, according to Signor Berra’s data,
amounts to only 0.14 per cent. “This excess,” he re-
marks, “ though very small in itsclf, is not to be attributed
to the existence of winter meadows, but to the circum-
stance that in district XI. of Milan, and XIT. of Melig-
nano, therc is a considerable amount of rice cultivation,
which, in its effect on the public health, is unquestionably
prejudicial.”+ I may only farther note, that as regards

* The percentage of deaths in the irrigated districts is 8.75 ; and in the un-

irrigated, 3.61; the difference being, as above given, 0.14.
+ I am always grateful for facts in examining this question; and I may note
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longevity, the tables show that, of 1000 persons dying in
the irrigated districts, 222, and in the unirrigated districts
263, are recorded as laving passed fifty years of age;
while in the former there were 83, and in the latter 111,
of every 1000, above 65 years of age at their deaths.

It is to be observed that, in the irrigated districts
whence the foregoing data hiave been procured, there exist
tracts of marsh land and rice culture, which complicate
the results; but, making due allowance for these, the
general conclusion arrived at, from the statistical details,
is, that districts where meadow irrigation, periodic in
summer, and continued in winter only, is practised, the
public health is so little affected by it as to justify the
government in refraining from all direct interference with
its progressive development.  There is a farther reason
for this, in the fact that the actual amount of marcite
cultivation, though very important, is very limited in arca
as compared with the total surface of the country. The
entire amount throughout Lombardy probably docs not
exceed from 15 to 20 squarc miles ; and considering all
the physical circumstances under which this extent of
irrigation is practised, its being the only irrigation of
the season, and that scason the winter, I certainly think
it is wise to leave the cultivators entircly to themselves ;
and I am therefore glad that the existing legislation, as

affecting these meadows, is virtually dead.

In carrying into effect a comprehensive scheme of
agricultural irrigation, in a region whose physical features
are favourable for it, it is perfectly possible so to combine
the primary object of irrigation with general and local
drainage as to sccure an improvement, rather than to

here, that in the province of Pavia, where rice is more abundant than in any
other part of the country, the annual mortality of the population exceeds, by
8 in 1000, that of the province of Milan. —~BERRA, p. 39,
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cause a deterioration, of the climate of the country. The
government of India is placed at present in this position.
It is introducing irrigation into vast tracts of country,
admirably adapted in all topographical and physical
details to benefit by it ; and as the comprehensive plans in
progress of execution include, as an essential part, the
drainage of all such tracts as are at present in a marshy
state, and therefore injurious to the public health, there
is every reason to hope that malarious influence will be
materially decreased so soon as these various works come
into operation. T belicve the schieme of sanitary improve-
ment, as linked with irrigation, may be carried still farther.
There is not a large town within the reach of the great
canals now in progress—whether in the region between
the rivers Ganges and Jumna, or throughout the populous
districts of the Punjaub, destined to be hereafter the
Lombardy of India—which might not be thoroughly
cleansed and drained through the immediate agency of
their waters. Looking to the fall of the country, there
are very few of those towns which might not be traversed
by a running strcam, derived from and again rejoining
the nearcst canal. The waters of this, after having been
made available for all purposes of cleaning and draining,
might be again utilised for irrigation, at a sufficient
distance to prevent any bad effects ; and thus town and
country would participate in the advantages of the general
system. It 1s in this way that the waters of some of the
great canals of Lombardy have been made subservient to
sanitary purposes in towns; and I cannot better close the
present section, than by giving, as an illustration of this
system, the regulations under which the town drainage of
Milan is effected by water derived from the canal Marte-

sana.
In the historical details connected with the rivers of
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the Milanese, formerly given, T have adverted to that knob
of streams formed at Milan by the junction of the
Nerone, the Sevese, the Olona, &e.  Asin London, so in
Milan, the rivers which once traversed or cncompassed
the old city no longer sce the light of day, but, walled in
within culverts and drains, they form the main scwerage
lines of the modern town,

The city of Milan, as regards its drainage, may be
regarded as consisting of an inner circle, of which the

circumference is formed by the canal Sevese, and of two

exterior concentric zones, the first bounded by the Scvese

and the Naviglio Tnterno, the sccond by the Naviglio

Interno and the town walls.  The inner circle includes

the most ancient part of the city, and is supposed to

mark its limits dwing the elassic period ; the Naviglio
Interno, as may be remembered, indicates the arca of the
Milan of the middle ages, while the exterior line of all
marks the extent of the modern city. The canal or river
Sevese is the principal drainage line, and is entirely
covered in. The Naviglio Interno receives a large amount
of drainage also; but being, as is known, an open and
navigable linc, it is less dircctly subservient to purposes
of this kind. The total supply of water in the Sevese,
obtained by three outlets from the ¢

amounts to 45 cubic fect per
minor sew

anal Martesana,
second. The whole of the
e1s are so connected with the main line as that
they can be scoured into it by the use of this volume of
water ; and these various small streams are rcunited in a
common channel, which, on passing outside the
the name of the Vettabbia, to w
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sewerage is man
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«PrrLE L—Ovganisation of the Society.
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«6. The congregation shall be composed of twelve
delegates and a president, who shall hold his office for
one year. All the delegates first clected shall succeed to
the presidency in rotation, regulating the succession by
the number of votes cach received at the clection.  The

rule of simple seniority to be observed in all subscquent
cases.

“7. The congregation shall meet at the house of the
president once in two months. The provincial delega-
tion, or the president of the congregation, have the power
of summoning extraordinary meetings. The president
shall execute the dccisions of the congregation, unless
members be specially nominated for this purpose.

« " 11 . i 1

8. The ordinary dutics of the congregation shall be
to superintend the drainage canals and their respective
escapes as maimntained by the association, to cause all
?eceisary repairs to be executed, and to issue demands
]qr ttle expenses Incurred.  The president shall commu-
11 i

cate to the engineer the orders of the congregation, in

. . o ’
cas‘e‘a ;)f {'}}ltlratlon, breaches of drains, or other accidents
. e congregation shall deeide § '

. greg ceide in all ¢
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[{3 N ’
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TrrLe IL—Officers of the Association, and their Duties.

«14. The congregation shall be assisted by the follow-
ing officers, at the annexed rate of pay :—

Aust. lire,
1. An executive engineer, at 300,% . about £12
2. An accountant, . e 150, . 6
3. A clerk, . . ... 200, . 9
4. An executive assistant, ... 530, . 21
5. A Chancellor, . ..o 200, . 9
6. A Treasurcr, who shall receive, 1st, An allowance of 5

per cent on all sums not paid within the period fixed
by the congregation for settlement of the annual tax;
2d, An allowance of 5§ per cent on the entire income
of the congregation, whether ordinary or extraordinary.
«15. The exccutive engincer shall be bound to super-
intend, with the aid of the assistant, all the measures
neeessary for the regulation of the drainage ; to prepare the
contracts for clearance and repairs, and to verify the exe-
cution of the same ; to make all inspections which may be
ordered by the congregation ; and, in a word, to give to
this body the full benefit of his advice under all such cir-
cumstances. These shall be considered his ordinary
dutics. The extraordinary duties shall be to prepare, at
the close of every period of nine years, the plans of all
the inlets for each house separately, and the proportionate
rate to be paid by each proprictor; to execute the pro-
jects of new works for the association, and to superintend
the construction of the same. Ior all such duties the
engineer shall reccive extra pay, according to the scale in
force ab the time for the remuncration of the engineers of
communes.
«16. The accountant shall keep the accounts of the

* I presume these are monthly rates; but the original document enters into
no details on this point.
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annual expenditure of the association, shall issuc the
orders for payment, and shall submit to the congregation
an annual account-current of receipts and disbursements.

“17. The clerk shall keep all the records, and shall
dircet all details of internal management.

“18. The assistant shall excreise the immediate execu-
tive dutics conneeted with the works, cffecting the clear-
ances, and regulating the supply, by carcful attention to
the escapes, especially in times of flood. 1Te shall also
watch over thic exact observance of the orders of the con-

gregation, and shall report to the engincer all breaches
thereof.

“19. The chanccllor shall assist at all mectings of the
congregation, shall record its proceedings, and shall regis-
ter the same in a convenient form.  1le shall also act as
secretary and legal counsel, keeping all the legal papers
belonging to the association.

“20. As regards the treasurer—

“(a.) He shall keep by him the distribution list of
assessment decided on by the congregation, and shall levy
the sums specified therein from the parties by whom they
arc due, on warrants signed by the president, one dele-
gate, and the accountant.  The assessment shall be levied
under the rules in force for recovering the direct taxes.

“(b.) Prescribes certain technical rules for recovery of
the assessment, of no general interest.

“(c.) The treasurer shall furnish sufficient sccurity,
shall be nominated by the congregation, and shall act
under its responsibility.

“(d.) He shall be debited with the entire amount of
each rate, five days after it has become due, whether he
has received it or not.

“(e.) In case of opposition to payment of the assess-
ment by one or more proprietors, the treasurer has no
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power to postpone his demand unless he receive a special
order to that effect from the congregation or the provin-
cial delegation.

“(f) In case of objections to the proceedings of the
congregation being found unjustifiable by the superior
authorities, the trcasurer shall levy the amount of all
cxpenses incurred for visits of the engincer, &c., as con-
templated in Art. 26, in addition to the ordinary assess-
ment due by the objecting partics.

“(g.) Requires the treasurer to keep his accounts after
a specified fashion.

“(h.) Gives the congregation full power over the
amount of cash in the treasury.

“21. Authorises the congregation to nominate a mes-
senger.

“TitLE 1IL—Formation of the List of Contributors,
wnd Regulations connected therewith.

“22. The asscssment for the cxpenses of drainage shall
be made at intervals of nine years. At the close of each
period the engineer of the congregation shall inspect each
house having its drains counccted with the Scvese. In
the record of this visit he shall note the guantity and
nature of the drains from each building, the extent of the
frontage, with such other points as may be useful, pro-
curing the countersignature of the proprictors or their
legal representatives to indicate their concurrence. These
latter parties shall be informed that, if they do not attend,
the inspection report of the engineer will be acted on
without farther reference to them.

«23. Dissatisfied proprietors may demand a new in-
spection on paying for the same. .

“24. Tf a proprietor wishes to remove any part of the

drainage lines referred to in the engineer’s report, he shall
VOL. I1. Q
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submit a petition to that effect to the congregation, who
will decide tliereupon.

«25. Every proprictor who desires to avail himself
directly or indircctly of the drainage channels of the
Sevese, shall submit a petition to the congregation, who
will depute their engincer to visit the spot.

“26. When any proprictor calls for a visit from the
engineer of the congregation, except in cases of filtration
or breach of the drains, he shall pay 12 Austrian lre
(about 9s.) to the treasury.

- “27. Requires notification of all changes of proprietor-
ship to be made.

“28. Any person opening a new drain after the publi-
cation of this regulation, without due authority, shall
meur a penalty equal to twice the amount of the assess-
ment for nine years, in addition to payment of the ordi-
nary charge for the drain. The penalty shall be levied
within fourteen days after it has been imposed, unless the
order of the congregation has been cancelled by the pro-
vincial delegation within the above-mentioned time.

“ Drains not constructed according to the orders of the

congregation shall be subject to a penalty equal in amount
to one assessment for nine years. '

« A 3
Tiree IV.—Works conmected 1with the Drainage
Channels.

“29. With the view of nsuring the maintenance of the

1evgls of the canals, profiles in stone shall be established
at intervals of 340 yards, or less if necessary, on which
shall be marked the true depths of the channels.

“30. The clearance of the canals shall be effected

t“iice a-year, at the periods when the canal Martesana is
laid dry.

“31. The repairs of the canal shall be -executed from

.
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time to time as required, the supply of water being pre-
viously stopped.

«392. The clearances shall be effected exclusively by
contract. The repairs shall also be executed by contracts,
at a specified rate for each special kind of work done.

«TrrLe V.—Distribution of the Expense, and Scale of
Payments.

«33. The estimate for the maintenance of the canals
shall be founded on the experience of the preceding nine
years, with such additions as the engineer of the congre-
gation may consider necessary.

«34. The assessment shall be regulated according to the
provisions of Title IV. of the regulation of 20th May 1806.

“35, The distribution of the amount of the assessment
involves three separate elements: Ist, The amount of
the estimate for the expenses of the nine years’ period ;
9d, The divisor of this sum found in the manner ex-
plained below ; and, 8d, The unit of assessment which
results from the division of the first element by the second.

« The divisor of the estimate, which serves to determine
the unit of asscssment, is obtained by considering each
house to have a certain length in metres, according to its
extent of frontage towards the canals, with the quantity
and nature of the drains discharging into thesec.

« In this survey the houses are assessed in two separate
classes : 1st, With reference to the drains, directly or in-
directly, connecting them with the Sevese ; and, 2d, With
reference to their frontage.

«1st. Assessment in Measure by Drains.

Length at which each
shall be assessed.

(@) Principal slaughter-house, . . 20 m. = 66 feet
(b)) Secondary slaughter-house, . 15.. =49 ..,
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Length at which each
.. shall he assessed.
(¢) Dye-houses, cesspools, dairies, chan-

nels carrying the refuse of stables,

and generally all premises not in-

cluded in ¢ and b, . . . 10 m. —= 33 feet

(@) The drainage of a stable for from one
to four horses,

. 5. =16
Do. do. from 4 to 8 do, 10 ... — 33
Do. do. from 8 to 12 do,, 15 ... = 49
And s0 on in the same proportion.
(e.) The drainage of a family wash-house, 5 == 16
A drain from a house occupied by
several tenants shall be assessed at
this rate for each tenant using it.
(f) The drainage of rain-water in courts, = 10
(9-) The same outside, . . . ’ 2 = 64

“2d. Assess y Fr )
ssment by Frontage, according to ancient custom.

(k) Frontage towards the main canal shall be assessed
a,.c;;or(}ing to itu actual extent, if the drain flows out-
side the Louse ; but if une > i \ :

, shall be on double the actlllznlgrxxtw};,lit;; }gorax,:sis\sments

() Frontage on the small canals Vet:u de’ Citt:?g'b" d
San Martino shall be assessed at two-third:nz)fm"t
actual ex.tent when the canal flows past the“ housi::

0 T}i)mi) at twice .th.is pr.oportion if they are under them. ,
e banks draining into the canal called il Traverso di
Porta Tosa, shall be assessed at one-fifth of two-thirds
(or 2-1 5t.hs) of their actual extent, )

(m.) Thfe portions of the canals which cross the main and
ii;;r;gl S:f}?zts shall be asse.ssed on two-fifths of their
wugh hn connected Vfllth the main line, and on
2 s thereof when discharged into the smaller

ranches.

(n.) The frontage of the civic buildings, and those on the

Plazza del .
actua? lei gs}istello, shall be assessed according to their
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(0.) The bridge delle Pioppette shall be assessed according
to its length.

(p.) The churchesand parochial houses, inhabited by private
parties, shall also be included in the distribution list,
and assessed according to their actual frontage.

« The survey and measurement of all the houses com-
prised within the district having been made as above pre-
scribed, the sum total of the frontages, and the lengths
fixed for special drains, constitutes the divisor or second
element for the distribution of the assessment.

« By dividing the total amount of the estimate for the
expenses by the entire length subject to assessment, the
quotient gives the unit, which, applied to each house as
entered in the survey, admits of the distribution list being
finally formed.

«86¢. On the tax being sanctioned by the superior
authority, the distribution list shall be published for
general information. The payment shall be made in three
equal rates, and shall become due at the commencement
of each triennial period, according to specific regulations
to be determined by the congregation.

«87. The distribution list shall be kept by the trea-
surer, and shall be at all times open to inspection by the
members of the association. An advertisement to this
effect shall be published in the Gazette of Milan, and in
this the date of payment of the first rate shall be inti-
mated.  Similar advertisements shall fix the dates on
which the second and third rates become due. The con-
gregation shall farther communicate to each member of
the association the amount of his quota by an appropriate
circular, but the non-receipt of such circular cannot be
held to excuse delay of payment after the date fixed in
the public advertisement.

«38. At the close of each period of nine years, the
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congfeg.ation shall submit detailed accounts current to the
provincial delegation, which shall have power to call for

simil i i
\ ar accounts .at any intermediate time, should such @
step seem expedient.

13
TiTLE VI——General Arrangements.

({4
- iQ. When the congregation considers it necessary to
ak up .the arches or other parts of drains under houses
th.e proprietors shall be bound to give all practicable ai(’l
without claim for compensation. 'The congregation, how-
ever, sh%'m be bound to restore the works tct; tieir o;'i inal
state, .w1th as little delay and inconvenience to the hgouse
proprietors 83 possible.  The latter ought, farther, to be
:;T;); I(1:';1sl.eful in keeping the drainage free from all impe-
« .
greg:‘:)i.o “E};cellft N cases 0? unforeseen accidents, the con-
shall always notify to the municipal authorities

their intention to
open any of the drai . :
streets or roads. d e drains under the public

41. To prevent accidents, the parts of the streets |

under repair shall be incl ithi
: osed within barricad
lighted by lamps during the night. readen,

“42. Repairs sha rec i
e pairs shall be exccuted with all possible des-
eﬁ'ecl:(i{ 'I;h; restoration of the roads and streets shall be
o thealx ; e ex}peﬁse of the congregation of the Sevese
: repairs shall be inspected ’
‘ and "ove

engineer of the municipality. Hl approved afby (¢
. ;l;l Complaints against the proceedings of the con-
fheg 1‘on. of‘ the Seves.e shall be heard and decided on by
Subop;f)Vlnmal delegatlon, to which the congregation 18
b hr 1l\t/;ate, according to the terms of the d:creé of the

ay 1806, which is the basis adopted by the
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supreme authority in reorganising the congregation of
the Sevese.
« MILAN, the 20th December 1836.”

.

T can find no other materials connected with the sani-
tary administration of the canals in Lombardy which scem
to me worth recording. It would lead me into a very
large field were I to cnter upon the legislation of general
drainage, land-improvement, and protection of river em-
bankments, which, in a country s0 profusely supplied with
water, has branched out into very minute detail. But I
must for the present, ab any rate, postpone all discussion
on these points, and be content in Laving given such in-
formation as I could collect on the single subject of irri-
gation, hoping that, though no doubt imperfect, it may not
De altogether useless or uninteresting.
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CHAPTER II.

LEGISLATION oOF IRRIGATION IN PIEDMONT *

SECTION I

ON THE RIGIT of PROPERTY 1N WATER
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1I. No one can establish canals or chaunels for the
introduction of water into his property, either for the use
of mills or other buildings, unless Le possesses a legiti-
mate title to the same, or has obtained a royal grant.”

Doubts having ariscn as to the proper interpretation
of several parts of the patent of 1817, a new regulation
was published on the 14th February 1828, cmbodying
the conditions on which the government right of property
was in future to be exercised ; and as this continues in
operation at the present time, I give it here, in illustra-
tion of the system of disposing of the water in Piedmont.

“ INSTRUCTIONS to the INTENDANTS of PROVINCES
and the AgENTs of the RovarL DoMmaIx, in con-
nection with GraxtTs of WaTER from RIVERS

+ and TorrENTS,

“ All the rivers and torrents of the State are regali,
and belong in consequence to the royal domain.

“ Hence, thercfore, the sovereign permission is necessary
before the waters can be used in any way whatever,
either in agriculture or industry.

“ Sundry statutes and patents formerly published have
hitherto regulated the provisions for grants; but as it is
desirable to cstablish one uniform rule of procedure in
such cases, the Secretary of Finance, whose duty it is to
obtain the royal sanction to proposed grants of water, has
decided that in future the following orders shall be
observed :—

“]I. Parties desirous of obtaining grants of water
from the regal rivers and torrents, whether for irrigation
or the movement of machinery of any kind, ought to
present to the intendant of the province where the head
of the proposed derivation is situated, petitions addressed
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o H M., and authenticated by the signatures of the
Pet‘:tit}ne;?, or by those of a notary and ac()lvocate
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shall depute the official engineer of the province to visit
the spot at a specified time, to investigate the practicabi-
lity of the project, and the propriety, or otherwise, of
carrying 1t into effect ; as also to decide on whatever
precautions or modifications regard to public or private
interests may require.

« V. The visit ought to be preceded by a public notifi-
cation of the claim within the limits of the district
specially interested in it.

«If the claim and the works proposed are in any way
connected with the interests of more than onc district, the
notification should be made contemporaneously throughout
the whole.

« V1. The order of the intendant for the notifications
should contain a brief summary of the nature and extent
of the proposed works, and an invitation to all parties
interested in them to be present at the time appointed
for the visit, when they can explain their views either
verbally or in writing.

«VII. The report of the official engineer ought in all
cases to furnish full and clear details on the following
points :—

“(1st.) On the quantity of water to be taken from the
river, and the special use to which it is to be applied.

«(2d.) On the form and dimensions of the head (ém-
boceatura) to be constructed | being careful to note that
the provisions expressed in Art. 16 of the regulation of
the 29th May 1817 are rigorously to be enforced.™

# 1 may give these here:—

« Ayt 16. All proprictors, tenants, ov employers of water-courses, are bound
to maintain the head works in an effective and satisfactory condition. They

are personally responsible for whatever damages may befall neighbouring pro-
perties, unless they can prove that these arose from causes over which they had

no control.
«The aforesaid proprietors or employers are farther bound so to regulate the

supplies of water, as that in time of flood they shall not exceed the capacitics
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“(3d.) On the directions, heights, lengths, form, and
mode of construction of the dams required to raise the
water.

“(4th.) On the precautions to be obscrved by the
grantee when the supply is obtained by mcans of tempo-
rary dams, (chiuse instabils,) in replacing the same after
floods. Grantees being generally inexpert and caveless
in hydraulic operations, a matter so important as the
preceding should not be left dependent on their wills, but
definitive measures should be prescribed, whereby the in-
juries likely to be caused to the beds of rivers or torrents,
by badly-constructed dams, may be guarded against.

“(5th.y On the capacity and slope of the canal for the
passage of the water.

“(6¢h.) On the means and precautions to be adopted
to insure the regular execution of the works—to restore
(when such is possible) the water to the stream at a
lower point, and to protect all parties from damage by
overflow of the canal or otherwise.

“(7th.) And finally, the official engincer ought to de-
tall any local peculiarities which may have influenced his
opinion.

“ With such information before it, the Permanent Con-
gress of bridges and roads (to which the project will be
referred) can better demde on the propriety of sanctioning
its final execution.

“The various documents above referred to shall be
attached to the royal patent authorising the grant, in
order that both the administrative and judicial authorities
may always have the means of ascertaining precisely the

of their respective canals. Adequate cscapes for the excess of water under
such circumstances shall be constructed, under penalties for each offence vary-
ing from 10 to 100 lire, (from-about 8s. to £4,) in addition to the cost of
repairing the injuries caused.
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terms of the said grant, and of restricting the grantee
within the limits of the same.

“VIIL On the receipt of all the papers connected
with the case, the intendant shall forward the same to the
agency-general of finance, with his own opinion upon them.

“1X. So soon as the agency-general rcceives notice
from the secretary of finance that the royal patent for the
grant has been signed, it will communicate without delay
with the intendant, who will transmit the information to
the official enginecr, to the syndic of the district, and to
the petitioner, requiring the latter to procure the aforesaid
patent from the secrctariat of finance, and to pass it
through the offices of the ageucy and the chamber of
accounts, within the space of four months, under pain of
forfeiture.

“X. The receiver-general shall be supplied with the
necessary instructions to enter the patent in his list, and
to arrange for the recovery of the annual water-rent.”

The Civil Code of Charles Albert, published in 1837,
confirms the provisions of the preceding enactments on
the right of property in water. The articles connected
therewith are the following,—those portions of them
which do not concern the present subject being omitted :(—

“Art. 420. The . . . . . rivers and torrents,

and generally all those portions of the
tcmtozyof the State which cannot become private property,
are considered as dependencies of the royal domain.

“ Art. 431. The provisions of articles 425, 429, and
30,* do not apply to property adjudged to the royal

* These articles guard the rights of the crown from any infringement, and
prescribe certain formalities to be observed by all parties obtaining grants
which in any way affect these. They are not connected with my subject,
except remotely, and it does not appear necessary to translate them.



954 - PRIVATE RIGHTS TO WATER.

agency, or received by it, in payment cither of taxes or
any other dues. Nor, finally, to grants
of water belonging to the royal domaiv, nor to any
exchanges of these waters which may be made.

“The alienation or grant of such property as is specified
in this article is subject to special rules. 'This alicnation
or grant ought always to be approved of by the chamber
of accounts, the procurator-general having first been
heard. Without this sanction, the alicnation or grant
becomes null and void, and the chamber is charged to
guard against any prejudice cither to the crown or to any
third party.”

The “special rules ” adverted to in the latter part of
the preceding article, in so far as grants of water are
concerned, have already been given, and I have found
none of any later date than 1828,

The extent to which private individuals can acquire a
right of property in water is defined in the following
articles of the civil code, Title 1V. Chapter T :—

“ Art. 555. He who has a spring on his lands can use
the same at his will, saving the right which the proprictor
of the lower land may have acquired by title or pre-
scription.

“Art. 556. The prescription in this case can be acquired
only by an uninterrupted enjoyment during the space of
thirty years, calculating from the moment when the pro-
prietor of the lower land made and finished on the upper
land visible works, designed, and which have actually
served, to facilitate the descent to, and the passage of the
water through, his own property.

“ Art, 557. The proprietor of the spring cannot change
its course when the water necessary to the inhabitants of
a commune, village, or hamlet, is obtained from it ; but if
the inhabitants bave neither acquired nor prescriptive
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rights to the water, the proprietor may demand an
indemnity, which is regulated by the tribunals, on the
report of professional men, (@ giudizio di periti.)

“ Art. 558. Any one whose land borders on a stream
flowing naturally, and without the aid of works exe-
cuted by man, and which has not been included
among the rivers, streams, and torrents, declared in
Art. 420 to be the property of the royal domain, may
make use of it during its passage for the irrigation of
his property.

“Any one whose property is intersected by the same
stream may make use of it within the limits of lis own
land, with the obligation, however, of restoring the water
to its natural channel on its passing beyond the boundary
line of his estate.

“ Art. 559. In the event of any dispute arising between
the proprietors to whom such waters could be useful, the
tribunals, in deciding, ought to conciliate the interests of
agriculture, with, at the same time, a due regard to the
right of property. And in all cases the local and special
rules which regulate the course and use of the waters
ought to be observed.

“ Art. 560. Every proprietor or possessor of water
may make such use of the same for himself as may seem
to him good, or he may dispose of it in favour of other
parties, provided always that no title or prescription
exists to the contrary; but after having used the water
himself, he is not at liberty so to dispose of it as to
cause it to be lost, to the injury of lands at lower levels,
which might have benefited by it, without causing any
backwater, or injuries of other kind to the superior
employers. Whoever may desire to avail himself of the

water referred to is bound to pay a fair price for it,
whether the supply be derived from a spring existing in
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the superior cstate, or from a strcam introduced by special
grant.”

From these extracts, it is to be observed that the same
general principle regulates the Piedmontese and Lombard
legislation, in so far as private rights to water are con-
cerned. The springs which rise, cither by hydrostatic
pressure to the surface of the ground, or are found
beneath it by artificial works, belong to the individual
proprictors of the soil. These sources of supply bear
the same relation to the natural watcr-cowrses of the
country as the irrigating wells of India do to the st'rcam's
and canals there. While every proprietor can dig his
well where and how he chooses, he is prohibited from
using the stream which flows past or interseets his land,
without the speeial permission of the government. I
ought, however, to say, that both in Northern Italy-and
Northern India this is rather the theory than the actual
practice in the case, for there are instances in both
regions where, perhaps in remote places, in mountain
valleys, or like localitics, the running strecams have been
used for ages by the inhabitants without let or hindrance,

\or acknowledgment of superiority of any kind. The
framers of the Albertine code, wiscly respecting rights
founded on immemorial usage, include all such cases
under Arts. 558 and 559, which seem to be most judi-
ciously adapted to the peculiar circumstances under which
these exceptions to a general rule have arisen. The
local customs which have grown with the growth of the
system of irrigation, and have consequently the support
of experience and familiarity, are prescribed to the tri-
bunals as their chief guides in the case-of disputes ; the
interest of agriculture and the right of property are to
receive each its due consideration; and the benefits of the
stream are to be distributed as fairly as possible among
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its common employers. Should the government of India .
ever be led to legislate on irrigation in detail, I have no '
doubt that the same regard will be shown to rights which |
have grown up during centuries of use, and in dependence !
on the stability of which, various hydraulic and agricul-/
tural works have been cxecuted by the proprietors of the,{
lands adjoining the streams. I am indeced bound to say
that, in some instances of this class which came under my'
own observation, wherein rights founded on usage of no
great antiquity were interfered with, the amount of com-
pensation granted was most liberal, and I am certain the
same spirit will characterisc all future dealings with the
interests of irrigation.
Art. 560 involves a principle so important, that T may
advert specially to it for a moment. There are strange
tales told of water-feuds in Piedmont—of proprietors of
springs, or grantees of canals, who, to injurc neighbours
with whom they had standing quarrels, have wasted utterly
the water by which the properties of the latter might have
been benefited. A curious anecdote in illustration of this
point is related in M. de Buffon’s work, (vol. iii. p. 301,)
which I may give here. The relator is the Count de
Cavour, the present minister of finance in the cabinet of
Sardinia. “ I have had under my own observation,” M.
de Cavour remarks, “ an example of the abuses which
Art. 560 of the new code is designed to prevent. In
1832, the Marquis of St G , farmer of the canals of
the Verccllese, having quarrclled with his neighbour, the
Marquis Pal——, persisted, during eight consecutive years,
in throwing into the river Po two ruofe (about 24 cubic
feet per second) of water, for which the Marquis Pal—-
offered to pay him 12,000 francs (about £500) a-year.
To satisfy a personal antipathy, M. de St G con-

sented to sacrifice nearly 100,000 francs, (about £4000,)
VOL 1L R
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causing, at the same time, a loss to the agriculture of his
country of triple this amount at the least. The new code
puts an end to a state of affairs so dcplorable. 1t
required, however, a decision of the senate of Turin, based
on Art. 560 of the code, to compel the Marquis of St
G to have his revenue increased by £500 a-year !

“ This same Marquis of St G ——, wishing to force the
commune of T— to submit to an arrmwen?cnt which it
rega.rded as oppressive, refused to allow tl?c surplus waters
of his vast domains to flow into the lands of this district,
although he was offered 6000 francs (about £250) a-year
for them. He preferred throwing them, for two years,
mt.O the Po, to his own loss zqu to the injury of his
neighbours, ’

“ Marquises of St G——— arc scarce, it is true ; but as
they are not impossible, the law does well to deprive them

of the means of injuring people less rich or less powerful
than themselves.”

: I thmk. f.ew. will dissent from M. de Cavour’s conclu-
2?1?; for if it is ever necessary that a man should not have
dutigswoi'r to do ‘what he likes with his own, or that t'he
right Prop.elt.y should be enforced equally with its
ghts, surely it is when the very sources of agricultural
P'rolgress are cgn'ccrncd. I think, therefore, that:: ¢he prin-
gli:urzg r:qunimg Loy Pl'O.priet,m. of water, however
eQuita.ble’ t(:zrrgsace ;t a}t the disposal of his neighbours 0B
supplied, is Onc’ fa t(.n hfs own wants have been fully
it : of great importance in the legislation of
gation, and well worthy of adoption by us in those
regions in the East where great canals are in progress. 1
may only'r farther remark, that the anccdote just related
gives point to the objections I expressed in my personal
!;)a:rratwe to the system of farming the royal canals of
ledmont to private individuals, who, with personal anti-
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pathies to gratify, or personal interests to enforce, will
inevitably find the means of doing both in the great
powers with which they are invested.

Eastward of the Scsia, the right of property in the
rivers and torrents, appertaining to the State, is exercised
solely for general supervision and control. The whole of
the waters of the streams flowing between the Sesia and
the Ticino have been alienated from the State under
ancient grants of ancient kings or dukes, and are possessed
cither by associations or individuals. The revenues are
appropriated by these parties to their general or particu-
lar benefit ; and the State claims only to have all internal
regulations submitted to its inspection, and enforced only
after having reccived its approval. On all the royal
canals in the Vercellese and other provinces, the right of
property is fully exercised, and the revenues become part
of the income of the kingdom.

The holders of ancient grants in perpetuity have occa-
sionally asserted an absolute right of property in the
water thus granted to them; but the legal tribunals have
invariably rejected such claims, on the ground that the
grants were made for the general good of the country, as
much as the special advantage of the grantees. The large
canals Mora, Busca, and Biraga, derived from the Sesia,
Liave been held by grantees since the close of the fifteenth
century. On these works a very large portion of the
irrigated land of the province of Novara is dependent,
and the outlets are held under annual leases continually
renewed, Farther to the southward, in the district of
the Lumellina, water is less abundant, and therefore bears
a considerably higher value. This latter fact led the
grantees of the canal Mora to attempt, about the close of
the last century, to discontinue the supplies which had
been furnished for centuries to a mumber of proprietors
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near the head of the canal, with the view of carrying the
water thus obtained to the southward, and there renting
it at higher rates. To this project very decided opposi-
tion was naturally enough offered by the parties whom it
was thus proposed to ruin. It was held by them that the
annual agreements were intended simply to regulate the
manner of obtaining the supply and the amount of rent
to be paid, but that the grantees of the canal had no
right to deprive them of the water they had so long
enjoyed ; that the very terms of the original grant itself
were opposed to such a course, since they specifically
state that « the good of the country” was as much the
motive of the grant as the advantage of its holders ; that
in this faith they and their ancestors had, at great cost,
constructed aqueducts and many other works in brick and
stone, which would become utterly uscless ; that they had
broken up, cleared, and levelled the ground in such way,
that it could not rcadily be adapted to dry cultivation ;
thafa they had invested a large amount of capital in these
various operations, which would be thrown away; that the
p1:0v1nce, now rich and fertile, must become wretched
without water ; that, finally, their lands had all been

- taxed at the high rate fixed for irrigated estates, and that

to sustain the claim of the granteces would entail an
enormous loss to the royal treasury itself. The casc was

; carried before the senate of Turin, which, by a decrce
- under date the 13th April 1787, decided that the pro-

prietors of the canal should continue to give to the
employers of the water those volumes which they and

| !;heir foref"athers had so long enjoyed, pending the farther
1nvestigation of the case; and the employers were called

upon to submit evidence in support of the reasons on
‘which their opposition was founded. The suit was, how-
ever, pursued no farther ; the grantees of the canal aban-
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doned their design, and the employers continue to enjoy
their ordinary supplies of water at the present day. The
question was renewed by the grantees of the canal Biraga,
between 1826 and 1830 ; and M. Giovanetti, from whose
work I have derived the above details, states it was to
himself that the employers of the canal were indebted for
a series of definitive decrees by the senate of Turin, under
dates the 22d December 1826, the 30th November 1827,
and the 6th of March 1830, by which their claim to
water, so long as they paid the established price for it
was finally confirmed, and all fears of their being deprived
of the benefits of irrigation, by individual caprice or self-
interest, were set at rest. In 1838, the grantees of the
canal Mora returned to the charge, but were defeated by
a decree of the senate of Casale, dated the 16th December
of that year. The temporary effect of these decisions was
to create an impression that no employer holding a term-
lease of an outlet of irrigation could be deprived of it, so
long as he paid the price for the water. Subsequent
decrees of the courts, however, showed, that unless such
outlets had been held for long periods *—had been estab-
lished and maintained during these periods at considerable
expense—had been accompanied by other agricultural
works—and that no special agreement to the contrary
existed between the proprietor of the canal and the lessee
of the water—temporary leases were revocable at the will
of the former. M. Giovanetti mentions, that he proposed
to the commission on the civil code, to define and estab-
lish the principle involved in the decisions of the courts
above referred to, (technically termed i/ diritto dinsis-
tenza—Ie droit dinsistance,) and that it was accordingly

* The senate of Turin proposed a period of twelve years' uninterrupted
enjoyment of water, under a temporary lease, as sufficient to give the lessce a
right to the continuance of his supply, so long as he paid the fixed water-rent.
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introc'luced into the first draft of the code. The scnates
of Nice, Savoy, and Turin, approved of the pl‘inciplc,
only altering the terms of expression ; but the Chamber
of A(?counts and the Senate of Genoa demanded its sup-
~bression as incompatible with the right of property. The

commlss:mn on the code adopted the latter view ; and the
two articles defining the right were

“ This suppression, however,” says M. Giovanctti, « can
have no prejudicial influence on existine dcrivat’ions of
water, since for them the law hag alreudy%ccn fixed; and
for new ones, cach lessee will take lLis own lllCﬂSllleS to
secure the permancnce of his lease for such term ay suits
his w?mts.” Practically, that system which T have hefore
described as obtaining in Lombardy holds good in Picd-
n}ont ; and a landed proprietor may obtainba lcase of a
glvel‘l quantity of water, cither in perpetuity, or for a
spefllijed term, on paying the current price for the same.
0 94" T s s e e e
in India, between canals draw pending as t!ns .moment
rawing their supplics from the

same river i .
legislation ,og HPYVI:;Ch the principles recognised in the
iedm . .
ont have a direct bearing.  The

i;‘;‘“gi; 1111501.1 w}lnch the decrees of the senates of Turin
Mora an‘d ’Billr.lwt 1¢ cases of the employers of the canals
with equal foi.z::’ tWerel f011.nded, apply, mutatis mutandis,
Jumna in India Io the like cases of the canals of the
regarding the 1:o 1 coming, therefore, to g final decision
allotted ?0 eacI})l If)Ortlon of the volume of the river to be
n {ime betweenoﬂ thle two canals fed by it, the relation
on each bank ftlle fiases. of th? employers of the water

OL the river is a point of the highest impor-

tance. i .
cupplics flf;) it should unhappily be necessary to reduce the
W granted to any of the cultivators, it is equi-

table that the mogt recent among them should give way

accordingly struck out.

RIGHT OF PASSAGE FOR WATER IN PIEDMONT. 263

to the older, who have prescriptive rights of longer stand-
ing, invested capital of larger amount, and obligations to
the government of greater extent. This is no place to
express at length my views on a question of merely local
interest, and I make this brief allusion to it, because it
has been present to my thoughts while preparing the fore-
going details ; and as I have found that the consideration
of thesc has been useful to myself, I venture to think they
may also be useful to others interested in the matter.

SECTION 1L

ON THE LEGAL RIGHT OF PASSAGE FOR WATER IN PIEDMONT.

In the sketch of the progress of the legislation of irri-
gation given at the commencement of the present Part, I
have traced in sufficient detail the introduction of the
right of passage for water (i diritto d’acquedotto) into
the legislative system of Piedmont, anterior to the code
of Charles Albert. I may now, therefore, proceed at
once to the examination of the right as dectailed and
defined in that code itself, or as explained and amplified
in enactments posterior thereto.

The sccond chapter of Title IV. Book II. treats of ser-
vitudes on land established by the law ; and Section V. of
that chapter is devoted to the right of passage for com-
munication and for water, as connected with agriculture,
industry, or general improvement.

It is with the right as connected with the use of water
only that I have to do; and I will now give translations
of those articles of the code which specially affect it.
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“SECTION V.—Of the right of Passage for Wauter.

_ “Art 622, Every commun, university, or individual,
is l.)ound to give a passage across their lands to water
d.erlved .from rivers, springs, or any other sources, by par-
ties llaV}llg a legal right to the samec, and wishing to
;mploy it for 1r1:igation, or for the use of hydraulic works.

arm-houses, with tle courts, thrashing-floors, and gar-
del‘ls attached to them, are excepted fl‘O;l this 1,*ulc.

“Art. 623: The canal required for the water shall be
:}):scrl;;c]i sfntlrely at the expense of the party claiming
o ot o tﬁzs:‘a'g;, and he shall have no title whatsoever
N 4‘1. bassage through canals previously 1

nee, and destined for the use of other waters. The
proprietor of any farm, however,
rying water of which lLe ig the leg

may pr . .

by yolf)rlecrcnt the opening of a new canal on the said farm,

throuohl ut]l% to 81V a passage to the water of another
© ¢ pre-existing channel, always provided that

this can be don .
.. ¢ without manifest injuy rt
clalmlng the right of passage. mjury to the pa y

“Art. 624. It is also

4 permitted t y T0SS
existing canals and wuch mamor 10
be most expedient ap

(tlter-courscs, in such manner as may
to the condition of | b-CdSt adapted to the locality, and
. 1e said ¢ .

18 mecessary that tle & canals and water-courses. It
the above-

wherenpon a canal car-
al owner already exists,

mentiox dWo:-k.s which may be constructed for
1ed object shall po4 stop, check, or

accelerate, or i
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volume of’ the wat n)é Otl-l > vy chaugo the course or the
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) aITying water ; ot
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roads, or across rivers op tor s public or distr!
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water whereof he is the proprietor is sufficient for the
purpose to which it is destined ; that with reference to
the circumstances of the neighbouring farms, the slope,
and the other conditions of the channel, the course, and
the free escape of the water, the line of passage demanded
by him is the most convenient, and, at the same time, is
that which will cause the least possible injury to the
estates affected by 1t.

“Art. 627, The party desirous of carrying water across
the land of another is bound to pay in advance, and be-
fore the construction of the canal is commenced, the esti-
mated valuc of the ground to be occupied, without deduc-
tion of the land-tax, or any other burdens which may be
inherent in the soil, together with one-fifth of the said
value in cxcess, and also compensation for immediate
damages, including those due to the division of the estate
into two or more parts, or any other deterioration which
way follow on the intersection of the land.

“In cases wherein the right of passage is claimed for
any period less than nine years, the amount to be paid
by the claimant shall be limited to one-half the value of
the land occupicd by the works, with the fifth in excess,
and compensation for damages as above detailed. The
claimant shall further come under obligation to restore
everything to its original state on expiry of the term
agreed upon. If the party who has obtained a temporary
right of passage should desire to change it into a perma-
nent one, the payment of the half value of the land, and
the other terms anncxed to the former, shall not be taken
into account in settling the conditions of the latter.

“ Art. 628. Any one availing himself of the offer made
in terms of Art. 623, to allow his supply of water to flow
through the canal of another, is bound to pay, in propor-
tion to the volume of water introduced by him, his share



266 DETAILS CONTINUED.

of the value of the land occupied by the works, of the
flxiess a.nd compensations as above fixed, and fzn"ther, to
meair:g;nz; CZhe szme proportion the charges for repairs,
ducti ’ an. every other expense which the intro-
Y Xn of the said water may have rendered nocessary.

the ;}tl-tiif). In the event of thfz party who has obtained
siring to incf;ssagel for a certain quantity of water de-
first that Li se the same: ¥10 shall be bound to show
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or below them respectively, by the stagnation, or by the
return, or by the change of course of the said water.
Whoever, by neglect, may cause any damage in these
ways, shall be bound to repair the same, and farther, to
suffer such punishment as may be established by the
regulations of the rural police.

“Art. 633. In cases where the waters flowing for the
benefit of individuals prevent the adjoining proprietors
from passing freely to their estates, or check the circula-
tion of water in the irrigation or drainage of these, the
parties benefiting by the water are bound to construct
and maintain in good order the bridges necessary for
inter-communication, in a sure and convenient manner.
They are farther bound to construct and maintain such
culverts, aqueducts, and other like works, as are required
for the free progress of irrigation or drainage, saving an
agreement or legitimate title to the contrary.”

The preceding eleven articles define very clearly and
distinctly the right of passage as enjoyed in the irrigated
districts of Piedmont ; but Lefore making any remarks
upon them, there are some other portions of the code
which are intimately connected with the present question,
and which it will be most in order to give now.

The right of passage for water is regarded in Piedmont
as a simple servitude, involving no right of property in
the land occupied, and giving to the party exercising it
uo other claim than to mere transit for the water belong-
ing to him, under such conditions as may make it effective
to the end contemplated. It is so defined in the follow-
ing articles :—

“ Art. 640. The servitude of taking water by means of a
canal, or other visible and permanent work, for use in
agriculture or industry, or for any other object, is included
among the number of continued and apparent servitudes.
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“ Art. 654. The establishment of a servitude is held to
involve the grant of everything necessary to its use.

“Thus the scrvitude of obtaining water from the spring
of another involves necessarily the right of passage.

N Art. 663. The right of passage for water does nob
give to the party exereising it any right of property,
eltkfer in the land at the sides, or forming the bed of the
Spring or water-course ; and the land-tax, with all other
bu.rdens attached to the soil, shall be horne by the pro-
prietor of the aforesaid land.”

¥n examining the whole of the preceding articles, the first
point to which attention may be dirceted is, that the right
of passage in Piedmont hLas been made applicable, not
only to water directly employed in agriculturc and indus-
t?‘y, but also to the waters of marsh lands or other locali-
ties, where their existence would be injurious to the public
health or interest. Tt is hold that the drainage, or the im-
g;oivsg:iii by the1 process of warping, of such localities, has
inferior to et%ntt lefg.en(‘aral'goo(.l of the community searcely
Drepared 4o ia. 0 1r1:1gatlo.n 1ts.clf ; and that he who 18
 swamps into f:alr:('}ISt ﬁhlS ca.pltal in changing miasmatous
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tained presi’r. The mtc%ests of those wlo may have ob-
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» Which remain after the first irrigation
effected, and the interests of tenants of
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land under temporary leases are secured by Art. 627 in
a manner peculiar to Piedmont. This latter arrange-
ment, whercby tenants possessed of capital, and willing to
invest it in the improvement of their farms, may obtain
the right of passage for any period less than nine years—
which by the custom of the country is the usual limit of
leases—is one of the highest practical value, and exercises
a powerful effect on the general progress of agricultural
improvement. It may therefore be said that in Piedmont
the legal right of passage for water has received its most
comprehensive application ; that the free circulation of
those waters, on the use’ or due control of which the pros-
perity of the most productive portions of the kingdom is
entirely dependent, has been secured by the most liberal
arrangements consistent with a due regard to the rights
of property.  Public opinion cordially sustains this liberal
policy ; the genius and traditions of the people, the agri-
cultural customs which have taken root among them, the
experience of the past, and a clear apprehension of their
true intercsts, have all co-operated in securing a general
approval of the provisions of the civil code in the matter
of the right of passage for water. It is clear,” says M.
Giovanetti, at the close of his elaborate examination of
the present question, “ and it may be frankly stated, that
in Northern Italy the right of passage has received the
most solemn sanction, popular, political, and legal.”
Having thus adverted to the comprehensive application
of the right, I may next notice the guarantees to property
by which its exercise is accompanied. Among these the
first is, the protection afforded to all farm-buildings, and
the land specially connected with them. The propriety
of this exception has been questioned, on the grounds that
the sole line which a water-course could take might be
through such lands ; that the proprietor of a farm-house,
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garden or court attached to it, was sufficiently protected
by the obligation imposed on the claimant of the right of
passage, to prove that the line sclected by him was the
most convenient, and the least injurious to the cstates
affected by it ; and that the tribunals could, by ordering
the canal to be covered, or by other appropriatc measures,
prevent any real inconvenience to the occupants of the
farms. The Legislative Commission, howcver, was not
satisfied with these rcasons, and the code accordingly
maintains the cxceptions adverted to. Tt is possible, buts
in a region having the physical features of the valley of
the Po, certainly not probable, that inconvenicnce might
result from the determination of the commission.

The vexed question of the right of passage through
Pfeviously existing channels has Dbeen very A judiciousl,Y
d_lsposed of by the Sardinian legislation. To. have con-
tinued this right to the possessor of water in the absolute
manner established by the ancient legistation of Picdmont,
would, as experience had already shown, have led to con-
stant and harassing disputes. The cdict of Charles
Emanuel 111, published in 1770, and on which the right
iai;fiasrl’itiag .t(; r:x(rla; fou]ndod,-hafllboer} followed Ly 1-cpcat'cd
doniid ;11 crlsels)ouig 1the judicial trilbun.als had P(?ccssal'll)’
sonte of Tu;in ha(lll accor(.lance with 1ts. pl‘OVl.Sl?IlS, thi
the law was one of especially ?ccordcd }ts opimon thad
that there was :&xcargerlemt Severlty, e is sflso 1-9cord0
results of the union in Zhever b onglo caso in which {12
division of the water beloz Lome canal ;.md the subsgqucllt
were satisfactory to both gln}gl o two. difforent; proprictor
right of the proprietor of: tl T n the now codo,
: }fr ough pro-cxisting samal, e Water to demand a passage
first paragl‘aph of Art 623 ISBSpecml'ly abrogate.d by t}le
in which it would bhe 1:uinou.s t o amces mlghf: fmse

0 an estate to be subdivided
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farther by canals, its proprietor has the power of prevent-
ing this under the second paragraph of the same article,
by offering the use of the channels already in existence,
always provided these can be employed without notable
injury to the other parties. It is not often that this
power is acted upon, for there is a general impression
against mixing waters; but when special cases arise, to
which, by mutual consent, it is fairly and conveniently
applicable, it is well to be able to employ it.

To prevent the claim to the right of passage being
made under fictitious circumstances, the claimant is bound
to prove, by reference to professional opinion, that the
quantity of water he has to dispose of is sufficient for the
object contemplated, whether in irrigation or for ma-
chinery, and that all the conditions of his channel are the
best practicable. There is much more minute care taken
in the existing legislation of Piedmont, to secure at once
the efficiency of the works and the minimum of injury to
the land on which they are established, than in that of
Lombardy. Experience had shown in the former country,
that parties frequently excavated a small well or spring
on land belonging to them ; and though the quantity of
water derived from it was very trifling, they claimed the
right of passage through irrigated fields, or in the vicinity

of previously existing canals, with the view of drawing

from these sources an additional supply at the expense of
their neighbours. It was to put an end to such proceed-
ings that Art. 626 was framed by the commission on the
code as it now stands, and it contains all the guarantees
to property which could well be given in the cases
referred to.

I may next remark, that the details of compensafiiou
for land occupied as fixed by Art. 627 seem very just
and clear. The full value of the ground, estimated with-
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to all concerned with such points, that to increase the
volume of water carried by a’channel whose dimensions
have been fixed for a smaller quantity, may entail seriously
mischicvous results, as, in fact, the conditions of the pro-
blem are all changed by the change of this most essential
element. Hence the code forbids any augmentation to
the discharge of a channel without a previous investiga-

“tion by qualified parties, who must ascertain that its capa-

city is sufficient, and that no injury will be caused to
others, In practice this article has a large range; it
affects the whole of the works of a canal, as none of these
can be changed—no aqueduct, for example, can be sub-
stituted for a culvert ; no passage under for onc over the
water-course of another party ; and so on,—until it has
been established that the proposed change is an innocent
one, or, if it be not, until due compensation for the injury
it will cause has been scttled and paid.  And if the quan-
tity to be added to the old supply is so considerable as to
require an culargement of the channel and additions to
the works, the whole of the precautions and provisions
established by Article 627 have to be observed, as though
a new passage were being negotiated for. The interests
of both parties concerned arc thus equitably adjusted.

The other provisions of the code do not seem to call
for any special remark. The reservation of anterior
rights in all new grants of water belonging to the royal
domain, the obligation on all proprietors of water to main-
tain their channels in perfect repair, the rules for the dis-
tribution of expenses among joint proprietors of the same
water-course, the maintenance of the means of intercom-
munication which the exercise of the right of passage may
interfere with—are all just, clear, and practical details,
of which a simple record is sufficient, and on which it
would be tedious to dwell at length.

VOL. L. $
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The foregoing provisions of the code on the right of
passage apply exclusively to the construction of Tzanals
elonging to private parties, There are works of the
same order, however, which, as affecting larger interests,
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of provinces, and of communes. Such works, and the
property to be taken possession of in execution of the
same, shall be determined under Article 441 of the civil
code, by letters-patent issued under the advice of the
council of state.

“ Art. 2. Works executed by associations or single
individuals may also be declared of public utility by
appropriate letters-patent, whenever their importance, or
their influence on the development of the general pros-
perity, is such as to warrant this character being attri-
buted to them.”

The declaration that any particular works are of public
utility, relicves them from the conditions preseribed in
Articles 626 and 627 of the civil code, and brings them
under those of Articles 441 and 442. Hence the land
occupied by canals of this class becomes, on payment of
an amount of compensation—to be agreed upon between
the parties, or decided by the legal tribunals—the absolute
property of the associations or individuals to whom the
canals belong. The passage of the water is not effected,
as in purely private works, by a right of simple servitude,
but under a forced sale of the ground occupied by the
channel. Articles 11 to 47 of the patent of the 6th April
1839 are devoted to defining clearly the terms of this
sale when it can be effected by amicable arrangement
under the sanction of the intendants of the provinces.
The general object is to grant a just compensation for the
ground occupied, or the injuries unavoidably caused by
the works, but nothing more; no excess as in private
cases, but the simple value of the soil, estimated on the
basis of the actual returns for ten years preceding the
period of forced sale, or on other similar data. Articles
48 to 70 prescribe the rules to be followed by the tri-
bunals in the event of questions of compensation being
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kind which is undertaken by these bodics. Thus, for
example, should a commune construct a house, a mill, or
a work of any kind, designed for the improvement of its
own lands, or the increase of its own revenues, it is to be
regarded in such cases merely as a proprietor, since there
are no larger interests involved than those of any private
‘ndividual undertaking works of the same class. The
object is too limited to involve the idea of public utility
as understood by the legislature. But whenever the limit
of simply private interest, whether ju the case of corporate
or individual proprietors, is passed, and the work is de-
signed for public use, the declaration of public utility may
be claimed without reference to the special nature of the
work.

« Therefore, canals and water-courses, provided they
Lave a faterial influence on the public advantage, become
included among those works on behalf of which the de-
claration of public utility may be made.

«Tn fact, although the civil code has established certain
special rules for canals and water-courses, with the view
of facilitating their construction by private parties, 1t does
1ot thence follow, that, when they present all the charac-
teristics of other works of public utility, the benefits secured
by the laws to such works should be denied to them.

« Tt is accordingly to be concluded that, when projected
canals possess the characteristics of works of public utility,
they shall be so declared, with the view of applying to
them the provisions of the law on dispossession.

« But, on the other hand, when the canals and water-
courses are projected with a view to private interests only,
Articles 626 and 627 of the civil code shall be applicable
to them.”

In reviewing the foregoing details, it appears that in
Piedmont, canals of imigation, in 80 far as the right of
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aritics might require. The great canals of supply in
ndia, and the chief distribution channels which affect
iterests of considerable extent, might take their places
mong works declared of public utility by the local
overnment, and have the right of passage on terms ana-
»gous to those prescribed for such works in Piedmont ;
ile the water-courses of village communities or private
roprietors might have the same right, on terms more
\vourable to the owners of the land occupied. At pre-
ent, however, I do not wish to enter into details on these
oints ; nor perhaps is this the proper place or time to do
o. T carnestly commend the principles which arc to be
ound in the Piedmontese legislation on the present sub-
ect, to the consideration of those interested in the future
yrogress of the canals of Northern India and the Punjaub.
 pelieve they may be adapted to the local institutions of
hese countries with most beneficial effect, but they are
\ew to us; and I feel that, before any special method of
wpplying them could be devised with good effect, they
should be subjected to examination and discussion by par-
sies on the spot, and familiar with the habits, feelings,
and wants of the populations among whom it is sought to
introduce them. I wish to see our present arrangements
affecting the right of passage placed on a broad and sure
foundation, satisfactory at once to the government and to
the agricultural community. But to effcet this, many
minds must combine their efforts—much local information
be collected and discussed ; and it is in India, not in
England, that the improvements contemplated can best
e matured. I have sought to furnish the rough materials
for these ; and hereafter I may perhaps be permitted to
participate in the task of reducing them to forms suited
to the nature of the works, and the necessities of the

countries for which they are designed.
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once the ancient relations between the proprietors of the
canals and the consumers of the water, inevitably almost
inflicting injury on the onc class or the other.

od. The second method of distribution has reference to
the Time for which the water is granted ; and for this the
unregulated or regulated outlets (the latter are termed
bocche tassate) are employed indiscriminately.

3d. The last method has reference to the Quantity of
water distributed, and for this only the rcgulated outlet
can be employed.  The forms of this kind of outlet have
been already described in Part II1., so that it is needless
to advert to them now. On the three conditions speci-
fied, viz., the Use, the Time, and the Quantity, the distri-
bution methods of Picdmont are hased ; and the framers
of the code kept all in view in preparing the articles to
which T have now to direct attention.

"ese articles are as follow :—

« Art. 641. In future, when an agrecment shall be en-
tered into for a constant and determinate quantity of
yunning water, and the agrecing partics shall settle be-
tween themselves the form of the outlet or cdifice of
derivation, then that specific form only shall be observed.
The parties concerned shall not be permitted to impugn
its correctness on the ground either of excess or defect of
supply, unless such difference in either way shall exceed
one-eighth of the quantity agreed upon ; and the action
shall be instituted before the expiry of three years from
the time when the work was first brought into use; always
excepting the case in which the increase or deficiency of
water may arise from changes in the supplying canal
itself, or in the volume of the water flowing in it.

«Tf, in the absence of any agreement for a specific form,
the outlet in actual use shall have been peaceably pos-
sessed and employed for the space of ten ycars, no com-
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plaints regarding either excess or defect of wates-shall be
entertained, excepting in the case of variations in the
supplying canal, or in the course of the water flowing
therein, as above specified.

“In default of any agreement regarding the form of the
outlet, or of possession, the form shall be determined by
the tribunals, on the judgment of professional men ( periti)
nominated by consent between the parties, or, if they
cannot agree, by the tribunals themselves.

“ Art. 642. When grants of water, made for a specific
service or object, do not express in terms the quantity
granted, they shall be held to accord that volume which
is necessary for the fulfilment of the said service or use.
1t shall be lawful for the parties intercsted therein to fix,
at any time, the form of the outlet, and so to limit it as
that the grantee shall receive the volume sufficient for the
service agreed upon, but nothing more.

“When, however, the parties shall have agreed to give a
definitive form to the orifice of discharge or the outlet, or,
in default of an agreement, there shall have been a peace-
able possession of such a form for the period above de-
fined, objections to the same shall be admitted only in the
cases and within the periods established in the former
article, (Art. 641.)

“Art. 643. In new grants of water, wherein a constant
quantity of running water shall be agreed upon and spe-
cified, the said quantity shall be expressed in all public
acts in terms of the ‘module of water, (in relazione al
modulo d’acqua.)

“The module of water is that quantity which, under
simple pressure, and with a free fall, passes through a
quadrilateral rectangular opening, so placed as that two
of its sides shall be vertical, with a breadth of 2 deci-
metres, a height of 2 decimetres, and opened in a thin
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plate, against which the water rests, and is maintained,
with its surface perfectly frec, at a height of 4 decimetres
above the lower edge of the opening.”

Such are the various conditions by which the civil code

regulates agreements for water, based either on the forms
of the outlets, or the use to which the water is destined.
I have repeated the definition of the legal module, with
the view of showing at once all the information on the
subject to be found in the code. I would draw attention
briefly to some of the peculiarities in this legislation. The
first point to be noted is, that an agreement between the
parties interested, as to the form of outlet to be employed,
takes precedence of every other arrangement. The form
may be an indifferent one ; it may or may not have the
guarantees for correctness which hydraulic science has
pointed out ; but if the parties are themselves satisfied
with it, the law does not interfere between them, farther
than by interposing certain obstacles to needless litigation.
It is taken for granted that, if the proprietor of the canal
and the employer of the water deliberately arrange, with
the best advice they can procure, to make use of a certain
form, and have the same constructed under their own
immediate superintendence, or under that of parties in
whom they have confidence, the result ought not to be
lightly disturbed.

Some distinguished authorities® on the legislation of
irrigation are disposed to think that, under such circum-
stances, the only grounds of objection which ought to be
entertained are changes in the supplying canal, or in the
volume or course of its waters ; that it is better to main-
tain the terms of a deliberately formed agreement, even
if they should not be perfect in their operation, than to

* Giovanetti in his Treatise on Waters, and Biangiui in the Annals of Juris-
prudence, Fasciculus I., pp. 80-104,
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admit uncertainties and disputes, which are always mis-
chievous in their influence on agricultural operations.
The framers of the code, however, were not disposed to
adopt in all cases this extreme view, and they have fol-
lowed a middle course, which experience has shown, I
believe, to be judicious. 1t is clearly admitted that, in
the present state of the science of hydraulics, it is not
possible to construct an outlet which will discharge, at all
times, and under all circumstances, the precise quantity
of water which parties may agree to furnish and to receive
respectively.  Ilence, to allow a margin for the influence
of such admitted imperfections, the code has fixed a cer-
tain limit ; and so long as they do not exceed this, either
in excess or defect, the agreement cannot be impugned.
This limit of one-cighth of the stipulated volume is held
in Piedmont to be sufficient to include the variations
likely to occur in forms of outlet, constructed with the
best information now available. But there are still other
limitations. Let the differences between the real dis-
charges of the outlets and the quantitics of water agreed
upon between the partics be what they may, the use of
such outlets for three years, without complaint on either
side, bars all subsequent objections. 1t is held that, if
the proprietor of the canal has allowed the employer of
the water to usc for three years the form of outlet agreed
upon between them, without making any objcctions what-
ever, he has given sufficient proof that it fulfils his object,
and protects fully his interest. A like inference is war-
ranted by the silence of the consumer.  Three years is an
abundant time for both parties to become familiar with the
operation of outlets established by mutual consent; and
if no complaints arise on either side, the legislature is
quite safe in removing the agreement beyond the reach of
discussion afterwards, except, of course, in the case of

-
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novel and unforeseen circumstances, connected with the
canal of supply, arising to derange all previous caleula-
tions. A principle similar to the foregoing regulates cases
in which no specific form has been agreed upon, but where
an existing outlet has been tacitly used for ten years. 1T
do not sec clearly why, in this case, the time should be
more than tripled, unless it be that mutual conscut and
deliberate consideration are less clearly implied than where
specific agreements have been entered into. 1t is to be pre-
sumed that no proprictor of a canal would allow an outlet
to be constructed arbitrarily on its banks, or that, if by
some inconceivable possibility such an outlet had without
his knowledge been established, lie would fuil to protest at
once against it. Ten years seem needlessly long in such
cases ; but perhaps there are circumstances, not patent to
a stranger, which justify the adoption of such a period.

When the service to be done by the water is the basis
of the agreement, Article 642 prevents any doubt arising
as to its terms.  The quantity of water required to effect
the object, be it the irrigation of 100 acres of rice, the
driving of one or more water-wheels, or any other like
end, is determined by professional men nominated by the
parties, or by the tribunals if the case is carried before
them ; and it is open to the parties, when they think fit,
to replace indefinite arrangements of this kind by the
introduction of regulated outlets under the conditions
prescribed for thesc,

Arts. 641 and 642 arc connected with the relations of
irrigation In existence prior to the publication of the
Albertine code. 'The terms of agreements subsequent to
that act, fall under the operation of Article 643, in so far
as the expression of quantity is concerned. It has been, in
fact, illegal since 1837 to use any other measure than the
modulo of the code ; and on all the government canals, at



286 DISTRIBUTION BY TIME.

any rate, it is adopted. I have already, however, in
Sect. 1., Chap. 1., Part II1., entered into sufficient details
on this point, and T need not occupy time and space in
reverting to it here.

The methods of measurement and distribution by
Quantity and special Use have now been adverted to.
There remains the third method, by 7%ime, to be noticed ;
and for this I have already mentioned that regulated or
unregulated outlcts are made use of indifferently.  The
distribution by time arranges itself in several subdivisions.
These are—1st, Outlets for” summer waters. 2d, Outlets
for winter waters. 3d, Outlets for irrigation during the
day. 4th, Outlets for irrigation during the night. The
3d and 4th varieties arc in usc particularly for meadows
and gardens. 5th, Outlets for irrigation by horary rota-
tion. All of these various outlets may be held under
perpetual grants, under leases in perpetuity, or for limited
terms ; in fact, under any of the conditions referred to
in the First Section of the present Part. They may farther,
under these conditions, have rights to const
mittent supplies of water.
Sardinian code deals with thes
by time,

ant or inter-
The manner in which the

. e various forms of irrigation
18 shown in the following articles : —

“Art. 644. The right to a const

' ant supply of water
exists at every instant.

.“ Art. 645. The right to summer water (acqua estiva)
eX.IStS from the equinox of spring to that of autumn ; to
winter water (acqua jemale ) from the equinox of autumn
to that of spring ; and for water distributed at intervals
of hours, days, weeks, months, or otherwise, for the time
agreed upon or possessed.

“The distribution of water by days and nights is regu-
lated by the natural day and night,

“The use of water on holidays is restricted to such
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holidays as were in existence at the time when 'the agree-
ment was originally made, or actual possession of the

water obtained.
« Art. 646. In distributions of water made by horary

rotation, the time necessary for the Water. to flow t.o th.e
outlet of an employer thereof shall'be included in his
period of rotation ; and the water which passes down the
common channel at the changes of the rotation (locally
termed the coda dell’ acqua) belongs to the employer
it : tion terminates.

“lt‘tlli‘;ltl.o ?4?7}?0%(1)1? water which rises or leaks into the

bed of the canal subject to the distribution by rotation
adverted to in the preceding article, cannot.be stopped or
appropriated by an employer, except at his own proper
period of the rotation.” . "
A few explanatory remarks on 'the fowgo'mg %‘lltlc es
may not be misplaced. The definitions contamgd in Art.
644 prevent any doubts arising as to. the precise meal‘l-
ings to be attached to common expressions used in ?egmd
to irrigation by time. It was not w1t11.0ut a necessity for
it that a clear definition of the meanmg to be. afstacbed
to the word day, when used in agreements for irrigation,
was given by the code. It became matter of‘ (}1spute
before the judicial tribunals, as to whether thf‘: 01‘v1l d?g;;
consisting of 24 hours, or the natural day, begmumg' wit
the rising and ending with the setting of tl'le sun, was to
be understood. The code decides that distributions, in
terms of days and nights, imply the use of the latter, or
ural periods. :
theTllllae;t agrefments for irrigation on féte days are of ver);
ancient origin, and invariably have re'fere.nce' to tl.le. use o
the waters of streams employed ordinarily in driving the
corn-mills of a town or community. As such wo'rks were
stopped on holidays, the ancient statutes permitted the
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water to be used at such times for irrigation. But fétes
are, as; is known, very movable in their nature ; they are
create X : i

a » suppressed, or changed, at the will of the church ;
an llonce. agreements mto which they entered were con-
stantly being affected, leading to numerous actions at law,
and great doubts aud difficulties. lence the establish-
n})ent by the Sardinian code of the principle involved in
the ﬁ'nal paragraph of Article 644, by which the féte
days in existence at the time the agreement was entered
into, or possession of the water obtained, are to be under-
sto?d nnterpreting the terms of such agrecment or pre-
seriptive right.

The conditions preseri . istributi
b 18 prescribed fm. the distribution of water
tly ary rotation appear very just and necessary.  Until

1Ic point was scttl ’ ode, it w i i

oy 1}lte o tled by th(') code, it was occasionally in

f ;.\\ rether the loss of time due to the passage of the
water from the canal of s .

canal of supply to the outlets of the

different employers, should be borne by the proprictor of

general rule that, when the water passes below the outl
of the common channel, any loss of time that oy arive
shall affect the employers only, being by
proportion to his distance from thcbh
outlet of the party which precede
rotation, ‘

ay arise
borne by each in
cad, or from the
s him in the order of the

. It.l_s.sm'pnsing to wh
disquisition that small v
the tail, has given rise.

ab an amount of learned legal
ol'n‘me o.f water, quaintly termed
sort of trial-problem to fllllhtcl (hs-l?osal " it'h'as o e
legislation of irrigation : each e 1o o oo on the
AR g ; eacli has in turn broken a spear
Some:h. erlal ‘f with the others; and it has been to them
o alcl}ﬁini Sli\eoihe search for tl}e philosopher’s stone to
W o : perpetual motion to the mechanician,

! ctors so learned have failed to convince each
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other, it is not to be wondered at that an unlearned
inquirer should feel somewhat bewildered; and I will only
therefore say, that though different reasons are assigned
for it by different parties, the conclusion embodied in the
Sardinian code, that the employer with whom the rotation
terminates has the best right to the fasl, seems to be that
which commands general approbation.

T have before mentioned, that, from peculiarity of phy-
sical structure, the soil of the irrigated region of Northern
Italy is rich in subterranean springs, and that considerable
supplies of water are occasionally afforded by these to the
ordinary channels of irrigation. 1t has repeatedly become
matter of legal inquiry to determine the partics to whom,
in water-courses subject to the rule of horary rotation,
these supplies properly belonged. It is also inevitable, in
such cases, that certain small quantities of water should
escape through the sluices attached to each outlet, and
should pass on through the channel. The united volumes
from subsoil springs and leakage-waters are sufficiently
jmportant to merit the special consideration of the legis-
lature ; and the decision, that no employer has the right
to interfere with these out of his regular tour of rotation,
sanctioned by Article 647, seems cquitable and right.
The period of rotation limits rigidly and distinctly each
employer’s right to the enjoyment of the volume of water
in the common channel. While it lasts, hie has the power
of using every drop he can obtain from whatever source
it may be procured ; but the moment it ceases, his right
becomes extinct. Hence, therefore, the surplus waters
remaining, after the rights of all the employers have thus
been duly satisfied, belong to none of them, but to the
original proprietor of the water, or to that party to whom,
by special agreement, the final excess of supply may have

been allotted.

VOL. II. '
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It is not uncommon, in the irrigated districts of Pied-
mont and Lombardy, for parties to make mutual inter-
o.:hang‘es of their periods of rotation. Special cases arise,
in which water is wanted at special times, by individuals
not possessed of the right to irrigate at such times.  They
therefore effect an exchange of period with other parties,
to whom an arrangement of the kind may be convenient ;
a.nd though the law is doubtful on the point—some deci:
sions being in favour of, and others against, this proceed-
mg——.there does not appear to be any valid objection to its
use, if it be guarded by the provision, that the other
employers of the water-course shall sustain no scrious
damage by the manner in which it is carried into eoffect
A;‘n analogous custom is common in India : the positions.s
;)ha(r))utlst's on water-courses, held in common, are often
" ged;; and so long as other parties do not suffer by

this, t.he Interests of agriculture are certainly promoted b
1ts being freely made use of. ypromere

All . . .

b ;:ge,n;izhsfijgcft dtlztr;btttlor? to which reference has
contingency to which I have

now to advert. T}
\ . 1e canals of irrieat i
A . gation, public and
f‘ vate, depend for their supplies on rivers li’ L
lons of volume, conseque
the seasons.

ot l able to varia-
1t -on the natural influence of
dents to the "fhise Supph'cs are farther affected by acei-
embankuent fox 8 of flenvatlon, by the efficiency of the
repairs and Sl or retaining the water in the canals, of the
influence fC i;rances of the beds, and so on F;-om the

§ of these varioug ¢ ; ’

< auses, 1t m :

constant] ’ ay, and in fact

y does happen, that the supply of‘a canal is

inadequate to the d
. emand it - C
which arise out of such Sa.upon b3 and the obligations

. C i i .
provided for. ontingency require to be

The obligations of the

ropri
ewployers of the water proprietor of a canal to the

supplied by it, and the provisions,
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in case of deficiency, are thus established by the Sardinian
code :—

« Art. 664. In default of special agreements, the pro-
prietor or other grauter of water from a spring or canal
is under obligation to those who hold grants of him, to
execute all the ordinary and extraordinary works required
to procure the supply ; to conduct and to preserve the water
up to the points at which the employers take possession
thereof : to maintain the buildings in an efficient state ;
to repair the bed and banks of the spring or canal; to
effect the usual clearances ; and to exercise due diligence,
watchfulness, and care to insure the derivation of the
water, and its regular supply being respectively made and
given at the appropriate times, under pain of having to
pay compensation for all injuries inflicted on the cmployers
by his neglect of duty.

« Art. 665. If, however, the granter of the water can
prove that the deficiency of the supply arose from natural
causes, or from the acts of others, for which he could not
be held responsible either directly or indirectly, he shall
not, in such cases, be bound to pay compensation for the
injuries sustained by the employers, but only to submit to
a proportional diminution of the amount of water-rent, or
the equivalent corresponding thereto, whether previously
paid or not, without prejudice to the right of the injured
parties, to institute an action for compensation against
those who may have caused the deficiency.

« In the second of the cases contemplated above, the
granter of the water is bound to join in the action with
the employers, should they so desire, and to use every
means in his power to assist the same in obtaining com-
pensation from those who had caused the deficiency of

water.
« Art. 666. The deficiency of water shall be borne by
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fih?isej parties during whose period of rotation the said
f:r ;Tn(iy may oceur ; saving their right to compensation
juries, to diminution of water-rent, or its equivalent
as above defined. , e
(13 o
. vfl&(;za lffv’i.osAr:olng the. different employers, those
oo et ll)t es or rights of possession are most
suppl):. Amon:s oi:ar the effects of the deficiency of
ey g employers equal in the preceding respects,
o le ciency shall first affect those whose outlets are at
fofc (;)I:'e:t lczf.els ; sa.ving, i all cases, the right of action
N t{)l ensa; 1ondz.tgamst t.he partics causing the deficiency.”
o S8 P ece'mg articles three main causes of defi-
——asytl:)e ;ul};pl)f are contemplated : 1st, Natural causes
o aof 3‘1 rﬁilemlc:;ﬁ of th(; st;)pplying river, the
ot dams or other works by floods or other
gztull‘\?l Oclonlt;m%enmes wholly beyond the control of l?]an ;
thé neesfi({ ro t'he proprietor of the canal in execcuting
epairs and cl ; inter-
foremes of 11 and clearances ; and, 3d, The inter-
urd partics in turning the supply of the canal

from it
s usual course, wi
! , without the k
: : nowledge or n-
nivance of the proprietor. In the fir s e

mju}r]y might result to the cmployers ;
might be ruined; but it would be ,11

make the propri

for resulisp’i(())p:ﬁ?lr of the Ca.nal responsible personally

accessory ; at th it he had M ho way whatever becn

to comPel,the eme I(S)ame fime, it would be equally unfair

never received PHyers to pay for water which they had
. ence the arrangement, just to both

arti i

the ;:8;;2(;??“-6(1 07 the first part of Art. 665, whereby

bat b o 1t 18 absolved from all claims for damages

oot o reduce the amount of his annual water-’
0 proportion to the extent of the deficiency. It

may b i
exp};n :et;;etﬂlat the proprietor had gone to all the usnal
r the works of derivation ; that he had done

st casc very scrious
their whole harvest
mmfcstly unfair to
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everything man could do to insure the supply ; that his
outlay had, in fact, been very much greater than in ordi-
nary years, having been increased in consequence of his
offorts to counteract the deficiency by the execution of
extraordinary works : but the broad fact remains, that
the employers have not had the quantity of water for
which their payments were the cquivalents ; and to exact
those payments where they may mnob have been made,
or to refuse to refund them when they may have been re-
ceived in advance, would be unjust. The misfortune has
been a common one, and it 1s difficult to say on which
party it might fall most heavily ; but for cither to seek to
lighten its weight at the expense of the other, by demands
in the one case for services not performed, or in the other
for injuries not inflicted, would only be to mix injustice
with mishap.  The present point merits attention in
Tndia, where I think there is much room for improvement
i the rules for regulating the remission of water-rent for
deficiency of supply in the canals, when this is due to
natural causes. There are, in fact, no definitive rules yet
established, though it is well known to every one who has
had practical experience, that cases to which they would
be applicable are very often occurring.

In the second case, the direct personal responsibility of
the proprietor of the canal is clear and unquestionable.
If he neglects his obligations, or from incapacity fails in
fulfilling them, the employers have a plain claim against
him, not only for remission of water-rent, but for full
compensation for all damages sustained from the deficiency
of the supply. The position of the proprietor in the
third case is the same as in the first ; he has been in no
way accessory, directly or indirectly, to the creation of the
deficiency, and hence it would be unfair to make him
responsible for its effects. The third party by whom the
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interference with the supply may have been effected, has
caused a common injury to him and to the employers ;
they have, therefore, their remedy, jointly or scparately
as may be expedient, against this interfering party, both
as relates to the revenue it may be nccessary to remit, or
the damages which may have been sustained.

The remaining articles regulate the manner in which
the deficiency of supply is to be borne by employers
among themselves. The arrangements are peculiar to the
Piedmontese legislation, and appear to be equitable to all
parties concerned.  Whatever injuries the most recent or
the lowest placed of the employers may sustain under the
operation of these articles, are open to redress by the
tribunals, either as against the proprictor of the canal or
third partics, as may be.

In reviewing the legislative regulations for the measure-
ment and distribution of water in Piedmont, it is impossi-
ble to refrain from giving them the highest praise. There
is scarcely a contingency which could arise in this compli-
cated and necessarily imperfect branch of the law of irri-
gation, which has not been forescen and judiciously pro-
vided for. I cannot suppose that I have done full justice
to the subject, as it involves subtle questions which have
exercised keen legal intellects ; but T trust that the prac-
tical object of so explaining the principles and details of
the various provisions, as to make them clear to those
on whom the progress of improvement in the irrigation
department of India depends, may have been accom-

plished. 1 have no hesitation in expressing my conviction
that the various articles examined are worthy of careful
study, as containing sound and equitable principles, which,
if transplanted to the East, would prove the germs of
an orderly and progressive improvement, of the highest
importance to the great interests mow growing up in
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dependence on the irrigation system the English Govern-
ment 15 50 earnestly engaged in developing.

SECTION 1IV.

ON PROTECTIVE DISTANCES BETWEEN WATER-COURSES, DISPOSAL OF
DRAINAGE-WATERS, EXTINCTION OF SERVITUDES CONNECTED WITH
WATER, AND RULE OF SUMMARY POSSESSION.

When an irrigated region is distinguished by a natu-
vally porous and pervious soil, the necessity arises for
protecting, by such rules as experience may have shown to
be applicable, the rivers, canals, and springs on which the
agricultural community are dependent. The provisions
for this purpose are now left in Lombardy, as I before
mentioned, to be determined for each case by the judg-
ment of professional men familiar with the localities. In
Piedmont, the law has decided sundry points connected
with this matter ; and as we have the same effects of
percolation to deal with in Northern India as have been ob-
served in Northern Italy, I now propose to give translations
of the articles of the Sardinian code, by which they have
been regulated, and, so far as was practicable, prevented
from injuring the rights of individuals. There is unques-
tionably great difficulty in prescribing fixed rules in general
terms for questions dependent on the influence of absorp-
tion by, or perlocation through, the soil—an influence in
its nature essentially fluctuating, and modified by nume-
rous physical circumstances. There are probably no two
localities where the amount of water absorbed by, or
draining through, the land, is precisely the same ; every
change in the constituents of the soil, every variation of
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the proportions between these, differences of slope in the
zlzﬁr-coslll"siflas, and S0 on, alter the conditions of the pro-
limit;z witt}ll‘ ’ exg?rlence has shown that there are certain
Honed ane in W.Ich the e.ffects of the causes just men-
cially a ca Prac:llcally I'eStI‘ICt.Od ; and though this is espe-
country caz(:lo:v ero ¢ he precise terms applicable to one
the physieal lpossubly. be transferred to another, unless
b o ysical elements in both are the same, yet it will
. mterest and use to show the manner in which the
question has been dealt with in a region which has strik-
lng resemblances to that with which we are cspeciall
concerned. pectally

low'li‘ll:; | —a—rtlcles affecting protective distances are the fol-
13 4 N
o aﬁ:;aizi aI‘he ditches and .canals which the proprietor
o ! fry exc}z}wate on Lis own land, shall be placed
at least wpd ;)m f};] o boundar:y-lines of adjoining estates
o o 0 their respective depths, except in cases
al regulations prescribe a greater interval.

“A 3 : .
rt. 600. The aforesaid distance shall be measured

fro
m the edge of the bank of the ditches or canals nearest

sence of such a slopepiet f)?]l(lrilt tt(; llt)s lleig}}t, o i.n the ab-
Ing works. ’ ° ¢ provided with retain-
by avgilt];z}rxeptg:el;s:; (ileroglf an adjoining estate is formed
common, or subject to the I;]eorrsf,it(:‘dle)yo?‘ [;)rivate road also

tanc
abovf; Zl:fzill (li)e measured from the crest of the bank. as
ned, to the edges either of the common ditch

or road nearest to th
. € property of the .
excavating the new canal or ditch - party desirous of

garding the slope the obligations re-
in full force. b or revetment of the chanuel remaining

assage, the dis-
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« Art. 601. Should the ditch or canal be cxcavated in
the vicinity of a wall possessed in common, the observance
of the foregoing distance is not necessary ; but the party
excavating the said ditch or canal shall be bound to con-
struct all such intermediate works as may be necessary
for the protection of the wall.

« Art. 602. Parties desirous of opening springs, of
establishing heads or channels of discharge (capi od aste
di fonte) for the same, of making canals or water-courses,
of clearing, deepening, or widening the beds, of increasing
or diminishing the slopes, or varying the forms, shall be
bound to observe such increased distances over and above
that fixed in the preceding article, and to execute such
other works as may be considered necessary for the pro-
tection of pre-existing springs, canals, or water-courses,
designed either for the irrigation of land or the movement
of machinery.

« And in case of dispute between proprietors, the tri-
bunals in deciding ought to aim at reconciling the respec-
tive interests of the parties in the manner most just and
equitable, having due regard to the rights of property, to
the advantage of agriculture, and to the special uses to
which the water may be destined. And, further, in all
cases where such proceedings may be necessary, they
ought to determine and decree, in favour of one or other

party as may be right, that amount of compensation
which may appear on grounds of justice and equity to be

fairly due.”
In reviewing the results of experience in Northern

Ttaly on the subject of protective distances in irrigation,
we find that the ancient legislation of the Milanese pro-
hibited the excavation of new capals or spring-heads
within about 66 feet, or 22 yards, of rivers, and about 580
feet, or 193} yards, of pre-existing springs ; that the
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regulations of Verona fixed the same distance at 639 feet,
or 213 yards ; those of Brescia at about 160 feet, or 53%
yards ; and those of Mantua at nearly 24 feet, or 8 yards.
Nothing could illustrate more clearly than these numbers
the impracticability of establishing any general rule for
irrigated regions of large arcas and varied physical struc-
ture. The distances range from 8 to 213 yards, the
extremes being found in the immediately adjoining pro-
vinces of Verona and Mantua. In view of these facts,
the legislative body of the kingdom of Italy, formed of
rich landed proprietors, intelligent lawyers, and men of
science, avoided introducing into the law of the 20th
April 1804, any specific distances whatever for the pro-
tection of rivers, canals, or springs, but prescribed that in
each case the opinions of professional men, nominated by
accord between the parties concerned, or in failure of this
by the tribunals, should determinc the limits best suited
to the localities, leaving the right of property in perfectly
free action beyond these limits. Article 602 of the
Sardinian code follows the same course in principle, with
some differences in detail. TIn all cases whatsoever, the
distance between a new and a pre-existing water-course
or spring must be at least equal to the depth of the
latter, and the channel must either have its banks
inclined at an angle of 45°, or protected by revetments of
some kind. The upper cdge of the bank nearest to the
pre-existing water-course is the line whence the above
distance Is always to be measured. The right of property
in water 1s farther protected by the prohibition, not only
of new works, but of any alterations in the conditions of
old ones, any changes of slope or variations of form
within distances, which in professional judgment might
injuriously affect the volumes of existing canals or springs,
The tribunals have, however, authority to permit such
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excavations or changes, in cases materially affecting the
interests of agriculture and industry, but on the condition
that just and equitable compensation shall be made for
any injary they may cause to the rights and properties of
others. The absolute prohibition of the Lombard law is
thus modified, with results which, I believe, have proved
generally satisfactory ; at the same time it is to be noted, °
that the uncertainty in which the question of protective
distances has been left, is a cause of considerable dissatis-
faction to the agricultural community. I quote the testi-
mony of M. Giovanetti,* an excellent authority on this
point. “ The course of legislation and the results of
experience,” lhe remarks, “bear witness in favour of our
article, but I am bound at the same time to say, that the
agriculturists desire greatly the establishment of a maxi-
mum and minimum of distances to be observed. They
find it hard that they can scarccly strike a spade into
their land without running the risk of being summoned
before the courts, and forced to give security against
possible damages. The proprietors of springs and canals
are wearied to death by having to remain always on the
watch against the works undertaken by their neighbours,
or of having to submit even to real injury, from the diffi-
culty of obtaining clear evidence of it. They do not find
an effective protection in the present state of the law.
Everybody agrees on the impropriety of excavating new
sources of water too near those already in existence, and
that the distance equal to the depth of the former is not
sufficient for the protection of the latter. But everybody
equally agrees that, beyond a certain limit, the proprietor
of the soil ought to have free liberty of action. Hence
has arisen the idea of a maximum and a minimum of
protective distance. Romagnosi lends the weight of his

* Regime des Baux ; para. 58.
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approval to such a scheme. < It is admitted,” he remarks,
‘that. the distance of about 20 metres (ncarly 22 yards) is
§ufﬁclent for the protection of rivers, and, in regions enjoy-
Ing a vast extent of irrigation, that 8 metres (say 9 yards)
is held to be enough for springs and canals. 'Why should
we nqt adopt these practical results as guides, until farther
experu}nents convince us that they arc not to be depended
upon ¥’ He states, however, that though these data may
be presumed to rest on the foundation bof a solid experl-
ence, they do not command entire confidence.

“ Further experience, the cvil effects of contradictory
;)gg.lo:s ou the part of the professional men employed,
p ling to heavy. and' useless expenses, and the observa-
al;):llsofof llinany mtelhgen't proprictors, and agriculturists,
" colicagues, whose intellects and doctrines 1 honour,
- Jsotco(;]:e{)?i m(; to the 9pi11i011 of Romagnosi. I
oot c er than ajwow 1t frankly, and counsel you

mbine with our Article 602 the maximum and mini-
muIm 'of the philosopher of Plaisance.” #

o :1 ;:j (E?ta\tvl:vllxﬁzlll a}/}lttg' satisfztxc.tion that I quote the

. Glovanetti arri i i ’

;:il;glsl :l;t;n;}pts at lggislation for irriga:i(;i; iillnifldliz (t)llll;

L this maximum and minimum has been ir’xtr -

(ligce;g,r hav.mg been fixed at 20 yards for main canals, ax?d

principal water-courses—limiits sugoosted b

results of our observations on the infl e absaotion

and percolation on the soi ¢ imigate

ie soil of our irrigate

A
. st.the neeessary complement to an effective system of
" tga 100, arrangements for disposing of the drainage-
aters connected with it are essential. It will, T believe

ce of absorption
d districts,

x .
Romagnosi was born in 1761, at asmall vill

He ear] commenc y
ed the stud; of law for whi 1 eni w remarkable. I
y ‘ y vich his genias was

work on the Legistati Lwenty-seven years of age, he published his great
in Part L. gistation of Irrigation in Italy, to which I have alrcady referred

age in the vicinity of Plaisance.

RULES FOR LOCAL DRAINAGE.

be found in most cases, and I know from e
especially so in Northern India, that impe (
drainage, as connected not so much with tl
phical features of the country as simply
self, within the limited arecas it affects, are
the sources of malaria and injury to the

thirtigation it-
ore' frequently

and. than any-
thing else. To establish some just and eqwkable rules on %
this subject would be of great interest and valug ; il iR W &

illustration of the manner in which the question

disposed of in Piedmont, I will give the following articles
of the Albertine code. They are from the chapter which
treats of servitudes arising from the positions of places.

« Avt. 551. Lower lands are subject, as towards those
which are higher, to receive all the waters which flow
naturally, and without the aid of artificial works, from the
latter.

« The proprietor of the lower land shall not raise any
embankment whereby this escape may be interfered with.

«The proprietor of the upper land shall refrain from
doing anything whereby the servitude of the lower may
be aggravated.

« Art. 552. When the channels or embankments which
serve to contain the waters within an estate are broken
down or destroyed, or when variations in the course of
the water render defensive works necessary, and the pro-
prietor of the estate fails to restore the channels and
embankments, or to construct the required works, then
those who shall suffer injury, or shall be in imminent
danger of it, can cause the works to be executed at their
own expense : they can avail themselves of this power,

" Lowever, only on the condition that the proprietor of the

land on which the works are to be constructed, shall suffer
no damage ; they ought farther to receive beforehand
the permission of the competent authority, to be given
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after the partics interested are all heard ; and also to
conform in all cases to any special regulations which affect
the management of the waters. -

. “Art. 553. The same rule shall apply when it is con-
sidered desirable to destroy or remove any obstacle to the
free. escape of the waters, in the form of deposits or col-
lec:tlons of other materials, within an estate, or in @
pr}vate water-course, the cxistence of which’threatens
Injury to adjoining lands.

“ o

mainAt;itx.)iiii’] Al.l ?1'0 proprictors who have an interest in
the ok g the channel and embankments, or removing
A may(i)eSt(zt?leesd rt?fe(:;etd tlo i “‘(f two preceding articles,
incurred, which psl«llob car their shares of the expense
the benf,zﬁt he 1 ” ¢ rated on cach in proportion to
tho con ie recetves from the works. In every case
dual}l)y a[m);;?rt)(;lstiléallmi-l:ve Fhe power of proceeding indivi-
the destruction or S,Okfn‘(’r‘ upal tflCS who may have caused
g up of the chanunels referred to,

for the
amount of expense i {
mcurred, and for '
for damages caused.” ’ ompenster

Th
irriga: want of some such rules as the preceding, in the
lon system of India, i i Xt
a, 18 often bitter '
: : India, itterly felt. T
ree passage of water is in numerous loc . rod
with by the existence of embanked v

cr
dr(;?::i_ttzt:lztural sl.opc of the country, intereept the
period?c rain fo;-mipirt'wmmly during the scason of
tracts of marsh an?f’ ' consequence, on the upper side
and property, 1t waswz‘lm'p, injurious equally to health
on openings bein mszl 1t 1s true, a general rule to insist
sage of dr;in'w -z%t a e through the bank
lines existedt N eb“tatellé fo the le.vels, where natural escape
weight of 2 l:bl'll tlls. rule did not carry with it the
only res public sanction by the government, and it was
pected when the canal officers could see them-

alitics interfered
ater-courses, which,

s for the pas-
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selves to its enforcement. In their absence 1 have known
whole villages turn out to resist by force the passage of
drainage-waters across their lands ; and not without some
show of right, for the imperfect operation of the local
system merely transferred the mischief from one spot to
another, without insuring any radical cure. A compre-
hensive and authoritative system of drainage in connec-
tion with irrigation must be matured, and duly sanctioned
by the government, before the existing evils can be wholly
eradicated. The principles adopted in Northern Italy in
this matter will be found suggestive ; and as there are no
physical obstacles of importance to their application in
India, T trust they may receive such consideration as may
ultimately lead to their being made use of, with, of course,
the modifications required to adapt them to a different
agricultural system and people.

I may conclude this scction by giving the articles of
the code which regulate the extinction of servitudes con-
nected with water :—

« Art. 673. The scrvitude is extinct if it has not been
used for thirty ycars.

« Art. 676. The cxistence of vestiges of works by
which a derivation of water has been cffected, is not
sufficient to interfere with the above prescription. To
prevent its having effect, it is essential that the works
connected with the derivation of the water or the channel
itself should be maintained continuously in an efficient
and serviccable condition.”

There are other terms on which scrvitudes become
extinct ; but as they are the same as I have already
quoted in Chapter I. of this Part, T need not repeat
them here.

Tt is of importance to the public interest that, while
disputes regarding rights of water may be in progress
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before the .legal tribunals, some rules should be adopted
i:or 1:egu1atmg the use of the water during the time
{)Z(tlzured for a ﬁn.al settlement of the poix?ts at lssue
wou‘llflell)l flw Pal‘tlc's. In default of these, the water

¢ lost to agriculture ; and to preveut this injurious

result, the Sardinian cod i i
> ¢ establishes, in Art. 668, the
following conditions :— At 665

“ Art. 668, Tp on
¥ GEB. In ol oupetd :
irestions of summary possession,

z}:czll(:'s":;;wft of the preceding year, and if tho servitude be
of the lat‘e Stmtc%'vadls gl'cathcl‘ t.hzm one year, the practice
determine the ?10 :112 at Wln({], it was made usc of, shall
enjoying th gl s and dutics respectively of the party

g the servitude, and the party by whom it is due,

and 'y i
of every other party interested therein.”

SECTION V.

GENERAL ADMINISTRATION AND roLIct

T . ,

. he detz?lls I have previously given
admimstration and police of can
bardy, will render

! .of the general
. als of irrigation in Lom-
cront o it unnccessary for me to dwell at any
groas Sin,:(,: tclm 1k(‘: pomnts connected with those of Pied-
- th;ir 11:)1’ let.prn.]cxplcs are the same, and the methods
application in practice not i '
cati ¢ naterially differ
thIQmay first give some extracts from  caulaton
e 29th May 1817, by which the admi
canals continues to be cffected : —

the regulation of
nistration of the

“ Art. T
. 3.1.A11 I)lOPllCtOl‘S, possessors, or employers of
execut’ pplied by ers and torrents, are forbidden to
te any works in the beds of the latter without the
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sanction of the authorities, under penalty of a fine not
Jess than 10, and not greater than 100 lire, (from about
8s. to £4,) in addition to the expense of replacing things
in their original state, and of compensation for any
damages which may have been caused to other parties.

“ 4. DProprictors, possessors, or cmployers of canals
obtaining their supplies by means of fixed dams, are
bound to maintain the positions and forms of these
unaltered, to avoid raising their sills, or extending them

farther across the beds of the rivers.
« 5. When the supplics arc obtained by mcans of

temporary dams, made so as to be casily removed in
times of flood, it is forbidden to render such works per-
manent, or to reconstruct them with heights, or in posi-
tions different to those previously in use.”

6. Morely repeats the above.

« 7 Tt is forbidden to proprictors, &e, of canals, sup-
plied cither by permanent or temporary dams, to make
any cxcavations in the beds of the rivers, whereby the
supply would be unfairly augmented.

«§. Tartics violating the foregoing provisions shall be
bound to restore things to their former state, and shall, in
addition, be subjcct to a fine not less than 100, or greater
than 300 lire (from £4 to £12) for each offence.

« 9. When changes in the condition of the streams
may render alterations of dams or additional channels of
supply necessary, the sanction of the superior authorities
must be applied for.

«10. In such cases the claimant must lay before the
intendant of Lis province a regular plan of the proposed
works, preparcd by a hydraulic enginecr, and showing
the part of the river and adjacent lands which will be
affected by them, as also the differcnt levels of the same.”

Arts. 11. to 13. Tustruct the intendant to visit the

VOL. IL v
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spot, or scertal .
e}n ri;] ' tofas]cel tain, through the ageney of the govcrmncllt
eer o oVt o : )
l'eséult R the province, that no injury to any one will
o rom lthe exccution of the proposed works. All
DG in . . .
whose int the same, or in other provinces or districts,
hoand crests may be aflected by the works, arc to be
; or or against them, as may be
“14. W : '
arice, the )hen, fmm unforescen causes, want ol water may
roprictors .
event’; v 1llmpnctox s, &c. of canals arce authorised, in the
reporting ]b.u](/y’ to take measures to obviate the same
ViE nT their proceedings to the intendant of the pro-
ce. who wi L:
they ’-u,e f(?o\\ 1(111 tcauls)c the works to be inspected ; and if
8 und to be irrecularly o _
canse injury to ofh I.iigl;l(ul) constructed, or likely to
Crs, w1 \ave tll 1
, . em removed or altered
as may be expedient. ed ore
< 1;-
5. When ch: :
1noe,
render work mges - the courses of the streams
agency-gel S II’CCCss;u.y, the matter shall he referred to the
-gener e - .
cy-genera of finance; and the intendant-cencral
having obtained tl .. lant-gct )
& 1¢ opinton of the perm: ! -
Roads and Waters,) will bermianent Congress, (¢
M W1 i W N ,
“16, The pr . order the neeessary proceedings:
) _ proprictors, &c. of canals are b 1 D
tain all the works j i e ound to main
works in an cfficient state, and

responsible for any dama
neglect.

arc personally
o 1s1
ges to others arising from their

“ They are also b I -
ound to provide for the fr ¢
sul‘pl.us-\vater I time of flood ol o obe
var.ymg from 10 to 100 Zre, in ,
sation for damages.” ’
17. 18. Extend the above.

" 19. Syphons for the passage of w
Private parties beneath the bedsoof stre
taTmed unaltered by their propric
bx'dden to execute any work
might contract the sections
under pain of

under penalty of a fine
addition to giving compen-

aters belonging to
ams, shall be main-
tors; and they are for-
8 connected with them, which
or raise the beds of the ri

. ivers
a fine not less than 30, or greater than 150,
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lire, in addition to the expense of restoring things to their
original state.”

90. to 24. Prescribe conditions to proprictors of
syphons under streams, binding them to permit these to
be altered, as the government engineer may consider neces-
sary, with reference to the protection of the public rivers.

The next administrative regulation which containg
points of interest bears date the 10th of September 1836 ;
and from this a few characteristic extracts may now be

given.

« REauLATION for the ADMINISTRATION of the RoYAL
CaxaLs of IRRIGATION,

« CHAPTER L—OF the Maintenance of the Canals.

« Art, 1. All the royal canals of the kingdom are sub-
jected to the present regulation.

« 9, The general control of the royal canals is vested
in the ageney-general of finance, the executive duties being
performed by engineers and guards appointed by it.

« The latter, with the guards appointed by the farmer
of the canal revenues, shall take an oath of fidelity in pre-
sence of the judges of their respective districts.

« 3. The engineers and guards are charged to prevent
all injuries to the waters, works, and employers of the

canals.
« 4. The articles of the regulation of the 29th of May

1817 are maintained in full force.

« 5. No one, unprovided with a
make any use whatever of the canals; and any
ence with the free course of the waters, in the main chan-
nels or branches thereof, is forbidden. Violations of any
part of this article shall be punished by a fine of from 50

legal grant or title, can
interfer-
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to 150 lire (f:rom £2 to £6) for cach offence, in addition
to 2omp0nsat10n for damages. ’
mom(iéhal’limrttlll(;sqllizrlltlilf; itt]licg:‘lllmgmn.t lof water, bl?F takgl;%
a different hour from tl {(~ C'll‘tlt C(,l o, or usng ! ¢
among the cmplover 1at specified in the agrecme?!
any oilxcr wa I tl;yxo 15 .(.)f L conmmon channel, or violating "
shall be S“bjg’ct t‘:) U{l‘ns of their grants or agrccmcnts;
£4,) in addition t » fmo of ‘from 50 to 100 fire, (€210
. Whe 9 compensation for damages.
lets 01: cscapczvczfltjtl‘alll) P wse or lower the gates of the out-
works of mca’g o reak, or deface the chambers of the
surement, force the locks of the same, OF

change their dimensi

<} mensions, shall i

- ‘n Sl eur a fin : 50 to
300 lire, (:L'() to £]_2,) ¢ of from 19

for damagoq

(13
When the offence ig
the pecuniary fine sh
for a period varying

m addition to the amount puyﬂblo

perpetrated on crown propcrty,
all be accompanied by imprisonment
“8. Employcrs offrtolm one to six months,

gation outlets al;d 1 N Camfls shall maintain their irri-
their grants, undes channels in the forms preseribed by

“9. 'l‘he’wauterlﬂa P'Cnalt;y Of.fr?m 50 to 100 /ire.

called aofs, (oot (?wmg from irrigated lands, commonly
canaly freeiy cxccwte’)]Shall b(.} permitted to enter the
trary have be,en onI; .‘lec-n special agreements to the con-
€ 100 Gire. in de'cl.c nto, under a penalty of from 50
cepted. » I addition to the price of the waters inter-

“10. It is forbidd
en to fish i
vate sand from them, or o 11511 i the canals, or to cxca-

15¢ boat :
un s on t}
fi‘elr a penalty of from 10 to 3¢ lire o0 86 any UG
, .
ravie 1t.. The agency-general of finance
th ga }01'1, or excavation of sand. Lavi
¢ Oplnlons Of y Havi
domain,”

ay permit fishing,
ng first procured

tl i
16 engimeer and the director of the
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« Such permission ought to indicate clearly the portion
of the canal to which it applies ; it can be granted only
for a period of not longer than onc year, and is null and
void unless registered by the grantee at the office of the
direction of the domain, and of the local scerctariat of
the province.

«19. Tt is forbidden to establish, without the authority
of the agency, bridges, fords, or ferries, and also to cross
the canals, either on foot or with cattle, under a penalty
of 10 lire, in addition to the expensc of destroying works
executed in contravention of this article.”

13. Repeats the above.

« 14, Whoever takes possession of land along the canals
which Dbelong to the royal domain, removes the land-
marks, makes excavations, carries away the produce of the
plantations, or traverses the banks with cattle, carts, or
conveyances of any kind, shall'incur a fine of from 5 to
10 lire for each offence, in addition to the repair of any
damages which may be caused, or to the cost of the things
carried away.

«15. The possessors of land fronting or adjacent to
the canals are forbidden to open new springs, to excavate
ditches, to form ponds, water-courses, or channels of any
kind, within a distance of 200 metres (nearly 220 yards)
from the said canals, except in such cases as may be spe-
cially decided upon by the engineers, who will then fix
such distances as may seem to them sufficient to prevent
any lcakage of the waters of the canals into the works
referred to.

« Tt is also forbidden to the aforesaid possessors of land
to plant trees within a distance of 3 metres .(about 31
yards) from the boundarics of the canals. Infringements
of this article shall be punished by a fine of 10 fire.

«16. Tt is forbidden to cut the trees on the canal
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banks, or to carry away the prunings of the same, under
penalty of a fine equal to double the value of the trees or
prunings.

“If the trees cut and carried away shall exceed the
value of 25 fire, (about £1,) the offender shall be im-
prisoned for not less than onc month, in addition to
paying the fine as above.

“17. Parties acquiring by legitimate titles any right
to the plantations along the canals, shall not be allowed
to cut or prunc them cxcept at the times and to the
extent specified by the engincers in charge.

“18. All parties arc forbidden to pasture cattle on the
banks of the canals at any period of the year, under a
penalty of from 1 to 3 lire for cach animal.”

The second chapter of the regulation, from which the
preceding articles have been quoted, is occupied entirely

with details of the legal measures to be followed in pro-

secuting offenders. They are of no interest to us, being

purely local in their character.
The agency-gencral of finance published, under date

the 30th September 1838, a very claborate scries of in-
structions for the guidance of all the officers connected

with the royal domain in its various Dranches—for the
officers of the canals among others.  An abstract of these

will give a good idea of the organisation of the personal
establishments of the canals; and 1 give it here, freed,
however, from a number of petty details, which can be

of very little use to any one.
In section first, the duties of the director of the canals

are defined. He has the general control of the executive
department ; the engineer-inspectors, and assistants in
charge of the different canals receive all their orders from
him, and through him they communicate with the agency-

general of finance.
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Art. 591 of the instructions is to the following effect :—
“The charge of the royal canals is vested under the

superintendence of the Financial Department, in a director,

engineer-inspectors, assistants, and guards.” The subse-
quent twenty-five articles detail the duties of the first-
mentioned of these officers.  He scttles all matters con-
nected with the works, the plantations, the revenues, and

the lands belonging to the canals, except when special pro-
visions are made to the contrary. He is vested with

power to proceed against all parties who have taken ille-
gitimate possession of the canal waters, or, having legiti-
mate rights to these, have improperly extended the same ;
he also enforces the police regulations for the protection
of the works of the canals. All projects for works pre-
pared by the various engineer-inspectors are first submitted
to him, and, after examination and approval, are trans-
mitted by him for the consideration of the financial
department.  Projects for new works must be forwarded
at the beginning of August, and those for the ordinary
repairs of the canals not later than the end of September
of each year, so as to admit of their being duly sanctioned
and executed before the commencement of the season of
irrigation.  The director’s report on any project is inva-
riably to be accompanied by a nominal roll of the execu-
tive engineers and assistants to whom the works are to be

intrusted, and the qualifications of the individuals are to

be carefully noted. On receiving the specifications and

cstimates for works duly approved of by the Agency, the
director furnishes copies of these to the engineer-inspector
in charge, who advertises for contractors to execute them,
it being absolutely prohibited, except under circumstances
of pressing necessity, to construct any works by daily
labour.  The plans and estimates being once approved of
by the Agency, the director is bound to take care that no



412 ANNUAL REPORTS.

clhianges are introduced without revised plans and estimates

having first been submitted. Art. 604 enjoins the director

to take cvery opportunity of inducing partics to regulate
their outlets, and to introdnce a uniformity of distributing
and measuring arrangements throughout the canals,

Art. 6O7 requires the divector to submit annually to
the agency of finance a detailed report on the canals,
embracing the following particulars :- —

1st, The quantity and quality of trees and underwood
in the canal plantations ready for cutting, with a state-
ment of the probable expense required to keep the plan-
tations in good order.

2d, The condition of the various works, with suggestions
for their improvement or extension.

3d, The volume of water i cach canal, and the means
of increasing the same for the benefit of agriculture.

4th, The number, positions, volumes, and state of all

the existing outlets of irrigation, whether from the main
lines of canal or from sccondary branches, distinguishing
those held under perpetual grants from such as are held
by leases ; the dates of the deeds of grant or leases, the
amount of rent due, the districts in which the irrigated
lands are situated, and their arca, at least by approxima-
tion, if actual measurement cannot be made.  When the
director has once prepared this report with all possible
exactitude, he is permitted by Article 609 to limit his sub-
sequent annual reports to a notice of the variations which
may have been made in its details during the year to
which he may be referring.

Articles 610, 611, and 612, refer to the collection of
sums duc to the royal treasury, and to the employment
of such mills or manufactories as arc worked on account
of the State. The dircctor is enjoined to take care that
the latter are rented to substantial tenants at fair rents,
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and that they are maintained in constant work. When
important matters may requirc his presence, the direetor
is instructed by Article 613 to proceed at once to the
spot, and to direct the proccedings in person. Articles
614 to 618 are devoted to details of the organisation of
the director’s office, to the manner of keeping the accounts
and records of all kinds lodged there, and to other minor
points which possess no special interest.

The sccond section of the instructions is occupied with
details of the dutics of the engineer-inspectors and their
subordinates.  Article 619 states that the cngineer-
inspectors, assistants, and guards, arc under the orders
of the dircctor ; they rank with cach other in the order
of their respective grades, aud they will reside in the
places specified in their brevets of destination.  The
cngincer-inspectors are enjoined in Article 620 to main-
tain a constant correspondence with the director on all
points connected with their duties, and to communicate
directly with the agency only in case of extreme urgency.
When such communications are made, information of
them must at the same time be sent to the director.
The engincer-inspectors are required by Article 621 to
inspect every part of the canals under their charge, twice
a-year at least ; viz., Ist, at the time when the annual esti-
mate for the ordinary repairs is being framed ; and, 2d,
when these repairs arc in process of execution. If circum-
stances render it necessary, visits at intermediate times
arc to be made, and all projects for new works are to be
transmitted to the dircctor before the end of July of each
year. Estimates for annual repairs must be submitted
during the first fifteen days of September. Articles 626
to 629 prescribe rules for the preparation of plans, speci-
fications, and estimates, which need not be detailed, as
they are in no way remarkable.
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Article 630 is to the following effect :—

“ All irrigation outlets, large or small, (bocche e boc-
hetti,) shall be maintained in an cfficient state, at the
ole charge of the individuals or communitics using them.

“In all cases, however, where neglect or delay in exe-
cuting repairs to these works appears likely to influence
their discharges, the engincer-inspectors are cnjoined to
annex to their amnual cstimate a statement for cach
separate canal, indicating the exteut and probable cost of
the repairs required by the outlets referred to.  If the
proprictors of these should refuse to exccute the works
required, the engincers are authorised to do so, on the
terms of the estimate framed by them, and the amount
shall be recovered from the employers.”

Article 631 forbids the executive officers to allow any
alteration of the dimensions of outlets, without the order
in writing of the agency or the director.

Articles 632 to 636 prescribe rules for contracts, for
survey reports, and mcasurcments on the completion of
works, for weekly reports of progress, and other matters
of detail common to all public departments. The guards
are required by Article 637 to devote their entire time to
their dutics, but they are not to be employed beyond their
own districts.

Powers to proceed to the summary cxecution of
repairs or works in emergent cascs are vested in the
engineers by Articles 638 to 642, and instructions regard-
ing the documents to be submitted to the agency, on the
completion of such works, are given. The engineer-
Inspectors and assistants are required to keep journals of
work done by them, which are to be forwarded monthly
to the director, and by him to the agency. Article 650

formally prohibits the engineers or their assistants from
undertaking works for private individuals, on pain of
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dismissal from the service ; and in the last article of the
series, it is ordered that they shall obtain the sanction of
the agency before accepting of any commissions for works
either from communal or other public bodies.

The preceding summary of a very long document will
suffice to show the general organisation of the canal
department in Picdmont. The duties of the different
wembers of the personal establishment are very much
the same, so far as the works are concerned, as on our

own canals of irrigation in India. The superintendents

of the latter, however, have revenue and police, as well
as executive duties, intrusted to them; and T have al-
ready expressed my opinion, that this system has pro-
duced better results than the disjointed plan adopted in
Northern Italy.

As regards the administration and police of private
canals, I have very little to say. When the canals are
the property of associations, they are governed by repre-
sentative councils, elected, as in Lombardy, from the main
body of the employers. Each council has its own regu-
lations, sanctioned by the administrative authority, and
adapted to the circumstances of each locality. They
conform in principle to the rules for the public canals,
and present no features of special interest. When canals
belong to individuals under ancient grants, the adminis-
tration is conducted by them under the same checks as
for associations. The legislation of irrigation is now so
complete in Piedmont, that infringements of the respec-
tive rights of employers and proprictors of the waters are
duly provided for ; and to perfect the view of the pro-
tection afforded to these, I may give, before quitting the
present subject, those provisions of the penal code of Sar-
dinia, which have for their end the punishment of crimes
against property in water, or works connected therewith.
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Extricrs fr
4 from the SARDINIAN PENAT CODE.

“ Ay
» 01.t.b’71k1. Whoever shall have voluntarily destroyed,
strt, t Id roken through the dikes or cmbankments con-
ren;(; e (flor defence against the rivers, streams, or tor-
whic}’l Ez)rlll shall have caused thereby an inundation, in
death Ii‘ 1pcrson has. perished, shall Dbe punished by
Cumst. » however, this person has perished under cir-
t-h ! ances which the offender could not possibly foresce,

“Iiumshment shall be that of hard labour for life

n , ‘ .
labour feovrergelottlfcr eri lthc punishmon, shall be forced
'tain periods, or, in lieu ther
’ cof, s :

confinement, for seven years at least » Separate

“Art. 712, 1 . )
ond cmtl.) 7 11:. If the d?structlon or rupture of the dikes
be’atm-ib::;l brlnext\ts, or like works alluded to above, shall

able to a simple fault, t] i '

that of imprisonment. » the punishment shall be

“ Art. As 1
o cause('1713. A§ regards other breaches or injurics done
bl to dikes, cmbankments, bridecs
ulldings, or other works of art, includ 8Cs,

to private partics, the punishment sha
rate confinement.

' hydraulic

lmg such as belong

1 be that of s

' pun epa-

Goration mmont. The tribunals may, however, in consi-
¢ circumstances and the nature of the inju-

ries, substitute for th i
! e pr ;
imprisonment, preceding the punishment of simple

“ Art. 718, Lvors indis : : .
o Oth/m.St.hiJvel 1;y individual who, without right, or by
n those above indicated, shall voluntarily

cause waste, da
s mage, or dt J .
oY €
others, erioration on the lands of

whether by le‘:ellin S . i
. g or filling up dite}
be subject to the penalties Spcciﬁped 1b21100:V or canals, shall

« I
f the damage done shall exceed the value of 100
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ure, (about £4,) the punishment shall be three months’

imprisonment at least.
« If it does not exceed this value, the punishment shall

also be imprisonment, of which the period may be extended

to six months.
« In the two cases referred to above, the tribunals may

add to the imprisonment a fine, which shall in no case be
less than ome-lalf, or greater than twice the amount of
the damage done.

« Art. 723. He who, without title, and without right,
shall take water, or cause it to be taken from any TCSEervoir,
or from rivers, streams, torrents, rivulets, springs, canals,
or water-courses, and shall appropriate it to any use

whatever ;
« He who, to the same end, shall break, or cause to be

broken, the dikes, dams, sluices, or other like works, exist-
ing along the rivers, strcams, torrents, rivulets, springs,
canals, or water-courses ;

“ He who shall Linder in any way the excrcise of rights
which other partics may have acquired to the said waters;

« He who, finally, shall usurp any right whatever on the
sources of water referred to above, or shall trouble any one
in the enjoyment of the legitimate possession he may have
acquired,

« Shall be punished by imprisonment, the period of which
may cxtend to one year—and by fine, the amount of
which may be carried to 500 Zire, (nearly £20.)

« The tribunals have the power of inflicting separately
one or other of these punishments.

« Avt. 724, If individuals possessing a right to obtain
or use water shall fraudulently cause their outlets, dams,
or channels, to be constructed in forms different to those
agreed upon, or having capacities of supply greater than
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SECTION VL

SANITARY LEGISLATION.

During my residence in Turin at the beginning of the
present year, the senate of Sardinia was occupied in dis-
cussing the project of a law for the regulation of rice-
cultivation in its rclations to the public health. I fol-
Jlowed the debates with much interest, and was glad to
find that reasonable and practical views of the question
were generally taken. By the kindness of Chevalier
Marioni, intendant-general of finance, I was supplied with
a copy of the report * of the commission of the scnate
appointed to examine the project ; and as this gives an
interesting historical summary of the sanitary legislation
of Piedmont, I cannot do better than borrow from it some
of its more important details.

In their introductory remarks, the commission take a
sound view of the foundations on which any legislation
on such a question as the present should rest. A good
law on the culture of rice,” they observe, which, while it
respects the rights of property, and promotes the interests
of agriculture and commerce, shall prove a safeguard to
the public health—a law such as the nation desires and
the government would wish to present to parliament, so
as to terminate at once and for ever the evils and uncer-
tainties growing out of the existing state of our legislation—
cannot possibly be prepared without a collection of statis-

i Moris, Marioni,

* «Relazione dell’ Ufficio Centrale composto dei Senator
" dated

Guilio, de Cardenas, Cotta sul progetto di legge provvisoria sulle Risale,
20th February 1851.
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tical facts far morc extensive and accurate than any we
now possess. It is from these alone that the principles
of such a law can le deduced with confidence, that the
means of enforcing its provisions can be ascertained, and
that the necessitics which justify it can be made apparent
not only to the Ilegislature but to the proprictors, on
whom it imposes restraints and cautions, and to the popu-
lation whose means of subsistence and health it peculiarly
affects.  To attempt final and definitive legislation in the
present state of our knowledge, would be to give way to
an inconsiderate and ill-informed desire for improvement,
and would derange established customs by the substitu-
tion of others having no true clements of stability, and
destined after the lapsc of a few years to be replaced by
the results of longer experience and larger knowledge.

“A vast quantity of writing and speaking has been
expended on the question of the insalubrity of rice culti-
vation. But the argument is wide in its extent and
varied in its relations, and the partics who have discussed
it have hitherto concerned themselves less in the carcful
collection and examination of well-ascertained facts, than
in the devclopment of preconceived opinions and popular
prejudices.  Ience it is really impossible to satisfy the
public mind, by a clear definition of the true conditions
by which the evils accompanying the culture of rice are
influenced, or to point out the means wherchy the law
could best eradicate, or at any rate diminish, the intensity
of such evils.”

From these views of the commission I believe no one
will be disposed to dissent. If rice cultivation is to be
interfered with at all, it is only just to all partics con-
cerned that the interference should be an intelligent one,
based on facts honestly obtained, and interpreted as
clearly as our present knowledge will permit.  As this
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cannot be the case in Piedwmont, the existing legislation is
purely provisional.

The earliest important act of sanitary legislation dates
from the close of the year 1608, when Carlo Emanuel I,
duke of Savoy, prohibited the sowing of rice in any part
of the kingdom, except by license under his sign-manual,
sealed with the great scal, sanctioned by the chamber of
accounts, and adverting especially to the following con-
ditions,—yviz., that the land should be unsuited for any
other form of cultivation ; that it should be at a distance
of 44 English miles from any town or village, and 650
yards from any road ; that the licensc had been granted
with the consent of two-thirds of the heads of families in
the commune, and with the engagement on the part of
the holder to secure perfect drainage for the water, and
to maintain the necessary number of bridges for cross-
communication. The duke foresaw the storm that would
arise from the cnforcement of his orders, and, as though
distrusting his power to withstand it, he declared that
licenses granted in terms contrary to those just established
were ¢pso facto null and void, though given by himself,
and containing clauses specially permitting the infringe-
ments. These precautions, however, met with little success.
“ Complaints rained down upon him,” says the reporter
of the commission, and the duke handed them all over to

the chamber of accounts, under whose auspices the grant-
ing of licenscs for rice-culture became before long an
important source of revenue. The payment at first was
a tenth part of the gross produce, but this was subse-
quently commuted in 1621 to a tax of one ducat (nearly
5s.) per giornata, which is very nearly equal to an Eng-
lish acre. It might have been expected that a burden so
considerable on the land under rice would have checked
the extension of the culture; but neither this nor the
VOL. IL. X
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renewal, at various times during the course of the seven-
teenth century, of the different provisious of the act of
1608, seems to have had any decided effect.  The culti-
vation continued to spread, and by the middle of the
century had become firmly established in the provinees of
Vercelli and Biclla, the districts of Borgaro, Legni,
Cumiana, Orbassano, Rivolta, Piossasco, and Parpaglia,
with a number of others specified by the commission.

In the hope, perhaps, of obtaining more by asking less,
the edict of the 2Ist March 1663 limited the protective
zone to 4% miles round Turin only, to 3 miles round
Vercelli, to 900 yards from other inhabited places, to 30
yards from houses, and to 75 on cach side of the public
roads. Very soon afterwards, however, the law returned
to its ancient scverity, and on the 28th April 1667, rice-
culture in the districts of Borgaro, Scttinio, Legni,
Caselli, and Volpiano, was absolutely forbidden—the

chamber of accounts, however, retaining the power of
Two years later the chamber

granting special licenses.
received peremptory orders to destroy all rice-culture
wherever they thought it mischicvous. During the course
of the succeeding ycar (1669) the war against the unlucky
rice-proprietors waxed faster and more furious. The
protective zonc round Turin was increased to nearly 14
English miles ! all rice-lands established since 1660 were
doomed to destruction throughout the whole kingdom,
with exceptions in favour of those partics who had rigidly
observed the conditions of the edict of 1608 ; lands under
rice, but within a distance of 3 English miles of towns or
walled places, and of 1} miles from any inhabited places,
were also to be otherwise employed ; and no rice-culture
was to be established in localities where perfect drainage
did not exist—that is, in marshes or like tracts of country;
and, finally, the proprietors were ordered to renew annually

enactments could check the progress of the culture.
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their registered obligations to insure the free flow of the
water, and to maintain the drainage and other works
in an efficient condition. The result of these severe
measures was the gradual diminution and ultimate extinc-
tion of rice-cultivation in a considerable portion of the
upper districts of Piedmont. But in the special region
of irrigation in the province of Vercelli, no prohibitory

In
1697, Vittorio Amadeo II. issued an edict under date
the 20th of January, forbidding rice-lands within 9 Eng-
lish miles of the towns in this region. The chamber of
accounts remonstrated vigorously against this order.
They represented to the duke that the natural sterility
of the soil except for rice-culture, the numbers of springs,
the marshy nature of the localities, the want of capital,
the scanty population, the character of the proprietors of
the rice-lands, would present serious and probably insuper-
able obstacles to the execution of his edict, and they
recommended the modification of its terms. Their advice,
however, was neglected, and the law remained in force
until 1728, when it was again modified. The conditions
at this time attached to the culture were the following :—
All rice-lands established after the year 1710 were to be
destroyed or applied to other uses, and no new cultivation

was to be undertaken except in the districts specified in
The legal distances were established as

the edict.
follow :—
From the city of Vercelli, 6§ miles.
From the towns, . 900 yards.
From farm-buildings, 30
75,

From royal and public roads,
It is wearisome to trace the perpetual fluctuations of

this most variable legislation. A single year had not
elapsed before the king again introduced new rules. He
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the legal distances should be marked for each place by
four boundary pillars at the cardinal points; and power
was given to the inhabitants to prevent rice-culture,
even beyond these limits, if more than two-thirds of the
heads of families should object to it. These would
seem to be the latest regulations specially applicable to
the Lumellina.

The earliest provisions for the province of Novara are
supplied by the edict of 1682, confirmed in 1708 by
Prince Eugene, then governor of the duchy of Milan, (to
which Novara was at the time attached,) and maintained
in vigour when the possessions of the house of Savoy were
extended to the right bank of the Ticino. By the
edict referred to, the protective distances were fixed as

follows :—
For the town of Novara, 2600 yards.
For places having at least 100 houses, 325
150

For places having at 1cast 50 houses, .
For smaller places, and for every separate and inhabited house, 25

The last acts against the extension of rice, prior to the
establishment of the dominion of the French, were the
patents of the 3d August 1792, and the 25th January
1793, by which the introduction of new rice-lands into the
provinces of Novara, Vigevano, Lumellina, Vercelli, Biella,
and Casale was prohibited, while the proprietors of exist-
ing rice-lands were required to present their licenses for
examination within three months, and to furnish details
regarding the position, the area, and the distance from
inhabited places and roads, of their respective properties.

Very soon afterwards, some of the most important of
the provinces just mentioned were attached to the Cisal-
pine Republic (subsequently the kingdom of Italy,) of
which the Sesia was made the boundary on the westward.
Hence the Lombard legislation, to which I have pre-
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viously referred, became temporarily applicable to them.
The sanitary law of the 9th February 1809 regulated
rice-cultivation till 1814, when the King Vittorio
Emanuel I., on the old boundaries of the kingdom being
restored, re-established in full force the patent of 1792.
As the cultivation, however, had continued to extend
during the interval, it was found necessary to sanction the
continuance thereof in all places where, according to the
judgment of professional men, the land was unfitted for
other use, or where the existence of rice could not affect
prejudicially the public health. In 1815, a special com-
mission was organised to examine the entire question.
The first act of this body was to grant its sanction, under
date the 10th of June 18135, to all ricc-lands actually exist-
ing at that period ; maintaining, however, the protective
distances round the towns established by the ancient legis-
lation. It must, however, be noted that the observance
of the letter of the law was very imperfect, for in all
cases where a certificate from qualified professional men
wag granted to proprietors in favour of their rice-lands,
the commission at once sanctioned their establishment, In
1828, a tabular statement of the rice-lands of the king-
df)m was prepared, showing their areas, positions, and
distances from inhabited places, but no special measures
seem' to have followed ; and in 1835 the commission was
abol.lshed, its functions being transferred, first, to the
» maglstra.w)t of health in Turin, and subsequently, in 1838,
to the similar tribunal of Casale, From that time for-
ward, up to 1851, I do not find any legislative acts
affecting irrigation.

The commission of the senate remarks on the preceding
summary, “Three conclusions appear to us to be clearly
deducible from the rapid review just given of the laws
affecting rice-cultivation, which have grown up among us
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during the course of two centuries and a hal.f. .Fi.rst,
that the sole remedy against the insalubrity of rice irriga-
tion, which has been thought of and applied in practice, has
been to keep it at a distance from inhabited places ; 'blft
that the limit of this distance has been increased or dimi-
nished in a manner wholly arbitrary, and without 1‘efere1.1ce
to any theoretical principles or experimental results which
warranted the terms selected. We say this was the sole
remedy, because, although the laws ordain that.free passage
shall always be insured for the water, no specific plans f.or
drainage were either suggested or enfor(':ed 5 and the .dIS-
tricts where rice-cultivation prevails, remain still unprovided
with this important means of securing their salubrity.'. .

« The second inference, which appears to the commission
no less clear than the first, is, that a remedy which has
been altered incessantly, and at brief intervals, can'not be
regarded as a successful one, since 1t' must have falled. to
produce the results anticipated from it by those who tried
it in various forms. .

« Thirdly, it is clear that, throughout the entire progress
of our legislation, it has always been fOll.nd necessary, in
endeavouring to limit the extension of rice irrigation, to

respect the interests which had grown up even in spite of
the laws, and to sanction the continuance of the.culture
in places where it had Dbeen establi.shed f01" consxder?,ble
periods. Illustrations of this necessity are given especially
by the edicts of 1728, 1792, and 1809 ; and when the
contrary course has been adopted, as in 1674, 1697,
1729, and 1815, the discontents and difficulties created
have been such as invariably to force the govc?rnment to
modify its orders, and to admit so many exceptlfms, as, in
pbint of fact, rendered the laws nearly inoperative.

«If, therefore, the ancient laws do n.ot.supply. examples
of successful remedies which we can imitate—if, farther,
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the facts on which a definitive law could be formded so as
to secure the confidence and respect of all parties con-
cerned, do not at this present moment cxist, the commis-
sion is of opinion that measures should be taken to col-
lect such facts, and that all attempts at definitive legis-
lation should be deferred until this preliminary inquiry
has been satisfactorily completed.

“On the other hand, the commission is distinctly of
opinion that certain conditions should be attached to the
formation of new rice-lands ; and, pending the collection
of facts on which a definitive law can be based, they
think that a temporary mcasurc may properly be sanc-
tioned. They, thercfore, recommend that the project now
submitted be passed by the senate, with the modifications
which have been suggested by the commission.”

Tn this, the latest cxample of sanitary legislation on
irrigation in Picdmont, the old remedies, and the old
recoguition of infractions of previous enactments, are re-
established and submitted to. A distinction is admitted
between rice-lands formed before and after the year 1848,
and the law is much milder in its provisions regarding
the former than the latter. By Article 1, all rice-lands
formed.after 1848 within districts or protective zones
round inhabited places, as defined in previous acts, are
positively prohibited, and are ordered to be destroyed or
tur'ned to otliler uses before the close of the current year.
With .the v1e§v of preventing the lands thus
becom.m.g noxious to the community,
comm1§510n mposes on their proprietor
executing and maintaining such works

abandoned
the project of the
s the obligation of
as may be neces-
sary to secure the free passage of the water which had
been introduced for the purpose of irrigating them.

.Art. I1. provides that other rice-lands similarly situated
within prohibited limits, but formed anterior to 1848,
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<hall not be interfered with, unless their effects have proved
prejudicial to the public health. The proprietors of such
lands are bound to submit to the syndics of the communes
within which they are situated, within fifteen days .from
the passing of the act, detailed surveys (consegni) of
them. These surveys may be executed on unstampe.d
paper, (carta libera, ) and should show the extent, posi-
tion, &c., of the ficlds.

Art. II1. directs the syndics to submit thfzse surveys
for the consideration of the communal councils, and re-
quires the councils to verify the same, and tf’ cause any
deficiencios of information to be supplied within fifteen
days from the time of their reccipt. The tabular state-
ments founded on them are to be published repeatedly in
the communes, so that parties having objections to‘the conti-
nuance of any of the rice-lands may be heard agm.nst them.

Art. IV. All parties having objections, on san}tary con-
siderations, to any of the rice-lands referrc'd' to in Artllec
11, shall present proofs of the same in writing to the in-
tendant of the province, or to the intend.ant—genera}l f)f
the division in which the said lands are situated, within
ten days from the last publication of the surveys.

Axt. V. prescribes the times within which the .mte.nd—
ants are to forward to the intendants—genera} tl.le objections
submitted directly to them. The commission proposes
two days being allowed for this purpose. '

Art. V1., as modified by the commission, is to the fo?-
lowing effect :— The intendant-general shall communi-
cate immediately with the proprietors of the rice-lands
against which objections have been. made through the
syndics, and shall require these ‘partles to reply to sm'lch
objections within five days. The mtendant—gener.al, taking
into consideration the observations on both sides, and
having heard the opinion of the provincial council of
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health, shall decide definitively within fifteen days whether
the.lands objected to shall be tolerated until the promul-
gation of a general law on rice-cultivation, or for the
cu.rrent year only, or be converted at once to other uses,
with the exceptions specified in the succeeding article.
. “'Art. V1I. In addition to the rice-lands to which ob-
Jections are found to be irrelevant, the following shall be
tolerated until the promulgation of a law to theocontrar :
all lands to which no objections had been raised : thojsye
established without special licenses, but in distr,icts or
zones.not prohibited; and those, finally, which, though
esta!ohshed in districts and zones under prohibition, have
rec‘?wed the sanction of government at any former t;me.
fonovx:xill‘lt(.’ Z:CIII. ?n the other hfwnd, rice-lands under the
. thembou ht1111;1s ances are prohibited, and the cultivation
e pmpriﬁor 0 fermmap? at once cither by the act of
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—and, in the end, to compel the regulating authority to
recognise such evasions, by sanctioning what it has proved
incompetent to prevent. The cultivators of rice have,
with every new law, secured the occupation, as it were, of
a new province; and the whole history of the progress of
the sanitary legislation of irrigation in Northern Italy
has been a record of successful encroachment on one side,
and vain efforts at repression on the other. “1 persist
in the opinion,” says M. Giovanetti, « that the provisions
established for keeping rice-lands at a distance from cities,
towns, and villages, are dictated by incorrect notions,®
and the passion for regulation-making. In Milan, in
Venice, in Piedmont, in the States of the Church, every-
where, in short, they have adopted the same measures.
It is a struggle which has lasted for centuries between the
agriculturists and the governments, and in these times it
seems to be recommencing. What strikes me as most
singular in the matter are the flagrant inconsistencies of
the governments themselves. They encourage in all pos-
sible ways the establishment of canals, and have incurred
enormous expense in executing them : in all time the
people with us cluster, as if by instinet, near the rivers
and water-courses, and the governments think fit to throw
serious obstacles in the way of utilising the waters for
agricultural purposes. What is worse still, the regula-
tions have ended in becoming instruments of arbitrary
power, and of low and dctestable passions. There 1s
scarcely a dispute on the present subject which does not
owe its rise to intrigue or ill-will on one part or the other.

« For my own part, I regard the absolute prohibition of
the culture as far more logical, and much less mischievous
to the interests of the community, than these everlasting

* As will presently appear, our experience in India is somewhat opposed to

this opinion.
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skirmishes between prohibitions and permissions. It 18
not that the abolition of rice-lands has proved cffective in
ameliorating the air where this has been tried, for the
remedy has, in my own cxperience, proved inadequate;
but by so proceeding, the state of feverish uncertainty and
anxiety, which is a curse to agriculture under the cxisting
system, would, at any rate, be put an end to.

«T do not, however, advocate the abandonment by
governments of their right of surveillance over rice-culture,

and every other form of agricultural or industrial occupa-

tion, which is held to be injurious to the population of the
states they rule ; but 1 do say, that our past Jegislation
has been an crror and an cvil in the changing shapes it
has assumed, and that our laws, to be respected, must rest
on sounder foundations than they now possess.”

To this conclusion all cxperience tends, and it will, T
am sure, command the full consideration it merits in any
e'ﬁ'orts which may be made to cstablish sanitary regula-
thDS'fOI‘ the irrigated districts of India. I shall have
occasion presently to refer to the sound measures already
adopted, to sccure a broad basis of facts on which to found
tl}e rules to be enforced. No one will question the extreme
difficulty and delicacy of the question. The mystcrious
flature of the morbific principle or principles, which we
include under the gencral term of malaria, and our igno-
rance of the laws of its distribution, or the limits of its
1nﬂuen'ce, embarrass our progress. It is like carrying on &
campaign without an intelligence department. On the
other hand, the great interests of agriculture, the import-
ance of leaving these as free to expand as possible, and of
saving them from the blight of uncertainty or harassing in-
terf'erence, require profound caution, lest, in our respect for
Sanitary considerations, we overlook, or, it may be, inflict
Injury on others of certainly equal value to the general good.

CONCLUDING REMARKS

ON THE LEGISLATION OF IRRIGATION IN NORTHERN INDIA.

TuE comparatively recent establishment of the great
canals of irrigation, executed by the British Government
in Northern India, and the absorption of the attention of
the officers connected with them in the primary duties
of completing the works, and organising the material
details of the system, have hitherto interfered with the
progress of legislation, and lence there is but little to
show on this branch of the subject. It appears to me,
however, that I cannot better conclude my work than by
placing on record the efforts that have been made, all
imperfect as they confessedly are. By thus supplying the
means of comparing them at once with the matured results
of the long experience of Northern Ttaly, as given in the
preceding chapters, it may be that their deficiencies will
%e better indicated, and the means of improving them
more clearly suggested, than by any comment I could
make.

A single act of the legislature of India, under date the
12th April 1845, embodies our existing legislation of
irrigation. Tt is to the following effect :—
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“ Acr No. VIL of 1845, passed by the GOVERNOR-
GENERAL of INDIA in Council, on the 12th of April
1845.

“An Act for regulating the levy of water-rent, tolls,
and dues, on certain canals for irrigation and
navigation, constructed by Government in the
North- Western Provinces, and for the protection
of the said canals from njury.

“ Whereas numerous canals have been constructed, and
are in progress of construction, at the public expense, in
the north-western provinces of the presidency of Fort-
William in Bengal, for the purpose of irrigation, and also
for navigation, so far as it may be practicable to unite the
two objects ; and whereas it is requisite to regulate the
levy of rents, tolls, and dues on such canals, and to pro-
vide for their protection from injury—

“1, It is hercby enacted that the licutenant-governor
of the north-western provinces shall be competent, by pro-
clamation to be made in the government Gazette, to declare
the provisions of this act applicable to any such canal.

“II. Andit is hereby enacted, that the said licutenant-
governor of the north-western provinces shall be competent
to draw out rules to regulate the levy of water-rent, and
the supply of water for irrigation, and the payment of
tolls and dues on boats, rafts, or floats, and admission t0
the bencfits of navigation on such canals as may be found
most suitable to the peculiar circumstances of each. The
rule§ thus drawn out shall be published for general infor-
mation in the government Guzette.

.“ ITI. And it is hereby enacted, that any acts done by
private individuals in contravention of the rules so pub-
lished, shall be punishable either by temporary depriva-
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tion of the benefits of the canal, or by the penalties
herein-after described.
«IV. And it is hereby enacted, that all balances of

~ water-rent due for lands irrigated by the canal shall be

levied, either by temporary deprivation of the benefits of
the canal, or by the same process as is prescribed for the
recovery of balances of land-revenue.

“V. And it is hereby enacted, that whoever wilfully
causes any obstruction to any of the said canals, or to
any of the water-courses drawn and supplied therefrom,
or damages the banks of the canal, or the works con-
structed for its maintenance, or wilfully defiles the water
in the canal, shall be liable to the penalties herein-after
described.

« VI, And it is hereby enacted, that all persons offend-
ing against the provisions of this act shall be punishable,
on conviction before the magistrate, by imprisonment
without labour for a term not exceeding fourteen days,
or fine to an amount not exceeding fifty rupees, (about
£5,) or both ; and, in default of payment of such fine, by
additional imprisonment for fourteen days.

«VII. And it is hercby enacted, that if the owner of
any boat, float, or raft, navigating any such canal, shall
refuse to pay the prescribed toll, it shall be lawful for the
officer charged with the levy of tolls on the canal to
detain such boat, raft, or float ; and if the toll be not paid
in the course of ten days, then it shall be lawful for the
said officer, under the direction of the superintendent of
the canal, on the tenth day after the seizure, to sell such
property, or so much thereof as may be necessary, or to
declare the whole confiscated ; provided that in all such
cases no confiscation shall be carried into effect till the
circumstances have been reported to the commissioner of
the division, and his sanction obtained thereto.
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« VIIT. And it is hereby cnacted, that it shall be
lawful for the licutenant-governor of the north-western
provinces to appoint officers for the collection of the rents,
tolls, and dues hercin-before mentioned, and to confer on
such officers the powers of deputy-collectors for the levy
of such rents, and of joint magistrates for the enforcement
of such penaltics as have been herein-before specified.”

The lieutenant-governor of the north-western provinces
exercised without loss of time the powers vested in him
by the preceding act, and the following resolution, which
completes the details of our existing legislation, was pub-
lished in the government Glazette of the 1st of July 1845:

“« REVENUE DEPARTMENT,
the 3st of May 1840,

“ REsoLuTioN for giving cffect to Act VII. of 1845
regarding Canals, passed by the Ilonourable the
Lieutenant-Governor N. W. P.

“T. Under the powers vested in the Lieutenant-Gover-
nor N. W. P, by Scction T. Act VII. of 1845, the provi-
sions of the act in question arc declared applicable to the
following canals and water-courses :—

1st, The Western Jumna Canal, running through

Delhi, and throwing off branches to Ilissar and
Rohtuck.

2d, The Eastern Jumna Canal, ranning ncar Saharan-

poor.

3d, The Beejapoor Canal, in the Deyrah Dhoon, drawn

from the left bank of the Tonse River, ncar the
village of Becjapoor.

4th, The Rajpoor Canal, in the Deyrah Dhoon, drawn

from the right bank of the Ruspunnah River,
below the village of Rajpoor.
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5th, The Nugeenah Canal, in the district of Bijnore in
Rohilkund, drawn from the right bank of the river
Kobh, and passing by the town of Nugeenah.
“II. In conformity with Section VIXI. of the aforesaid
act, the superintendents of the said canals are invested
with the powers of deputy-collectors for the levy of rents,
and of joint magistrates for the enforcement of penalties
under the aforesaid act ; and their assistants are declared
competent to exercise the same powers, under their direc-
tions, and on their responsibility. The subordinate esta-
blishments of such superintendents have the power of
subordinate revenue and police officers for the aforesaid
purposes. An appeal lies direct to the commissioner of
the division against orders passed by the superintendent
or his assistants in the capacity of deputy-collector, and
to the sessions judge, against orders passed in the capacity
of joint magistrate.
“«III. The officers at present holding the above
appointments, and vested with the above powers, are :—

WeSTERNY JUuMNA CANAL.

Captain A. H. E. BorLeav, Engineers, Superintendent.
Lieutenant HENRY YULE,
Lieutenant H. WHITING,
Conductor W. DAWE,

do. ,
} Assistants.
do.

EASTERN JuMNa CANAL,

Lieutenant R. Bamrp SaitH, Engineers, Superintendent.
Lieutenant W, E. Mortox, do. Assistant.

BEEJAPOOR AND RAJPOOR CANALS.
Captain HexrY Kirkr, Superintendent.

NUGEENAR CANAL.

The Collector, Deputy-Collector, and Assistant-Collector of Bijnore, for the
. time being.

“IV. In conformity with Section II. of the aforesaid
VOL IL Y
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act, the following rules are passed, to be in force on the

above canals and water-courses :—

« Rules for the “Western and Eastern Jumna Clanals.

«V. 1st, Cultivators whose lands lic within l'eacl} of
the canal may, on their application, have water for wTiga”
tion at the following rates :—

e

I ;

i Land irrignted by natural ‘ Land irrignted artificinlly

i tlow of water per fweve, ‘ peraere. yor what
DESCRIPTION OF PRODUCE. | oo i o e o o period-

Inloeal | In Frglish ot | 1w English
eurrency. © currency. \‘ currency. currencey.

a
\

|

[P

Rupees. L. 8. Dy Rupecs, ‘ [ SN

FirsT Crass.—Fruit, or
4 0 0 ¢ & 0 | perannum.

i
h |
nursery gardens, . . | 5 00 \
SrcoND Crass. — Vege- , !
table gardens, indigo, l
sugar - cane, tobacco, 1
cultivated grasses, as | |
lucerne, guinea grass, | |
and herbs, . . 1 200 0 40
THirp  Crass. — Rice,
cotton, wheat, oats,

{per annunt

1 8¢ 030 or crof.

Indian corn, vegetables,

{single crops,) and

safflower, . . . 1 00 0 2 0
Fourtu CrLaAss. — Bar-

ley, oil- seeds, pulse of

all kinds, . . . 010 8

0 10 8B 0 1 4 | percrop.

01 4 9 8 861 01 0 |npererop.

“ VI 2d, When it may be more expedient to give
water on contract rather than according to the surface
irrigated, the terms of contract may be as follows :—

“ Where the water flows naturally, 2 rupees (4 shil-
lings) per annum for every square inch of opening taken
from the summit-level of the water, and having a free
course.

“ Where the water requires to be raised artificially, the

rate to vary according to the opening as above, or accord-
Ing to the machine used.”
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(Five forms of native machines for raising water- are
specified, and rates per annum and per crop fixed for cach.
These rates vary, according to the supposed working
powers of the machines, from £3 to 12s. per annum on
each, and between half of these extremes respectively per
crop.)

“ VII. 3d, In the event of any persons secretly taking
water from the canal in any manner, for which rent is
leviable, without coming under engagements to pay the
rent, or secretly taking more water than he has engaged
to pay for, he shall be chargeable with double rates for
all water so taken.

“VIII. 4th, All land brought into cultivation within
20 yards of the canal or any branch stream from it, sub-
sequently to the construction of the channel, shall pay
water-rent, whether taking water or not ; and similarly all
land cultivated from wells which have been dug or re-
opened within 20 yards of the canal boundary, or within
10 yards of any branch stream from it, subsequently to
the counstruction of the canal, shall pay water-rent, whether
taking water from the canal or not.

“IX. 5th, When, from the carelessness of cultivators,
either in not properly closing the heads of their water-
courses, or in leaving the water-courses in bad order, the

‘water overflows and spreads over waste or fallow land, a
fine shall be levied not exceeding the highest rate of
water-rent leviable on the extent of land flooded.

“X. 6th, It shall be in the power of the canal officers to
close the whole of the branch water-courses from sunset
to sunrise, for the purpose of forcing the water on to the
lower parts of the canal, and also, when necessary, for any
period not exceeding three daysin a week. At other
times the water shall be at the command of the cultivators,
provided it be in the power of the canal officer to furnish
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a supply. Persons taking water once, so as to benefit &
crop, shall be liable to the charge for the whole year, of
the whole crop, as the rate may be leviable.

“ XI. 7th, Special agreements between individuals and
the superintendent for the usc of water for irrigation, for
driving machinery, or for other purposes, on other terms
than are embodied in these rules, shall be construed as
other ordinary contracts arc.

“XII. 8th, When a branch watcr-course may have been
formed by the owners of two or more villages at their
joint expense, and the owners of any onc of the villages,
by refusing or neglecting to clear out their portion of the
water-course, shall impede the free flow of the water, the
superintendent shall be competent to cause the ¢hannel to
be cleared at the public expense, and shall recover such
sums as fuccavee (a local term, meaning advances in moncy
made Dy government to cultivators to facilitate agricul-
tural or other like operations, and recoverable at times
and in ways specially agreed upon) from the owners of
the adjacent village, or of the villages profiting thereby,

in such proportions as he may consider just, and accord-
ing to the method prescribed in these rules.

“ XIIL. 9th, The superintendents and their assistants,
in realising balances of advances and of water-rent, are
empowered to proceed themsclves against the persons or’
‘personal property of defaulters, under the provisions of
tpe regulations applicable to the case ; but if they con-
sider it necessary to proceed against the real property of
the defaulters, they will address a requisition to that
effect Fo the collector of the district in which such pro-
perty 1s situated.  The collector, on receiving the requisi-
tion, will proceed in the same way as he would upon any

similar requisition addressed to him by the collector of
another district.
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“«XIV. 10th, Villages that pay less than 100 rupees
(about £10) in the year for water-rent, or that do not
take water upon contract, shall also be liable to the fol-
lowing charges :(—

« For the watering of camels or cattle, 60 rupees (£6)
per annum for every 1000. Tor the watering of sheep
and goats, 20 rupees (£2) for every 1000.

« For filling tanks or reservoirs whenever water can be
spared, 5 rupees (10s.) per 24 hours’ run, for every 100
square inches of opening through which the water 1s
supplied.

«XV. 11th, Villages that pay 100 rupees (£10) per
annum shall be excmpt from these charges, and those
that take water by contract shall use the water so supplied
to them in any way they prefer, but shall not be allowed
to sublet it either for irrigation or for watering the cattle
of other villages.

« X VI. 12th, Tolls at the following rates shall be levied
on all rafts passing along the canal.”

(Here follows a long list of rates for various species of
woods and grasses, which I need not extract.)

XVII to XX. Detailed regulations regarding the
passage of rafts, and provisions for protecting the works
from injury by them. The owners are made liable for
the cost of repairs of such damages, and if they are
caused wilfully or wantonly, the offender is rendered

farther liable to punishment under Section V. of the act.

« XXI. 17th, Ferry boats shall not ply on the canal,
except under license from the -superintendent, to be given
or withheld at his discretion ; but no charge shall be
made for such licenses. Any other boats kept on the
cana), for purposes of pleasure or traffic, shall be licensed
on such terms as may be agreed upon between the super-
intendent and the owners of the boats.
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“XXII. 18th, The jurisdiction of the superintendents
and their assistants as joint magistrates, in all cases pro-
vided for in this act, shall extend over all places within
canal bounds, or, where there may be no apparent and
recognised bounds, for 30 yards on cach side of the high
water-mark on any principal channel of the canal, and
for 10 yards on cach side of every rajbuha or other
branch water-course, supplying water to more than one
village, and over cvery plantation, building, or cnclosure,
belonging to the government, and under charge of the
canal officers. Beyond these limits they will have con-
current jurisdiction with the magistrate for the pursuib
and apprchension of offenders.

“ XXTII. 19th, Persons injuring the canal banks or the
canal property within the aforesaid limits, or wilfully
driving their cattle so as to damage the banks or the
property, or otherwise acting within the said limits as
prohibited in Scction V. of the act, shall be liable to the
penalties prescribed in the act ; but for cattle accidentally
straying, the penalty shall not exceed, for every elephant,
1 rupee, or 2s.; every camel, 4 annas, or 6d.; every
baffalo, or head of cattle, horse, mule, pony, or ass, 2
annas, or 3d.; for cevery sheep or goat, 1 anna, or 14d. ;
together with the expenses of feed and keep, and the cost
of repair for damage dove. Unclaimed cattle will be
sent to the established canal pounds to be disposed of by
the superintendent as usual, and the net procceds of the
sal‘e will be credited to the canal.  Cattle or other animals
going down to the stream, or crossing it at any other
places than the established ghats or fords, will be held to

have been wilfully driven, or to have accidentally strayed,
as the case may be.
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« Rules for the Beejapoor and Rajpoor Canals.

«XXIV. 1st, Cultivators whose lands lie within reach of
the canal, or of reservoirs filled from the canal, may, on
their application, have water for irrigation from the canal,
or the tanks or reservoirs made or repaired by the govern-
ment, and filled from the canal at the following rates :—

On land irrigated by natural
tlow of water per acre.
For what

DESCRIPTION OF PRODUCE. ‘ | period.
Inlocal | In English
currency, | currency, ’
i
RS As. .| L. s D. |
FinsT CLass.~—Fruit or nursery gardens, . . 2 80 050
SEcoND Crass. — Vegetable gardens, indigo,
sugar-cane, tobacco, cultivated grasses—as
lucerne, guinea grass, &c., lerbs and rice
grown in enclosed beds, . . . 100 0 2 0 | perannum,

Tarp CLASS. — Rice not grown in enclosed
beds, cotton, wheat, oats, Indian corn, vege-
tables, (single crops,) safflower, . . . 0 80 0

FourTH Crass.— Barley, oil-seeds, and pulse
of all kinds, . . . . . . . 0 80 | 010

perannum
1o !{ or crop.

XXV. 2d, Repeats Art. VII, Rule 3d, of the fore-
going serics. (When rules are exactly the same for dif-
ferent canals, T will not give them again in full, but
merely refer as above to the corresponding provisions in
the First Series.)

XXVI 3d, Repeats Art IX,, Rule 5th, of the First

Series.
XXVII. 4th, Repeats Art. X., Rule 6th, of the First

Series.
XXVIIL 5th, Repeats Art. XI., Rule 7th, of the

First Series.
XXIX. 6th, Repeats Art XII, Rule 8th, of the

First Series.
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XXX. 7th, Repeats Art. XIII., Rule 9th, of the
First Series.

XXXIL. 8th, Repeats Art. XXII., Rule 18th, of the
First Serics, with the following modifications : — The
extent of jurisdiction is limited to 12 yards on cach side
of the main canal and principal branches, and includes
not only the tanks and rcservoirs as well as the canals,
but also the course of the stream from which the canal is
drawn, from the head of the canal to the debouche of the
stream from the Lills, or any place where water-courses
may be cut or machines constructed,

XXXIT 9th, Repeats Art. XXITI., Rule 19th, of
the First Series.

“Rules for the Nugeenal Cunal.

“ XX XIIT. 1st, Cultivators whose lands lie within reach
of Fhe canal may, on application received within the pre-
scribed dates, have water on the following terms :—

. i
On land irrigated ’ On land irrigated

naturally per acre. itie
DESCRIFTION OF PRODUCE.| . . . __ ,.'v I - cxje l artificlally por acre. For what
i — -0 N - .
In loca) Tn English | Injoeal | In Englien pertod

currency.

currency. eurrency, currency.

| Rs. As. p. T e
First CLass.—Fruit and i

'
i fe B DL URe Aw o p, l L. 8. D. |

nursery gardens, .

|
; 5 0 0 f O 0 - 4 0 0 0 8 0 [per aunum.
Seconp CLASS.—Vegeta.- |
ble gardens, indigo, su- ,‘l
gar cane, tobaceo, cul-

tivated grasses, herbs, 2 0 ¢ 0 4 0 1 8 0 |

I

<
W
>

er crop.
THIRD CLASS.~—Rice, cot- [ ! ’

ton,wheat, oats, barley, |

and all other kinds of | J

grainandpulses, . . | 1 0 0(020 010 8

0 1 4 }percrop.

- I

" « XXX.IV.. 2d, Owing to the limited supply of water in
e canal, it is necessary to fix the number of waterings

which can be given to each crop.  If there be not enough’
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water to give the prescribed number of waterings, a rate-
able deduction shall be made for the deficiency.

Description of Produce. Number of Waterings.

Fruit or nursery gardens, 8 waterings per annum,

Hemp, 5 do.  percrop.
cultivated grasses and herbs, 4 do. do.
Cotton, wheat, barley, and all other
3 do. do.

}
f
|

! P
|
| A
Rice, sugar-cane, indigo, tobacco, [
l
|
‘,
‘ grains and pulses, ',

“«XXXYV. 3d, The following dates are fixed, up to
which applications will be received and registered for the
different kinds of produce :—

For gardens, sugar-cane, tobacco, and extra-

ordinary crops, . .
For indigo, and the ordinary rain and

15th March.

winter crops, . . : . 1st June.
For vegetables, cultivated grasses, and the
“ordinary spring and summer crops, . 1lst Now.

« XXXVI. 4th, All applications tendered after the
above-mentioned dates, to be treated at the discretion of
the canal officer.

~1st, By absolute rejection. ‘
2d, By granting the prescribed waterings, and
charging double rates.
3d, By granting only one or two waterings, and
levying the full rates.

« XXXVII 5th, In the event of the cultivator being
found to have irrigated more land than he had applied
for, he shall be charged double rates for all the excess;
provided, however, that no charge shall be made for any
excess under 5 per cent on the area applied for.
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“XXXVIII 6th, If the excess prove uncultivated or
fallow land, the rate levied shall be the highest rate of
water-rent.”

XXXIX. 7th, Repeats Art. VIIL, Rule 4th, of the
'First Series, with the substitution of a distance of 10
mnstead of 20 yards from the canal and its main branches.

XL. 8th, Repeats Art. IX., Rule 5th, of the First
Series.

“ XLI. 9th, The canal officer shall be at liberty to close
fshe canal once cvery year, for clearing the bed and yepair-
ing the banks; provided, however, that the period occu-
pied in repairs shall not exceed one month, and shall
always be chosen when there is the least demand for
water,”

XLIL 10th, Repeats Art. X1I., Rule 7th, of the 1'irst
Series.

.XLIII. 11th, Repeats Art. XIIL., Rule 8th, of the
First Series.

XL1V. 12th, Repeats Art, XIII, Rule 9th, of the
First Serics.

XLV. Ro_pcaf:s Art. XIV,, Rule 10th, of the First
Series, substituting, as the charge for watering sheep or
goats, Rs. 26 (£2, 12s.) for Rs. 20 (£2.)

XLVI, Rope.ats the provisions regarding the filling of
t;nks or reservours given in Art. XIV., Rule 10th, of the

irst Serics, substituting 20 f o inc
opening g or 100 square inches of
. ?.(LVII. ‘Repeats Art. XXTI1I., Rule 18th, of the First

eries, s11bst1t}1t1ng 15 for 30 yards on each side of the
canal as the limits of magisterial jurisdiction.

XLVIIL Repeats Art
First Series. d rt. XXITI, Rule 19th, of the

T .
he act and resolution now given form the code of
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irrigation in Northern India. They concern themselves,
as it will at once be observed, simply and exclusively,
with those relations which connect the government as the
great proprietor of the canal waters, with the agricultural
community as the employers of these. They are mute on
all points which naturally arise between the different
members of the latter body, whether these be village com-
munities or individuals, during the development of a great
system of irrigation. '

Most of those judicious, effective, and considerate pro-
visions, which regulate the interior circulation of the water
of irrigation in the irrigated regions of Northern Italy,
and especially in Piedmont, have still to receive the con-
sideration, and I hope the ultimate sanction, of our local
legislators.  Perhaps the following brief summary of the
points already established by the preceding enactments,
may not be without its use in facilitating a comparison of
the systems of legislation in the Italian and Indian
provinces.

On analysing the act and resolution, it is found that
they are devoted to matters either of administration or
police. Under the former head, the following are the
principal points that have been determined :—

1st, The right of cultivators to water from the canals
on demand, limited in all cases by the position of their
lands, the adequacy of the supply, and in one instance by
prescribed periods of time.

2d. The adjustment of the price of water on the basis
of special service under the two distinct conditions of
natural and artificial flow, or of volume.

3d, The regulation of the method of distribution and
measurement on the basis of work done, (whether in
irrigation, or for machinery, or other objects,) and on the

area of the outlet of discharge.
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In the former case, the water is issucd from outlets
altogether unregulated ; the quantity is determined solely
by the necessitics of the cultivator ; there are no induce-
ments to economy of water ; there are numerous facilities
fo'r fraud. ; there are incessant and harassing interferences
?Nlth the irrigating proprictors ; there arc obstacles thrown
in the way of the extension of the more valuable Crops ;
thef'e are uncertainties introduced into the system of
agrl.cultural operations, from the strong tcmpéations to
avoid using the water unless it becomes absolutely neces-
sary. After ten years’ obscrvation of the practical work-
ing of the plan of issuing water from unregulated outlets,
on the basis of ‘special service, or arca irrigated, I have
come to the conclusion that it is the most unsatisfactory
f)f all methods, whether reference be had to the true
m'tcrests of the State, or thosc of the agricultural commu-
nity. Its maintenance is justifiable only when physical
circumstances offer insuperable obstacles to the use of any
other plan.

In the casc of measurement and distribution by volume
as 'deﬁned in the enactments under review, there are’
serious imperfections. The terms in which Art. VI
Rule 2d, of the First Series of Regulations is cxprcssed’
are, I am bound to say, extremely difficult, if not impos-,
sxble,' to understand. Where water flows naturally, a
certain rate is leviable, “ for every square inch of opening
taken from the summit level of the water, and having a
free course.” I think if it were attempted to executeoan
actual measurement of au outlet of irrigation with this
rule as a guide, failure would be inevitablz. The height
the breadth, and the head of pressure of any outlet gar(;
:;ihe Jundamental conditions on which ijtg )(;ischarg"e is
a:[;?ndent. The n.lamtenax.lce of these, as nearly constant

Ircumstances will permit, is the essential object of all
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the definitions, and rules, and forms of apparatus, which -
have been hitherto devised for measurement of water in
irrigation. But the rule above given leaves all of these
elements in extreme obscurity ; and I confess I cannot
obtain a clear idea of the conditions of measurement it is
designed to cstablish. That in a matter of so much im-
portance, such obscurity will be allowed to continue, is by
no means likely ; and I am sure attention has only to be
drawn to its existence, to insure its being removed by the
use of terms more definite and exact.

The above remarks apply equally to the case of water
obtained by artificial means, since the area of outlet is
retained as a principal element of the measurement of
volume, and its value is of course equally difficult to
ascertain.

4th, The establishment of protective distances. These
vary from a maximun of 20 to a minimum of 10 yards,
and their operation is limited to the government canals
and their main branches. In Arb. VIII, Rule 4th, of
the First, and Art. XXXIX,, Rule 7th, of the Third
Series of Regulations, there is an obscurity, to which I may
advert for & moment. The measurement of the protective
distances is directed to be made “from the canal.” But
a canal is not a mathematical line, having length without
preadth ; and the question at once arises as to what part
of the canal is implied in the rule. Is it from the centre,
or the edge of the channel nearest the lands benefiting by
the filtration of the water, that the measurements are to
be made? I conclude it is the latter line that is meant ;
but the terms employed in the rules leave it open to
question. Again, in the case of irrigation from wells
within the protective distances, the measurements are to
be made “ from the canal boundary.” But this boundary
is an extremely indefinite one. It is at very variable dis-
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tances from the canal cliannel, and somctimes includes
large areas of plantations and other grounds attached to
the canal. If 20 yards is sufficient to protect the canal
water, at points where the boundary approaches most
closcly to the canal, it is too much at others, where it
recedes much farther from it, and the enforecment of the
rule is an injustice to the cultivators in the vicinity of the
latter localitics. As protective distances have reference
solely to the water in the canal channel, it is clear that
they should be referred to the latter alone, and that
the introduction of the canal bowndary, as a new line of
departure for the measurcments, is not only uscless, but
mischievous. I make no comment on the distances them-
selves—they may, or may not, be cffective for the purpose
contemplated ; details on this, or other like matters, are
not at present under consideration; but the gencral prin-
ciple of measuring such distances from some fixed point
in the channel they are designed to protect, scems so
much more clear, and at the same time so much more
equitable, than the existing arrangement, that I have

ventured to dwell a little upon it.
5th, The rescrvation of certain powers over the sup-

plies of the canals to the government officers, to facilitate
distribution of the water, and repairs of the works.

There is only a single instance in Art. XXXIV,, Rule 2,
of the Regulations for the small canal of Nugeenah, where
provision is made for a failure of the supply. A rateable
deduction from the water-rent is to be made for the defi-
ciency. On the great canals there are no arrangements
whatever for a contingency of this kind, and their abscnce
is unquestionably a scrious defect. The reservation of
powers over the supplics made in Art. X, Rule 6, of the

First Series of Regulations, is accompaniced by the provision, -

that parties using water once shall pay rent for the whole

*
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crop. Now, it is by no means a rare contingency for the
supplies of the great canals to become inadequate to the
demand, after the first watering has been given to the
land ; yet on the area of this first watering the full rent
is leviable, under the act, though it may have been found
impossiblg to continue the Irrigation of the whole surface
throughout the scason. It may be true, as it certainly is,
that a representation of the circumstances of such cases
would probably obtain a total or partial remission of the
claims of the State ; but there are often strong personal
feclings and interests, which cause officers to hesitate in
doing this justice to the community ; and cven if these
did not exist, the fair adjustment of revenue claimed to
service rendered seems to me to merit the consideration of
the government. The terms of this adjustment are matters
for local decision ; but the principle should, I think, be
as distinetly recoguised on the great as on the minor canals.

6th, The establishment of certain obligations on the
employers of common water-courses.

Art. XIL, Rule 8, of the First, Art. XXIX., Rule 6, of
the Seeond, and Art. XLIII,, Rulel1, of the Third Series of
Regulations, are all to the same effect, and present the soli-
tary instance in which measures have been taken to secure
the free internal circulation of the water of irrigation. That
relieving the channels of water-courses possessed in com-

mon by several proprietors, from impediments to the free

flow of the water, is neither the only nor the most essen-
tial condition of effective circulation, scarcely needs to be
stated, after our review of Italian experience ; but that it
should stand alone, as the representative, in the canal
legislation of India, of all the provisions found necessary
to the progress of irrigation in Lombardy and Piedmont,
only shows how completely we are as yet on the very
threshold, as it were, of the subject.
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7th, Arrangements for the realisation of government
dues for water-rent, tolls, &c., which call for no special
comment,

8th,. Provisions for the interpretation of agreements
made in terms different to those embodied in the rules.

9th, Prohibition to lease-holders against sub-letting
their supplics of water. i

Such is a summary of the chief—indeed, I may say the
whole, of the administrative details established by law for
the canals of Northern India.  On contrasting this sys-
tem. with that of Piedmont, as the most complete yet
devised, the prominent defects in it are—

1st, The absence of all provisions for the right of pas-
sage, as applicable to public or private canals or water-
courses.

?d, The want of a unit of measurc for water, or any
satisfactory measuring apparatus.

3d,' The want of provisions against the waste of water,
after its employer or proprictor has made use of it himsclf.

4.th, The want of any provisions for local and interior
d.rama'tge———for what may be called the drainage of irriga-
tion, in contradistinction to the gencral drainage of :he
country. )

5th, Vagueness in the definitions of protective distances.
‘ 6th., The want of provisions to mect the various cases
n which a deficiency of supply has to be compensated for.

7th, The abscnce of cfficient arrangements for granting
temp}(])re:ry or permanent leases of water from the canals.b
em8§ , The ;vant of‘ any .provisions for the protection of
cmployers 0' water holding leases from the government
in their relations with each othey, ) ,
rie'rll‘ie:();fl‘g}’m21 eozhel‘ pom.ts of .difference which expe-
b India wero o PPVz?rent ; b.ut if the code of irrigation

provide efficiently, and in conformity
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with local feelings and customs, for the various matters
included in the preceding list, the results would prove, I
am sure, of a very interesting and valuable character. 1
have before given the reasons for avoiding specific details in
this place, as the selection of these must be the joint work
of men familiar with the wants and wishes of the agricul-
tural population in different irrigating districts. Without
avoiding all reference to details when this seemed appro-
priate, my object has been to direct attention to the
broad features of the question as clearly as 1 could ; and
having doue this, I may now pass on to another subject.
As regards the police of irrigation in India, and the
penalties by which it is enforced, I have only one general
vemark to make—it is, that all the regulations hitherto
made in this matter concern solely and exclusively the
interests of the government.  The interests of the irrigat-
ing community have as yet received very little attention
indecd. Works, the property of the State, are adverted to
in the act, but it is silent regarding works the property of
individuals. Water sccretly taken, or, in plainer words,
stolen from the public canals, is subject only to a double

rate—a price which will at all times be gladly paid for it

when irrigation is required. Even this most inadequate
protection is not afforded in terms to water possessed
under permanent leases or long contracts, when it is vir-
tually the property of the lessees or contractors. I
believe that stealing water should be stamped as a felo-
nious act, quite as much as stcaling money ; and, after
long practical .cxperience of the working of our police
enactments, I am obliged to say, that T think the whole
question should undergo a careful revision, as the sys-
tem does not at present fulfil the ends required from
it, in protecting efficiently either the works or the water
for irrigation.
VOL. 1L
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The provisions for navigat;i
detail, f:nd are thcrc?(i'?gl?z_]yoonrid&zﬁcmf “_101'9 e
scribed for myself. s L e P
words o s 0 ks ot o st o
India, in the matter of sanitar cIse:)' -l'ttl.e goverumens ?f
biting the unsafe foundatior;s yan(i’lbtl-tl }.OH. After ex'hb
progress, of this branch of le "l ion i “"‘“g. » f“lte“"_g
progress of ranch gislation in Northern Italy, 1t
. vty satisfaction that I proceed to show the sen-
t;She"arvld thoroug‘hly practical manuer in which the Bri-
Fb(‘)\ernment has begun to deal with the question.
takeg: zzgflx;zlt‘lmﬁzm(')sf before any dcecisive measures were
taken, a unhcalthiness, attributed to canal
1rr1gatlf)n, had reached the cars of the government. The
‘(,:or.npl.mnts', 'howevor, were supportcd;by cvidcn‘cc of SZ
r:(l:g;rl'ndclctls‘xv\flcs, atllld‘ofccasiogully of a contradictory, cha-
action, on gn;uild;mt;}lt?sr(‘:u::asfi])fi ]]to . tlmtl(tlo A
. sfactory, could lead to no
It‘);zr:zﬁ;cncttlytou?ff}ll r.csul-ts, anQ it was resolved to submit
westigation, with all the care possible.

A ingly
orde:c;);(tllmgl), on the 16th Scptember 1845, a general
1c commander-in-chicf, acting under instructions

from tl ; . .
- tfc governor-general of India, appointed a committee
Oﬂices ing of'two officers of the Engincers, and a Incdimi
unherit;"lth Instructions to report “on the cause of tl;c
a . . € ¥
Sortion nnfess which has cxisted at Kurnaul and other
The 00;;';}]6 country along the line of the Delhi canal
on the he;lte;e wfl‘ll also report whether an njurious eff‘;c(:,
betmonn o 1o the people of the Doab (the countr
te rivers Ganges and Jumna) i i .
to be produced by the contemp] 1) s o is not likely
field of the committec’s obs ate?' Ganges Canal” 'The
extend . ervation
in th ¢d; and made to include the whol
e north-western provinces

was subsequently
e rrigated region

PROCEEDINGS OF THE CANAL MEDICAL COMMITTEE. 355

The actual investigations of the committee were con-
ducted by Major W. E. Baker, of the Engincers, and Dr
T. E. Dempster, of the Horse Artillery—two officers in

whose professional qualifications and rigid impartiality the
as reposed by all who followed

Having been mysclf the
al districts submitted to

most implicit confidence w
the progress of the inquiry.
superintendent of one of the can
examination, I accompanied the committee, and watched
with, of course, a perfectly friendly, but at the same time
a somewhat jealous care, the methods of investigation pur-

sued ; and I must say; that nothing could excced the scru-
pulons anxicty to arrive at the truth which marked the
whole of the committee’s proceedings ; and T receive the
conclusions at which they have arrived as decisive on those
special points to which they arc applicable.

There is no use in my travelling over the whole ground
thie committee in this place, my object being
the manner in which the basis of a system
as been laid, and the general re-

examined by
only to show
of sanitary regulation b

sults arrived at.
« Qur principal object,” the committee remark in para-

graph 5 of their xeport, “was to ascertain what relation
subsisted between certain physical conditions of the differ-
ent districts, and the liability of their inhabitants to mias-
matic fevers. The former could be noted with some degree
of certainty ; but, in the absence of official medical statistics,
and with frequent reason to doubt the accuracy of oral
though collected by ourselves, we could not
obtain even an approximation to a fair comparison of the
past and present sanitary condition of the inhabitants of
different localities. In this difficulty, it was snggested by
al member, that the condition of the spleen in
als would be a fair test of the pro-
n which they had suffered

testimony,

our medic
any number of individu
bable frequency and degree i
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from malarious i e ' stiod. '
arious influences.  Ilaving satisfied oursclves of

zl.xe propricty of this test, and finding it casy of applica-
ion ) 1 1
tlo ,1twe determined to adopt it, and have basced on the
" o . .
re ]s'l fo obtained the most important of the conclusions
w ¥ ‘ v oAy A 1
e uc(i we have arrived.  Tn Appendices BB and C will
oL . . .
e ;n fa memoir by Mr Dempster, stating the medical
ands .
%11 nds for the employment of the test, and the method
ollowed in applying it.”
In discussi icabili
ng the applic: ' of N
I, g ‘1 plicability of the test, My Dempster
I N8 3
" ,] iere 1s no fact more generally known, or unlhesi-
mgly admitte ical |
thelc{ ddlITltt(,(l, by medical men, than that discase of
spleen " the
malar}ious ) is one' ‘of the most frequent consequences of
ot lclx ers. To cnumerate all the authoritics on this
e t};0 outbl.)e bo quote most of the respectable writers
se subjects ; ‘ '
the va J]CLth ; bub that government may appreciate
e 0f t}xe test I depend on chicfly for the deter-
i 01- the comparative intensity of malaria in dif-
ocalitics, it wil : i {
A, \ I be proper to cite a few passages
; ccent and well-known works, by authors res
tively of Iiuropes R % DY dnthors respecr
o opean and Indian expericnce.”  (uotations
ow from the Cyclopwdia of Practical Medici
Pwining’s Diseases of B et vcine, and
B S,plwn . fc.s of Bengal, showing that enlarcement
2en 18 frequent wherever | i ¥
mtermittent and vemi
cent forers provai 1 and remit-
orevail. The value of 1
, ¢ of the test is duly limi
v _ s duly limited
absolute cert: is ’
— t0. (,CE’t.unty is by no means claimed for it. « I
no wish,” Mr Dempster states, « to e
true and legitimate value of t) oloon oot e
gitime ¢ of the spleen test;
venturc to asser 1t wi e o
sert that it will indj
1,) ‘( "¢
of all fevors um oo dicate the remote causes
) all pur ‘mic dis 1
dlass, * T ey bo i pure endemic discases of this
: 8 er inds
vise 10 foren o ent kinds of mal
e 1 s of different types, and hav
plication
8 and consequences ; or common }
continued and

typhoid fevers 1

nay become mixed up wi i
tA v ) |
by, fevers of local origin. ) e vty o

nor do I

aria, giving
mg different com-

All these arc worthy subjects
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of future inquiry. But from what I have lately witnessed,
I am fully persuaded that it will be found a true and
faithful comparative measure of marsh malaria in its
oxtended sense; and with that alone have canals and
canal irrigation any proper councction.”

The value of a test, such as is here referred to, valid in
a medical sense, and incapable of concealment or suppres-
sion, is great in a matter so open to personal influences,
errors, and prejudices.  Without it, the inquiries of the
committce, based, as they must have been, on oral testi-
mony, in which no credit could have been placed, would
have ended  m vague and unsatisfactory conjectures,
and without a single fact collected among the agricultural
population on which they could depend.”

In describing the method of applying the test, Mr
Dempster says, At cach place twenty children and
twenty adults were selected, our chief carc being to take
a fair sample, not of the sick, but of the ¢ going about’
population of the town or village under inspection. The
avowedly diseased were discouraged from coming forward ;
and when brought were rejected, unless there were not
others sufficient to make up the required numbers. We
took subjects from all castes; and whenever it was practi-
cable, examined a certain number of the agricultural
Jabourers found in the adjoining fields, before entering the
yillage, where our numbers were completed from other
asses.”—< As the great object was to make usc of an une-
quivocal, but casily applicd test, no casc was ever registered
as  spleen,’ unless I had so distinctly felt the enlarged
organ, that it could not be confounded with any other
disease.”— Precisely the same mode of examination was
followed everywhere; so that everywhere it furnished a
fair scale of comparison. One-half of the subjects selected
for examination was, in all practicable cases, composed of

cl
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children under the age of puberty : 1st, Because 1 believed
Zolung t1l)ersous to be more liable to enlargement of the
¢ ; i
ispi eltl] 1an adults ; 2d, Because the disease, when present,
: . .
. L them more casily and certainly detected.  For both
] a v, ) 2 1. * 1 '
t etsc ;casons, I considered children to be the more delicate
l. r L
esMo ;)nalzu 1a.  The results amply confirm this opinion.”
N 1b ell'n}.)stcr adopted five degrees of size, and marked
eli 1y d 1ﬁcrqnt sigus, the letter O signifying a distinctly
marked case, M onc decidedly larger than O, and the
) > g
mean between the five varictics, L a larae spleen extend-
Ing ' ne avel, VI
ac,__, to, ;)1 near to the navel, VI a very large one passing
r . . . q ] 2
casoss ;w}mcd'lal line, and S a small but perfectly marked
e of the discase. “ The soft enlargements,” he sav
“were seldom register . vted thour
l . cgistered, even when they presented them-
selves. was generall I
] e I
e gonera y obliged to put them aside among
o 1 ul cases;” for although very confident as to
er atur is ] ‘
he ez; nature of the discase, a mistake was still possible.
o ;\ .1011dI'fclt a solid tumonr in the left side, distinetly
erts s shape, consi
- (unlc its shape, consistence, and the direction of its
14 $ \
ge anc hence knew that such could only be an enlarged
spleen, in so registering i : o
, gistering 1t we 'de
e iy Teawtoring it recorded a fuct, (not a
e opinion,) resting, of course, on the credi
bility of the witness.” , o eredi
These noti i i
otices will, 1 wve, sufl i
of the spitis “],‘ | bch&x ¢, suflice to give a fair idea
‘hiich, an ans i
question o the Sanic‘uy, (1 . thcfmcans by which, the
: ary relattons of ‘the canals i
. nals '
India was examined. To give an ; ‘ lfll porthern
o g ¢ raca ¢
eml?laccd by the rescarches of the coxrll;l'tto e
basis of facts obtained as above deseri e o the
conclusions. ragt T . above described, on which their
) st, ay mention th by tr
during the commeo of o2 at they travelled,
visited more tha 500 1 b_mqu]rles, about 1400 miles,
. "
examined upwards of 112] :)aO tted l'ocaht]es, and personally
in district s | ,000 individuals of all ages, and
1cts both irrigated and unipr e
gated and unirrigated.
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I may advert very briefly to the principal conclusions
to which these elaborate researches bave led. It has been
proved beyond a doubt, 1st, That, in considerable portions
of the districts under the influence of existing canals, sick-
ness has been largely developed. 2d, That this sickness
is not attributable to the results of irrigation, but to the
canal-works or the water-courses of private individuals
having intercepted the natural drainage of the country,
and having thus led to the formation of swampy tracts,
diffusing malarious influence around them.  3d, That
where the soil is light, and the irrigation carried on by
means of main distribution-chanuels, all the advantages of
canal irrigation may be secured without the presence of
any of those evils to be found in localities differently con-
stituted. 4th, That under the favourable conditions above
referred to, it is possible to have even large areas appropri-
c-culture, without evil effects on the health of the
population. 5th, That, however, when irrigation is intro-
duced in localities naturally malarious, the intensity of the
morbific principles is increased. 6th, That irrigation, with
free surface-drainage carried on during the cold season,
may be regarded as quite innocuous.  7th, That when
malarious influences are developed by canal irrigation,
their effects are remarkably local, almost strictly so.
Great cities and military cantonments would therefore be
protected, according to the views of the committee, by
zones of from at least three, to at most five, miles radius
round them being kept free from irrigation. It is very
curious and interesting to find that the elaborate details
on which this conclusion is founded should thus have led
to a result similar to that adopted by a kind of practical
instinet in Northern Ttaly nearly three centuries ago, and
that the actual limits of the protective zones, as defined
in 1847, should be so very nearly the same as those esta-

ated to ric
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blislgcd in Lombardy about 1575, 8th, That as regards
:}iz ;)nof;x;clngc of ;lu; G(Iieat Ganges Canal on the hicalth of
ation of the districts thr hich it will pas

the conclusion, warranto(;ti)l;t‘:hihll';)slﬁlt: \(‘)If“tcllll o lll' pdb?,
‘ ! : e committce s
ngstxgation, is, that if atteution to drainage be made an
{ncysp(.}nsablc condition of participation in the benefits of
Irrigation, an improvement, rather than a deterioration of
f,he general salubrity, may in many instances follow the
mtroduction of canal irrigation. That cven anticipating
cases in which local and physical peculiaritics may be
lrremc.diably opposed to effective drainage, there is reason
to' believe that a far less amount of contingent cvil will
arise than has been experienced on the cz?nals of the
Jumna, originally constructed as these were, without re-
fe‘arence to many important points which have been espe-
cially kept in view in projecting the great canal from the
Ga:nges. 9th, That the agricultural community has unc-
quivocally decided that the benefits it derives, in inercase
?f Producc and certainty of returns, from the use of canal
1rrigation, far outbalance, in its estimation, the evils which
h.a.ve arisen from its employment in certain unfavourably-
SItua:ted localities. 'The demand for canal irrieation );s
c9ntmual and progressive ; it will absorb, as fastt, as it is
given, the entire supply of water placed at command ; all
othen: forms of irrigation are immediately displaced b’y Lit
and if we were content to accept the decision of the mas;
of tl{e population, the problem would reccive a speed
sol'utlon.. The committee Aas, in point of fact ('w'p t};
this decision, but has accompanied it by those l;[;itcel;li) '
an.d safeguards which are indicated by the result fa lon's‘
minute and careful Investigations ; and thes Cbl% B t"e“
bo cortai ¢ ;@ wese will, I think,

: 0 command the respect of the masses for wl
special benefit they have been devised e

It may be worth whil h i

_ while to show what these limitations
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and safeguards are in the case of the canal of the Ganges,
the only great work which has been constructed since
sanitary considerations have received the attention they
so fully merit.

« The committee would recommend as follows :—

«1gt, That the Ganges Canal be kept as much as pos-

sible within soil; 7. e., that its ordinary surface-level should

be below that of the country.
«9d, That carth wanted to complete embankments be

never obtained from excavations made outside the canal,
except in such localities as will readily admit of drainage.

«3d, That the canal and its branches be taken as much
as possible along the water-shed line of the country, so as
not to interfere with drainage ; and in all cases where
such interference may be unavoidable, that the executive
officers be instructed to provide otherwise for the drainage.

«4th, That masonry drains be constructed under all main
water-courses or bridge-ramps, whenever these cross the
drainage of the country.

« 5th, That no private water-courses from the canal be
allowed, but that irrigation be practised exclusively from
main water-courses. - ,

« gth, That irrigation be prohibited within five miles of
a military station, and within one or two miles of large-
native towns.

«7th, That in clearing embankments, the grass, weeds,
&c., be not suffered to rot on the ground, but that they be
purned as soon as possible after they are cut.

«8th, That irrigation be altogether prohibited in locali-
ties which appear naturally to possess a malarious character.

« The committee are aware that the adoption of the
measures above recommended would involve an expense

not contemplated in the original estimates for the Ganges

Canal.”
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t]\eN;()t\"‘::rll:it::td:]tgmt]l;z i‘ntinl.{ttioll in ‘thc last paragraph,
¢ gave 1ts sanction to the measures
~suggested.  Although 1 have not yet scen the revised esti-
m.atcs for the canal, T am informed that, owing to the mo-
.dlﬁcations and extensions of the works, the }:'obablc cost
18 now calculated at nearly one and a half millions sterling.
It is noy only, however, in new projects that mcasurgs
are being taken to combine the use of irrigation with due
p_recautions for the health of the community. On those
lines which we have received as legacies from our Maliom-
medan predecessors, the old errors of alignment and level
w.ith the evils to which they have given origin, are bcing;
vigorously combated ; and cven already manifest improve-
ments have heen made, while still greater ones are cither in
actual progress, or under consideration. The path of rescarch
entered upon by the committee should be carnestly pursued ;
the rclz?tlons of canal irrigation to health should be still
more minutely and systematically investigated ; and, with-
;).ut bei}ng over sanguine, I must say, I look forward ’to the
ime when we shall be able to s at, 1 irri

districts, agriculture b;a:ubbczﬁ 5;‘3:“?1‘1‘1“; -);l t'hc e
placed beyond the vicissitudes of‘sc'z-s it L

season, its returns made
Sl'll‘e' anfl abundant, without either actual loss of life, or
diminution of physical energy on the part of the population.

My du.t)'r is now finished. I have filled in, to the best
of my ability, those outlincs which T traced in the carl
pages of this Report. I am conscious of many imperfec)-r
tl&ns, due, in sor'ne casces, to the novelty of the subject ; in
:)n ; te:rsi,af;)-t:edd‘lfﬁculty of o.btaining perfectly satisfactory
informati;n n}nzln tothl():rs again, to the foreign stores whence
iy ot an({ | ;").' ¢ gleanced. I have, however, done
oy silort all fair al.lowances will, T am sure, be made

comings which may be detected.

CONCLUDING REMARKS. 363

The development of the irrigation system in India is,
I hold, one of the most important of the duties attached
to our position there. It s fortunately a duty, too, which
is, in every point of view, its own reward. 'While it pro-
motes the prosperity of the agricultural classes, it secures
and increases the financial resources of the State.  While
it contributes powerfully to the increase of the material
enjoyments of the community, it has proved itself, by wide
expericnce, to be a moral agent,. gifted with civilising
influences, of a nature readily recognised, and willingly
submitted to. Statistical details and magisterial expe-
rience show clearly, that where irrigation, with its plea-
sant train of consequences, is introduced, crime diminishes,
plenty and security prove the best policemen, lawless
habits yield to their genial influences, and men who were
the Tshmaelites of society fall, without force or constraint,
into the ranks of the great army of industry.

The value of the means whereby the scanty pasture
itself, may be converted into ficlds
capable of yielding any, or all, of the rich products of
Indian agriculture, or by which the localities already
yielding such products may have their capabilities
increased, and their returns secured, scarcely admits of
So long as agriculture is left

land, or the waste

being over-estimated.
dependcut on the vicissitudes of the seasons, those periodic

famines, which devastate the richest portions of our ter-
ritories, may be expected to rccur. So long as masses of
the population wander over great tracts in search of a
precarious subsistence for themselves and the cattle on
which they depend, there will be dark spots, marked by
wuch suffering, and requiring the constant presence of
repressive force ; or, finally, so long as the staple sources
of the revenue of the State are so specially influenced by
ebbs and flows of agricultural prosperity, there must be
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those losses and sacrifices, of which past experience pre-
sents so many examples. In solving successfully the
social and fiscal problems involved in such considerations
as these, and others of a like kind, which will naturally
suggest themsclves, there ‘are doubtless many agencies,
moral and intellectual as well as physical, to be employed.
But T believe that those who have watched most closely
the influence of irrigation on the habits and feeliigs of
the people, will be best disposed to rank it high ir? the
scale of the material agents of civilisation. ft' I have
gwccedcd in suggesting some means calculated to stimulate
%ts progress, or facilitate its application in those rich and
mterosFmg regions of Northern India, to which personal
memories especially attach me, my work will have its best
and most pleasant reward.
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Agostano, (sccond hay crop,) ii. 78.

Ajmeoer, commencement of improve-
ment in, i. 426—Colonel Dixou's pro-
ceedings i, 497—soil of, 428.

Akbar, emperor, 1. 307, 308,

Alarie 1., canal of, i 87.

Alberti, Leon Batt., quoted, i. 261.

Ale, (in water-meadows,) i. 255 ii. 76,91.

‘Ali Murdan Khan, i 309, 311.

Alienations of water, perpetual, ii. 259.
See Rent-free al.—Sale.

Alps, 1. 84, 163. .

Alserio Lake, i. 164, 243 1. 190.

Ambrosian Library, i. 260, 262; ii. 117.

anals  from,

Ancedote illustrating cffect of private
property in water, ii. 257.

Apennines, 1. 84.

Aquatic plants, growth of, in canals, i
224, 231, 240.

Aqueducts, 1. 112, 113, 287, 310, 374,

Arbogna Torrent, canals from, i. 142,

Arca of irrigation from a given flow of
water, ratio of, i. 116, 124, 134, 137,
188, 139, 141, 142, 143, 146, 147, 148,
149, 926, 242, 255, 277, 293~ general
average, 298—in water-meadows, il
84, 85—average in India, ii. 61, 87—
in Italian vice culture, ii. 213.

Area, proportion of irvigated, in Pied-
niont, i. 156, 157.

—— proportion of irrigated, in the Mi-
Janese, 1. 281.

—— proportion of irrigated, in Lom-
bardy, 1. 205, 296.

—— proportion of irrigated, on Western
Jumna Canal, i. 330.

—— proportion of irrigated, on Eastern
Jummna Canal, i. 349.

irrigated between Adda and Oglio,

i 287.

irrigated between Oglio and Adige,

1. 294,

of culturable land in Ganges Canal

distriets, 1. 378.

of irrigated land, water charged by,
ii. 5, 165, 280.

" of outlet, water charged by simple,
ii. 6, 347-8.

Artificial raising of water prohibited, ii.
904—rates on, (India,) 339.

Assessment of drainage expenses in Mi-
Tan, ii. 241, 244—of canal expenditure,
174-6, 201.

Associations for hydraulic works, 1. 146;
5. 198, 169, 178, 186, 193, 201, 210,
217, 219, 237.
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Associative principle, value of the, ii. 193,
218.

Auckland, Lord, i. 368.

Aulic Council, ii. 129, 156, 169,

B

Baker, Major W. K., 1. 815, 316, 355, 356,
364, 369, 870, 342; ii. 147, 355.

Barattieri's hydraulic architecture, ii. 9.

Bardello River, i. 174,

Battaglia, Canal della, i. 199,

Battente, or head-pressure, ii. 28, 38.

Battic, Mr, project of Nujufghur dvain-
age, i. 364,

Bays, (architeet,) i. 108.

Beds of water-courses, property in, ii.
133, 149, 268,

Benaco, or Lago di Garda, g. 2.

Benasco escape, i. 205,

Beneficial effeets of hrrigation in Italy, i, -

94, 147, 158, 208—in India, 319, 331,
853, 361, 368, 306, 397, 421, 425, 420,
430, 431 ii. 363,

Beno Gozadini, Podesta, murder of, i.
212,

Bercguardo Canal, i. 201, 220-——works,
230—establishinent, 231—navigation,
and arca irrigated, 232; ii. 140,

Berra, D., on marcite,i. 5Y; ii. 87, 90, 95,
231,

Bf:rto]u, (engineer,) i. 229.

Bx:g&gjini on legislation of irrigation, ii.

Bidone, Professor, i, 10,

B.igotti, (engineer,) i 234,

Bijapar Canal, i. 851 ; ii. 336, 337, 343.

Bijnoreo, ii. 437.

Bilancio, i. 52.

Biraga Canal, i, 33, 1385 ii. 19, 250,

Black, C. C., lixq., i. 75.

Black-mail puid to the Mairs, i, 401

Blane, Lieutenant, i. 313, $14.

Blight and insccts, ii. 102,

Bocca di Pavia, i. 220,

Boileau, Captain A. H. K., ii. 357.

Bologna, i. 199,

Bolr:r‘)zida River, i. 151 —canal from,

52.

Bra, Canal di, i. 151,

Brebio River, canal frow, 1. 152.

Brembo River, i. 178.

Brescia, i. 61, 180.

Briglia, ii. 29, 34,

Brioschi on marcite, ii. 96.

Brisach, Marshal, i, 103,

Brivio Lake, i. 175.

%r\ma. River, i. 75.
runacei i 2355 ii 3, 5

Brunasio Porclm’, ii.8]’118?’ 3, 80, 54.

Bruschetti, Guiseppe, histories of cnna]:,
i. 48, 161, 197, 198, 2083, 209, 247, 267,
2765 i1 54, 193,

Butfalora, bridge of, i. 34. i

Buffon, Nudaudt de, Treatise on Trriga
tion, 1. 6; 1. 85, 257.

Bunding system on the Cuggur
354,

Buscea Canal, i. 33, 100, 137 ; ii. 19, 250

Busse River, 1. 184,

River, 1

¢

Caleulations of discharge, with given di-
mensions, il 37, 48,

Caldone River, i, 204, .

Calipls, irvigation works of the Spanixh,
i, 202

Caluso, canal of, i 10, 100—its history,
105 — - volumne, 110 -— distribution of
slope, 111--headworks and tunnels,
112-- bridges, aquednets, and revet-
ments, 113-14- cost of construction,
114 ~of maintenance, 116--discharge,
and aven irvigated, ého—returns, direct
wwl Indireet, 1175 10, 65,

oneia di 3 1095 01 17,

Calvi, M., 1. 43, 45,

Camel's neck, i, 141,

Curonian Mountains, 1. 166,

Campari, (water-bailiffs) ii. 77, 90, 189,
191, 103, 215.

Campo Veronese, ii. 212

Canabio Liake, 1. 162,

Canals of irrigation in Southern France,
i 7--property in, 16, 33, 41, (sce P,)
— private, 33, 41, 42, 67, 133, 134,
136, (sce DProp.) — histories of, by
Sruschetti, (see B)—cextent of minor,
in Lomburdy, 41 not successful s
speculations, 153 —ageregate length of
Piedmontese, 158 - aggregate  length
of Lombard, 158,

influence of, on springs, . 108 —

Moorish, ii. 221-—-extensive, declared

works of public utility in L'icdmont,

il 277,

and railways, their mutnal bearings,
309, 393, 594,

Canal Act of Akbav, i. 308—Dby the Go-
vernor-General of India, ii. 334,

Canals  systematically noticed.  [For
incidental notices see also under the
separate names.]

CANALS IN PiznsoNnt.  From the Do-
ra-Repaira. (1) Veneria Reale, 1033
(2.) Royal Park, 103~ from the Stura,
(1.) Canal Fiano, 104; (2) Veneria
Reale, 104—7from the Orco, (1.) Canal
of Caluso, 105 - from the Dora-Baltea,
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(1.) Canal of Ivrea, 122; (2.) Canal of
Cigliano, 127 ; (3.) Canal del Rotto, 129
— canals from the Malesing, de., 131
—from the Chinsella, dec., and from the
Elvo, the Cervo, de., 131—canals from
the Sesi«, (1) Canal Gattinara, 134;
(2) Roggia Mora, 135 ; (3.) Roggia
Busca, 137; (4.) Canal Rizzo Diraga,
138; (5) Roggin Sartirana, 139—ca-
nals from the Agogna, 141--from the
Arbagna, 142~ jrom the Terdoppio, 143
—canals on the right bank of the Ticino,
(1) Camal Langosco, 145; (2.) Caual
Sforzesca, 147 ; its branches, Sforzesco
and Merengone, 147; (3.) Canals Mo-
linara, Castellana, and Magna, 148
spring-fed canals, 148—canals on the
right bank of the Po, 150, viz., from the
Stwra, (Southern,) (1) Canal of the
Stura, and (2) Canal di Bra, 151; (3.
Canal of Pertusata, 152; (4.) Canal of
Soprano, 152—canals from the Tanaro
and its tributarics, llro, Pessioy and
Iivebio, 152—from the Bormida, (1.)
Canal of Charles Albert, 152—Minor
canals in the upper valleys, 154, 158
—general summary, 155-9.

CANALS IN LoMparny.  From the loft
banl of the Ticino, (1.) NaviglioGrande,
or Ghrand Canal of the Ticino, 2035
(2) Canal of Bereguardo, 219 (3)
Canal of Pavia, 233 from the right
Bank of the Adda, (1,) Canal Muzza, 2453
(2.) Canal Martesana, 1. 258—from the
left bank of the A dda—tabular abstract,
983 — canals of the Drembo, 283-4—
canals of the Nerio, 284-5— eanuls of
the Oylin, vight bank, (1) Naviglio (&8
vico, 286; (2) Naviglio Pullavicino,
086 ; tabular abstract, 287—canals of
the Oglic, loft bunk, (1) Cavo Fusio,
289— tabular abstract, 290— canals of
the Mella — tabular abstract, 291—
canals of the Clisio, 291—tabular ab-
atract, 202 — canals of the Mincio, (1.)
Fossa di Pozzolo, 202; (2.) minor
channels, 293—general summary, 285,

(CANALS IN INDIa, (Appendix.)

Cunals in operativn.—Western Jum-
na Canals, 306-311, 314-333—Nastern
Jumna Canal, 311-313, 333-350— Dey-
rah Valley canaly, (1.) Bijapfir water-
course, 8515 (2) Rajpar water-course,
351.
Canals projected but not commenced.
—canal from the Cuggur River, 854—
canal from the Sutlej, 356, 361 — other
projects, 361--projects for the Pun-
Jaub, 395.

Canals in progress.—From the Nu-
jufghur Lake, 362 — Kutta Putthur

Canal, 365—Grand Ganges Canal, 367-
395.

Cantalupi, A, Treatise on Agricultural
Engincering, i. 56.

—— laws and regulations, ii. 200, 237.
Cardinali’s  collection of hydraulie
writers, 1. 47.

Capital, necessity of, to the Italian irri-
gation system, and amount required
to work an hrrigated farm, ii. 113.

Carli’s Censimento di Milano, 1. 50.

Castellana Canal, i. 148.

Castiglione, Lake of, i. 72, T4.

Cattaneo, Carlo, his publications, i. 57,
161, 297.

Cattle of the Milanese,numerous, i. 38,187.

revenue from watering, i. 321, 342;
ii. 341, 346.

——— pasturing on canal banks, fines on,
it 810, 342,

Cautley, Lieutenant-Colonel P. T, 1. 334,
364, 363, 467, 3G8, 369, 870, 387, 392

Cari Sorgiel, (spring-fed canals,) 1. 148.

Cavo Lerino Marocco, i. 42—7Taverna, 67.

Cavour, Count de, i. 15 ; ii. 2&7.

Censimento,(or revenue survey,) i. 49, 50.

Cerio, or Cervo River, i. 89— canal from,
131.

Certosa of Pavia, (nonast.) 1, 206, 260.

Challenge, singular engineer, i. 214

Charles Albert’s Code, 1. 11, 12, 29, 110,
155; i1 7, 67, 129, 130, 253, 256, 263,
985, 296.

canal, 100, 152,

Charles Emmanuel L, 1. 106, 152 ; i1, 321,

- 011, i 14, 107,108
ii. 125, 126, 129, 270.

Charles V., emperor, . 124,

Cherio River,i. 166, 180—irrigation from,
286.

Chiana, Val di, i. 72.

Chianogna River, i. 154.

Chiaravalle, Cistercian monastery of,
i 199, 203, 260, 262; 1. 178,

Chicse River, (or Clisio,) i. 61, 166, 180,
181—-canals from, 291, 292,

Chiesella R., i. 89 -canal from, 131.

Chisone River, i. 154.

Chitang River, 1. 307.

Cholmondeley, Mr, 1. 75.

Choya River, i. 3565.

Cicero, 1. 75.

(ielo morto, ii. 50, 53.

Cigliano, canal of, 15, 16, 18, 100, 127.

Cisalpine republic, legislation of the, ii.
128, 144, 169, 178, 179,

Civil code, Lombardo-Venetian, ii. 129,
130,131, 150—Sardinian. See Charles
Albert.

Clearance canal, 1. 224, 240, 252, 275; ii
201, 211.
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Clu;'m%g, contrasts of, i. 7—of Turin, 9—
(l))m‘d;:-d]x;}xuo‘ut, 92— of irrigated Low-
Clisio River. Sece Chirse.
Closing canals, mode of, i. 224
ii. 346. ’
Clusone, valley of, i. 165,
qmm dell’ acqua, (tail water,) ii. 287, 988
(,uluturf, coluture, (meadow drains and
2\3?) us water,) il 78, 84, 90, 97, 155,
Collyer, Dr, on sanitary stute of Mai
WKN].; . 43“-3. sanitavy stute of Mair-
Colmatage, (warping,) process of, 3. 76 —
natural, 168 ii. 170, 266, 268,
Cvlum]brl,(':lﬂ's Practical M:mu:il, i 18,
 hydrodynamics, ii. 39, 54, 77, 7.
L"olvmz Colouel Jolm’, i. tH-,l, 3:;7‘,‘:’5!;’-;)7.
(Jolpmltt,uu of the Sardiniun senate on
rice cultivation, ii, 819.
See Medical.
C:omo, i 65—Lake of, 164, 175, 263.
(J‘Ompan'y of the Canal Langosco, i. 146,
(,O’IZL])(,I/I‘LSO"ILS between Indicn and aliun
Selds of irvigation— the Muzz el
c‘ompul‘cd with ancient Indian canaly, i
63, 256- the Naviglio Grande 218’ -
Canal works, cconomy of waler and
legislation, 69--as regards the two
great ficlds of ierigation, 88— the cost of
canal construction, 115, 155 - returns
on the outlay, 117—cost, of distributing
channels, 130, 339 ax regards ratio of
area lost to cultividion, 156--us re-
gards the under current or pereola-
tion of river heds, 171--tho torrents
of the sub-Himmalaya, and those ()If
the sub-Alpine regions, 175-—-us re-
gards summer climate, 192— ag ru‘r:mlu
land-tax on irrigated property ‘.;”.G.GA
the Muuza compared with the \\"ostom
Jumna Canal in size, area of irl'j":'nhﬁ)
\‘vog‘ks, and  rental, 256--as rz\g;ml;
;)’z;t(}o (')f. irrigated ‘to umirrigated '(ll'(:zl:.
¢ —us regards winter irvigation, ii. 86,
omparisons of population in irrigated
and unirrigated Piedinont, i. 95, et seq
—of population in irrigated and \1;1i11':
;1g(rlttc.d Lombz‘trd‘)f, 1938 of papulation
nt dlcvgnuc in drrigated and unieri-
(gj::,mc‘l1 SY‘I}lugct?' on Western Jumna
canal, 3: 3—of populqtu?n and revenne
n ll‘l‘lgﬂted and unirrigated villages
glf._\ Eastern Jumna, Canal, 348—of cos't
of :}a};)izzl ?:id well irrigation, 383—of
. distyicts{ x 21:;:1;.|gated and unirrigated
ompost on marcite, ii. 95
Gonea fallata, . Sam,
nditions of water-leage, i, 14
Consegna, (or valuation s,ux'vcy(g 11G ?5’12.82'

, 252, 275 ;

Conservancy of viver charmels, ii. 189,

Contin, {engineer,) 1. 1095 i1, 17. ..

Contracts for water rent, 1. 327, 337 5 11
338,— for water supply, conditions 0l
282,

~—— for repairs, i 253 5 ii. 177.

Contraction of the vein, ii. 15, 24, 38

Convicted robhers, ivigation a medium
of reclaiming, i. 412,

Corbolani (engineer) on Brescian
surcrient, ii. 33,

Corio, Siguor, 1. 22, 25,

Cost of canals  of Caluso, i 114~ of
Canal di Bra, 151 -of Charles Albert,
1523 of Pertusata, 153 of Pavia,
241 Indian, 325, 345, 359, 365, 5605
1. 362,

Coxt of maintenance of canals, 116, 127,
128, 151, 152, 153, 223, 241, 256, 278
285,

Cost of rice irvigation, i 107, Seo 6&
prensey erperediture, estimated, &e.

Cremona, i, 59~ cann) of, 201,

Crescentino eanal, . 15,

Crimes against property in water, ii. 310.

Cuggur River, 354,

Custods, i1, 11,

cn-

b

Dairies of Northern [taly, it 94,

Dins  of Ciglinno Canal, i, 16— of Tyred
Canal, 20, 123 of the Mz Canal;
63 - of the Marteso Canal, 64 -Palas
dellaon tho'Ficing, 220 - of the Mincioy
293- terporary, 33, 224, 2525 ii. 252

~—— at Dadoopoor, 315 -at Fyzabad and
'l’\llzy_:'\hlmr, 36— Nowgong and Kulsity
BAT - Convex, 418,

= spurs, and unanthorised  obstruc
tions, i, 181, 189, 191, 199, 203, 208

unanthorised alterations of, 305.

Damages not claimable from the State bY
a waker lessee, i 143, 144,

Damage to canal works, punishment of
wanton, ii. 316, 341,

Dm_lgcr of suftering regulation of irriga:
tion to remain undefined, i, 215.

Dunti, Ignazio, i. 75. ’

Dawe, Conductor W, ii. 337.

])cl.nulé, Licutenant, i. 831, 333.

Defaulters in water-rent, treatment of,
(India,) ii. 340.

Dcfccts_()f present Indian canal legisla-
t{ox.l, i, 347-353.

Dc‘f_u:llcu‘t water supply, compensation for,
392'43, 163, 291-2, 350-1—causes of,

gclcgations, provincial, ii. 175.

Cwpster, br 1. B, i, 355-6-7.

INDEX.

Departures from normal modulo magis-
trale, ii, 53.

Deposits of silt, i, 18, 124, 316, 334, 336,
342, 354 3 ii. 63.

De Regi on outlets, &e., il 38, &4, 62,
83, 1.

Derivation of water, regulation of, ii. 144.

Deyrah Dhén, (valley,) i. 351, 365.

Dike of the Caluso Canal, 1. 112.

Director of Qanals, (Piedmont,) if, 311.

——— (Lombardy,) ii. 217.

Directors, Court of . L. €., 1. 3, 369,

- Divitto d'{nsistenza, (prosexiptive right,)

ii. 138, 261, .

Discharge, difficultios of the problem of,
ii. 39.

Discrepancy in supply, recognised amount
of, ii. 8, 284.

Dislike, mutual between Picdmont and
Lombardy, ii. 21.

Distribution of water— ancient,i.101, 109
—horary, ii. 66, (scc {)—in Lowm-
bardy, i, 160—in Piedmont, 289, 251.

Dixon, Licutenaut-Colonel, i 306~—ab-
stract of his report on Mairwara, 397
—his operations there, 403, 424, 425
—in Ajmeer, 427, &e.

Donenini, (engineer,) ii. 31.

Dora-Baltea, i. 16, 20, 89,91, 100~—canals
from, 122, 127, 129, 154, 157, 158.

Dora-Repaira River, 1. 14, 91 — canals
frow, 103, 154, 157, 158.

Drainage—in Lower Lombary, i. 60,187,
994—of the Tuscan marshes, 74—of
the Pontine marshes, 87—of ecity of
Milan, 198—of the Deyrah alley, 361
—of the Nujufghur Iake, 362—sani-
tary importance of wninpeded, 432—
intereeption ofy 316, $37—xystem of
Lake Maggiore, 161—of Lake of Cowo,
164—of the Ticino basin, 171—O0lona
and Lambro, 174— Adda and its tribu-
taries, 177—0glio, 180—Mclla, 181—
Clisio, 182—Mincio, 183.

combination of, with irrigation, ii.
935—of irrigation water, il. 77, 300—
very necessary i India, i 302, 353—

—— canals, regulation of, il 174

Dredging macline, i 275,

Dry eultivation in Piedmont, 1. 157.

Durand, Major 1L M., i. 363, 364,

Duration of water contracts in Lonr
bardy, ii. 144.

Duties of canal officers, (Piedmont,)ii.811.

E.

Economy of a Piedmontese farm, 1. 23.
— false, i. 315, 316.
—— of canal irrigation, 383.
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Ellero River, canal from, i, 162,

Elvo River, i. 89— canal from, 131.

Emanuel Philibert of Savoy, 1. 105.

Embankments, river, i. 60— effect of
Ligh, 316, 336 — ancient tank wneat
Delhi, 365 — tank in Mairwara, see
Tank—-Solani, 374.

Ewmergeneies, provision for, (canal sup-
ply, &e.,) il. 306.

Emissardo ou agricultural engineering,
i. 50.

Emoluments of canal establishment in
Picdmont, 1. 121, See Salaries.

Endine Lake, i. 166, 280.

Engincers, education of hydraulic in
Tiedmont, i. 12, 13—duties of, in Lom-
bardy, 55—their number and skill, ii.
136, 159.

inspectors, (Piedmont,) their duties,
ii. 311, 313—in Lombardy, 217.

Enlargement of channels regulated, il
260, 272,

Lscapes attached to regulators, i.18,272
-—objection to using as irrigators, 222.
See OQutlets.

Essentials of water measurement, i, 56.

Establishment at canal-heads, i 19—on
(Canal Caluso, 116—on Piedmontese
government canals, 121, 127—on Na-
viglio Grande, 223—Bereguardo Canal,
931 — Pavia Canal, 240 — on Indian
conals, 1. 326, 347.  Sce Cost of main-
tenance, Emoluments.

Este, Beatrice &, 1. 260.

Estimated cost per acre of Milanese irri-
gation systom, i. 297-8.

Estimates, (Piedmont,) ii. 313.

Eiruscan remains, i 60, 71,

Engene, (Beauharnais,) Vieeroy, ii. 228.

Prince, (of Savoy,) il 325.

Example, force of, i. 426.

Expenditure on canals in north-western
India, i. 352~—on tanks in Mairwara,
430—on preparationof water-meadows,
ii. 76.

assessment of canal, il. 174-6, 201.

Expense of minor aqueducts, &c., how
distributed, i. 239.

—— of forming marcite, ii. 76, 94—of
irrigating marcite, 97~—of Milan drain-
age canals, il. 243.

Expenses and returns on land, irrigated
and unirrigated, in Piedmont, ii. 80,
83— on marcite, 99. See Cost.

F. .

Falls, masonry, i. 22—on East Jumna
Canal, 335—on Beejaptir Canal, 351—
on Ganges Canal, 373.

2 A
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Famine (Indian) of 1837-8, i 319, 3
368—c()f1832,) fog, o b 81 310,
F:mxtonc, Pio, (engineer,) i, 76.
Furm, interior of a Piedmontese, i. 93
;;'eut and charges of a Mil:m::se, ii.
Fu'l'm'h', small, wnsuiled to the Ttalian
] irrigation system, ii. 113,
}.“ul‘lllcl'-pl‘(.)l)l‘ictol‘h' of Lombardy, i, 55.
l'ull;&sc:rs of cunals, (their powers,) i, 122,
F:ar{ning canals, evil of, ii, 258.
Pvermhtu, (Indian historian,) i, 313,
Feroze, (Indian Emperor,) i 100, 306
307, 308, 856. T
Iterry~bunts on cialds, (fndia,) ii. 341,
Fevers, malavious, ii. 356. Sce M alaric.
Iil.n}w, Canal of], i. 104.
l‘ll‘x({(;fme, Signor Danese, i. 210, 214,

Financial pressure in Lombardy, cvils of
e i 114 hrdy, exils of
Fines for breach of canal regulations, i
 for bre f can ations, 1.
106, 323, 344 5 1. 167, 175, 180, 153,
_184, 185, 186, 208, 242, 305, 508, 309,
310 —~(India,) 835, 842, Sce I'naltivs.
—_ ‘for llegal cultivation, ii. 225-7.
1shing, unlicensed, ii. 184, 189, 20
o ) s 84, 189, 204,
Flax-soakil?g prohibited, ii. 184, 192,
Floods, ?f Lake Maggiore, 1. 163—of
Lal.m (,omo,.] 65, 176 --of Lake d'lsco,
Elgbf 184‘-01 the Mincio, 184 —of the
2&31.110, 204, 217, 218—0f the Adda,
Florence, i. 71, 80,
E‘lushing, process of, i. 275.
ontanili, (or irrigating springs) i, 3¢
v ) 4 r8,) L3
45, 61, 186, 292; ii. 90,1108-?1-)3 ' s:{-
Springs. . h
I‘OI‘CCd sale of Tand, ii. 275,
i‘urds ?n canals, (India,) ii. 342,
ortnula for value of Picds e water
ot 1oy uontese water-
-—~ for caleulating clai s Lorar
rotation oo g claims under horary
l‘:ossf). int.erna of Milan, i. 259-60.
I“osmls of the Sub-Himmalaya, i. 313
I“ossom.broni, Count, i. 76, ’ -
%<‘ountam£secker, professional, ii, 108
‘ragmentary state of socicty in 1t
if . y of society in Italy,
France, author’s route through, 1. 6
Frzmce:%co Sforza L, 1. 201, 258, ’
Frederick Barbarossa, i. 198—1. (Em
peror,) ii. 118. ’ )
~=— 1L, (Emperor,) i. 200, 204,
French reports on Italian irvigation, 1. 5, 6
—(}m ddCSt;(l)%’ the works of N;Lvig’lic;
rande, 217—of Canal Martes 1.
Fusio, Cavo, i. 289. rtesans, . 267,
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Ganges Canal, i, 115, 172, 190, 257~
history of the scheme, 867, ef seg-—
l'\hulu:ul Conmmittee, 371~ head- works,
:l».—.—uhst,m-lus from  Sab-Himmalayd
drainage, 372-5 —Solani Aqueduct, 374
—-branches, 375-6-- total length, :‘TG—T
expected henetits, 377 - estimated it
gabion, 378 —-and vevenue, 579--value
of crops secured by, 381-—-of incrensed
]n'(.ulu(':tlon, 382 — navigation, 48d—
objections Lo, 385 -recommendations
f:i Mg}lu‘:tl Committee regarding, 1
BU4—ii 354, 361, 362,

. .

Ganges River, expected effoct of  the
canal on, 1. 385, 887—tribntaries ol
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i tinara, Canals, 1, 100, 134,

Genon, 1.7, 64, 45,
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(;1()\':Lllctt,1 on the taw of irvigation, &e.
iV i 12, 1, 260, 269, 283, 299,
300, 331,

"

(:Ult.l'(,‘, story regirding, i, 312,

Goojur, effect of irvigation facilitics ob
‘ the tawless, i 398,

Grana River, 1. 151,

Grandone River, i, 154
[ Lo . o -

:,:umdf;m, (:hcv:t]l()l‘, (engincer) 1. 79
reintees of water, their selfish conducts
. 138,

P .

Grants of water, (Picdmontene,) forms
respeceting, ii. 249,

Grassini, Mons,, 1. 61.

(:‘l'c:wlmtl, Licutenant W. W §, 339,

(m:n‘t.h;um of canals, 1. 124, ‘.2'.23~—qll“«]iﬁ'
cations, 274; ii. 190,

1000, . . . . . i
(11;;.;111 and  Giudiei, (cngmcers,) L
Guone, Canal of, i. 153.

Gurone River, i. 91.
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Ha]}” _Colmfd’ superintendent of Mair-
;::(:41, 403—his excrtions for the im-
vement of the people, 404, 408.
ﬁcad of pressure, const:mt: i. 209.
]ﬁm‘y I3 of France, i. 105.
immalaya, i 71, 311, 315, 336, 357,
368, 572, 385, ’
I&?“d‘m River, i. 369.
istovical Summary of Dic e AT
rigation, i, 99, ¥ of Piedmontose 15
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Histovical summary of Lombard irriga-
tion, i. 196.
Notices of Indian Canals, i. 306 e

seq. )

Holidays, right to water on, ii. 286-7.

Horary rotation, distribution by, ii. 66,
85, 162, 288—table, ii. 67—solution of
problems arising in, 69.

Hydraulies, experimental, 1. 14, 352.

Hydrography, of Piedmont, 88 et scg.—
of Lombardy, 160 ¢t seq.

Hydromoters, 1. 222, 240, 252, 273,

Hydrometric sluice, ii. 44, 46.

Hygrometric indications in Lombardy, i
189.

Hutchinson, Lieutcnant G, i. 365.

I

Idro, Lago &, i. 166, 181.

India, foreign impressions regarding Eng-
lish in, i, 257—irvigation in Northern,
306 et seq—in Central, 397 —in South-
ern, 305—importance of a system of
rrigativo legislation and distribution
for, 215—cxisting irvigative legislation
in, ii. 333.

Indian irvigation works, i. 3, 63, 69, 100,
115, 117, 153, 222, 256, 257; ii. 58,
279, 990, 203, 294, 295, 201, 332, 334,
Soe also Tndia, Area, Ajmeer, Denefi-
cial, Canals, Comparisons, Drainage,
Legislation, Mairware, Measwrement,
Passage, Tables, Unit, &e. &e.

regulating sluices, 18—jhdm for
well-sinking, 45,

Ingeyneri cdveocatis 1. 56,

Tnstructions to the author, i 3.

Interchange of outlets, il. 200 - of rota-
tion periods, b.

Irrigation, works on Ttalian, i. 6, (sce
Ttalian) —from springs, (sce Fontaniléy
——ancient traces of, 86 — beneficial
effects of, (see J2)—influcnce of, on
population, (sce Py—trifling effect of,
on atmospheric moisture, 190—total
extent of, in the Po Valley, QDg)_-—pro-
jected in the Punjab, 395; il 279.
Sce also India. .

—— practice of, in Northern Ita}ly, i, 3.

general organisation of, in Lowm-
bardy, ii. 217

Iseo, Lago d’, i. 165, 166,179, 289.

Italian irrigation literature, I 9, 10, 15,
40, 47, 48, 57, 58, 59, 16]., &c.—gene-
ral list of authors, Appendix A., p- 301,

Scientific Congress, 1. 58.

Ivrea, Canal of, i. 20, 100 —history, 122
ii. 14—description and extent, 123—
silt deposits, 124~ discharge and area

irrigated, ib.—price of water, 125—~
branches, ib.—bridges, 126—revenue
and maintenance, 127.
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Jatonwala Torrent, i. 311, 336.

Jehan, Shah, 1. 309, 311.

Jummna River, 307, 811, 366—effect of
canals on, 385— under current in, 386
—disputes regarding claims to water
from, ii. 262.

——— Canals, i 63, 115, 256; ii. 336—
their history, 306-313. WesternJumna
Canals : Development, 314 — works,
317—water-rent, 318—beuefit from,
during famine valued, 319—mill rent,
320 —watering cattle, 321—transit du-
ties, ib.~—plantations, 322—fiues, 323
__statement of expenditure and re-
venue, 325—extablishient and super-
intendence, 326, 328 —statement of
population and revenue in canal dis-
tricts, 329—increase of land revenue
due to, 332, Fuastern Jumna Canal :
Lvils of original levels, 334—Colonel
Cautley’s remedial measures, 334-6—
difficuitics, 336—assessment and dis-
tribution of water, Rajbuke system,
387 —its cost and advantages, 339—
canal works, h—water-rent and valued
benefit in famnine, 340 - mill-rent, 341
—watering cattle, 342—transit duties,
ib.—plantations, 343—mango gardens,
344—fines, th.—statement of expendi-
ture and revenue, 345 ~establishment,
347—statcuent of population and re-
venue, 348—inerease of fand revenue
due to, 850—legislation regarding, i.
336 et seq.

Juntas, Spanish Irrigation, ii. 219.
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(India,) ii. 337, 342, 846.
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Keir, Dr, on sanitary state of Ajmeer, i.
432-3.

Kirke, Captain H., i. 351; i, 337.

Kirsunni River, i. 312

Kramer, Professor de, i. 42.

Krentzlin, Mons., i. 161.

Kutta Putthur Canal, i. 365.

L.

Labour, cost of, in Italy, i 114,
Lake system of Lombardy, i. 66, 160-1,
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167—data regarding, 169—its benefi-
cial agency, 176-—awauting in Ticd-
mont, 80 —except on the Ticino, 145.
Lambro River, (Northern,} i. 164, 173,
198, 200, 205, 243, 246, 2735 ii. 89,
90t—- t{\ssocmtxon of the, 186 — admi-
nistration of, 187, 190 — (3 u§
e 205{ s ) — (Southern,)
La'u(i gzrlkgr‘;sfor cnlnuls, compensation for,
i 105 ; il 119, 122, 123, 126
265, 971, 275, B 1% 126, 145,
rent, gystem of, in Lombardy, i. 51
—effect of irrigation works on, in Pied-
wont, 158— in Milanese, 228—between
Ad‘ilaAzH?d Oglio, 288~~hetween Oglio
an ige, 295—in Lowmbar ne-
i s ombardy gene
— revenue, (India,) increase to, from
irrigation works, 1. 332, 423, 429, 431.
- assessment in Mairwara, 414-—-in
L Azﬁneer, 429.
andlord and tenant in Lombardy, 1. §
d . 50.
Landolfo, (historian,) i. 198. Hie
Langosco Canal, i. 33, 100, 145, 218—
company of the, 146.
Lalwlssof irrigation, carlicst recorded, il
Leix;%s' in Lombardy, i. 52—of canuls,
~—— of water, perpetual, ii. 135, 161 -
temporary, 135, 139, 140, 144.
(.Indla,) i. 327, 352.
Lecehi, Count A, i. 62.
-———, Antonio, work on ¢ 1.16
Leg?x’om, 0 73,. rk on canals, 1. 161,262,
chlsl‘utlon of irrigation, i. 4, 6,11, 69—
samta_ry,.%, 59—works on, 58, H9—
superior in Lombardy, 187— nocessity
for, in India, 215—history of, in Italy
il. 117—leading principles of, 120
traditional, 118, 121, 124, 125 in
iI;o;r;l();rdg,{)jii]—in Piedmont, 248 —
ia, 833 ¢ seq.—remarks E
~—defects of, 352. rvomarks on, 34T
Iﬁemma River, 1. 154.
eonardo da Vinet, his hydrauli i
. 3 hydraulic writ-
in i i
26gas and constructions, i. 40, 201, 262,
Leri, visit to farm of, i. 22, 2
Iflettsom, Mr, i. 8. 5
evels of Pic SC CRUIL i
oct s 1 gl.cdmontcae canal beds, imper-
~—52'normal of the modulo magistrale, ii.
Limit of size of outlets, ii
1 etg, ii. 5
Liro River, i. 164, % il 85, 56.
nggz.t.lo_r_l regarding water, i. 133, 205
5 L. 148, 153, 257, 261, 270—im-
L ope;,gxments to, necdless, 284.
2088 01;:&1;}&1.9 of Milan, i. 39, 201, 259
— N ’
1e Canal Bereguardo, 230 —

on Canal of Pavia, 238—invention of,
260-2—gigautic projected, 279

Lodi, i. 42, 59.

Lombardini, Signor Elig, i. 60, 161, 172,
203, 260, 286 ; 1. 27, 112, 217.

Lombardy, hydraulic works of, i 34—
books on, 57-Lakes of, see Lahkes —
hydrography of, 160 ¢t seq;—]nirstorit‘ﬂl
guwmary of irrigation in, J96—pgenera
summary of irrigation in, 295 —supo
rivrity of irrigation systet in, 187—
state ofyin the dark ages, 192 See
also Population, &e.

Lonati, Bern., (engincer,) i. 212,

—— -, Gian Batt., (do,) 1. 213

Loss of water, on marcite,
catals, 225, 342, 254, 276,

Lucen, 1. 79.

Ludovico Sforza, i. 82, 40, 135, 138, 147,
201, 260, 262 ; ii. 18.

Lugano, Lake, i. 162.

Lumbcr.dars, (India,) ii. 219.

Lumellina, (statistics of,) 27, 94—expensc
and returns of agriculture in, ii. 74, 33

Lungone River, 1. 154,

i 46— in

M

Machines for raising water, rates ol
(India,) ii. 339.

Macina of Modena and Reggio, ii. 9, 10-

Ma‘dms governmenl, ivrigation under, i
305.

Maggengo, (1st sunner hay crop,) ii. 78

Mayyhengino, (vecasional 2d do,,) 1L 78

Maggi, Bishop B, i. 201, ’

Ilt’{ngg{u River, 1. 163.
aggior 0, 1. 6
(?i% i)bg,;‘(‘ngij);l 67, 145—hydrography

Magna, Canal, 1. 148,

Mairats, i. 400,

Mairs, 1. 399 ct seq.

Mairwara, irvigation in, i. 397 et seq—
character of the people, 399-400—
conquest, 401-—divided rule, 402—
cor}sohdz\tion and results, 4()3’——}11111'8
reforms, 404—Colonel Dixon nppuiub-
ed, _405—-—wntcr tho great want, 405
—his weasures to provide it
— wastes  reclaimed, 410 — convicts
reclaimed, 412 agsessment, 414—tank
embunkments, 414-419, 420, 421—
weirs, 419-420—other civilising mea-

- gures, '424—genera1 results, 425.
alaria, i. 71-72; ii. 219, 332, 356, 359:
See Sanitary and Protective Zones.

Maleorrente Canal, i, 285.

Malesina River, canal from, i. 131

Manetti, Chevalier, i. 72. ’ '

Mautun, i, 60— lakes at, {82, 199—Regt-
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lation of watcrs in, and Verona, i,

198, 208.

Manure, abundance of, in Lombardy, 1.
38, 187—application of, to jrrigated
meadows, ii. 89, 94, 95, 96-—ou rice
lands, 105.

Marcite, (or winter meadows,) i 24, 33,
46, 59, 61, 62, 93, 149, 197, 226, 228,
239, 255, 278, 288 ; il. 86 et seg-—Pre”
paration of, in detail, 90-94 —pro:
duce of, 98—cxpenses and returns,
rent, 99—sanitary relatious of, 220,
23]-2—laws regarding, 140, 142. Sec
Meadow.

Mareinma, the, and remedial measures,
i 71-79.

Mari, experiments by, ii. G2.

Maria Theresa, ii. 128.

Marioni, Chevalier, . 16; ii. 318.

Marocco, Cavo Lerino, 1. 42, 43.

Marshes, i. 186, 197, 294.

Martesana Canal, i 37, 3%, 42, 64, 173,
201—history, 258-—slope, 270—works,
979—establishment and repairs, 274—
outlets, 275—volume, 976—arca irri-
gated, and price of water, 277 ; ii. 140,
1867, 189. _

Mazzeri, M., i 45— estimate of the oncidy
ii. 54. .

Mcadows, summer, irrigation of, il 75—
preparation, 76—produce, 78—returns,
79— tewporary, ib.—sanitary bearings
of, 220, 231. o

Meadows of the Po valley, ii, 75—limita-
tion of irrigated, 227-8, 231.

Measurement of water, (in the Vercel-
lese,) i. 29-—(in the Milaneso,) 39, 44,
100, 155, 202, 205, 200, 234, 248—
ideas involved iu, il g—in Parma and
Placentia, 9—in Modena and Reggio, 9
—in Ferrara and Romagna, 11 — 1
Picdmont, 13—in Lombardy, 26—in
the Venetian provinces, 36—Iegislation
regarding, 160, 280—in India, its de-
fective state, il. 5—and apparatus for,
discussed, 62. See Modulo, &c.

Measures, variety of, ii. 3—Books on, 4,

26.

Meda, Giuseppe, (engineer;) i. 233, 279—
gigantic jock projected by, 280.
Medical committee on cffects of irriga-
tion, (India,} i 338, 370, 431; il 59
— its appointment and proceedings,
355 — conclusions and recommenda-

tions, 859. )
Medici, Cosmo de’, & 74.
Mella River, i. 61, 180—canals of the, 291.
Melles River, i. 151.
Menasciutto Canal, i 285.
Mera River, i. 164.
Mercer, Mr G, i. 313.
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Merengone Canal, i 147.

Merlo's experiments on the oncia, ii. 54.

Mezzola Lake, i. 164.

Michela, M., (engineer,) i. 10—history of

Caluso Canal, 105,124, 137.

Michelotti, Dominico, (engineer,) 1 10,

14 ; i 17.
——, Ignazio, (engineer,) I 110—oncia
of, 17. i

Milan, i. 35, ¢8—canals in and round,

37,172,197, 259 ii. 236, (sce Naviglio
Interno, Canal of Pazia, Martesana,
Vettabia, &c.)—statutes of, 1. 200 ii.
117 —work on, and its territovy, i. 58 ;
ii, 78, 104—drainage system of, 236—
sewage, ib.

Military Board, (Calcutta,) injury to
Major Durand’s project by, i. 363.

Mills, i. 279, (Indian canal,) 320, 341,
351,352— regulations regarding, (Italy,)
i T4, 188, 203, 208. Sec HMotive
Power.

Minago River, 1. 184.

Mincio River, i. 166—description, 182,
199—canals from, 292.

Minor irrigation of the Milanese, i. 243.

Mir-ab, 1. 308

Missaglia, B., (engineer,) 1. 279.

Mission of the author to Italy, i. 3.

Models, necessity for machine, in India,
i. 841.

Modulo, 5. 44, 109, 155, 202, 208, 210,
955—of Piedmont, ii. 20, 282—magis-
trale of Milan, i 39, 208, 242, 248—
history, 209 et seq.—detailed descrip-
tion of, ii. 47, 54—objections to, 63,
41, 44, 140, 161, 162 — of Cremona,
56.

——, cssential conditions of a trustwor-
thy, ii. 39, 40, 46, 56-

Moggio Lake, i 175.

Molgora Torrent, aqueduct across, i.
271.

Molinara Canal, i. 148.

Mongada, Spanish canal of, ii. 220.

Montferrat, Dukes of, i. 100, 105, 129.

Moors of Spain, ii. 221.

Mora Canal, i. 32, 100, 135 ; i1, 19, 259.

Mornay, Mauny de, report on irrigation,

i 6.

Morton, Lieutenant W. E., ii. 337.
Motive power from canals, &e., i. 147,
153, 174, 193, 298, 255. See Mills.
Moulan, (rude French water measure,)

it 10.

Muskwra River, i 311, 336.

Muzza Canal, i. 59, 63, 173, 200, 234 ; ii.
26—history, i. 245—description, 250—
slope, #b.—works, 951—repairs, 252—
volume, 253—revenue, 254—area frri-
gated, 255—cost of maintenance, and
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value of the wators, 256

L i 4, 256—-¢ are

Mw1th Indian canals, il;. P compared
uzza Canal, congregation of the, ii. 19
—regulation of the, 194. e . 193

N

Napolgoxll, i. 37, 68, 202, 235 ; ii. 225.
= 1301('0, regarding property in rivers,
Narees, i. 408, 409, 42
ces, 1. 408, 409, 427, 430.
guv{gul)'lo rivers, propt;n-ty in, 1. 132
avigation .of‘czumlﬂ, 1. 223, 262 279'
0")m‘)u‘l‘ll“ngution, combination of, i
232, 236, 259, 266, 343, 370, 571 373,
881, 303, i 11, 134, T
R gt "
3“.ues, 1, 266, 269, 321, 342 ; ii. 335,
of Jumna and Ganges, t
o i ges, to what ex-
N383{ d :;aéflb-ctcd by canal abstraction, i,
aviglio Grande of the Ticino, i. !
v L sino, i. 34, 3
89, 67, 173, 200, 235 -history, 203 i
seq.—deseription, 213»—«10])0,’ 290—
w’o'rks,.‘Q“.’.O-‘&—. establislinent and re-
pairs, gﬁi—(ll:w'(:lnu'gc, 224 - wasto of
i&t?r, 225—supply in dry seasons, ib.
pr;x(:gao;rngutctl, and outlets, 226—
_of water, ib.—income, 24 T
27, 45, 127, 140, 116, 143, ) B
nterno, (of Milan,) i. 87, 201,
269, 271 I 83 ezm.’) L 9T, 201, 240,
di Paderno, 1. 279 —V i
A Pa - 279 — ercellin
_2.6% Ul:’wo, .(of Cremona,) 201 28(?{
i 31—Pallavicino, i. 202, 216 Jii. 31
—Taverna, 112, Sce € 3 .
Nerone Rivc;, i. 198, o Gunaly &
Il\élce, i7.
o6, M. Charles, i. 15 5
NQ(); N , 1. 15, 16,20, 22, 32,
owgong Torrent and dam, 1. 7
Torrent ¢ am, 1. 311,
Nugoena Canal, (i) i 357, 344
';](131.){; ;{qua,k% (India,) drainage .()f, i
362 Major Durands schomo, 363 —
NMr ot 301, nd’s scheme, 363 —
umerical details connceted with irri
Ntmn in Northern Ttaly, fl 1‘317“1 o
i;x-l‘fuggur, foundation of, (i.n Mair
ara,) i. 424— fair established, 4'.25.l )

0O

Obstructions t ¥ i
Seo Dams. 0 water-courges, ii. 335.
Occhi, (spring-jets,) ii. 110,

Office of canal g i
Oggionno Lake‘,vgllkgfg .(Pmdmont,) i 119,

Ogho River, i. 61 —_ P y
s 165, 166 —description
3 3
129, ]82, 201 canals fl‘OIn, 286, 289.

Oileake, 11 95.

Olginate Lake, i. 175.

Olona River, (Northern,) 1. 172, 198, 2433
ii. 45, 89 association of the, 128, 178,
179 - regulations of the, 180

—— (Southern,) i 173, 205

Ombrone River, 1. 75, 77.

Oncie, («_n' watcr-inch,)  differont mean-
{:1;;&4, i 14 --of Caluso, 1. 1093 ii. 11,
51,*0f‘ tho Novarcse, 18—of Lodi,
..4_»-"()[ Cremona, 27~ of Creny, 31—
of Bergamo, 32 — magistrale of Milan,
47 — various estimates of, o -— 8%
ciuses of discrepancey, H5.

Opposition to canal reforms, 1.
210, '

Oreo River, i 88, 89, 91, 100, 154, 168
- (‘,:'\H:llﬂ from, 105-117.

()1‘|i;:_1:;1sation of hydraulic associations, i

70,

Orobian mountains, i. 166,

Orta, Lago ', i, 163,

Osa, Gugliclmo dell’, i 199

Osone River, 1. 204, ' .

Otho, eruperor of Germany, i, 117.

Outlets, escape, 1. 63, 65, 77, 205, 22%
72, 293, 310, &

- of distribution, i 29, 44 101
109, 113, 206, 208, 223, g6, 931, 242,
254, 2755 i 15— wooden, 32y ¢
T~l’1cdmuntcsc, 21 —— (remonese, 28,
.i()«—lir.cscifm, 33— Milanese, 45, 48—
1‘('g\1l:11'1suuon of, 182 — wnregulateds
280, 285-- removal of, from canal hank
desirable, 63— Indian, 59— extrnordic
nary tax on, 1. 217, 268.

(&)

19, 213,

1)

Puderno, canal of), i, 2

ang L 202,

l:uhulqlln e, . "2‘.2().

ll,ul'lzwlcinu Canal.  Sce Naviglio.
a;;[‘»'ctﬂ of canal-road cmbankments, i

I’m'af;)ju (sluice,) ii

, (sluiee)) il 22, 27, 31, ¢
44, 49, 162, ) i 2, 57, 31, 34
{”uv'litw'i, i 113,
“;‘ﬂﬂg‘cl right of, (for water-courses,) i+
41, 2003 ii. 119, 120, 122, 125, 1267
11nr Lomburdy, 146-—law of, 151, 154
1:)7]*1].1 Picdmont, 263, 269, 278—
212;)1'.:&10113 and conditions, 150, 264-T
6 —as cxisting in India, 147—as ap°
P 1c.t'1‘blc in India, 279, 352.
158, 31170(;811 existing channels, il 127,

Y .

Izwnls,. canal of, i. 37, 68, 171, 201, 202
;};xstory, 233— distribution of slopc
ci —works, 238-—establishment ap

earance, 240— maintenance, cost, 8l
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revenue, 241—volume, ib.—area irvi-
gated, 242.

Paving canal bottoms, i, 223, 241.

Payment for water, forms of, ii. 214.

Pellice River, i. 151, 154.

I’c&ml legislation for Indian canals, il

18.

Penalty, heavy, for illegal jrrigation, il
208, 211,

for breach of canal Jaw, it. 339,341,
349, 353.  Sec Lines, Punishment.

Percolation, facts regarding, i, 170—in
the Jumna and Ganges 386, 388—
sQupply of wells by, £07—loss Ly, il

05.

Periods of irvigation, Lmited, ii. 345.

Periti, ii. 159, 207, 255,

Pertusata, canal of, I 153, 153.

Peschiera, i 61-

Pessina, (engincer,) i. 269.

Pessio River, canal from, i 152.

Pezoretti on agriculhuml engineering, i
56.

Philibert of Savoy, i 101.

Piane. Sec Ale.

Piedmont, author’s visit to, 1 7-34—
hydrogmphy, soil, climate, and popuw-
lation of, 8 98 —historical gummary
of irrigation i, 99-102—cunals of,
103-153—¢irrigntiou in upper vul!ey's
of, 154-5——gcncml guImary of irri-
gation in, 1 55-159—systes of mea-
surement, ii. 13-26—eXpenses an.d re-
turns on land i, §0-§3—legislation of
jrrigation in, 425 32,

Picdmontese hydmulic literature scanty,
i. 10.

_ farm, visit to & 1. 29—roads, 28.

Pictro Leopoldo, Duke, i. 74',‘75.’

Digsties, ceonomic value qf, ii. 95.

Piste, (ricc—cleamiug machines,) i. 28

>lana, Baron, i- 15.

D \als, i 322-3, 343-

Plautations along canals, 1
4—ii. 310, 312—on irrigated lands,

9. . .

PlZsticity of the Lombard irrigation
gystem, i

Pliny, i 74-

Plundering habits
400. ]

Po River, i. 33, 37, 60 68, 201, 205—
obstacles to its use bitherto as @
gource Oof supplys 84, 90——progccted
canal from, 58. i

Polcnta, (maize ﬁo.ur%l. 62.

Police espionage, k- < .

— of })rrigation, Lombardy, 1 169—
Piedmont, 304—India, 353.

Ponale River, i .

Poncelet and Lesbros, hydraulic expe-

riments of, ii. 24, 39.

of the Mairs, i

Ponte d’Archetto, i. 198,

Ponti, L. Tredici, 1. 287

Population of Piedmont, i 94, 95—‘0f
Lombardy, 192—of Tudian canal dis-
tricts, 329, 348—bearing of irrigation
on, 192-6, 329, 348, 422.

Possenti  on agricultural engincering,

i. §0.

Possession of water pending litigation,
ii. 304. i

Prati a vicerdd, (rotation meadows,)
ii. 7O

Proscriptive rights to water, ii. 260-1.
Price of water, 1. 117,125, 129,135,136,
137, 140, 141, 142, 143, 146, 147, 148,
151, 154,226, 254, 277, 288 —average
in Lombardy, 298 ; ii. 213, 214, 216—
for winter irrigation, 97 —(India,) 338,
343, 344,
Prisme, i 19
Private canals,
Sce Cunals. )
Protiles, pormnnont, of canal section,
L 994, u3l, 262; il 242
Profits from canals, 1. 42 .
Progress of capal system in Piedmont,
i 101-2.
Property in water, i. 62—in canals, 106-
7,119, 122, 133, 134, 136, 146, 147,
199, 207, 245, 947—absolute in water
for irvigation, i 185, 212, 2138—pri-
vate, in water, 954, 259—in running
water, 181, 137, 248.
Properties, offect of small, on popula-
tion, i. 193.
Proprictors 0
i, 291.
Protective regulations, various, il 308.
. distance between water-courses in
Lombardy, il. 168, 206—in Piedmont,
295-300—in India, 300, 339, 344, 346,

admiuistration _of, ii. 315.

f canals, obligations of,

349.

—_ zoncs, (rice culture,) ii. 292-4, 225,
296, 321 et 8¢9 359.

Punchiyut, (of Tudia)

Punishments for crime!
draulic works, ii. 316.

Punjaub, projected irrigation of, 1. 39575
ii. 235.

Pusiano Lake, i 164, 173, 243; il
190.

Puthri River, (India,) 1. 872

i 404 ; ii. 219.
s bearing on hy-

Q

Quadretto of Verona and Mantua, ii. 35,
161, 919—of Brescia, 32, 33.

Quantity, distribution by, ii. 281.

Quartirola, (grass after growth,) ii. 78.
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1

Rafts, revenue from transit of, i. 321,
399, 349,

Raggia, (or levelling machine,) ii. 93,

Raipoor Torrent, 1. 311, 336.

Rajbuha system, i. 326, 357 ; ii. 59, 60,
218, 219, 340, 342.

Rajpoor Canal, i. 851 ; il. 836, 343.
Ratio of irrigated surface in Lombardy,
i. 296. .

Redefosso of Milan, 1. 108, 272,

Reforms, resistance to, i 212-13, 249 ;
i 197.

Regulating bridges, i. 275 —sluices, 17,
21.

cstablishments, 19, 223, &ec.

Regulution of navigation, i, 223—of irri-
gation, law for the, ii. 144,

Regulator of Cigliano Canal, i 17--of
Ivrea Canal, 211—of Muzza Canal, 63.

Rent, {land,) in Lombardy, i. 42— cffect
of irrigation on, 158, 228, 288, 295,
297 — rent-free alicnations of water,
136, 137, 139, 146, 147, 158, 206, 252
—rent-frec tenures, 428.  See Water-
rent,

Repairs of canals, i, 207, 274—done by
contract, 253; ii. 177 — under Olona
Association, ii. 181, Sco Cost of main-
tenance.

Reports, annual canal, (Piedmont,) ii.
312,

Representative system in development
of irrigation, ii. 218.

Retrogression of levels on East Jumna
Canal, i. 334.

Revenuo from canals, i. 158, 241, 278,
(Indian,) 318-325, 340-345, 351, 379.
Revetments, i. 113, 223, 230, 239, 272-3,
Rice cultivation, 1. 25, 124, 294, 296;

ii. 100-106, 320—irrigation of, i 30;
it 101-103, 166—produce and returns,
104, 105 — introduction of, into
Europe, 221—insalubrity of, 220-222,
233, 319 —prohibition of, and licences
for, 222, 821—regulation of, in Lom-
bardy, 225—iu Picdmont, 318-326—
limitation of, 200, 205, 211, 2224,
321-5—Giovanctti's general remarks

on, 331.

Rice-cleaning machines, i. 23—mills, 30;
ii. 104.

Richelmy, Professor, 1. 12, 15.

Riconsegna, 1. 52,

Rights. See Passage.

Riiaje da Zeppa, i. 100—da vicenda,

01.

Risone, (rice in husk,) ii. 102, 104.
River channels, protection of, ii. 304.
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Rivers of Piedmont, i. 91— of Lombaxdy,
169 —table, 186 —irrigation, draft o,
298-—of N.W. India, cffcet of canal
abstraction on, 386-8.

Rodiyine dacqua, i. 206; ii. 10, 45.

Rogyetta, ii. 91.

Loggia, (term applied to irrigating chan-
nels,) 1100, 185, 137, &c.

aducquatrice, ii. 91.

Roliilkenud, (India,) it 337.

Romagnost, works on irrigation and its
legislation, i. 54; ii. 153, 300.

Roman numes extant in Lombardy, i. 42.

law regarding property in rivers,
i 132,

—— jurisprudence, fragments of, ji. 118,

N

Rome, 1. $0.

Rotation, horary, Sce /7.

of erops, ii. 79, 101.

Rotto, Canal del, 1. 16, 18, 160, 120.

Royal Park Canal, (Tarin i. 1038,

Ruota, i. 109 ; i, 10 — of Piedmont,
15, 17—of Novara, 19.

d'acque, (horary rotation,) ii. 66.

Ruspunna River, i. 351,

Ruthma River, i. 372, 873.

S

Sala Lake, i. 164,

Salaries, 1. 121, 122, 274 ; ii. 239.

Sule of water by government in Lom-
bardy, i. 40—of surplus water by pro-
prictors, 226—eflcct of, in Lombardy,
it 135--not applicable in India, 137.

Salto di gatto, ii. 141,

San Cristoforo, escape of, 1. 205,

San Giorgio, tunnels of, i. 112,

Sanitary relations of rice cnltivation,
i 26, 27, (sce Rice)y—effects of col-
malaye, or warping, 78—Dbearings of
irrigation, 394, 431, 432; ii. 354 et
scq. — legislation in Lombardy, 219
ot seq—in Liedmout 318 ot seq—for
India, 332. Sece Protective Zoncs, Me-
dical Committce, Malaria.

Sarca River, i. 167,

Sardinian penal code, ii. 316.
Charles Albert and Piedmont.
Sartirana Canal, i. 100, 189; ii. 19.

Seagno, ii. 29.

Scalve Valley, i. 165.

Schwartzenberg, Prince Charles, i. 86.

Seolatori, (meadow drains,) ii. 91. See
Colatori,

Serivia River, i. 91,

Sebino Lake, i. 165.

Secchia River, i. 200.

Seikhs, means of tranquillising, i. 397.

Sco

INDEX,

Serio River, i. 178—canals of the, 285—
Morto, .

Servitudes, law of water, ii. 151, 157, 267
— extinction of, 303. .

Sesia River, L. 89, 91, 100, 157, 158—
canals of the, 134-139.

Sesto Calende, i 67.

Settala, history of Muzza Canal, i. 265.

Sevese River, i 173, 198, 264, 273; ii
236—association of the, ii. 237.

Sewage of Milan and sewage irrigation, i
38, 266, 267, 275 ; ,ii. 89, 90, 96, 236.

Sforza, Francesco, ii. 121, Sce Ludorico.

Sforzesea Canal, 1. 33, 100, 185, 147, 218.

Sheil, Right Hon. R. L., i 71,

Silt, deposit of. See .

Siphons, i. 141—regulation of, 306.

Sitoni opposes Soldati, i. 213.

Slopes of the Piedmontese plain, i, 89~
of canals, 111, 123—of the Ticino, 170
—OQOlona, 173—Lambro, 174—Adda,
177, 279 — its tributaries, 178-9—
Uglio, 180~Mella, 181—Clisio, 2b.—
Mincio, 183—of the Lombard plain,
184—of Naviglio Grande, 218, 220,
228 — of Canal of Pavia, 237 —of Canal
Muzza, 250—of Martesana Canal, 270
—of Naviglio Interno, 271—of canal
beds, 335— of summeor meadows, ii. 77
— of winter meadows, 91,

Sluices, small, i. 17. Of outlets, sce O,
and Paratoja.

Swith, Colonel R., L. 333.

Smith, Captain R. Baird, i. 337, 365, (the
author.)

Snowy Mountains, economical action of,
1. 84, 160, 285, 385.

Soil of Piedmont, i. 93—of Lowbardy,
186.

Solani River, (India,) 1. 372--aqueduct,
374.

Solaroli, Baron, i. 32,

Soldati, Giacomo, and his canal reforms,
i. 209 et seq., 234—his module, ii. 21,
27, 31, 46.

Sombe River, 1. 307, 815.

Soprano, canal of, i. 152.

Sormani » Cagnola, case of; ii. 153.

Sovata River, 1. 75.

Sovereigaty payable on canal, 1. 106,

Spanish advancement of Italian irriga-
tion, i. 202, 234 ; ii. 125,

Special services, water contracts for, ii.
285, 340, 347.

Spinone Lake, i. 166.

Spleen as a criterion in sanitary statistics
of irrigated country, ii. 355-8.

Springs, (Fontanili,) irrigation from, i
33, 45, 61, 148, 186, 292; ii. 88, 89,
90, 108-112—total amount of irrigation
from, 112 — signs of existence of,
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109~—depth of, in Northern Italy, <.
—property in, 1. 62 ; il. 256—eflect of,
on canals, 112 — impeding course
of, 184, 191—right to, in Irrigation
channels, 289,

Spring-fed canals, 1. 148, 153,

Spring-heads, construction of, ii, 110~
money value of, 111, 112—laws relat-
ing to establishment of, 167, 206.

Spurs, i. 272, 273.

Stealing water, punishment of, ii. 317.

Stoue, artificial, 1. 19.

Stonc-rooms, i, 222,

Strassoldo, Count, i. 37,

Strone River, i. 180.

Stura River, (Northern,) i. 91-—canals
from, 103, 104, 154, 158—(Southern)
151-—canals from, 151.

Superintendence of canals, &c., in Lom-
bardy, ii. 173.

Supcerintendents of Indian canals, powers
conferred on, ii, 337.

Surplus waters, aud right to them, ii. 89,
167, 195, 206, 209, 212, 231, 268, 289,
308. Sece Colature.

Sutherland, Colonel, i. 427,

Swanips along canal, i. 242—on Western
Jummna Canal, 316,

Syphous, ii. 141—regulation of, 306.

rl'

Table of areas of basins, and discharge
of Piedmontese irvigating rivers, 1. 91.

Temperature, rain-fall, and weather

in Piedmont, i. 92.

Comparative, of population in irri-

gated and unirvigated districts of Pied-

mont, 1. 95,

Comparative, of increase of popula-

tion in preceding districts, i. 96.

Comparative, of married and un-

married iu preceding districts, 1. 97.

~—— Comparative, of numbers to a
family in preceding districts, i. 98.

Historical and descriptive statisties

of ecanals from the Dora, Stura, and

Orco, 1. 118.

Agrieultural and financial statistics

of canals from the Dora, Stura, and
Orco, 1. 119,

——— Historical and deseriptive statistics
of canals from the Dora-Baltea, i. 132.

——— Agricultural and financial statistics
of canals from the Dora-Baltea, i.
133.

—— Historical and descriptive statistics
of canals from the Sesia, 1. 144.

~——— Agriculinral and financial statistics
of eanals from the Sesia, i, 144,
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Table of historical and descriptive statis-
tics of canals from the Licino, i. 149,
~—— Agricultural and finuncial statistics

of canals from the Ticino, i. 150,

——— Data regarding lake system of
Lombardy, i. 169.

~—— Areas of basiny and volumes of
itrigating rivers of Lombardy, i. 1846,

—~——— Temperature of Lombardy dur-
ing scason of irvigation, 1 188

—— Atmospheric  moisture in Lom-
bardy during scason of irrigation, i
189.

—— Rain-fall and weather in Lom-

bardy during scason of irvigation, i.
191. .

—~—— Comparative of population in cer-
tain irrigated and univrigated districts
of Lombardy, i. 143

Population of the provinees of
Lombardy, i. 195.

—— Historical and descriptive  statis-
tics of canals from the Ticino, 1. 244,
—— Agricultural aud finaneial statistics

of canals from the Ticino, 1. 244

—— Historical and descriptive statistics
of canalg from the Adda, i. 282,

—— Agricultural and financial statis-
tics of canals from the Adida, i 282,
——— Abstract of waorks on Western

Jumna Canals, 1. 317,

——— Detailed items of annual revenue
on Western Jumna Canals, 318-323,
~—~— Statement of annual expenditure
and revenuc on  Western Jutnna

Canals, 1. 325.

—~— Abstract of establishment on West-
ern Jumna Canals, i. 328,

Comparative stiatement of popula-

tion and land revenue on the districts
of the Delhi division, irvigated and
not irrigated, from Western Jumna
Canals, i, 329.

~— Annual inerease of land rvevenue
due to Western Jumna Canals, i,
332.

—— Abstract of works on the Eastern
Jumna Canal, i. 339,

Detailed items of annual revenue

on the Eastern Jummna Canal, 340-
344.

—— Statement of annual expenditure
and revenue on the Eastern Jumua
Canal, i, 345.

~— Abstract of establishment on East-
ern Jumna Canal, i. 347.

~—— Comparative statement of popula-
tion and land revenue in districts of
the Mecrut division, irrigated and not
):rrigated, from Kastern Jumnna Canal,
1, 348,

INDEX.

Table of annual inerease of land revenue
due to Eastern Jmnna Canal, i, 350,
— Dimensions, gpread of water, and

irvigated arca of tank embankments in
certain villiges of Muirwarg, i. 420,
—-— Increase in munber of families,
mains and revenue, in the whove vil-
lagoes, . 441,
—--- Abstract of the whole numbor of
tank embankments in Mairwara, i, 421,
—~— Result on the population, govern-
mwent revenue, &, of Mairwara, i, 4223,
—— Total  pgovernment  revenue  of
Mairwara from 18356 to 1846-7, and
irreegate incrense in thoso years, i
o

— Total sums expended by govern-
ment on tank cmbaukments in those
years, i 428,

—— Siwilar, in reference to Ajmeer, i
429, 440,

~— Absolute volumes of waternea-
sures used in Pledmont, i, 25,

—— Relative vidhue of the above mew
sures, i. 26

Volumes  of  waterancasures  of
Lombardy, ii. 7.

- Of horary distribution—example,
il 67.

——— Comparalive statement of expenses
and returns from irvigated and univei-
gated land in Pledmont, i, 80-82,

Expenses and returns on 28 acres

cite, it 99,

—— P'roduce per acre of rotation rice
land, in Lombardy, i 104,

—— Nutaerical details connected with
irrigation in Northern Jtaly, ii. 107
—— Tavift of prices of water in the

province of Mantua, ii. 216,

Tadini on meadow irvigation, ii. §5.

Tanwro River, 1. 81, 151--canal from,
Fa2.

Tank embankments, ancient, near Delhi,
i 309 - in Mairwara, 407-413—forma-
tion, 414-419 —tabular staternents, 420,
421—in Ajincer, 429,

Tanks, charge fov fillipg, it. 341, 346.

Tarantola’s work on the Censimento, i.
50,

Tartarello River, ii. 201,

Tartaro River, i 184, 294—abuses on, ii.
188— management of, 201,

Taverna, Cuvo, i. 67, 278,

Count L., 1. 67, 274,

Temperature of irrigating water, i, 33,
46 ; ii. 78, 88, 89, 90,

~——— of Picdmont, i. 92—of Lombardy
188.

Tenant farmers of Lombardy, i, 47.

rights in Lombardy, i. 51-2.
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Terdoppio River, i 89, 91—canal from,
3

Terrace-walls in fields, i. 408, 409,
Zerzuolo, (third hay crop,) ii. 78.
Theodoric 1., i. 87.

Ticinello, the, i. 203,

Ticino River, i. 37, 59, 68, 89, 91, 100,
158, 163—description, 169, 280, &ec.
—canals of, 34, 145, 170, 199, 203-
249,

Tidone River, i. 91,

Time, distribution regulated by, ii. 281,
286,

Tinelly, 1. 45.

Tione River, 1. 184, 294.

Toceia River, i. 162.

Tonse River, i. 851.

Torbido canal, ii. 11,
Torricellian Theorom, ii. 37.

Toscolano River, i. 167.
Trausit duties, See Navigation.

. Trees, cffect of, on rice crops, ii. 102—

regulations regarding, 184, 192, 203,
208, 309.

Tregnone River, i. 184,

TPresa River, i, 163,

Trezzo, i. 64.

Treviglio, 1. 63.

Tromba coperte, ii. 50—scoperta, 51,

Puccavee, 1t. 340. See Advances.

Tunnels, i. 108, 112,

Turin, i. 8§~—climate, 9, 68—canals of,
103.

Tuscan marshes, i, 71 ef seq.

U

Ugoni, Signor F., i, 63; ii. 32.

Unit of water-measure, Piedmontese, ii.
7Y—for India, importance of, 8, 352—
discussed, 60. Sec Modulo and Mca-
sure.

Use, distribution of water according to,
ii. 280, 286.

Utility, compulsory cession of property
for works of, ii. 274~—~canals of a cer-
tain class declared to be such, 277,

v

Val Tellina, i. 164~ d'Ossola, 163—Ca-
monica, 165—Cavallina, 166— Sabbia,
186, 181—Trumpia, 180,

Valley of Ledro, . 167~—of Vesta, ib.

Valperga, Counts, 1, 106.

Value of water, i. 45, 256, (see Price)—
of water utilised in Piedmont, 158—
in Lombardy, 297-in the Po’ valley,
289—of irrigated. land in Piedmont,

110— of irrigated land in the Milanese,
ii. 83—of produce created by irriga-
tion, i, 319, 320, 340, 381, 430, 431.
Varese, the, i. 67, 172—1lakes of, 162,
Variations from normal modulo, il. 53.
Vaiticzm, geographical painting in the, i,
75.

Vecchabia. See Vert.

Velocity of Picdmontese canals, great,
it 23,

Veneria Reale, canals of the, (Turin,) i
103, 104

Venetian irrigation statutes, i, 121-123.

Vercelli, provinee of, i. 15, 28, 83, &e.

Verification of pressure in outlets, ii. 50.

Verona, i. 60-—water-measures of, ii. 35.

Verri, (historian,) i, 206 ii. 117.

Vettabin at Milan, i. 37,173, 197, 199,
275; ii. 88, 236.

Victor Amadeo IL, ii. 125, 323.

e — . 1L, i. 116, 128,

Virgil, quoted, i. 86.

Visconti, dukes of Milan, i. 204-6-7,
233, 246, 258, 260, 261 ; ii. 120,

w

War, use of canal supply in, i. 204,

Warping, process of, i. 76. See Colma-
taye.

Waste lands, reclamation of, (see Ma-
remma,) in Mairwara, 1. 408, 421, 432.

Waste of water, ii. 183, 189, 209, 339.

Watcr, total utilised in Piedmont, i, 158
~—in Lombardy, 297—in the Po val-
ley, 299—consumption of, by different
crops, ii. 6] —experiments on the sub-
ject in Italy few, 62—and desirable
for India, 61, 62—quantity required
for summer meadows, 83, 84, 86—for
margite, 96 — for rice cultivation,
106. ’

Effeet of deficient, on the hLabits

of the people, (India,) i. 405-7.

Supply of Milan, i. 198.

Water-courses, measurement for village,
(India,) §i. 64.

Water-measures, various, of Piedmont,
‘i, 25—of Lombardy, 57—for India,
58, 62. See Modulo, Measure, Unit,

&e. :
Water-rent paid in kind, 30, 31, 125—
forms of payment, ii. 142, 164, 214—
redemption of, 165, 214~ remission of,
203 —farmed out, i. 30, 31, 120, 206—
on Indian canals, i. 318, 340; ii. 334,
338, 343, 344—contracts for, 338—
defaulters in, 340—remission of, 350.

Sce Price, Sule, &e.
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‘Weaving in upper districts of Lombardy,
i. 193,

Weirs, regulating, i. 63, 65—of the Na-
viglio Grande, 221—Muzza Canal, 252
— in Mairwara, 419, 422.

Waells, irrigation from, compared with
canal irrigation, i. 382—in Mairwara,
419, 422,

‘Whiting, Lieutenant I, ii. 337.

THE

INDEX.

Winter irrigation in Italy, laws affecting:
ii. 140, 142, Sce Murcite.

Ximenes, Padro L., i. 74, 75.
Yule, Licutenant H., i. 306, 307, 337.

Zabita Khan, i. 312.
Zilladars, i, 327.
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