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TO
THE PEOPLE OF THE CITY OF NEW-YORK,
WHO BY THEIR DELIBERATE VOTE,
INVITED AND CONSENTED TO THE TAXATION BY WHICH THE
VAST EXPENSE OF CONSTRUCTING THE

CROTON AQUEDUCT
WAS DEFRAYED;

AND TO

THE SUCCESSIVE COMMON COUNCILS,
WHO HAVE DILIGENTLY, INTELLIGENTLY, AND PERSEVERINGLY
CARRIED OUT THIS VOTE
TO A SUCCESSFUL AND MAGNIFICENT ISSUE,

THIS VOLUME,
RECORDING THE PROGRESS AND ACCOMPLISHMENT
OF AN ENTERPRISE, ALIKE GRAND IN DESIGN
AND BENEFICENT IN RESULTS,
IS INSCRIBED BY THEIR FELLOW CITIZEN,

CHARLES KING. 3
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PREFACE.

IN vavinGg this volume before the Common Council and the public, it may be

proper to state the circumstances under which it was undertaken.

In October last, after the Celebration which commemorated the completion of the
CroTox Aquepucrt, the joint Committee of the Common Council, constituting the
Celebration Committee, determined that a Memoir of this great and successful en-
terprise should be prepared, and by a unanimous vote confided the duty to the au-
thor of the following pages.

It was accepted with satisfaction, enabling him as it would, in recording the
progress and completion of this noble and useful work, exceeding in grandeur and
costliness any ever executed by a comparatively small community, to claim for the
city of his birth and his affections, credit for that far-seeing and disinterested public
spirit which, looking beyond the present, is content to endure and labor for remotest

generations.

In effect, water might have been obtained adequate to the actual wants of the
city at very much less cost, leaving to posterity the care of providing for its own
need; but the more generous view prevailed, and, in deciding as the people of New
York by their votes did, to construct an Aqueduct like those which, in attesting the

grandeur of ancient Rome, still pour rivers into the streets of the fallen city,—

“LoNE MoTHER oF DEAD EmPIRES!’
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they furnished an admirable illustration of the public spirit and wise forecast of

freemen.

In prosecuting the investigations necessary for this work—which, after all, is
much in the nature of a compilation—such time only could be devoted to it, as

might be snatched from the engrossing and Sysiphean labors- of a daily newspaper.

Nevertheless, it is hoped that in the Preliminary Essay, in which a cursory ex-
amination and description is attempted of the chief ancient and modern aqueducts,
as well as of the devices for supplying themselves with water in use among the

earliest peoples—nothing material to the information of the general reader is omitted.

The Memoir of the Croton Aqueduct is compiled from official reports and doc-
uments, as for the most part is the sketch of the numerous attempts which, from an
early day, were made by the citizens of New York, to insure a supply of pure and

wholesome water.

In preparing the Preliminary Essay, it was necessary to look into many books,
and their pages, when suited to the design in hand, have been freely availed of.

Frontinus is the great authority as to the Roman Aqueducts, and his treatise is

nearly embodied entire in these pages.

Professor Charles Anthon’s Dictionary of Antiquities, Stuart’s Dictiona'ry of
Architecture, Hydraulia, a work published in London, by C. Matthews, in 1834, de-
scriptive of water works in Great Britain, and the exceedingly clever book on Hy-
draulics and Mechanics, published in our city last year, by THomas Ewgsank, have
furnished or indicated much of the material used in the Essay. To Ewbank’s book
particular obligation is acknowledged, alike for what is to be found in its pages, and
for references they afford to other sources of information.

Many other miscellaneous works have been consulted —which are occasionally
indicated in the marginal notes.
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To Mr. David T. Valentine, the Assistant Clerk of the Board of Aldermen,
the writer is greatly indebted for the means of compiling the Memoir. His long and
faithful service in the office he holds—his remarkable familiarity with all that has
been done by the corporation in relation to the water works, and indeed with all the
other business, multifarious as it is, of that body—the methodical arrangements of his
office, which enabled him at once to put his hand on any paper or document in-
quired for—combined with the most courteous and obliging disposition, have aided

unspeakably in this compilation, and saved many a weary hour of fruitless research.
A few words as to the style in which the volume is published :

It was the earnest wish and desire of the Author, that a book, commemorating
so magnificent an enterprise should be sent forth with some luxury of typography,
and especially with the illustration of numerous engravings, and he earnestly
pressed this view on the Committee. But considerations of economy seemed to
them to forbid any unavoidable expense, and he was therefore reluctantly compelled

to publish an unadorned volume.

Such as it is, it is submitted to those at whose bidding, and through whose
gratifying confidence, it was undertaken, Messrs. Henry E. Davies, Epwarp D.
WesT, CLArRksoN Crorius, JrR., F'rEpERICK R. LEE, and CaarLEs W. Smith, of
the Board of Aldermen, and Grorek F. NessirT, WiLriam Dopce, Ricrarp H.
Arwerr, Danier Warp, and Cuariis J. Dopcr, of the Board of Assistant
Aldermen, and through them to the Common Council and the city, with the regards
of their obliged friend and servant,

THE AUTHOR.
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PRELIMINARY ESSAY.

WATER, as one of the elements alike of animal and vegetable life, has always been
an object of man’s attention. In the early ages, indeed, it was reverenced as the sub-
stance of which all things were supposed to be made, and the vivifying principle that
animated the whole ; hence rivers, fountains, and wells were worshipped, and religious
feasts and ceremonies instituted in honor of them, and of the spirits which were be~
lieved to preside over them.

This custom is not extinct among Pagan nations ; for the ¢ Sacred Ganges” yet
receives the worship of millions of Hindoos, and the “ Holy Well” in Benares is visited
by devotees from all parts of India, with offerings of rice, &c.

Nor have Christian nations escaped this form of idolatry. In Europe the worship
of wells was at one time universal; and even so late as the seventeenth century, ac-
eording to Ewbank, people in Scotland were in the habit of visiting wells, at which
they performed numerous acts of superstition. Shaw, in his Histery of the Province of
Moray says, “that heathen customs were much practised among the people, such as
pilgrimages to wells, and building chapels to fountains. At the present time, in some
parts of England, remains of well-worship are preserved in the custom of performing
annual processions to them, decorating them with wreaths and chaplets of flowers,
singing hymns, and reading a portion of the Gospel as part of the ceremonies.”

These same customs gave rise to the numerous Aoly wells which formerly abounded
throughout the old world, and the memory of many of which is still preserved in names
of towns.

In the church of Nanterre, near Paris, the birth-place of St. Genevieve, is a well; by
the water of which this patroness of the Parisians miraculously restored her blind
mother, and many others to sight! St. Winifred’s Well, in Flintshire, England, from its

1



2 PRELIMINARY ESSAY.

sacred character, gave name to the town of Holywell. Mr. Pennant says, the custom
of visiting this well in pilgrimage, and offering up devotions there, was not in his time
entirely laid aside ; “in the summer, a few are to be seen in deep devotion, up to their
chins for hours, sending up their prayers, or performing a number of evolutions round
the polygonal well.”

In all ages and countries, from the most remote periods, a supply of the indispen<
sable article—water—has been an object of solicitude, and various were the means by
which it was obtained and diffused. In Asia, the original home of the human race,
where rain seldom falls, and rivers and running streams are rare, wells were early
devised. The antiquity, indeed, of this mode of obtaining and collecting water, goes
beyond the records of history, sacred and profane; and hence we have no clue to the
circumstances which led man to penetrate the earth in search of this element.

From very ancient wells which still remain, it is certain that long time anterior
to the commencement of history, the knowledge of procuring water by means-of them
was well understood. On this supposition only can we account for many of them being
perforated through rocks, some of the oldest wells known, being dug entirely through
that material and to a prodigious depth.* .

“The Jews,” as is justly remarked by the Abbe Fleury, in his ¢Manners of the
Ancient Israelites,” ¢ owing to their numerous herds of cattle, set a very high value upon
their wells and cisterns, more especially as they occupied a country where there was no
river but Jordan, and where rain seldom fell.” It is to the East we are indebted for the
only known method of sinking wells of depth, through quicksands and loose soil, by
first constructing a curb, which settles as the excavation is deepened, and thereby resists
the pressure of the surrounding soil.

The readers of the Bible will not need to be told of the well at which Hagar rested,
when she fled from the ill treatment of Sarah, nor of the mecting of Rebecca, at the well
of Nahor, with Abraham’s servant, whom he had sent to procure a wife for his son Isaac,
nor of Jacob’s well, at which our Saviour met the woman of Samaria.

Numerous wells of great antiquity are still to be seen in Egypt, and among the
ruins of Ninevah, a city of which the foundation was laid by Ashur, the son of an
antediluvian, is a remarkable well which supplies the peasants with water, to which they
ascribe many virtues.t :

It was a common practice in those Eastern countries, to.erect stations and place
guards for the protection of wells against robbers, who, knowing that travellers would of

* Ewbank, p. 25.
t Capt. Rich’s narrative of a residence at Koordistan, and on the site of ancient Nineveh.
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necessity resort there, made them objects of attack; it is from this circumstance the old
traveller, Sandys, speaks of them as « wells of fear.”

The ancient Egyptians, resident beyond the reach of the inundations of the Nile,
irrigated their land from wells, as do the Chinese to this day.

It was in digging a well in 1711, that the long buried ruins of Herculaneum were
discovered, by the accidental striking upon some pieces of marble and statues, which
subsequently proved to be part of a temple, situated in the midst of Herculaneum, buried
by an eruption of Vesuvius, 1630 years before; and it is a fact interesting in itself and
not foreign to our subject, to add, that among the remarkable discoveries of this long buried
city, was a well in a high state of preservation, which, having been protected by a covering
and surmounted with a curb, had been kept free from the lava and ashes. It still con-
tains excellent water, and is in the same condition as when the last females retired from it,
bearing vases of its water to their dwellings, from which they were never to emerge again.

The most remarkable well, probably, ever made by man, is Joseph’s well at Cairo,
of which we copy from Ewbank this brief and clear description :

“'This well, which for magnitude and the skill displayed in its construction, has
never been surpassed, is an oblong square, 24 feet by 18, being sufficiently capacious to
admit within its mouth a moderate sized honse. It is excavated of these dimensions
through solid rock to the depth of 165 feet, where it is enlarged into a capacious chamber,
in the bottom of which is formed a basin, or reservoir, to receive the water raised from
below, for this chamber is not the bottom of the well. On one side of the reservoir,
another shaft is continued 130 feet lower, where it emerges through the rock into a bed of
gravel, in which the water is found, the whole depth being 297 feet. The lower shaft is
not in the same vertical line as the upper one, nor is it so large, being 15 feet by 9. As
the water is first raised into the basin by means of machinery, propelled by horses or
oxen within the chamber, it may be asked how are these animals conveyed to that depth,
in this tremendous pit, and by what means do they ascend? It is the solution of this
problem that renders Joseph’s well so peculiarly interesting, and which indicates such an
advanced state of the arts at the period of its construction.

“ A spiral passage way is cut through the rock, from the surface of the ground to
the chamber, independent of the well, round which it winds with so gentle a descent,
that persons sometimes ride up or down upon asses or mules. It is six feet four inches
wide, and seven feet two inches high. Between it and the interior of the well, a wall
of rock is left, to prevent persons falling, or even looking down into it except through
certain openings, or windows, by means of which it is faintly lighted from the interior
of the well ; by this passage the animals descend which drive the machinery that raises
the water from the lower shaft into the reservoir, or basin, from which it is again raised
by similar machinery and other animals on the surface. In the lower shaft a path is also
cut down to the water, but as no partition is left between it and the well, it is extremely
perilous for strangers to descend. The water is raised in earthenware pots attached to
endless chains or ropes, that as they pass over the wheel at the top, empty their contents
into a trough and descend in a reversed position.

“'This celebrated well resembles an enormous hollow screw, the centre of which
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forms the well, and the threads a winding stair-case round it. 'To erect of granite a flight
of “geometrical” or “well-stairs,” two or three hundred feet high, on the surface of the
ground, would require extraordinary skill, although in the execution every aid from
rules, measures, and the light of day, would guide the workmen at every step; but to
begin such a work at the top and construct it downward, by excavation alone, in the
dark bowels of the earth,is a more arduous undertaking, especially as deviations from
the correet lines eould not be corrected. Yet in Joseph’s well, the partition of rock be-
tween the pit and the passage way, and the uniform inclination of the latter, seem to have
been ascertained with equal precision as if the whole had been eounstructed of cnt stone
on the surface. Was the pit or the passage formed first, or were they simultaneously:
carried on, and the exeavated masses from both borne up the latter? The extreme thin-
ness of the partition justly excited the astonishment of M. Jomard, whose account of
the well is inserted in the 2d volume of Memoirs of Napoleon’s great work on Egypt. It
is, according to M. Jomard, but sixteen centimetres, or about six inches, thick ! ~It must
have required singular care ta leave and preserve so small a portion, while excavating
the rock from both sides of it. It would seem no stronger, in proportion, than sheets of
pasteboard placed on edge, to support one end of the stairs of a modern built house, for it
must be borne in mind, that the massive roof of the spiral passage next the well, has
nothing but this film of rock to support it, or to prevent such portions from falling as are
loosened by fissures, or such as from changes in the direction of the strate, are not firmly
united to the general mass. But this is not all ; thin and insufficient as it may seem, the
bold designer has pierced it through its whole extent with semicircular openings, to
admit light from the well. ;

“Opinions respecting the date of this well are exceedingly various. Pococke
thought it was built by a vizier named Joseph, 800 years ago; other authoritics more
generally attribute it to Saladin, the intrepid defender of his country against the hordes
of savages, who, under the name of Crusaders, spread rapine and carnage through his
land. His name was Yussef (Joseph).

“ By the common pcople of Egypt, it has long been asecribed to the patriarch of that
name, and their traditions are often well founded.. Van Sleb, who visited Egypt several
times in the 17th century, says some of the people in his time thought it was digged by
spirits ; and he adds, “I am almost inelined to believe it, for I cannot conceive how man
can compass so wonderful a work.” Some writers believe this well to have been the
work of a more scientific people than any of the comparatively modern possessors of
Egypt—in other words, they think it the production of the same people that built the
Pyramids, and the unrivalled monuments of Thebes, Dendarah, and Ebsamboul.

“ Lastly, Cairo is supposed by others, to occupy the site of Egyptian Babylon, and
this well is considered by them as one of the remains of the ancient city. Amidst this.
variety of opinion respecting its origin, it is certain that it is every way worthy of the
ancient mechanics of Egypt, and in its magnitude exhibits one of the prominent features
which characterize all their known productions..

“Why was this well made oblong? Its designer eertainly had his reasons for it.
May not this form have been intended to light more perfectly the interior, by sooner re-
ceiving and longer retaining the rays of the sun? With what point of the compass its
longest sides coincide, has not, that we are aware, bcen recorded. Should they prove to
be in the direction of the rising and setting sun, the reason suggested may possibly be:
the true one.”
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To complete this notice of wells, it may be added that in our own country, ac.
cording to Mr. Flint, ancient wells have been found. “From the highest point on the
Ohio, to St. Charles on the Missouri, and far up the Upper Mississippi and Missouri, the
more the country is explored and peopled, and the more its surface is penetrated, not
only are there more mounds brought to view, but more incontestible marks of a nu-
merous population. Wells artificially walled, different structures of convenience or de-
fence, have been found in such numbers as no longer to excite curiosity.”

For a long period, the only mode of raising water from wells, was by letting down
vases or buckets into them by a cord, but gradually the pulley and windlass succeeded,
and even irrigation in Eastern countries, upon which the success of their agriculture
_ depends, was carried on by watér thus raised from wells, and borne by laborers to the
field.

The excessive labor and inconvenience of this practice, led to the formation
of vast tanks for the collection of water, from which it might be conducted in open
channels to the points proposed. In comparison with some of these tanks, our largest
reservoirs sink into insignificance. ¢“In the Carnatic, it is recorded, that there are
tanks eight miles in length and three in breadth. In Bengal, they frequently cover one
hundred acres, and are lined with stone.” Knoz, in his Historical Relations of Ceylon,
says the natives formed tanks two or three fathoms deep, some of which were in length
above a mile. :

The next step in the use of water, was to raise it above its level, and the ma-
chines for this purpose are of very ancient date. "The Jantw, which has for centuries
been, and still is, used in Hindoostan to raise water for the irrigation of land, is thus
described by Mr. Ward in his History of the Hindoos. ¢It consists of a hollow trough
of wood about fifteen feet long, six inches wide and ten inches deep, and is placed on a
horizontal beam supported on bamboos. One end of the trough rests upon the bank,
whether of a pond, river or tank, where a gutter is prepared to carry off the water, and
the other is dipped into the reservoir or river, by a man on a stage plunging it in with
his feet. A long bamboo with a large weight of earth at the extremity, is fastened to the
end of the Jantu next the river, and passing over the gallows before mentioned, poises up
the Jantu full of water, and causes it to empty itself into the gutter.  This machine
raises the water three feet, but by placing a series of these one above another, it may
be raised to any height, the water being plunged into small reservoirs sufficiently deep
to admit the Jantu above to be plunged low enough to fill it. ‘Water is thus conveyed
to the distance of a mile or more.” A more efficient machine than this, and even more
ancient is the Swape, or common balance-pole, which is employed so universally in the
wells of our own country, and which was employed ¢thirty-four centuries ago, by the
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Egyptians, as appears from sculptures dating back to 1532, B. C.,, on which these
machines are represented, and more especially from the remains of one recently discovered
by Mr. Wilkinson in an ancient tomb of Thebes. All nations, ancient and modern,
employed this machine ; and the Long Island and New Jersey farmer now raises water
from his well, by the same contrivance in use in the time of the Pharoah’s.

The Swape is still in constant use on the Nile, particularly in Upper Egypt, where
the banks are more elevated, and in which consequently, successive basins of rock or
puddled earth are made to receive the contributions of each bucket. The average lift
of the Swape is seven feet, and by a series of these, one above the other, the water
is finally delivered on the summit of the bank, thence to irrigate the vast plains beyond.
The chain of pots is also seen side by side with the Swape, and is the more efficient
mechanism, by delivering the water at once at the summit. It is, moreover, worked by
animal power—and but that it is taxed by the government double the sum paid by the
Swape, would probably supersede it.

'The tympanum, the noria or Egyptain wheel, the Persian wheel, the chain of
pots, and the screw, all improved devices to raise water, were of very ancient use—and
so remained until the introduction of the pump.

The chain-pump, which is in fact only a modification of the chain of pots, by passing
the chain through a tight tube, round or square, and for pots substituting wooden or
metallic pallets or pistons, fitting the interior of the tube and pushing the water before
them, was known in China from the earliest ages, bit does not appear to have been
introduced into Europe till about the middle of the seventeenth century ; they are chiefly
used now in an improved form on board ships of war.

The ordinary pump, or sucking-pump, as it was at first called, though evidently
known to the Greeks and Romans, and used in their ships, does not seem to have been
much employed by them for domestic purposes. It was not till the fifteenth and
sixteenth century that pumps became common and superseded the more ancient devices
for raising water—and even then the principle upon which the water was raised was
little conceived of. 'The old doctrine of Aristotle, that nature abhorred a vacuwm, was
supposed to explain the whole matter, until one day a Florentine pump-maker having
constructed a pump some 60 feet long, was astonished to find that he could not raise
water in it more than 32 feet. As the Greek philosopher had not assigned any limits to
nature’s abhorrence of a wvacuum, it presented quite a problem, why in a pump it was
found to be limited to a height of 32 feet. Torricelli, the disciple of Galileo, and after
him, Pascal, the author of the admirable letfres provengales, which so victoriously
expose the dangerous and insidious doctrines of the Jesuits, by the most beautiful and
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conclusive experiments, overthrew the long received notion of nature’s abhorrence of a
vacuum, and demonstrated that the rising of water in the chamber of the pump, was pro-
duced by atmospheric pressure. -

As human beings were aggregated into larger societies, and the progress of civiliza-
tion and refinement produced new and artificial wants, all the known modes of obtaining
water from wells, springs, fountains and rivers, were found insufficient, and it became an
object to devise some more compendious as well as abundant system of supply, and hence
the resort to aqueducts.

As nearly all the ancient aqueducts, of which there are still any remains, are of
Roman construction, it has been generally believed that works of this description were
entirely unknown to other people. This, however, is an error. Among the Greeks,
some are mentioned by Pausanias and others. But no particular description of these
structures has reached us, and we are therefore left to conjecture. As the use of the
arch was, according to the received opinion, unknown to the Greeks, as well as the law
of hydrostatics, that water will rise to its own level, it seems difficult to understand
how they could pass water over valleys or streams; and the inference seems reasonable,
that their aqueducts, such as those built by Pisistratus, at Athens, that at Megara, and
the celebrated one of Polycrates, at Samos, mentioned by Herodotus, were rather conduits
than ranges of buildings like the Roman aqueducts.

But, at a period antecedent probably to the construction of these Grecian aqueducts,
King Solomon, one thousand years before the Christian Era, appears by the accounts of
modern travellers, to have constructed a similar work.

In the Universal History, vol. II, p. 441, we find the following statement :

AQUEDUCT OF SOLOMON.

“The pools of Solomon, so called, from his being commonly allowed to have caused
them to be made, in order to supply not only his palace and gardens, but as some think,
even the city of Jerusalem with water, appear still by what remains of them, to have
been a work of immense cost and labor, and worthy of that great monarch. The same
we may say, of the sealed fountains, which lie opposite to them, towards the north-
west corner of the same hill, in the neighborhood of Bethlehem. These pools are three
in a row, one over the other, and so disposed that the water of the uppermost may
descend into the second, and from the second into the third. 'They are quadrangular,
and of an equal breadth, viz., about 90 paces; but in length they differ, the first being
160 paces, the second, 100, and the third, 220. All three are of a considerable depth, well
walled and plastered, and contain a large quantity of water. About 120 paces distant
Is the spring which supplies them with water. The aqueduct is built on a foundation of
stone, and the water runs in earthen pipes, about 10 inches in diameter, which are
cased with two stones so as to fit them ; these are covered over with other, but rough
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stones, well cemented together, and the whole is so sunk into the ground on the side of
the hills, that in many places nothing is to be seen of it. This work did formerly extend
the length of five or six leagues, and appears by the strength and contrivance of it to
have been designed to last as long as the world.”

Maundrel, an English traveller, and consul at Aleppo, visited Judea in 1697, and
published an account of his travels from which we make this further extract, concerning
Solomon’s Aqueduct :

“ At about 140 paces from Solomon’s pools, is the fountain from which principally
they derive their waters. This the friars believe to be that sealed fountain to which
the Holy Spouse is compared, [Cant. 4, 12,] and in confirmation of this opinion, they
pretend a tradition, that Solomon shut up these springs and kept the door of them sealed
with his signet, to the end that he might preserve the water for his drinkingin the
natural freshness and purity. Nor was it difficult thus to secure them, they rising under
ground, and having no avenue to them but a little hole like the mouth of a narrow well.
Through this hole you descend "directly down, not without some difficulty, for about
four yards, and then arrive in a vaulted room fifteen paces long, by eight broad. Joining
to this, is another room of the same fashion, but somewhat less. Both these rooms are
covered with handsome stone arches,” very ancient, and perhaps the work of Solomon
himself. You find here four places at which the waters rise ; from these separate sources
" it is conveyed by little rivulets into a kind of basin, and from thence is carried by a large
subterranean passage down into the pools. In the way, before it reaches the pools, there
is an aqueduct.of brick pipes which receives part of the stream, and carries it by many
turnings and windings about the mountain to Jerusalem.”

Again, in speaking of the environs of Bethlehem, the same traveller thus more
particularly describes this aqueduct :

“ About two. furlongs beyond David’s well, lying west of Bethlehem, are to be seen
remains of an old aqueduct, which anciently conveyed the waters of Solomon’s pools to
Jerusalem. This is said to be the genuine work of Solomon, and may well be allowed
in reality, what it purports to be. It is carried all along on the surface of the ground, and
composed of stonest feet long, and feet thick, perforated with a cavity of
inches diameter, to make a channel. These stones are let into each other with a fillet,
framed round about the cavity to prevent leakage, and united to each other with so firm
a cement, that they will sometimes sooner break (though of a coarse kind of marble) than
endure separation. 'This train of stones was covered, for its greater security, with a case
of marble stones laid over it in very strong mortar. 'The whole work seems endued with
such absolute firmness, as if designed for eternity. But of this strong aqueduct, which

-

* If this be accurate, and ¢ stone arches,” or arches of any kind really existed, then it would decide, that
the construction was zot by Solomon, since in the detailed descriptions of his' magnificent temple, no allusion is
made to arches, which undoubtedly would, if known, have been resorted to in such an edifice.—[Ebp.]

t The traveller evidently supposed the stones in which the earthen pipes were tightly enclosed, to have been
the pipes themselves,—[Ep. ] .
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was carried formerly five or six leagues, the Turks have left only here and there a frag-
ment remaining.”* '

Dr. Pococke, another English traveller, who: visited the same region about half a cen-
tury later, presents a nearly similar account of these works.t.

«We spent,” says he, “another day in seeing the pools of Solomon. Descending
the hills of Bethlehem to the south, we passed over a narrow valley and ascended the
opposite hills, on the sides of which there is an aqueduct which conveys the water from
the sealed fountain to Jerusalem. It here winds round the side of these hills, and is
afterwards carried through the plains to Jerusalem, on a level with the surface of the
ground. * * * Alittle beyond this place, we came to the pools of Solomon, as they
are commonly called, for there is a tradition that these were made by him, as well as
the aqueduct, which seems to be confirmed by a passage in Josephus, who says there
were pleasant gardens abounding with water at Epham, about 50 furlongs, or 6 1-4
miles from Jerusalem, to which Solomon used frequently to go. * * * 'The
Talmudists also mention that the water was brought by Solomon to Jerusalem, from the
fountain of Epham, so that it is very probable these are the works of Solomon, as well as
the aqueduct, though no express mention of it is made by any author, so as positively
to fix it to this place. * * * 'The aqueduct is built on a foundation of stone, the
water runs in round earthen pipes about 10 inches diameter, which are cased with two
stones hewn so as to fit them, and they are covered over with rough stones well cemented
together, and the whole so sunk in the ground on the sides of the hills, that in many
places nothing is to be seen of it.”

It seems, however, to have been reserved for Rome and her great race, to exhibit
what science, united with labor and wealth, could accomplish in this way for the health,
comfort, and luxury of its citizens.

Both Pliny and Vitruvius treat of Aqueducts, and their descriptions are curious, as
giving the methods used in the construction of these works, among the greatest wonders
of Rome, and as indicating a knowledge of some hydrodynamical laws, the discovery.of
which is usually assigned to a much later period.

Ducts of water according to Vitruvius, were of three kinds—channels of masonry,
leaden pipes, or tubes of fictile ware, according to the following rules; when channels
are used they should be made as solid as possible, and the bed of the stream should
have a descent not less than half a foot in 100 feet, and they should be arched over,
that the sun’s rays may not touch the water. When the water arrives at the city, a
castellwm or reservoir is built, and a triple emissary to receive the water is adjoined
toit. In the castellum are three pipes, equally disposed within the adjoining recep-

* Vide Maundrel, in Pinkerton’s Collection—[Asia] vol. iv., p. 350. 1.

t Vide Pococke, in Pinkerton’s Collection—[Asia] vol. iv., p. 439.
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tacle, so that when there is too much water, it may from the sides be discharged into the
middle receptacle. In the middle channel are fixed the pipesleading to all the cisterns or
fountains, in another, those to the baths, which pay to the people a yearly tribute, and in a
third, those to the private houses, if it be not wanted for public use, for they could not
return it if they might have peculiar ducts from the spring head. This disposition is
established, because by the tax on the water carried to private houses, the State keeps the
aqueduct in repair.

But, should mountains intervene between the city and the spring head, a subterra-
nean passage is to be dug through the earth, having the declivity of one part in two
hundred, and should the soil be either gravel or stone, a channel is to be cut into it,
but walls are to be built to conduct the water through the earthy or sandy soils. Wells
also, or air-holes are to be cut from the top of the water-channel to the surface, for the
purpose of allowing the air .which might accumulate in the aqueduct to escape.
These wells are directed to be placed at a distance of 120 feet.

If the water be conducted by leaden pipes, a castellum or reservoir is first built at
the spring head, then the diameter and strength of the pipes being suited to the quantity
of water, they are to be carried from the castellum to that which is in the city. The
pipes are not to be less than ten Roman feet in length, and were named from the breadth
of the lead before it was rounded into a pipe.

The manner of conducting water by pipes is thus regulated ; if the spring head had
a sufficient current to the city, and no higher hills intervened, the interval is, by
walling, raised to a proper level, as mentioned in the description of channels of ma-
sonry, or else a circuit round may be taken if not very long; but if there be frequent
valleys, the courses are to be directed down the declivities, and when arrived at the bot-
tom, a sub-structure is to be built, but not high, that the libramentum, (or level, or coun-
terpoise,) may be as long as possible—this will be the venfer. When arrived at the op-
posite declivity, as on account of the length of the wenter, the water swells gently, it i8
pressed upward to the top of the ascent ; whereas if the venter should not be made in the
valley, nor a sub-structure built level, but should be bent, the joints would be destroyed.
In the venter, also, columnarie are to be raised, through which the force of the vapors
may be dissipated. 'These columnaria are supposed to have been always open at the top,
and to reach above the level of the aqueduet.

It was not unusual, when the level from the spring head to the city was obtain-
ed, to erect a castellum at every 200 actus* distance, that if damage should happen at any
place, the whole work needed not to be taken down, and that the defective part might

* The actus is 120 feet, according to Columella and Pliny, as quoted in notesto Vetruvius, p. 170.—{Eb.]
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be the more readily found. But those castellums are to be built neither in the decur-
sions, nor in the plane of the venter, nor in the pressures on the part of the aqueduct
where the water is raised by the weight or pressure of the descending water, nor in
any of the valleys, but always in the even plane. But when it was required to con-
duet water at less expense, tubes of earthen-ware were made, having a thiekness of not
less than two inches, and these tubes were so formed that one end being tongued, the
one entered the other — then the joints were cemented with quick lime, tempered with
oil. In the descents, level with the venter, a stone of the red kind is to be placed
at the angles, so perforated that the last tube of the decursions and first on the plane of
the venter may be joined to the stone; so likewise at the opposite acclivity, the last in
the plane of the venter, and the first of the expressure are to be in the same manner
united to the red stone. 'Thus the tubes on the even plane, as well as those in the
decursions, will not be split, for sueh violent vapors are apt to. rise in conduits of water
as would even burst through stone, unless the water was at first gently and spa-
ringly admitted from the spring, and the bendings secured with ligatures or weights of
ballast; in all other respects they are built in the same manner as leaden pipes.
When first the water is admitted, ashes are sent before it, that if any of the joints
should not be sufficiently cemented, they may be stopped by the ashes.

Aqueduets of tubes have this advantage — if any damage happen, any person may
rectify it, and water from earthen tubes is far more wholesome than that from pipes, as
the use of lead is found to be pernicious. We should not, therefore, conduct water in
pipes of lead, if we would have it wholesome. The taste also of that from the tubes
is better, as is proved by our daily meals; for all persons, although they have tables
furnished with silver vases, use fictile ware on account of the purity of the water.

We add to this detailed extraet from Vitruvius, the direetions of Pliny for water
conduits, ehiefly because of the explicit assertion it eontains of the law, that fluids will
always rise to the level of their head.

«Jf” says this author, “a man would convey water from any head or spring, the best
way is to use pipes of earth made by the art of the potter, they ought to be two finger’s
thick, and one jointed within another, so that the end of the upper pipe enters into the end
of the under one, as a tenon into a mortice, or a box into the lid ; these pipes ought to be
laid even with quick lime, quenched and dissolved in oil. 'The least level to carry and
command water up hill from the deseent is 100 feet, but if it be eonveyed by one eanal
only, it may be foreed to mount 240 feet. As touching the pipes by means whereof the
water is to rise aloft, they ought to be of lead ; this is also to be observed, that the water
always ascends of itself at the delivery, to the height of the head whence it flowed. 1f it
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be fetched a long distance, the work must rise and fall often, that the level may be still
maintained ; the pipes ought to be 10 feet long ; the pipes were named from the number
of finger’s breadths of which the sheet of lead was formed before it was turned into the
shape of a pipe, and they were also to be of different thicknesses. In every turning and
winding of a hill, the pipe should be five finger’s round, and no more, to repress and
break the violence of the water in the current.”

From this description of the mode in which the Roman aqueducts were constructed,
it is obvious that the principles and precautions, which, as is sometimes supposed modern
science has discovered and applied to such structures, were known and used at that early
day. The declivity given to the channel was indeed greater than that usual in more mo-
dern conduits, but in other respects, few or no improvements or alterations in the manner
of building and securing such works, seem to have been made.

1t will, however, strike the reader with surprise, to find that leaden pipes were used
and found equal to resist the pressure of columns of water, even in passing it down and up
steep declivities. In subsequent pages, some remarkable instances of this will be present-
ed. Iron pipes seem to have been wholly unknown to the Romans. Indeed, the first
castings of iron we hear of, were made in Kngland, as is related by Baker, in his
Chronicles of the Kings of Eingland, about the year 1545, in the 35th year of Henry VIIL,
by Ralph Hage and Peter Bawde.

Pipes of cast iron are now the only ones used for mains, or large distributing pipes.
These may be made of almost any diameter, by duly increasing the quantity of metal
contained in them. The largest pipes laid down in this city, are of three feet internal
diameter, and in lengths of nine feet, weighing from 3,500 to 3,800 lbs. The largest
diameter of leaden pipes used by the Romans, was of 12 inches internal bore.

Vitruvius lays down these rules for determining whether the waters that are to be
introduced, be eligible: «If it be an open and running stream, you are carefully to ob-
serve the manners of men and their conformation, that live around its source — and if
they be of robust frame, bright complexion, without deformed limbs, or blear eyes, the
stream may be surely approved. Or, if the water thrown into a vessel of Corinthian
brass shall leave no spot, it may be pronounced excellent. Or, hoiled in a like vessel,
and left to cool, if, when poured off, there shall be neither sand nor carth left at the bot-
tom, it may be deemed good. Again, if vegetables boiled in it be rapidly cooked, it is
an indication that the water is pure and wholesome.”*

Tor 441 years after the building of their city, the Romans were content to use the wa-
ter furnished by the Tiber, (the yellow Tiber,t as Horace calls it) by wells, or fountains.

* Vitruvius, chap. v., lib. viii. ' + Ode 2,1ib. E.
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To the latter especially, as in some measure sacred, they showed a marked preference,
and believed that bodily infirmities were cured by the salubrity of the waters from such
sources ; but when the convenience and abundance of supply from -aqueducts was once
experienced, the enterprise, wealth, and luxury of the great city, very soon multiplied
them, so that in the reign of Nerva, they were nine in number, pouring, without a figure,
rivers into every part of Rome.

Of these magnificent and beneficial structures, we have quite a detailed account left
us by Sextus Julius Frontinus—a man of consular dignity, who was appointed by
Nerva, superintendent or chief commissionerof the Aqueducts—an office of great dignity
as well as responsibility. The curatores vel prefecti aquarum were invested with con-
siderable authority. They were attended outside of the city by two lictors, two slaves, a
secretary, and other followers. Frontinus, on his appointment, very sensibly concluded,
as he tells us at the outset of his treatise, that, “considering in this as in other affairs of
life, that the first thing was to know and understand what he had undertaken,” he set
himself about collecting and noting down in order, all that related to the history, structure,
size, and defects of the aquedycts committed to his charge, the abuses to which they were
liable, and the laws for their protection.

From the treatise which was the result of this commendable resolution, we now pro-
ceed to borrow a description of the nine Roman aqueducts.

' The Aqua Appia was the first structure of this sort erected at Rome. It was begun
about the 442d year of Rome, or 312 years before Christ, and in the 31st year after the
Samnite war, under the direction of Appius Claudius Crassus, the Censor, to whom the
surname of Ceecus was given. With him was associated C. Plautius, to whom the name
of Venocis had been awarded, for his zeal in searching out veins or supplies of water.
Owing to some intrigue, however, of Appius, Plautius resigned his station before the
expiration of two years, and Appius alone, therefore, enjoyed the honor of giving his name
to the aqueduct, and to another noble work, which, by prolonging his censorship unlaw-
fully, and through various artifices, he was enabled to complete, the Via Appia, from
Rome to Capua. :

The Aqua Appia had its source in the Lucullan territory, at about 700 paces to the
left of the Via Prenestina, between the seventh and eighth mile stone, and it ended, after
making a circuit of eleven miles and 190 paces, at the Saline, necar the Porta
Trigemina, whence it was distributed about the Aventine Hill. It was all subterranean
except 60 paces, which was carried on arches over the Porta Capena,* “the moist
Capena,” as Juvenal thence calls it. It was subsequently supplied by an additional stream,

* Juvenal Sat. iii., 11.

4
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conveyed by Augustus, and called the Gemelle, because of the junction. This began at
the sixth mile stone along the Via Praenestina, and the junction took place near the Horti
Torquatieni.* 1t is believed no traces of this aqueduct now exist, though Piranesi thought
he discovered some conduits under the Aventine Hill, which might have belonged to it,

Forty years after the Aqua Appia was established, in the 481st year of the city, the
Censor, Manlius Curius Dentatus, began the aqueduct, which afterwards was known as the
Anio Vetus. The expense of this great work was defrayed out of the spoils of the Pyrrhic
war. 'The Senate created Decemuvirs to complete the aqueduct, naming Curius who had
commenced it, and as his colleague, Fabius Flaccus. Curius died soon after the appoint-
ment, and the glory of terminating the work accrued to Fabius alone. 'The Anio Vetus
began above T'ivoli, at a distance of 20 miles from Rome, and before it reached the city,
it had run by many turnings, in order to preserve the level, a course of 43 miles. Of this
distance 42 miles, 779 paces were subterraneous, and 220 paces above ground.

Burgess conjectures that the remains of a specus or water channel near the Porta
Maggiore, of modern Rome, just visible among the foundation of the walls, is all that
now remains of this great work.t

At the end of 127 years, or in the year of Rome 607, Sulpicius Galba, and Lucius
Aurelius, being consuls, it was found, owing both to the decay of the existing aqueducts,
and the frauds by which individuals intercepted their water, that the supply was in-
sufficient ; the Senate therefore gave a charge to Marcius, to repair the old aqueducts,
and to ascertain if some new supply could not be obtained. This led to the construction
of the Aqua Marcia, of which Pliny thus speaks :

¢« Of all the waters in the world, that which we call the Marcia, in Rome, carrieth the
greatest name by the general voice of its citizens, in regard both to its coldness and salu-
brity, and we may esteem this water for one of the greatest gifts the gods have bestowed
on our city.”

To accomplish this work a sum of mille et octigenties sestertium, or, in our money,
$3,210,000 was decreed to Marcius, and as the time of his prefecture was too short to bring
so stupendous an undertaking to its termination, it was renewed to him from year to year.
While the aqueduct was in progress, the Decemvirs, having occasion in relation to other
matters, to consult the Sybilline books, ascertained that it was not the Marcian water,
but the Anio, that should be conducted to the Capitol—but Marcius persisted, notwith-
standing, and after three years delay, the Marcian water was carried thither. The sum ap-
propriated could not have sufficed for finishing this vast undertaking—but we are left in
darkness as to the farther means applied to it.

* Burgess, Antiquities of Rome, vol ii,, p. 327, -t Burgess, vol. ii,, p. 328.
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This water, the most wholesome of any conveyed to Rome, was drawn from springs,
in the neighborhood of Subiaco, on the Anio, 20 miles above Tivoli, in the mountains.
These sources were 36 miles from Rome, on the Via Valeria.. The whole length of its
course was 60 miles and 710 paces, of which 54 miles 247 paces were subterraneous, the
rest being carried over arches as it approached the city. It is the remains* of these
arches which produce such a striking effect in the Campagna. ¢ They may be fol-
lowed, says Burgess,t for nearly two miles without interruption, by proceeding on the
road to Albano, and turning a little to the left after passing Tavoluto at about four miles
from Rome. They are built of peperine stone, and sometimes rise to a prodigious height
to maintain the level of the channel. The ¢Specus’ of the Aqua Marcia is in many
places still perfect, though now useless.” Even in the time of Pliny, in the 60th or 70th
year of the Christian Era, this delicious water was lost to Rome. “Long ago,” com-
plains this writer, “ we of Rome have lost the pleasure and commodity of those rills,
through the ambition and avarice of some great men, who have turned away the waters
from the city where they yielded a public benefit to the commonwealth, and diverted them
for their own profit and delight, into their manors and houses, to irrigate their gardens,
and to other uses.”

Nineteen years after the Marcian, or in the year of Rome 627, the Aqua Tepula was
introduced by the Censors, Cn. Servilius Caepio, and L. Crassus Longinus, surnamed
Ravilla. It took its rise in the Lucullan, or, as some called it, the Tusculan territory. To
arrive at its source, it was necessary to go ten miles in the Via Latina, and then turn off to
the right two miles. 'The name, Tepula, is conjectured, by some, to have arisen from tlie
water being rather warm at the spring, as if “tepida.” 'This stream was conducted
over the Marcian arches, as subsequently was another named Julia, in honor of Augustus,
and of which Agrippa, in his wdileship, anno urbis, 719, discovered the spring and
conducted it to Rome. The length of this aqueduct was fifteen miles, 427 paces, of
which seven miles were cartied above ground. Indeed, this stream and the Tepula may
be considered as belonging to the Marcian aqueduct, they with the Marcian forming a
triple course. After collecting a number of little tributary springs, at the distance of seven
miles from the city, they flowed on towards Rome, each in its own channel, but over the
same arches. 'The Julia was the highest, the Marcia the lowest of the three,

About thirteen years afterwards, the same Agrippa brought to Rome the Aqua
Virginis, so called from the circumstance, as related by Frontinus, that when some

* “Why do these aqueducts cross the Campagna in courses so unnecessarily long and indirect? Several
reasons have been alleged, all of which may have mfluenced the ancients; but their chief motive, in my opinion,
was, to distribute part of the water to the Campagna itself, and ta diffuse it there in smaller veins. Besides this
%eneral circuit, the Romans bent their aqueducts into frequent angles, like a screen, not s much to break the
orce of their currents, as to give stability to the arcades,”"—([Forsyth, p. 133.]

+ Burgess, vol. xi., p. 328,
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of Agrippa’s soldiers were seeking for water, a young girl pointed out to them certain rills,
which, having followed up, they came to a copidus supply of water. Ina little temple
built on the spot, a picture is suspended, commemorating the event. 'The springs thus
found were surrounded with a briek wall, and in their course augmented by several
small streams, and the united waters were carried to Rome by an aqueduct of about
fourteen miles, of which about three-fourths of a mile are above ground, and one half of
the distance on arches.

The Aqua Alsietina is the next in order. It was brought to Rome by Augustus,
from whom it was frequently called Augusta. It was derived from a lake of the same
name, about fourteen miles from Rome, and conveyed to the city by an aqueduct twenty-
two and one-fifth miles in length, of which 358 paces were on arches. As its waters were
neither salubrious nor grateful to the taste, it is conjectured that the object of Augustus in
introducing them was to supply the Naumachie, and thus spare the more wholesome
waters ; when, however, by reason of repairs to the other aqueducts, the supply was
interrupted, recourse was had to the Alsietina.

This was the water-course, afterwards adjusted by Trajan, into which he introduced
a new stream from the lake Sabbatinus, now the Lago Bracciano, and then the name
of Alsietina was changed to Sabbatina. It is now the Aqua Paola, and supplies the
fountains of St. Peter’s and the Vatican. Some remains of the original work of Angustus
(as is most probable,) may be seen without the Porta S. Pancrazio, in going towards the
Yilla Pamfili Doria.*

Independently of this work, Augustus, it would appear from one of the three inscrip-
tions on the Porta S. Lorenzo placed over the Marcian aqueduct, that he repaired the
channels of all the waters, that is to say, of the seven we have enumerated.

No other structures of this sort were erected at Rome until the time of Caligula, when
the seven existing aqueducts being found insufficient for the increase of luxury and popu-
lation, this emperor, in the 789th year of Rome, began two new ones. These were finish-
ed by the Emperor Claudius with great magnificence, and opened for use in the year of
Rome 803. The first was named Aqua Claudia, and the second Anio Novus, to dis-
tinguish it from the other Anio, which was afterward called Vetus, or the Ancient. 'The
source of the Aqua Claudia was from two fine springs called Caeruleus and Curtius, at a
distance of thirty-eight miles from the city, on the Via Sublacensis, 300 paces within on
a path to the left. The Aqua Claudia was next in quality to_the Aqua Marcia. 'The
whole length of this wonderful aqueduct was 46 miles and 406 paces, of which 36
miles and 210 paces were subterraneous ; the remaining 10 miles 176 paces were carried

* Burgess, vol, ii., p. 332.
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over arches in different places as the level required, viz; in the more distant parts 3 miles,
78 paces, and at seven miles from the city, those arches began rising in height as they
stretched towards the capital, running in some places parallel with the Marcian Aqueduct,
and sometimes coming in contact with it, as they both approached their termination.
Near the Arco Furbo, about three miles on the road to F'rascati, the two aqueducts cross
one another, and the whole, as seen stretching over the now unpeopled Campagna,* forms
one of the most striking objects that can be imagined. It was in the Claudian aqueduct
that Sextus V. conveyed the Aqua Felice.

Finally, to complete the account of Frontinus, the Anio Novus (also brought by Clau-
dius) took its rise on the Via Sublacensis, at the 42d mile-stone. It was, as the name
implies, a portion of the river Anio. 'This river, traversing a rich and highly cultivated
region, was mixed in times of rain with a quantity of the soil. On this account a puri-
fying piscina or reservoir was interposed between the river and the mouth of the aque-
duet, in which the water settled before entering the channel-ways. In spite, however, of
this precaution, the water in times of violent floods was frequently discolored, when it
reached the city. Another streamlet, called Herculaneus, rising on the same road, about
38 miles from Rome, and of which the waters were remarkably limpid, was conducted
into the Anio Novus, but in time of rain, its advantages were lost by the mixture with the
more abundant Anio.

This stupendous aqueduct extended the vast distance of 62 miles— 48 miles and 300
paces being subterraneous. 'The rest was carried over such lofty arches, that in some
places they rose to the height of 109 feet. -

All these aqueducts were carried to Rome on different levels, and their waters were dis-
tributed to the several parts of the city, to which their respective elevations were the best
adapted. 'The Anio Novus flowed on the highest line, and the others in this order: the
Claudia, the Julia, the Tepula, and the Marcia ; the waters of all these five aqueducts
could, however, be conducted to every part of the city. The Anio Vetus was in the sixth
rank, as to level, though from the height of its source, it might have been conveyed to the
loftiest parts of the city. The Aqua Virgo, and Aqua Appia, of which the sources were

* The unpeopled Campagna.—~—*The desert which encircles Rome owed its ancient salubrity, not to any nat-
ural advantages which it now wants, but to the population and tillage of the Latin States. During the Empire
the public ways were lined with houses from the city to Aricia, to Tibur, to the sea. In the interval
between these lines, the town and country were so interwoven, that Nero projected a third circuit of wall,
which should embrace half the Campagna. At that period the dad air infected but a small part between Antium
and Lanuvium ; nor did it desolate tﬁese, for Antium grew magnificent under different emperors, and Lanunvium
was surrounded with the villas of the great. At length when a dreadful succession of Lombards, Franks, and
Saracens destroyed the houses, pavements, drains, crops, plantations, and catile which had protected the Cam-
pagna from mephitism, it then returned to its own vicious propensity, for both the form of its surface and the
order of its soil promote the stagnation of water.”—[ Forsyth, p. 231 ]
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in the Campagna, were necessarily on a low level, and the Alsietina, on the lowest of all,
was distributed in quarters about the Tiber, and other flat places. The point of distribu-
tion of the Anio Novus, above the level of the Tiber, was 158.88 feet ; that of the Claudia,
148.9 feet ; that of the Julia, 129.4 feet; and of the Muarcia, 125.4 feet. The elevation
of the Anio Vetus, above the Tiber, was 82.5 feet; of the Virgo, 34.2 feet; and of the
Appia, 27 4 feet. 'The Tiber itself, at Rome, was 91.5 feet above the level of the sea.*

It appears from these statements of the elevation of the different conduits, that the
earlier Romans conducted the water on lower levels than their successors, either from
ignorance of the mode of ascertaining and preserving the exact level, or as a precaution
whereby they were enabled the better to conceal the conduits, by burying them deep in
the earth — and thus secure them from notice and destruction by their hostile neighbors,
with whom they were in an almost constant state of war.

Moreover, at all periods, the Romans gave a greater declivity to their conduits than
is practised by moderns. Vitruvius, in the passage heretofore quoted, assigns the ratio of
one foot in 200. According to Scammosi the general practice of the Romans was to
allow a fall of 1 in 500.t

A modern engineer who measured some of the remains of these buildings, in order
to determine this point, states that he found the mean fall of the ancient aqueducts
from the purifying piscinas, or reservoirs, to the point of distribution, to be about 1 in 663,
and that from the source of the stream to these reservoirs, the mean fall was about (.132
of an English inch to the Roman passus, equal to 58.219 English inches.

Thus the Anio Novus, the pavement of whose water channel, on its arrival at Rome,
is 250.3 feet above the level of the sea, has a fall of 5.2 feet from the purifying piscinas to
the point of distribution, and from its source to this reservoir a fall of 568.7 feet, thus
showing the source to have been 824.3 feet above the level of the sea. The other

aqueducts showed a proportional declivity, between their sources and the points of
distribution.

The piscinas or reservoirs, to which reference has been made, were placed at a
certain distance from the city, and there the waters deposited their sediment, and there
also the quantity of the supply was determined by a register; six of the aqueducts
were thus emptied into piscinas; three of these, the Julia, Marcia, and Tepula were
conducted from the purifying reservoirs to the city, over the same aqueduct, as has
already been noticed, one above the other. The Anio Novus, and the Claudia also flowed
in separate channels over the same arches. The Anio Vetus had a separate series of
arches. Neither the Virgo, Appia, nor Alsietina were supplied with piscinas.

* Stuart’s Dic. of Archi., art. Aqueducts. .t Stuart’s Archi,, art. Aqueducts.
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At this period it would appear that after a heavy fall of rain, the greater partof the
water flowing into the city by all the aqueducts, was discolored by the mixture of earthy
matters, even some that were pure and limpid at their sources. This impurity was
particularly observable of the two Anios that were supplied from a river, which although,
flowing from a lake of great transparency, passed through a rich soil, which in seasons of
rain rendered the waters turbid. Indeed, the Anio Vetus was rarely free from discolora-
tion, but as it flowed on a low level it could not affect the other waters, but the Anio Novus
being of a lofty level and unfailing in its stream, was occasionally used, when the other
aqueducts were falling off in their supply, to make good the deficiency, and hence all
were more or less contaminated—even the Marcia, which was the delight of the Romans
for its limpidity and coolness.

The Emperor Nerva undertook to correct this evil. He began by classing the aque-
ducts according to the goodness of their waters. The Marcia was reserved solely for
drinking—others according to their qualities, to other uses, and the Anio Vetus, as the
most impure, was reserved for the irrigation of gardens and the cleaning of the streets and
sewers. He then caused the water from the Anio Novus to be drawn from the lake itself,
instead of the river; and either because the stream supplying this lake ran over a rocky
bed, or that from the depth of the lake, the water was purified by depositing an
earthy matter, it issued thence cool and bright, so as to equal in appearance and taste the
Marcia, which it greatly surpassed in quantity.

Nerva caused numerous wells to be constructed in the courses of the other aqueducts,
in which the waters deposited their sediment. He also framed regulations for the gene-
ral distribution of the water, by means whereof a more vigilant supervision was ex-
ercised, and a considerable increase was effected in the quantity indicated by the registers.

The whole supply furnished by the nine aqueducts is thus stated by Frontinus, the
measurement being made at the head of each aqueduct, except of the Julia and Virgo,
which are calculated from their registers of delivery : '

Anio Vetus, 4,398 quinariee. Aqua Appia, 1,825 quinarie.
Aqua Marcia, 4,690 i « 'Tepula, 445 it
“  Virgo, 2,504 w Anio Novus, 4,738 s
“ Julia, 1,368 “
“ Claudia, 4,607 & 7008
17,567
17,567

quinarie 24,575
The quantity of the Alsietina is not given, but it was computed to deliver about"
400 quinariee—making altogether, 25,000 quinariae.*

* The quinaria is equivalent to about 2000 cubic feet, of about 7 gallons each.
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But of this immense abundance, not three-fifths, according to the public registers, were
lawfully delivered, the rest being surreptitiously abstracted by individuals. The whole
daily supply shown by these registers, was 14,018 quinari®, equal to about 28,000,000
cubic feet, or one hundred and ninety-siz million gallons! Notwithstanding this pro-
digious abundance of water supplied by the aqueducts, which Strabo compares to rivers
flowing along the streets and through the sewers, the use of well and spring water was
not abandoned.

The population of Rome* at the period when Frontinus wrote, between 70 and
80 years after the Christian Era, may be taken at between 1,000,000 and 1,200,000.
Assuming it at one million, the daily supply of water from the aqueducts to each inhabi-
tant, was 196 gallons!

The supply of London, now containing more than two millions of inhabitants, is
computed at 37,000,000 gallons, or about one-fifth of that of ancient Rome. The city of
Paris is still more deficient in this resource.

The distribution of the water along its course, as well as throughout the city, was re-
gulated with scrupulous care. Besides the piscina limosa, or purifying reservoir usually
placed at the mouth of each aqueduct, there were frequent castella, or wells along the line,
which both aided in the process of purification, and permitted water to be drawn occa-
sionally along the route, for the irrigation of fields and gardens, and the supply of baths.
The main castellum was that in which the aqueduet terminated, and whence the water
was distributed through the city. These were vast, solid, and stately architectural struc-
tures. 'The mass of ruins now called “The Trophies of Marius,” from some very
vague tradition, are undoubtedly the remains of a vast castellum, in which, according
to the conjecture of Burgess, the Aqua Julia, and the Claudia, were received. The Pis-
cina Mirabile,t near Cume, is a “stupendous structure of 200 feet in length, by 130 in
breadth, whose vaulted roof rests upon forty-eight immense pillars, disposed in rows, so as
to form five aisles within the edifice, and sixty arches.”

The castella were of three kinds, public, private, and domestic.}

The public castella which received the water of the aqueduct, were such as have
already been described, and from them distribution was made: 1st., to the Praetorian
camps ; 2d., to the fountains, and pools in the city ; 3d., the Munera, under which head
are comprised the places where the public shows and spectacles were given, such as the
circus, amphitheatre, naumachize, &c.; 4th., public works or establishments, such as the

* See Gibbon, Dec. and Fall, vol. iv., p. 105, et sequ, for a computation of the population of Rome.
t Antiquities of Rome, vol. i., p. 199. . 1 Anthon’s Dic., art. Aqueducts.
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baths, and the trades of fullers, dyers, tanners, &c., which, though conducted by private
persons, were deemed public, inasmuch as they were necessary to the general con-
venience and comfort; 5th. and 6th., under the terms of nomine Cesaris, (in the name
of Ceesar,) and beneficia Principis, (benevolence of the Prince,) were certain irregular
distributions, or extraordinary grants, to places or individuals.

Castella Privata. 'When a number of individuals, living in the same neighborhood,
had obtained a grant of water, they clubbed together and built a castellum, into which the
whole quantity allotted to them collectively, was transmitted from the castellum publicum.
These were termed privata, though they belonged to the public, and were under the care
of the curafores aquarum. 'Their object was to facilitate the distribution of the proper
quantity to each person, and to avoid puncturing the main pipe in too many places; for
when a supply of water from the aqueducts was first granted for private uses, each person
obtained his quantum by inserting a branch pipe, as we do, into the main, which was pro-
bably the custom in the age of Vitruvius, as he makesno mention of private reservoirs. In-
deed, in earlier times,all the water brought to Rome by the aqueducts, was applied to public
purposes exclusively, it being forbidden to the citizens to divert any portion of it to their
own use, except such as escaped by flaws in the ducts or pipes, which was termed aqua ca-
duca. But as even this permission opened a door for great abuses, from the fraudulent con-
duct of the aquarii, who damaged the ducts for the purpose of selling the aqua caduca, a
remedy was sought by the institution of castella privata, and the public were hence-
forward forbidden to collect the aqua caduca, unless permission was given by special
favor (beneficium) of the emperor. The right of water (jus aque impetrate) did not
follow the heir or purchaser of the property, but was renewed by grant upon every
change in the possession.

Castella Domestica, leaden cisterns, which each person had at his own house to re-
ceive the water laid on from the castellum privatum. 'These were, of course, private
property.

The number of public and private castella in Rome at the time of Nerva, was 247.

All the water which entered the castellum was measured, at its ingress and egress,
by the size of the tube through which it passed. 'The former was called modulus accep-
torius, the latter erogatorius. 'To distribute the water was termed erogare ; the distribu-
tion, erogatio ; the size of the tube, fistularum or modulorum capacitus, or lumen. The
smaller pipes which led from the main to the houses of private persons, were called
puncte ; those inserted by fraud into the duct itself, or into the main after it had left the
castellum, fistule illicite.

The erogatio was regulated by a tube called caliz, of the diameter required, attached
6
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to the extremity of each pipe where it entered the castellum ; it was probably of lead in
.the time of Vitruvius, such only being mentioned by him; but was made of bronze
(eneus) when Frontinus wrote, in order to chieck the roguery of the aquarii, who were
able to increase or diminish the flow of water from the reservoir by compressing or
extending the lead. Pipes which did not require any celiz were term ed solute.*

The fact referred to in the last paragraph, of the increase and diminution of the
quantity of water flowing through a tube, by altering its shape, is of sufficient interest to
authorise some further notice of it. It must be stated in the first place, that more water
will flow through a short tube than through a simple orifice of the same diameter. It
may be thus ascertained : bore a hole of an inch diameter in a bucket, plug it up, and,
having filled the bucket with water, withdraw® the plug. On examination of the stream
that issues from the hole, it will be found to taper off considerably at half an inch from the
distance of half the diameter of the hole. If a short tube of the same diameter be
inserted in the hole, the discharge of water will be greatly increased, and ifat the distance
of not more than two or three diameters, this tube should be made to flare gradually, or
assume a conical shape, the volume of water passing would be more than doubled, as
compared with the discharge through the hole, without any tube. The principle upon
which this is accounted for is that of capillary attraction, for if the interior of the conical
tube be smeared with tallow, or any other substance which does not readily coalesce
with water, the effect ceases.t This increased discharge is not confined to circular or
conical tubes ; the sides of a channel may be straight and its section a triangle or square,
as well as a circle.

It was to guard against frauds of this nature, that the Roman Celiz was adopted; a
short bent tube of brass or bronze, that formed the communication between the castellum
and the leaden pipe for the supply of private houses, which pipe, by a Senate decree, was
required to be of the same diameter as the calix, for the distance of fifty feet from the
castellum.} :

The proportion in which the prodigal water of the Roman aqueducts was distri-
buted, is given with great minuteness by Frontinus. .

The general result is, that of the aggregate supply of 14,068 quinariee, 406
quinariz, were distributed without the city, (extra urbem,) of which 1718 were in the
name of Cesar, and the residue to private use.

The remaining 9955 quinarie were conveyed into the city, and received inte 247
castella as well public, as private; 3847 quinarize were appropriated’ to private use;
the rest went to public exhibitions, useful trades, the supply of the camps, of the
amphitheatres, fountains, and pools.

* Anthon’s Dic., art. Castellum Aqgue. + Ewbank, p. 480. 1 Ewbank, p. 480.
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Lead was universally used for the supply-pipes from the castella, and notwithstand-
ing Vitruvius speaks of this metal as objectionable on the score of health, we find in
Frontinus no allusion to any evil from its general employment.

The liability of these gigantic works to injury and decay, especially in the portions
above ground, is forcibly dwelt upon by Frontinus. 'The subterranean parts were easily
kept in order, as they were neither subject to the action of frost, nor-to the action of the
summer’s heat, which the Romans seem to have considered hardly less injurious to
mason work.

Various causes of dilapidation are enumerated by our author; the cupidity of indi-
viduals through whose lands the aqueducts passed, and who, for the sake of irrigation, or
for domestic uses, were tempted to enlarge any holes through which the water (Aqua
Caduca) oozed out ; the violence of tempests, the imperfection of the work, especially in
the more modern structures, and the softness of the material, fuffa, too frequently em-
ployed in. portions of the mason work, where there was great pressure. The arcades,
and especially those which traversed streams, were particularly liable to damage from the
violence of storms.

Another considerable source of repair, arose from the adhesion of the sediment to the
sides and bottom of the water-channels, forming a thick, hard crust, which materially ob-
structed the passage of the water, and by eventually raising its level, occasioned breaks in
the channel, whence the waters escaping, not only destroyed it, but the sub-structures of
every kind in the vicinity.*

All work of repair, was however, as much as possible suspended in the summer sea-
son, as then the frec use of the water was most needed and agreeable.t The spring and au-
tumn were the working periods. Moreover, a moderate temperature was deemed advan-
tageous, as permitting the masonry to be laid with the degree of humidity deemed essen-
tial to its perfection and ultimate solidity, excessive heat and cold being alike unfavorable
to such a result. Above all, it was a rule, before beginning any reparation, to provide on
the spot, every thing that could be required, and in sufficient quantity to ensure a rapid
execution. L

‘Whenever any of the Arcades within seven miles of the city, and by means of which
several streams were at once conveyed, were undergoing repair, the stream was continued
unbroken through leaden pipes, across that portion of the mason work.}

To preserve thesc noble structures from dilapidation, Agrippa, who was the first na-
tional superintendent, formed a class of slaves, who were solely employed on the repairs.

» Front, p. 203. Stuart, art. Aqueducts. t 1bid. 3 Front, 204.
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These at first numbered 250 — but at his death he bequeathed them to Augustus, who
transferred them to the public. Claudius established another company of fountaineers,
during the erection of his aqueduct, amounting to about 460 persons, divided into differ-
ent classes, and with distinct duties. There were the comptrollers, the keepers of the
caétellum, inspectors, paviours, stuccoers, and other workmen. A portion of these were
lodged in the city, in order to execute with promptness such repairs, as, without being ex-
tensive, demanded immediate attention. Others were stationed near the reservoirs or
castella, or in the neighborhood of the public shows, to supply water to any point where

it might be more particularly needed. Their maintenance was paid by the public, by a
rate on domains and houses.*

In later days of the Empire, it would seem, five additional aqueducts were construect-

ed, of which the Alezandrian,t as the ruins remain to testify, was the chief, and most
magnificent.

When, A. D. 535, Rome was besieged by the Goths under Vitiges, Procopius,} the
historian of the Gothic war, records that fourteen streams flowed into the city. It was
of course among the means employed by the barbarian invaders to induce submission, to
cut off the accustomed supply of water, and Rome, in her 1289th year, and after enjoy-
ing for many centuries the lavish prodigality of her fountains and aqueducts, was again
reduced to dependence on natural springs, the wells that had not been neglected and
suffered to be filled up, and the yellow waters of the 'T'iber.

The great and permanent changes which such a calamity must have brought about
in the habits of a numerous and luxurious people, can hardly be measured. The popula-
tion, indeed, had been sensibly diminished from the period of Rome’s ascendancy, for
Gothic and Vandalic conquerors had already despoiled her of most of her wealth, and dese-
crated the lofty Capitol with the presence of victorious hordes of barbarians. But at

the period of which we speak, it is conjectured that the city still had more than 600,000
inhabitants.

This barbarian interruption of these accustomed and hitherto unfailing streams, cut-
ting off not only the luxuries of the baths, and of the fountains in all their daily and
hourly uses for domestic purposes, in the gardens and the pools, necessarily changed at
once the whole internal economy and arrangements of the city. Perhaps, among the

causes which mark the final decay and fall of Rome, few exercised really greater influence
than the Gothic destruction of the aqueducts. )

* Front., p. 201—Stuart, art. Aquvducts.
t Vide Fabretti de Aquis and Aquiduc, dig. ii. Burgess, vol. ii., p. 336.
1+ Procopius, de bello. Gothico, lib. 1., chap. 15,
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There does not remain, so far as we have been able to discover, any memorial of the
cost of these magnificent erections—nor of the periods respectively occupied for their con-
struction—nor of the nature ot the labor employed upon them.

Of the Anio Vetus, Frontinus merely relates, that it was built from the spoils taken
from Pyrrhus—and of the Marcia, he says, the Senate appropriated by decree. « Sestertium
mille octingenties,” equal in our money to $3,240,000. But whether this sum sufficed to
complete the undertaking, or whether slaves or the soldiers were employed on such works,
does not appear. Concerning all the other aqueducts, we are left without any indication
of their cost, or of the time employed on them.*

The regulations under which these works were, and the laws for their protection, are
more known to us.

Respect for private property, in tracing the course of an aqueduct, seems to have been
so scrupulous, that it is related by Livy, when, in the year B. C., 179, the Censors, M.
Emilius Lepidus, and M. Flaccus Nobilior, proposed the building of another aqueduct,
that the scheme was defeated, because Licinius Crassus refused to let it be carried through
his lands.t

It is also remarked by Frontinus, that so “ admirable was the equity of our ancestors,
that when on the line of an aqueduct, any owner of lands was unwilling to sell the por-
tion required for the public work, the whole farm was bought by the ‘State, and after
taking what was requisite, the rest was resold.”}

At subsequent periods, it would seem, from a Senate decree, to be presently noticed,
that the practice of our own country, on such occasions, was adopted—that of taking private
property for public purposes, upon an estimate to be made by « good men.”

We have already seen, that the general charge and control of all the aqueducts, was
confided to a national superintendent, who was generally of high rank, and who, by a
decree of the Senate, was to be accompanied, when going out of the city on official duty,
by two lictors, three slaves, architects, secretaries, &ec.$

He also, it appears, sometimes had two adjuncts, who were entitled to like honors.

In the earlier period of the aqueducts, all the water was for the use of the people,
except what overflowed from the fountains or pools; and it was expressly enacted, “ that
no private person should divert any water, other than that which overflowed.”] Even
this surplus of waste water was appropriated to baths, fullers, dyers, &c., and for it

* Frontinus, p. 160. + Liv. xl,, 51. 1 Frontinus, p. 207.

§ See decree, in Frontinus, p. 194. Il Front. 192.
7 ;
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a stated tax was paid into the public treasury ; sometimes by general consent, a portion of
this aqua caduca was appropriated to the houses of the chief citizens.

The laws are uncertain, as to what magistrate exercised the right of giving, or selling
water. Sometimes the Censors, sometimes the Adiles are found doing so—though it
would seem as long as the Republic had Censors, they, rather than others, exercised this
power.

The caution with which the distribution of the water was conducted, and the fairness
with which its use seems to have been granted, are apparent from many passages in
Frontinus. On the latter point particularly he states, that the Curule Adiles were
required to select two persons in each street from those who inhabited it, or owned property
in it, who should determine where the public fountain, or hydrant should be placed.

Another strong proof of the regard paid to the comfort and wants of the people,
in respect of the use of the waters, is furnished by a Senate decree in the time of Augustus,
directing among other things, “that the superintendents of water, whom Ceesar
Augustus, by authority of the Senate, had appointed, should give special heed that the

public fountains, or hydrants, (salientes,) should pour forth uninterruptedly night and day,
water for the use of the people.””” :

While the people were thus gratuitously supplied, and without limit as to quantity
from the public fountains, there was a tax levied upon that portion of the waters diverted
to private houses and gardens.t

It is remarkable, and quite an object of regret, that Frontinus, whose details as to the
aqueducts are in other respects so copious, has left no record of the rate of this tax, of the

principle on which it was assessed, or of its productiveness; such a table at this period
would have been both curious and instructive.

A grant of water for private use was in all cases personal, and ceased with the life of
the grantee. The residents of the same neighborhood united in building a private

castellum, into which the aggregate for all the associates was received from the public
castellum.}

Each associate had a pipe from this private reservoir of the dimensions equal to his
share, and the castellarii who had the supervision, as well of private as public Ieservoirs,
were required to see that all these distributing pipes were inserted on the same level,
because if some were above, and some below, a given line, the lower pipes would extract
the largest quantity.| ;

.

When, owing to the death of lessees, or other cause, there was a surplus of water,

* Front. 197. t Front. 202. t Front. 198. . U Front. 200.
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public notice was given, and applicants were supplied in the order of their demands.
Where, however, there had been a grant of water to several, holding property in common,
the death of one or more of the parties did not vitiate the grant, but it survived as long
as any of the parties did.

All the public distributing pipes, or calices, were stamped aceording to their capacity,
but a not uncommon fraud of the water purveyors was, when a new grant was made in
lieu of one relinquished, or forfeited, to retain the old pipe, from which water was sur-
reptitiously sold, while a fresh one was inserted for the new grantee. Experience having
proved, that frequently, when essential and speedy repairs were needed on portions of the
aqueducts passing through private property, difficulties and delays arose from the oppo-
sition of the owners of the neighboring soil, to any passing through their lands, or deriving
materials therefrom, for the work in hand, the Senate passed a law, declaring that as often
as the aqueducts required repairs, it should be lawful to take from the adjoining lands of
individuals, upon the estimate of good men, any earth, soil, stones, shells, sand, or wood
that might be needed, taking care to do the least possible injury to the proprietor. Asa
thing curious in itself, we give in a note the original of this decree as we find it in
Frontinus.*

Another prolific source of injury to the aqueducts, was from the plantations and
buildings, with which the proprietors of adjoining lands constantly encroached upon
the lines. Often, indeed, country roads were laid out over the subterranean course
of the aqueducts themselves. Trees were planted in like manner over, and near them,
and these were found most injurious, for their roots penetrating deep, affected the masonry,
and loosened the covering soil.

A Senate decree, of which the text is given in the note,t was finally passed to

* @Qvop. Q. Erivs. Tveero. PaviLvs. Fasivs. Maximys, Coss. V. F. DE. RIvIS. SPECVBVS. FORNICIBVSQVE,
JviuiE. MarciE. Arrie. TepvLE. ANioNis, REFICIENDIS. Q. D. E.R. F.P.D. E. R. 1. C. vrL. cvm. 1. Rivy,
FORNICES. Qv0s. AvGUsTVS. CESAR. SE. REFECTVRVM. IMPENSA, SVA. SENATVI. POLLICITVS. EST. REFICERENTVR. EX.
AGRIS. PRIVATORVM. TERRAM. LIMVM. LAPIDEM. TESTAM. ARENAM. LIGNA. CETERAQVE. QVIBVS. AD, EAM. REM. OPVS,
ESSET. VNDE. QVEQVE. EORVM. PROXIME. SINE. INJVRIA. PRIVATORVM. TOLLI. SVMI. PORTARIL. POSSINT. VIRI. BONI,
ARBITRATIO. ESTIMATA. DARENTVR. TOLLERENTVR. SVMERENTVR. EXPORTARENTVR. ET. AD. EAS. RES. OMNES. EXPOR-
TANDAS. EARVMQVE. RERVM. REFICIENDARVM, CAVSA., QVOTIES, OPVS. ESSET, PER, AGROS. PRIVATORVM. SINE. INJVRI4,
EORVM. ITINERA. ACTVS. PATERENT. DARENTVR.

+ Qvop. Q. Aruivs. Tveero. P. Fasivs. Maximvs, V. F. AQVARVM. QVE. IN. VRBEM. VENIRENT. ITINERA.
OCCVPARL. MONVMENTIS., ET. EDIFICIIS. ET. ARBORIBVS. consErl. Q. D. E. R. F. P. D. E. R. L. C. cvm. ap,
REFICIENDOS. RIVOS. SPECVSQVE. PER. QVE. ET. OPERA. PVBLICA. CORRVMPVNTVR. PLACERE. CIRCA. FONTES. ET,
FORNICES. ET. MVROS. VIRAQVE. EX. PARTE. VACVOS. CENTENOS. QVINOS. DENOS. PEDES. PATERE. ET. CIRCA. RIVOS,
QV1. SVB. TERRA. ESSENT. ET. SPECVS. VLTRA. VRBEM. CONTINENTIA, EDIFICIA. VTRAQVE. EX. PARTE. QVINOS. PEDES,
VACVOS. RELINQVI. ITA. VT. NEQVE. MONVMENTVM. IN. IIS. LOCIS. NEQVE. EDIFICIVM. POST. HOC. TEMPYVS. PONERE,
NEQVE. CONSERERE. ARBORES. LICERET, SI. QVZE. NVYNC. ESSENT. ARBORES, INTRA., ID. SPATIVM. EXTIRPARENTVR,
PRETERQVAM. SI. QVE. VILLE. CONTINENTES. KET. INCLVSE. EDEFICIIS. ESSENT. SI. QVIS. ADVERSVS. EA. COMMISERIT.
IN. SINGVLAS. RES. IN. DENA. MILLIA, DAMNAS, ESSET, EX. QVIBVS. PARS. DIMIDIA. PREMIVM. ACCVSATORI. DARETVR,
CVIVS.OPERA. MAXIME. CONVICTYVS. ESSET. QVI. ADVERSVS. HOC. S, C. cOMMISISSET. PARS. ALTERA. MESIA, IN. ERARIVM,
REDIGERETVR. DEQVE. EA, RE. JYDICARENT. COGNOSCERENTQVE. CVRATORES. AQVARVM.
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correct these and other evils, and to establish the space that should be left vacant on each
side of the subterranean course of an aqueduct, and about its sources, superstructure, &c.
Around the latter, a space was to be left on each side of 115 feet; and on each side of the
former, within the city, fifteen feet; «within which,” says the decree, «it shall not be
lawful, henceforth, to erect any edifice, or plant any trees—and any trees actually growing
upon the reserved space shall be cut down”* A heavy pecuniary fine is annexed to the
violation of the decree, of which one half on conviction of the offender, to go to the
wnformer, the other to go info the public treasury. Another decree also forbids the sow-
ing any grain, or cutting any hay, or feeding cattle, within the specified limits.

The magnificence of the Romans, in these peculiar and most beneficial structures,
was not confined to Rome, for few cities of any note in their extended dominions, appear
to have been without one or more aqueducts. Among the most important, from their magni-
tude and actual state of comparative preservation, may be reckoned those erected in Gaul.t

Before noticing these, however, a few words must be given to Carthage, the great
rival of Rome, which also had a vast aqueduct—but its date and origin are uncertain.
By some it is viewed as a monument of the enterprise and skill of the Carthaginians—
others, among whom is Fischer D’Erlach, in his Architecture Historique, and Malte
Brun, consider it a Roman work, after these haughty conquerors had annihilated Car-
thaginian power, and founded a second Carthage under Roman auspices.

However the fact be, and whoever the constructors, it was a most magnificent work,
carried through mountains, and over valleys, for a space of 70 miles! Near Udena,
there is an arcade of more than a thousand arches, some of them exceeding 100 feet in
height.

The cement used in building the work is as hard as the stones themselves, and, such
is the tenacity of that which coated the water channel, that where flakes of it of 100 feet
in length have fallen from the wall, they lie unbroken. The conduit is 6 feet high
within, and 4 feet wide, “arched to a point”—says Stuart.

At Ariana, about four miles from Twunis, other remains of this aqueduct are visible.
When mountains were tunnelled in its course, at every 60 yards, vertical openings were
driven through from the surface of the channel way to the upper air. These openings
or ventilators are 4 feet in diameter, walled with hewn stone, and carried up about 4 feet
above the surface.

The Emperor Charles V., caused a drawing to be made of various portions of this
noble work —the celebrated Titian arranging the designs, to serve as a model for some
tapestry to be executed for the Austrian Court.

* Frontinus, p. 206. + Stuart, Dic. Archi., art. Aqued.
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Of the Roman works in Gaul, we borrow our account from Stuart :

“'The aqueduct at Nismes, is probably one of the earliest that was constructed by
the Romans out of Italy. Its origin isattributed to Agrippa, who was invested by Augus-
tus with the government of this city, which had become a Roman colony. Flattered by
the attentions of the citizens, Agrippa made their city his place of residence, and he
adorned it with new city walls and magnificent baths. Those who suppose that the
object of the aqueduct was to conduct water to the amphitheatre only, instead of being
appropriated to the domestic uses of the inhabitants, have not regarded with attention
the peculiarities of its construction. The simplicity and unornamented style of its archi-
tecture, perfect, however, in its proportions, and just in every point of its design, marks
the very character of these works of Agrippa. 'The waters about the colony of Nemau-
sis, from the disturbed state of the springs in winter and spring, from the muddied flow
of the torrents in times of flood, and the deficiency in times of drought and summer, were
precarious, unhealthy, and insufficient; a colony so placed would be left very imperfect,
nay, defective, without the means of obtaining salubrious water ; accordingly, we find an
aqueduct and fountain at Nismes, bringing a constant and copious supply, nnmixed
with any of the streams or rivers that might spoil it. To avoid this, it was brought
from the mountains, excluding all communication with the waters of the country
through which it passed, and where it became necessary to pass the deep valley in which
the river Gardon runs, it was conducted across that valley by a bridge of two stages of
arcades, at a height of 150 feet above the ordinary level of the river, that is, measuring
to the top of the second range of arcades, which perfected Agrippa’s erection, the water
being conducted on the top of the second arcade. 'The third story, part of which is
now remaining, raised upon a range of arcades, has been thought to be a building of a
very different age from the two main ranges, in its materials, in its structure, and
proportions ; and even in the placing of its parts, it does not correspond with the old
original bridge on which it was erected. The style of the architecture is also said to
be very different, and very inferior to the rest. Although an adventitious addition, it is
clearly Roman work, probably of a much later age.

The length of this aqueduct, as far as discovered, is about six French leagues, or
15 miles, in a direction resembling a horse-shoe, and derives its water from the spring
of Eure, and Airau, near the village of Uzes. The Pont du Garde is in the middle of
its course ; the greater part of the ancient line can now be traced, and much of what
remains is in a fine state of preservation. The observation made with regard to the
parts of the aqueducts of Rome which were under ground, being in the best state of
Tepair, applies with still greater force to the aqueduct at Nismes, the subterranean parts
being even now in perfect preservation. The line was carried along the sides of the
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hills, which were occasionally perforated to shorten the distance, and, where necessary,

_the lesser valleys were crossed by the erection of small bridges, or arcades, preserving the
level of the aqueducts. The greater portion of the excavated part has been cut through
the stone strata of which the hills are composed, in some places at a distance of about
13 feet beneath the surface. .

The Pont du Glarde, is that part of the aqueduct of Nismes which traverses the
deep valley in which runs the Gardon or Garde, between the mountains near Vers and
St. Bennet.

This part, considered evenalone, is -one of the grandest erections made by the
Romans in Gaul. The first row of arcades, beneath which runs the Gardon, is com-
posed of six arches; the second row has eleven arches, and the third range has thirty-
five. All these arches are semi-circular, springing from piers, more or less high ; it was
upon the third range that the water channel was formed according to some antiquaries.

According to the measurement of a French engineer, the height of this aqueduct
bridge is about 157 feet above the low water level of the river. Its length on the level
of the moulding terminating the first range of arcades, is 561 feet, and 876 feet on the
level of the moulding terminating the second story. '

The total height, according to the same author, is 161 feet; namely, 66 feet for the
first range, 66 feet for the second range, and 2Y feet for the third range to the top of the.
flags covering the water channel; the width of the bridge is 21 feet at the first range,
16 feet on the second, 10 feet on the third ; this forms a considerable offset on each stage ;
the five piers of the first range of arcades were formed with salient angles or becs. The
division of the arches on the first and second stories is the same ; the middle arch of the
first range, under which the river passes, and which is the centre of the entire agueduect,
is 70 feet in diameter ; three on each side are of smaller dimensions. All the arches
on the third range or story are equal, being 15 feet in Ydiameter; the piers of the first and
second series of arches are 15 feet in front; those of the third range vary according to
the diameter of the arches of the range beneath them, four arches of the third range
corresponding with the middle or water way of the lower story.

As the two mountains forming the valley of Gardon are not of equal height at the
points in the line of aqueduct, that on the left side of the river being lower than the level
of the aqueduct, while the right side is more elevated, the conduit on one side is carried
onwards by continuing the third range of arches, and on the other side, the range
terminates in the side of the mountain.

The Pont du Garde is constructed entirely with hewn stone ; no rubble work is.
introduced even into the filling up of the piers, or spandrils of thearches. = The masonry.

¢
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has been finished and put together without lime, or any other kind of cement, and owes
its stability to the mass of each block, and the precision of the faces in their beds and
joints. The canal of the aqueduct is in fact the only part which is not constructed with
hewn stones; being made with a sort of jointed rubble on the outer and inner faces of the
canal, but of the common rubble in the filling up. This work, where the cement has not
been sparingly used, forms a mass absolutely impenetrable to any passage of the water.
The inside facing of the walls, and the bottom hollowed in the form of an arc of _a circle,
were covered with a coat of cement about two inches in thickness, composed of quicklime,
fine sand, and pulverised bricks. This cement is at the present day of a consistence
equal to that of the hardest and most compact stone, and without the slightest crevice or
flaw to be any where seen init. This first coat of cement was covered with a second
layer of mastic, very fine and very thin, of a deep, dark, red color. 'The width of the
canal between the outer coats was four feet, and its height the same.

The general declivity of the bed of the aqueduct was about four centimetres for one
hundred metres, or one and one-third inches to three hundred and twenty-eight feet.

The aqueduct has been constructed with the same care throughout its great length,
the only difference being that, in the parts exposed, the aqueduct was covered with slabs,
and in the subterranean portion it was covered with a semi-circular arch, of a species of
rubble roughly squared in the joints, nearly two feet in thickness.

In examining the water channel, a strong concretion is observable, adhering to the
cement on the sides and bottom. 'This petrifaction is nearly twenty-nine centimetres thick,
or 11 and one-third inches, and from this it appears, that the general height of the stream
of water in the channel was about three feet nine inches.

This interesting monument of ancient Roman magnificence was demolished at its
two ends, some time about the beginning of the fifth century, by the barbarians who
then besieged Nismes, and who, by this means, endeavored to force the citizens to
surrender. It remained in this state until the beginning of the eighteenth century, when
the Duke de Rohan, in order to make a passage for his artillery, perforated the piers of
the second arcade, and by some other operations directed to the same end, the Pont du
Garde was rapidly falling to pieces. Considerable rents in the walls, and deviations
from the perpendicular, exciting public attention, the provincial States took the matter into
consideration, and by a series of judicious repairs, they succeeded in restoring this ornament
of Languedoc to the state in which it was, before the dilapidations of the Duc de Rohan.

In 1746, the project of building a bridge near the site of this aqueduct was, fortunately
for its further stability, modified so as to be built adjoining to it.- M. Petot proposed to
form this bridge on the eastern face of the Pont du Garde, and rigorously following the
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dimensions of the piers and arcades of the ancient aqueduct, this was shortly afterwards
erected.

" Aqueduct at Lyons. Nothing gives us a higher idea of the ancient splendor of the
city of Liyons (Lugdunum,) under the emperors, than the remains of its ancient buildings,
temples, palaces, amphitheatres, naumachias, baths, and, above all, its aqueducts, erected
during the reigns of Augustus, Tiberius, and Claudius, to supply that part of the
city with water, which was situated on the heights. The oldest, that erected by
the troops of Marcus Antoninus, drew its waters by two branches, from the group
of hills, called in modern times, Mont d’Or : this stream having been found inadequate
for the proper supply of even the highest division of the city, a second aqueduct was
constructed, which drew its water from the Loire. «The third aqueduct was formed
under, to conduct water to the highest part of the city, on which was erected the palace
built by the Emperor Claudius. Remains of other minor aqueducts, built in the same
age, are of the same construction, the arches and parts apparent being of the masonry
called by the ancients opus reticulatum. A fourth aqueduct, formed along the bank
of the Rhone, appears to have been the source from which the lower city received its
supply of water; and from its remains there is little question but that it also was
constructed by the Romans. The Claudian aqueduct, being that which has most
attracted the attention of antiquaries, will be described more in detail.

The body of the work, that is, the arcades that carried the aqueduct across the
valleys, is built of masses of rubble stone and cement, faced, as has been stated, with the
opus reticulatum. In this instance, this kind of work is supposed to have been formed
by laying a bottom of brick, of two, three, or four layers, then a caisson of wooden sides
was applied to it, and fixed thereon. 'The caisson was first lined with the squared stones
which were to form the face ; the middle was then filled with rubble stones, into which
a liquid cement of lime, fine gravel, and water, beaten up to a perfect degree of incorpora-
tion in its liquidness, so as to become a binding cement, was poured, and in that state
entered into every interstice of the rubble work. 'This operation being repeated, the
whole was wrought into one incrusted rock, harder than either of the materials themselves
separately were. One can conceive, says a learned antiquary, how a careful beating
together of these materials had the effect of creating so binding a cement, since we know
from our own practice, that puddling earth, fine gravel, and water together, form a lining
for a canal, that becomes impervious to water when once settled, and it ‘was probably from
this puddling, and not from any secret as to the materials of the mortar, not now known,
that this ancient cement owed its cohesive strength. When this square was set, the
sides of the caisson were taken off, and another layer of bricks was then- laid, and so
another caisson, and so on. 'The bricks used in this construction were one foot nine inches
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long, one foot broad, and one and a half inches thick ; the cement of one of the aqueducts
at the bottom is six inches thick, and one and a half thick on the sides; about two fee_i
above the floor of the canal were fixed, on each side, cramps of three lines square, at two
and a half feet distance from each other. The utmost breadth of the piers of the aque-
duct of Chaponost, which carried a canal of three feet broad, by six feet high, is not
more than six feet, while the breadth of the aqueduct which passed over the river
Baunan, and which has no canal, is 24 feet broad, consisting of two piers, each five feet,
supporting an arch 14 feet in diameter.

M. Delorme, in his account, (Séance de ’Academie, 1759,) traced three of the
aqueducts of ancient Lugdunum to their source, in three several tracks, of many miles
each. He examined their general level, and the level of each part, as they ran above and
under ground, along the sides of the mountains, and sides of valleys, and over the
bridges where they passed the valleys; he observed the apparent care which the archi-
tects of these edifices took to avoid the building of works, enormous in bulk, height, and
expense, by carrying the walls up into the narrower and shallower parts of the valleys.
Where smaller bridges would serve, and where they could carry the waters over a
bridge by a rectilinear canal, they always built up bridges to that level, but where that
would become too high, and yet where a bridge was necessary, they built bridges of a
height sufficient to carry the water over in syphons of easy curvature.

The sources of supply of the aqueduct of Mont de Pile, were from the waters of the
river Gievre, from the rivulet of Sauon, and probably from the river Tanon, to which
were joined those of the rivulet Langoneau ; after these waters were united in one
stream at the aqueduct bridge of the little Varizelle, they make a long detour on the
sides of the mountains and hills, till they arrive at the valleys, which they must pass;
yet here they are seen trained along the sides of these valleys, until they come to situa-
tions which are not so decp or so wide. It is then that the architects built bridges
across the valleys, over which to conduct the waters, either in rectilinear canals, or in
syphons ; had this latter precaution not been taken, the construction of such bridges
would have been of necessity so high as to become enormous, both in work and expense;
yet, notwithstanding all these precautions, there were in the aqueduct which takes its
sources in Mount Pile, and determines at the gates St. Irenzeus, nine bridges carrying
aqueducts, and three calculated to carry syphons. '

The ninth is in a very deep and wide bottom, on the heights of Soncieu. The
aqueduct, when it arrives at this bottom, is terminated with a reservoir at the south
edge of the valley of the river Garon. The mode by which the water passed this pro-
found chasm, was by causing it to flow from a reservoir on the one side, in leaden pipes,

bedded in the sides of the valley along part of the descent ; it then flowed in continued
9
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pipes of the same sort, bedded on a bridge, whose top course was builtin a descending
or reversed curve ; having thus passed over this bridge, when they came at a certain
height, on the opposite side of the valley, they were protruded up in pipes, bedded as
before, on the opposite sides of the valley, and the water was delivered in another reser-
voir on the top of this opposite hill, called the reservoir of Chaponost. From this
reservoir, the water entered into the aqueduct of Chaponost, which runs under ground
along the west side of the village. It emerges on the north, and flows over a bridge
composed of ninety arches, of which ‘more than sixty, in Delorme’s time, were remaining.
This was terminated by a reservoir, whence the water, in like manner as before,
descended by pipes into another valley, and in part passed it and the river Baunan, over
a bridge of a reversed curvature, and mounted again on the opposite side, there entering
a second reservoir at St. Foi.

The waters flowed hence in a canal, carried by a bridge for some way above ground,
and then became subterraneous, and continued thus along the heights to the point near
the gate of St. Irenzus. Here another reservoir was situated ; hence the waters flowed in
leaden pipes, which descended into the fosse of St. Irenzeus, and passing along the bottom of
it, rose again, and emptied themselves in a reservoir, built near a spot which can be traced
in the walls of the city, at the Mall of Fourviere, above the gate of T'rion, on the south
side of a square tower. These pipes were not carried across this ditch and valley upon
a bridge, as has been stated by some authors ; there are not the least vestiges of such ; but
they were bedded on a massive course of masonry. This aqueduct has a course of more
than 13 leagues, or aktout 33 miles; its distance in a right line, is about eight leagues,
and its descent from the bridge of the little Varizelle to the Fourviere, is 360 feet.

Delorme next describes the nature of these reservoirs placed on each side of those
valleys, across which the waters were passed in syphons over a bridge of reversed curva-
ture. The one is for holding up, or receiving, and thence emitting, the waters which are
to be conveyed in pipes, and the other is to receive a sufficient quantity of water for dis-
tribution to the succeeding canal.

The emitting reservoir of the Garon aqueduct bridge is placed upon a quadrangular
tower fourteen feet long, and four and a half feet broad. The wall of the side next the
valley, is pierced at nine fect above the bottom of the reservoir, with nine apertures, nearly
oval, of 12 inches in height, and 10 in width. The piers of the walls between these
openings were 7 inches thick. It was through these openings, that the waters passed out
of the reservoir by as many leaden pipes, which descended into the valley in part along
the sides, and in part over arches rampant, that is, arches whose successive tops formed an
inclined plane, which declivity was so regulated as not to have too sudden a descent.
Hence thcy passed to, and over the bridge, and rose again on the opposite side in the same
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manner, and were inserted in the wall of another receiving reservoir. This receiving
reservoir differcd from the emitting one only in this, that it held the waters flowing towards
the bottom of its basin, and the emitting one poured them out from the upper part, about
three feet from the bottom, so that while the water rose in the emitting reservoir to three
or four feet, that in the receiving one would not rise more than two feet. The nine leaden
pipes through which the water flowed, had each eight inches diameter-in the clear; the
thickness of the lead of which they were composed was about one inch.

Delorme also mentions a circumstance in this syphon aqueduct, which has given rise
to much discussion among those who have examined the subject; he states that these
syphon pipes, after having deseended about 75 feet, each divided itself into two branches,
and that thus the waters are carried the rest of the course over the bridge in eighteen
pipes, and until they rise again, on the opposite side, to a height of about 70 feet, at which
point they are again united, and the waters pass on, and enter the receiving reservoir in
nine pipes.

In opposition to this opihion of Dclormé, another eminent architect, who examined
the aqueduct, thought that the receiving and emitting reservoirs had the same number of
pipes, and that the nine pipes which proceeded from the one to the other, preserved the
same dimension throughout.

Delorme says that the water in the emitting reservoir, was higher by one foot than
that in the receiving one; but Mr. Villar, a man of seience, resident at Liyons, took the
level, and found, as might have been expected, that the water in the receiving reservoir
was higher by at least 12 inches than that in the emitting reservoir.

To construet these individual aqueducts, says another architeet, the Roman architects
began by forming a trench five feet wide, and ten feet deep, having a uniform slope of one
foot in 600. In this treneh they formed the aqueduct or water channel of masonry,
keeping the same dimensions in the parts exeavated from the rock, as in those which were
cut into the clay or ground soil.

. The bottom of this trench was laid with masonry, a foot thick ; on this, two walls
were erected, each 1 1-2 feet thick, and 5 feet high, and having a space between them of
2 feet, which formed the canal for the passage of the water; this space was enclosed on
the top by a semi-circular arch 1 foot thick, and then covered with a layer, 2 feet thick, of
earth. 'The hottom of the canal had a coat of cement 6 inches thick, and a coat of 1 1-2
inches on the sides, which reduced the intervals between the walls to 21 inches. The
angles were formed by the sides and bottom, rounded by cement. The walls were con-
structed with small rough stones, from 3 to 6 inches in thickness, laid in a bed of mortar,
so that no void was left between the pieces. It would appear that the use of stones
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larger than 6 inches, was avoided, as the walls formed of small stones, well bedded in
mortar, formed, in the estimation of the ancient Lyonese architects, masses of greater
compactness, than those built with larger pieces.

The builders also used gravelly sand for this kind of masonry, in preference to fine
sand, which is proper only for the cement; and when they were obliged to use the finer
sand, they took care to mix it with pulverised bricks, a practice adopted also in cases
where coarse sand was mixed in abundance ; lime burnt from good stones was used with
unsparing profusion.

The cement employed for the sides and bottom of the aqueduct, was composed of
pieces of brick the size of peas, for the first coats, and somewhat finer for the finishing
plaster. That on the bottom of the canal, is made of pieces as large as nuts, and in many
places the size of eggs; the composition was made with lime fresh slaked. 'That which
contributed to make good cement, as well as good mortar, in their opinion, both in the
one and the other, was the effectual mixing of the ingredients, so as that the mass should
be all of the same temper, which is known when the composition was of the same color
throughout.

In the aqueducts not built in the earth, the walls are from 22 to 24 inches thick,
the exterior faces formed of reticulated work, the lozenges being from 3 to 6 inches
square, without any course of bricks. The arch of the water channel, where it was not
covered with earth, was somewhat curved, to throw off the rain, but yet so flat as to serve
for a road of communication between the reservoirs, and within the aqueduct, and which
was entered through iron doors placed in the arch of the reservoir, and also in that of the
one or two places of the arch channel aqueduct bridge. The subterranean channels had
similar entrances, like square pits, the mouths of which were elevated 2 or 3 feet above
the surface of the.ground they were driven into.

The entrance of the water into the aqueduct was regulated by a vane, or sliding valve,
of a certain dimension, as only a certain quantity was allowed to flow into each branch.
This does not appear ever to have exceeded 21 inches of -elevation, which was suflicient
to fill all the syphons ; without this precaution the volume of water, which might have
risen to 4 feet, would have been too great. It is probable that the regulating vane or
sluice could be raised, or lowered, at pleasure to allow for the increase of head, and that
the superfluous quantity was at times permitted to flow into some other channel.

Where the aqueduct was carried above ground, it was built on a footing of masonry
6 feet thick, even where the elevation above the surface did not exceed 6 or 7 fect ; but
when it was greater, arches were formed, and also piers, when the elevation was consid-
erable ; on this elevation depended the span of the arches, the thickness of the piers, and
their height. For an opening of 18 feet in height the width is 12 feet, and the piers 6
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feet, sustaining a semi-circular; when the inequality of the surface did not allow the
piers to have an equal height of 18 feet to each opening, the piers were shortened, and
the other parts remained of the same general dimensions. The piers of the arches in
some places, are rather less on the face than 6 feet, varying from 5 feet 8 inches to 6 feet ;
and in other cases they are 7 feet 9 inches. 'The arcade which conducts the water into
the reservoir called St. Irenzeus, is 31 feet high, its width is the half of this, and the faces
of the piers are 7 feet 9 inches. As the upper part, containing the canal, is only 6 feet
thick, there is an offset of 6 incheson each face at the impost of the arches. On this off-
set there is a projection, or pilaster, 10 inches thick, and 3 feet wide, which acts as a
counter-fort, to strengthen the sides of the water channel.

The foundations of the piers having the smallest elevation, are sunk between three
and four feet below the surface of the ground, and between six and eight feet for those of
the greatest height.

All the different supports of the aqueduct are of the same kind of masonry, formed
of small, rough, squared stones, laid in a thick bed of mortar, with the apparent faces of
reticulated work. This kind of masonry was bound, at every four feet of its height, by
two courses of “great bricks,” each brick being 22 inches square, and two inches thick.
The angles of the piers, formed of small square slabs of stone, offered, in many instances,
an insufficient resistance to the lozenge masses which they terminated, and their displace-
ment has been apparently the main cause of the ruin of the greater number of the piers,
for these have been formed by a sort of encasements, of the thicknesses of four feet of the
opus reticulatum, without being properly bonded by stones large enough at the quoins.
The arches are semi-circular ; the arch stones are slabs (thick slates) of stone, three inches
thick, alternating with a “great brick ;” the ez/rados of the arch is finished by a row of
bricks, which forms a fillet; on this fillet is laid a double horizontal row of bricks, which
runs through the entire length of the aqueduct, without, however, forming any projection.
It is upon these bricks, as a pavement, that the water channel is laid, or bedded.

Of the arcades forming that part of the aqueduct called Langoneau, only seven piers
remain, and these of the common reticulated masonry. The valley between Soncieu and
Chaponost is about 200 fect deep. Five ranges of arcades, placed one over the other, for
a length of 2400 feet, conducted the water across the valley ; the valley through which
the river d’Izeron flows, between Chaponost and St. Foi, is nearly 300 fect deep, and was
crossed by a series of arcades having eight ranges in height. The third valley, formed by
the small hill of St. Foi, and that of Fourvieres, had three ranges of arcades.

These prodigious substructions must have occasioned an outlay so enormous, as under
almost any circumstances would have completely arrested the completion of the underta-
king ; and the more so, as these valleys were neither all, nor the greatest across which the

-
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water had to be conducted. The resources of the architects here become conspicuons, in
their substitution of leaden pipes, forming syphons, already described, which were laid at
" an expense comparatively trifling, to what must have been incurred by following the other
and more usual method.

In describing the passage of the valley of the Garon, the aqueduct arriving at the
summit of the hill, was stated to deliver its water into a tank, or reservoir, placed in a
square tower.

This reservoir, fourteen feet long by four and a half feet wide, is seven feet high to the
summit of its arch ; the walls are four and a half feet high to the springing of the arch,
and two feet three inches thick. The arch is pierced in the centre by an opening two feet
square, which serves as a passage into the reservoir. The bottom is lined with a coat of
cement, six inches thick, with a curve at the angles of concourse of the sides and bottom ;
there were two ranges of iron rods about one third of an inch in diameter, to strengthen
the ‘walls, and probably also to serve as a kind of stair by which to descend into the
reservoir.

This syphon bridge is disposed in the same manner, and has the same proportions, as
the other arcades, the width of the arches being 18 feet, and the height of their opening
36 feet; but this part is somewhat different from the others, from its width, which is 24
feet, and by its piers apparently terminating at the impost or springing of the arches,
forming an elevation of considerable elegance, and a covered passage under the bridge.
The ‘arcades pierced in the piers for this road or gallery, are four feet wide, and 21 feet
high; their arches being formed of voussoirs of thin stone, alternating with great bricks ;
the facing is of reticulated masonry, and being built with black and grey pieces, has much
the appearance of a chess-board. However,these openings having weakened too much the
higher piers, the builders were under the necessity of strengthening some of them, by
counter-forts of the same sort of masonry. Two arcades in the valley of Bannau fell in
1757, from this precaution not having been taken ; from these piers, after their fall, it was
observed that the arches were divided into compartments in their depth, by voussoirs
formed of a double row of great bricks.

The quantity of water, according to Delorme, which was furnished by this equeduct
in twenty-four hours, was 1,323,000 cubic feet. This author, however, did not appear
to have made any corrections for the diminution of velocity on account of friction, and
other circumstances affecting the motion of fluids ; after these .have been made to bear
on his calculation, the quantity has been estimated as not being greater than about
172,800 cubic feet, or about 1,209,600 gallons. »

The receiving reservoir for the valley of Bannau is eighteen feet long, and 6 feet wide.
It was ‘pierced, according to Delorme, with twelve openings, for as many syphons, this
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increase in the number of pipes being made on account of the valley being deeper than
that of the Garon, and, as he thinks, as the pressure increases, while the depth is
augmented, that the architects multiplied the number of syphons, to divide this force by
diminishing their diameter in proportion—a circumstance which, if accurate, would
clearly deceide that the difference between the weight and the pressure of water, was
unknown to the Roman architect. The rest of the syphon bridges are similar to that of
the Garon. 'There is now no vestige of the emitting reservoir of St. Foi. The receiving
reservoir of St. Irenseus is also much dilapidated, and also that of Soncieu. Delorme
conjectured that its side was pierced for a smaller number of syphons than that of
Soncieu ; but these pipes were of a greater diameter than those of the others, as appears
by the parts at present in existence ; and Delorme thinks that the emitting reservoir was
like the receiving tanks, which are seen near the wall of the city of Liyons, and conducted
the water by an aqueduct to the reservoir, now called the Maison Angclique. This
reservoir was also furnished with the usual opening. The emitting reservoirs had an
opening at a height of four and a half feet above the level of the pavement, to turn, if
required, the flowing water to the bottom of the tower, and to facilitate their cleanings
and reparations.

The great reservoir of the Maison Angelique, the bottom of which is now buried
in the ground, was supported by a series of vaults, separated by partition walls two and
a half feet thick. Five of these vaults are still entire. They are semi-circular, built of
small, rough, square stones, with courses of bricks in the voussoirs, in each ten and a half
inches, and they appear to have been laid without mortar. A fall, or step, of one and
a half foot, arched to a height of four feet, is still seenin a wall seven and a half feet
thick. The water here descended by a well, or tank, one and a half foot square, which:
joins the south side, where it has a thickness of more than ten feet.

Decolonia (in his Histoire Litteraire de la ville de Lyons,) says, that thirty leaden
pipes, of from 15 to 20 feet in length, marked by the initials, TI. CLA. CAES. (Tiberius
Claudius Cesar,) were found in this part. He had no knowledge of the reservoir
discovered by Delorme, to which it is probable these pipes belonged, and in which they
were used for distributing the water to the buildings and gardens of the palace of the
Emperor Claudius.

The aqueduct of Metz is another of the great works of the Romans, though of what
precise date seems uncertain—possibly of the period when the legions of Casar held
possession of Gaul. The water which it conducted into the town was taken from the
valley above Gorze—distant about 23 miles—now called Les Bouillons. 'The construc-
tion of the work was essentially similar to those already described. It was in its whole
length a close conduit of masonry, and carried over valleys by lofty arcades, no recourse
being had to syphons or leaden pipes. : '
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Spain, too, yet preserves some splendid aqueducts of Roman origin. That at Se-
‘govia—the most remarkable—has an arcade of 159 arches, 94 feet high, and extending
across a valley 700 yards in width. This work is ascribed to Trajan.*

Upon a level at its origin with the rivulet it receives, and supported at first by a
single range of arches not more than three feet high, it proceeds to the summit of a
hill at the other extremity of the city, and gradually increases its height in proportion
to the declivity of the ground. In its highest part a bridge has been thrown across an
abyss. It has two branches which form an obtuse angle with the city. At the com-
mencement of the angle it becomes a grand object. Its two rows of arcades rise majes-
tically above each other, and the spectator is surprised at its gigantic height, and the
lightness of its piers. It has stood 1600 years.

Nor can we pass by the extensive works at Grenada, though of comparatively
modern date, for supplying, with Arabian magnificence, the waters of the various baths,
fountains, and apartments of the famed Alhambra. The Square of Cisterns encloses
numerous reservoirs, kept constantly filled with water by an aqueduct from a neighboring
hill, distant two or three miles. The largest of these reservoirs or cisterns, is 102 feet long
and 56 wide, enclosed by a wall six feet thick, and protected by an arch forty-seven and
a half feet high in the centre. There are two openings, or ventilators, to this cistern,
three and a half feet in diameter, and carried up several feet above the surface, for the
admission of air and light.

From these cisterns the water was distributed as desired. The grand fountain in the
Court of the Lions was thus fed. The fountain was in the centre of this magnificent
court. T'welve lions support on their backs an alabaster basin, richly decorated, elevated
above which was a smaller basin. A great volume of water rose through pipes into the
upper basin, which fell into that below, and was thence conducted through the mouth of
the lions, to a black marble reservoir, from which, as a fountain head, the water was distri-
buted in marble channels to different apartments.

This palace, and its luxurious and expensive adornments, date back to ' the twelfth
century.

Constantinople had its aqueducts, also, of Roman construction, by the Emperor
Valens, in the 4th, and Justinian, in the 6th century, of which the remains in the valley
of Bourgas, still exist. =

One of our own countrymen, Dr. Dekay, in his sketches of Turkey in 1831—2,
thus describes the remains of these aqueducts :

* Bourgoanne, Spain, vol. i., p. 19,
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Under the Greek emperors, Constantinople was supplied with water by the means
of aqueducts, and large reservoirs were established in different parts of the city. These
latter, however, have now gone into disuse, as expensive and inadequate for the purposes
intended. Under the present system, all the water-works about Constantinople are under
the management of an officer, termed the soo naziri, or inspector of waters. It is his
business to keep them in good repair, and he is responsible for any accidents which may
obstruet or diminish the supply. As no time is to be lost to repair injuries, this officer is
clothed with great power, and he compels every one to assist in restoring the line of com-
munication. This resembles the corvée of old France in some measure, but is much
more oppressive ; for the soo naziri fines most rigorously all who dwell in the vicinity of
any breach, or injury, unless they give immediate information of the disaster. So impor-
tant are these water-courses considered, that the sultans have always been in the habit of
making annually a formal visit of inspection, which is accompanied with much ceremony,
and ordering such improvemerits and alterations as are deemed necessary.

“Tt is impossible to travel any where in the vicinity of Constantinople, without being
struck with the great pains taken by the Turks to treasure up every rill, or the minutest
trickle from the face of the rocks. 'T'hese are carefully collected in marble or brick reser-
voirs, and the surplus is conveyed by pipes to the main stream. In passing through
sequestered dells, the traveller frequently comes suddenly upon one of these sculptured
marble fountains, which adds just enough of ornament to embellish the rural scene. They
are frequently decorated with inscriptions, setting forth the greatness and goodness of
Providence, and inviting the weary traveller to make due acknowledgement for the same.
Unlike our civilized ostentation, the name of the benevolent constructor never appears
on these sculptured stones. The quaint Turkish adage, which serves as a rule of
conduct, is well excmplified in this as well as in many other instances; “Do good
and throw it into the sea; if the fishes don’t know it, God will.” ’

“ Among the hills at various distances, from fiftcen to twenty miles from the city, are
constructed large artificial reservoirs. 'These are termed bendts, a waord of Persian origin,
and are built in the following manner : advantage is taken of a natural situation, such
as a narrow valley or gorge between two mountains, and a strong and substantial work
of masonry is carried across, sufficiently high to give the water its required level. Four
of these bendls were visited and examined, but there are several others which we did
not sece. A description of one of the largest will give an idea of the manner in which
they are constructed.

“ A solid wall of marble masonry, eighty feet wide, and supported by two large
buttresscs, rises to the height of a hundred and thirty feet from the bottom of the valley.

It is four hundred feet long, and the top is covered with large marble slabs of dazzling
11

¥
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brilliancy. On the side next the reservoir, a substantial marble balustrade, three feet in
height, gives a finish to this Cyclopean undertaking. A tall marble tablet indicates the
date of its erection, or more probably of its repair or reconstruction. From the date, 1211,
it appears to have been built about forty-six yearsago. Itis called the Validay Bendt, and
is said to have been built by the mother of the reigning sultan. It is furnished with a
waste gate, and, at a short distance below, the water from the reservoir is carried across
a ravine by a short aqueduct. About two miles from this is another bendt, erected in
1163, which corresponds to the year 1749. This is also a magnificent work, although
inferior in size to the preceding. They both supply the aqueduct of Batchikeui, which,
as has already been stated, furnishes the suburbs of Pera and Galata with water. Beyond
Belgrade are other reservoirs which will be elsewhere noticed. These supply Constan-
tinople proper, with water.

“In order to convey a clear idea of the direction of these various hydraulic works, it
may be advisable to follow each singly. Beyond Belgrade is a large bend¢, which sends its
waters into a basin already partially supplied from another reservoir. A mile farther on,
the water is carried across two aqueducts, the larger of which is known as the aqueduct
of Mustapha HI. From this it is conveyed into the aqueduct of Justinian. This is
twelve miles from Constantinople. It consists of two tiers of arches, each forty-two feet
wide. The arches are four in number ; the total length of the aqueduct, with its abut-
ments, is seven hundred and twenty feet, and its greatest height a hundred and ten feet.
A gallery pierces the square pillars, forming the first story of arches, and allows a passage
through its whole length. There are four small arches at each end of the first story,
ahout twelve feet wide. The precise epoch of the construction of this aqueduct is not
known, although it is commonly attributed to the Emperor Justinian II. 'This aqueduct
xeceive‘s also water from two others, the principal of which is known under the name of
Solyman. This is sixteen hundred feet long, and eighty feet high, and consists of two
stories of fifty arches each. Itisa Tarkish work. Another aqueduct also conveys water
into that of Justinian, and is generally supposed to be of the age of Constantine. It is
three stories high ; the lowest tier consists of thirty-three arches, fifteen feet wide,the second
of twelve arches, and the uppermost of four. It is three hundred and fifty feet in length.
All these magnificent and costly structures are intended for the supply of Constantinople
alone, and we will now trace the course of the water. Leaving the aqueduct of Justinian,
it follows the right bank of the Cydaris, and receiving in its course various tributary riva-
lets from the neighboring hills, it enters within the walls of Constantinople near the aygry
kapoosi, or crooked gate, whence it is distributed over the city. It was impossible to
ascertain the quantity of water furnished through this series of hydraulic works; but,
judging by comparison with that which supplies the suburbs, it cannot be less than fifteen
millions of gallons within twenty-four hours.
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% We will now return to the aqueduct of Batchikeui, and follow the direction of its
waters. These are carefully brought round the heads of the valleys in covered canals,
in which there are at certain intervals, sudden breaks or alterations in the level, which
answer the double purpose of agitating the water in contact with air, and of precipitating
its impurities. It likewise affords fountains on the road for the use of cattle and weary
travellers. 'When hills intervene, tunnels are boldly driven through, at the depth of fifty,
eighty, and in some places a hundred feet. The course of these tunnels may be traced on
the road between Pera and Buyukdery by numerous pits, which were about two hundred
feet apart. 'These pits were convenient for giving air and light beneath, and also afforded
a ready means of getting rid of the excavated earth and rocks. It is possible, that at the
period when these tunncls were made, the pits were previously dug, in order to enable
them to give the necessary direction and level to the subterranean passage. Branches
from this main stream are continually thrown off to supply the villages, and the palaces
of the sultan along the Bosphorus. Notwithstanding all these expensive works, it some-
times happens, after long droughts, that the supply becomes scanty in the suburbs ; and
during my residence here, I have known water to be sold at Pera and Galata at from two
to six cents a pail-ful. This, however, never occurs in the city itself, which is abundantly
supplied at all seasons of the year.

“Where a valley of great extent is to be crossed, the Turks have resorted to an
ingenious contrivance, which I have nowhere seen clearly described, but which, from its
simplicity and value, merits a more particular notice. From the want of sufficient
mechanical skill to manufacture water-pipes strong enough to bear the weight of a large
column of water, they adopted the following plan: in the direction of the proposed
water-channel, a number of square pillars are erected at certain short intervals; they
are about five feet square, constructed of stone, and, slightly resembling pyramids, taper
to the summit. They vary in height, according to the necessities of the case, from ten to
fifty feet, and in some instances are even higher.

“ They form a striking peculiarity in Turkish scenery, and it was some time before
the principle upon which they were constructed was apparent. 'The water leaves the brow
of a hill, and descending in earthen pipes rises in leaden or earthen ones, up one side of
this pillar, to its former level, which must be, of course, the summit of the pillar, or
sooteray, as it called by the Turks.* 'The water is here discharged into a stone basin
as large as the top of the sooteray, and is discharged by another pipe, which descends
along the opposite side of the pillar, enters the ground, advances to the next sooteray,
which it ascends and descends in the same manner ; and in this way the level of the water

* This word is from the Turkish sooferaysoo, which means the levelling of.the water, and expresses very
well the object of the sooteray.
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may be preserved for many miles over large ravines or plains, where an aqueduct would
be, from its expensiveness, manifestly out of the question. In the city of Constantinople,
the old ruinous aqueduct of Valens, which no longer conducts water in the usual manner,
is converted into a series of sooterays, and permits one to examine their structure in detail.
The stone basin on the summit is covered with an iron plate, to prevent the birds from
injuring the water. 'This is connected by a hinge, and, upon lifting it up, the basin is
found to be divided into two parts by a stone partition. Several holes are made in this
partition near its upper cdge. The water from the ascending pipe is allowed by this
means to settle its foreign impurities, and the surface water, which is of course the most
pure, flows through these apertures into the adjoining compartment, from whence it
descends, and is carried to the next sooteray, where the same process is repeated. A
number of projecting stones on the sides facilitate the ascent of the person who has charge
of these sooterays, and whose business it is to remove the deposites from the water in the
stone basins.

“This ingenious hydraulic arrangement scems to possess advantages which might
recommend its adoption elsewhere. As the pressure is thus divided among this series of
syphons, the necessity for having very strong and costly pipes is obviated.” As they are
from three to five hundred yards apart, the cost is probably much less than by any plan
which could be devised, where, in addition to the cost of a canal or series of pipes, we
should be compelled to raise it again, by the expensive agency of steam or some other
costly apparatus. 'The frequent exposure of the water to air and light at the summit of
these sooterays, is another very important advantage which cannot be too strongly insisted
upon ; as it is now well known that nothing tends more to purify water, than the presence
of these two agents. The arrangement, likewise, of the basins on the top of the pillars,
is well adapted for getting rid of much of the matters deposited from turbid waters.
Lastly, to the descending pipe a small cock is attached near the ground, by which the
flocks and herds of the adjoining villages and fields, are furnished at all times with a
copious supply of water.

“On the heights of Pera there is a large reservoir, 200 feet square, built of the most
solid and substantial masonry ; from this reservoir the water is distributed through the
suburbs of Fundukli, Pera, Galata, and Cassim Pacha.

“ After a deliberate survey of the various hydraulic contrivances for supplying Con-
stantinople with water, one is at a loss to know which to admire most, the native good
sense which pointed out the necessity and importance of furnishing the capital and its
suburbs with pure and wholesome water, the ingenuity displayed in conquering almost
invincible obstacles, or that wise and liberal economy which considered no expense too
enormous, no sacrifices too great, in comparison with the health and comfort of the people.



PRELIMINARY ESSAY. 45

The various water-courses about Constantinople must exceed fifty miles in length, and
the expenses of the various reservoirs and aqueducts could not have been less than fifty
millions of dollars.”
In addition to its aqueducts the ancient city used water gathered into enormous sub-
terranean cisterns, which still exist, and in some instances are yet supplied with water.
In Gyllius’s Antiquities of Constantinople, the exploration of one of these vast ancient
cisterns, of which the construction is ascribed to Constantine the Great, is thus related :

“ The whole ground was built upon, and made it less suspected that there wasa
cistern there. The people had not any notion of its existence, although they daily drew
their water out of wells that were sunk into it. I went by chance into a house from
which there was a descent into a cistern, and embarked in a little skiff on its waters.
The master of the house having lighted torches, rowed us to and fro between the pillars,
which lay very deep in the water. He was very intent upon catching fish, with which
the cistern abounds, and speared some of them by the light of the torches. A faint light
descends from the mouths of the wells, and is reflected upon the water, and here the fish
usually go for air. 'This cistern is 363 feet long, and 182 broad ; the roof, arches, and
sides are all brick work covered with terrass, and not in the least impaired by time. The
roof is supported by three hundred and thirty-six marble pillars, of about forty and three
quarter feet high, with spaces of intercolumniation of twelve feet. They stand lengthwise
in twelve ranges, and twenty-eight in the breadth. Their capitals are partly finished after
the Corinthian model — part of them are not finished.

“There are abundance of wells falling into the cistern. When it was filling in the
winter time, I have seen a large stream of water falling from a §reat pipe with a mighty
noise, till the pillars have been covered with water up to the middle of the capitals.”

Dr. Walsh, whose travels in Turkey are so late as 183—, visited this subterranean
reservoir, and confirms the account of Gyllius.

Modern Rome is almost as bountifully supplied with water as the ancient city, not-
withstanding the destruction or decay of the old aqueducts. But the Romans of this
day are but a handful— perhaps 150,000 —to the populousness of the elder time; and
this comparatively small number possess, without enjoying as they might, the advan-
tage of overflowing fountains. :

The anarchy of the middle ages, as has been already stated, led to the destruction,
among other works of art, of the aqueducts, and the Romans were again reduced to wells
and springs, and the Tiber. A precarious supply of purer element had been occasionally
obtained by repairing an ancient conduit — but neither the resources of the State, nor the
skill of individuals, were equal to the undertaking of a permanent reparation. It was
not until the pontificate of Nicolas V., that a restoration of an ancient aqueduct was
attempted ; the Aqua Appia was then begun, and the work continued by Sextus IV., was
completed by PinsIV., in 1568.

Atlglis period, the three chaunels by which water of the restored conduit arrived at
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Rome, were conducted into, and distributed from, a reservoir without any architectural
ornament. Clement XII began its decoration on the side of the modern Palais Conti,
from the designs of Nicolo Salvi. This beautiful monument and masterpiece of its

; author, was finished under Benedict XIV., and received the name of 7T'revi, from the
water being conducted into its basin by three channels, and also from its position at the
meeting of three streets. Of the three modern aqueducts, the Aqua Virgine, is accounted
the most salubrious, and best adapted for culinary purposes. The pipesof this water are,
on this account, sold at a higher price than the others.

The aqueduct which furnished, at the time of Frontinus, 2,504 quinarie, (50,000
cubic feet,) now furnishes nearly 65,782 cubic metres in twenty-four hours, and this
quantity is distributed- by seven principal conduits into thirteen public, and thirty-seven
common fountains. it &

The present Aqua Felice, is part of the water of the ancient Aqua Claudia and
Aqua Marcia, united with some other springs collected under the pontificate of Sextus
V. The stream begins from the Campo Colonna, situated to the left of the Palestrina
road, fourteen Roman miles from Rome, and enters the city through that remarkable
ancient remain, called the monument of the Aqua Claudia. This water follows a course
approaching to that of the Aqua Marcia and Aqua Claudia, but is on a lower level than
either, as its sources are not so high up as the Anio. All the waters of which the Aqua
Felice is composed, were united by Urban VIL. in one immense reservoir, and several
smaller ones, whence they were conducted into the conduit by an aperture named fistola
urbana, formed in a block of marble. According to Fontana, this stream is equal to a
hundred superficial ¢ pouces d’ean.” The quantity of water has been estimated at 20,537
cubic metres in twenty-four hours, distributed in sixteen public, and eleven common
fountains. )

The fountain from which its water is distributed to the city, is adorned by a statue
of Moses striking the rock, and two other figures, with four Ionic columns of granite, and
two Egyptian lions of basalt, which formed part of the ancient decoration of the Pan-
theon. Its name, Felice, is derived from Felice Peretti, which was that of the family of
Sextus V.

The Aqua Paola.—In 1694, the Cardinal Orsini, having proposed to the Papal gov-
ernment to bring water from the Lake Bracciano (anciently Alsietinus) to Rome, in the
ancient channel of the Aqua Alsietina, the architect, Paglia, examined the levels, and
stated that a sufficient quantity of water could be obtained and directed into the channel
as projected by the Cardinal. Permission was accordingly given to the Orsini family to
commence operations, on condition of furnishing about a third part of the water for the
supply of one of the new public fountains, and dividing with the apostolic chamber, the
revenue which would arise from the disposal of the remainder.
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The cavalier Bernini, having the direction of the new fountain before St. Peter’s and
wishing to ascertain, by means which appeared to him less exceptionable than those
employed by Abbé Paglia, whether the quantity which had been stated, as being at his
disposal, could be obtained or depended upon, committed the examination of the levels to
his brother, who gave his opinion against the practicability of obtaining that quantity
which the Cardinal anticipated, on account of the small declivity of the channel of the
aqueduct, and the variations in the levels of the lake itself. The Pope having directed
new experiments and observations to be made, it was found that although the level of
the lake was about one and a half palms above the surface of the ancient reservoir which
fed the aqueduct, that this additional head was insufficient to produce the velocity to fur-
nish the supply which was considered to be desirable. To obtain this velocity, a weir or
dam was erected across the mouth of the lake to preserve its waters at the proper height,
and the usual means of regulating the head, and disposing of the superfluous water—by
sluices—was resorted to. The aqueduct now received the name of Aqua Paola, from the
name of the pontiff, Paul V., in whose reign it was brought to Rome. It is a remarkable
proof of the stability of the old Roman works, that when, 1000 years after the interrup-
tion of this water course by the Goths, water was again let into it by direction of Cardinal
Orsini, it flowed on through a length of ten miles without obstruction or leakage.

The quantity of water furnished by this aqueduct is estimated at about 94,184 cubic
metres in twenty-four hours.

Thus, from the three modern aqueducts not less than 180,500 cubic metres of water
are daily introduced into Rome ; yet the want of cleanliness is remarkable in every street
and corner of the city. The water is not conveyed by pipes into the upper floors of the
houses, but into a common fountain in their courts. In order to raise it to these stories, a
strong iron wire is fixed with one end above the fountain, and another above the win-
dow ; a bucket is made to slide along this wire, having a rope attached to it by which it
is let down into the fountain, and passed over a pully above the window; the end of
the rope is held by the person in the window, and when the bucket is filled, he draws the
rope, and it slides along the wire as a guide, until it arrives at the window, where it is
disengaged by the attendant.

But although in their houses the modern Romans profit little by their abounding
supply of water, in their public fountains they excel all other cities. We shall be ex-
cused for quoting the fine account of them, given by Eustace in his classical tour.

FOUNTAINS.

“From the obelisks, we pass to the fountains, because they are generally employed in
the decoration of the same squares, and sometimes united as in the Piazza Favona and
St. John a Lateran, to set each other off to more advantage. Three only of the ancient



48 PRELIMINARY ESSAY.

aqueducts now remain to supply modern Rome, and yet such is the quantity they convey,
and so pure the sources whence they derive it, that no city can boast of such a profusion
of clear and salubrious water. Artificial fountains in general, are little better than orna-
mented pumps, which sometimes squirt out a scanty thread of water, and sometimes

“distil only a few drops into a muddy basin. Thoseon a greater scale, now and then
throw up a column, or pour a torrent as occasion may require, on certain state days, or
for the amusement of some distinguished personage, and then subside till a fresh supply
enables them to renew the exhibition. Such are in general the fountains and cascades
that adorn public walks and palace gardens; and such the so much celebrated water-
works of St. Cloud, Marli, and Versailles—inventions which can be considered only as
pretty play-things, calculated, like a theatrical decoration to act an occasional part, and
to furnish a momentary amusement, but too insignificant to be introduced into the resorts
of the public, or into the walks of princes, where we have reason to expect solid magnifi-
cence, founded on nature and reality.

“ How far the ancient Romans carried this species of magnificence, we may easily
Judge, when we consider that they had, undoubtedly, both the taste and the materials
requisite for it. 'Their aqueducts, which supplied them with water, even to prodigality,
still remain, striding across valleys, penetrating mountains, and sweeping over immense
plains, till they meet in the heart of the city. The edifice where they united, and whence
they separated to water their destined quarters, was called Castellum ; and if we may
judge by that which remains (the Porta Maggiore) was generally a fabric of great solidity
and magnificence; and, as appears from the ruins of one discovered near the church of
St. Ignatius, sometimes cased with marble and adorned with marble pillars. The number
of these towers anciently, as well as of the towers springing from them, must have been
prodigious, as Agrippa alone, if we may believe Pliny, erected one hundred and thirty of
the former, and opened one hundred and five of the latter, and adorned them with three
hundred brass and marble statues. The modern Romans, though inferior in numbers
and opulence to their ancestors, have shown equal taste and spirit in this respect, and
deserve a just eulogium, not only for having procured an abundance of water, but for the
splendid and truly imperial style, in which it is poured forth for public use in the different
quarters of the city. Almost every square has its fountains, and almost every fountain
has some peculiarity in its size, form, or situation, to attract attention. The three princi-
pal, however, will suffice to give the reader an idea of the variety and of the beauty of
such edifices.

“ The Fontana Felice, in the Piazzi dei Termini, on the Viminal Mount deserves to
be mentioned first, because first erected. 1t is supplied by the Aqua Claudia drawn from the
Alban, or rather Tusculan hills, and conveyed to Rome by channels under, and aqueducts
above, ground, some of which are ancient, and some modern. It discharges itself through
a rock, under an Ionic arcade built of white stone, and faced with marble. It is adorned
by several gigantic statues, the principal of which represents Moses striking the rock
whence the water issues. On the one side, Aaron conducts the Israclites—on the other,
Gideon leads his chosen soldiers to the brink of the torrent ; helow, four lions, two of
marble and two of basalt, ornamented with hieroglyphics, hang over the vast basin, as
if in haste to slake their thirst. The restoration of this noble fountain, and the ornaments
which grace it, are owing to the spirit of Sixtus Quintus, and it bears the name of Aqua
Felice, and is supposed to be now, as anciently, peculiarly wholesome. Nearly opposite,
but beyond the Tiber and on the brow of the Janiculum, rises an arcade supported by six
pillars of granite. Three torrents rushing from the summit of the hill, tumble through
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the three principal arches of this arcade, and fill an immense marble basin with the purest
water. 'They then roll down the side of the mountamn, turn several mills as they descend,
and supply numberless reservoirs in the plain along the sides of the river, and even beyond
it, in the Campus Martius.” 'T'he lofty situation of this fountain, renders it a conspicuous
object to all the opposite hills. The trees that line its sides, and wave to the eye through
its arches, shed an unusual beauty around it ; and the immense basin which it replenishes,

gives it the appearance, not of the contrivance of human ingenuity, but almost the
creation of enchantment.

“In the Piazza di Trevi, (in T'riviis) on a rough and broken rock, rises a palace,
adorned with Corinthian pilasters, and supported in the centre by Corinthian pillars. 1t
is ornamented with statues, representing the salubrity and fertilizing powers of the
waters ; the beneficent Naiad herself, holds a conspicuous place among them, and seems
to behold with complacency, the profusion of her springs. In the middle of the edifice,
between the columuns, under a rich arch, stands Neptune on his car, in a majestic attitude,
as if commanding the rocks to open before, and the waters to swell around, him. T'wo sea-
horses, eonducted by two tritons, drag the chariot of the god, and emerging from the
caverns of the rock, shake the brine from their manes; while the obedient waves burst
forth in torrents from all sides, roar down the clefts of the erag, and form a sea around its
base. In the heats of summer, they overflow their usual limits, fill the whole marble con-
cavity round the fountain, and rise to a level with the square, where, after sunset, the
inhabitants of the neighboring streets assemble, to enjoy the united freshness of the
waters and of the evening.

“Such is the celebrated Fontana di Trivi, the noblest work of the kind in Rome;
and probably the most magnificent fountain in the world. The basin itself is of white
marble, and the vast enclosure around it is flagged and lined with marble of the same
color. A flight of steps of white marble leads down to this basin; and to prevent acci-
dents, a chain, supported by large blocks of granite, encloses the exterior border. I know
that the architectural part of the Fontana di Trivi, and indeed of the Aqua Paola and
Aqua Felice, has been severely criticised ; and in candor, I must acknowledge, that the
criticism is in many respects well founded: for instance, it must be allowed that the
elegance and lightness of the Corinthian, or Ionic, is ill adapted to the simplicity of a
fountain where Doric would be more appropriate, because plainer and more solid. It will
be admitted also, that these edifices are broken and subdivided into too many little parts;
a process in architecture, as in painting and in poetry, diametrically opposite to greatness
and to sublimity. In fine, it cannot be denied, that the superstructure s, in all three, too
massive for the order, and too much encumbered with coats of arms and other supernu-
merary decorations. Yet, notwithstanding these faults, and they are not inconsiderable,
while the spectator sits on the marble border of the basin, and contemplates the elevation
of the columns, the magnitude of the edifices, the richness of the materials, the workman-
ship of the statues, and, above all, the deluge of waters poured round him, the defects are
lost in the beauties, and criticism subsides in admiration.”

It would swell this essay to an unreasonable length, if we were to notice in detail
all the remarkable modern aqueducts of Europe, and passing by, therefore, that of the
Prince of Biscari, in Sicily, which served at once as a bridge and a conduit, those of
Tarregona, of the plains of Anover, and of Almasora, in Spain, that of Caserta,
commenced in 1753, by the King of Naples, which boasts of a line of arcades 1618 feet in

13
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length, and 178 high—divided into three stages—with numerous and long tunnels,
lighted and ventilated from the depth of 250 feet, by conical shafts of 50 feet diameter

.at bottom, and four feet at top, and others of inferior note, we select for more special
description and detail, the chief water works of England, and of France, and the
magnificent aqueduct of Lisbon. '

London,like Rome, was already a large and populous city, before its supply of water
was copious or convenient.

In the reign of Henry IL, about the middle of the twelfth century, the inhabitants
relied on the Thames, or wells in the city, and on springs rising in the elevated grounds,
north and west of the city. F'itz Stephens thus refers to this last fact in his “ Description
of London in the reign of Henry IL.” ¢ Round the city again, and towards the north, arise
certain excellent springs at a small distance, whose waters are sweet, salubrious, and clear,
and whose

Runnels murmur o’er the shining stones.

Among them, Holywell, Clerkenwell, and St. Clement’s well, may be esteemed the
principal, as most frequented, both by scholars from the schools, and youth from the city,
when in a summer’s evening they are disposed to take an airing.”

The antiquarian, Stowe, who published his « Survey of London,” in the reign of
Queen Elizabeth, gives this. account of the source and supply of water to the city :

¢« Anciently, until the Conqueror’s time, and for 200 ycars afterwards, the citie of Lon-
don was watered (beside the famous river of the Thames on the south part,) with the river
of Wels, as it was then called, on the west; which water is called Wallbrooke, running
through the midst of the citie into the river Thames, serving the heart thereof : with an-
other water or bourne running through Langbourne Ward. In the west was another great
water called Oldborne. Then there were three principal fountains, or wells in the other
suburbs ; Holywell, Clement’s well, and Clerke’s well. * * * Besides which, they had
in every gate and lane of the citie, divers faire wells and fresh springs—and after this
manner was this citie then served with sweet fresh waters; which being since decayed,
other means have been sought to supply the want. * * * * *

“The first cistern, castellated with stone in the citie of London, was called the grea¢
conduit in Westcheap, which was begun to be builded in the year 1235.”*

The water for this cistern was derived from Paddington, and ran a distance of 1100
rods, or about three and three quarter miles, through leaden pipes, this being the first

record of such a mode of distribution. 'This not extensive work occupied fifty years in
the construction ! : P

Another supply was soon after obtained from Tyburn, which was in like manner
distributed by a leaden pipe of six inches diameter. Those living near the Thames, used

* Hydraulia.
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its water, “ fetching it,” says Stowe, “ by many lanes that led to the water side in divers
wards of the city.”

This right of passage-way was finally converted into a source of revenue by the
owners of the soil, who exacted a duty from those who passed to and from the river.

As the city increased, new schemes were constantly resorted to, and new sources of
supply brought into use. The Paddington springs, and those near Islington, were
trained through pipes into the city. At subsequent periods, springs at Hackney, Hamp-
stead Heath, Marylebone, and Muswell Hill, were resorted to. An act of Parliament, in
1544, invested the mayor and commonalty of the city of London, with ample power “ to
enter into the grounds and possessions of the king, as well as every other person and
persons, bodies politic and corporate, where they shall find or know any such springs to
be, or may be found, (so that it be not under their houses, gardens, orchards, or places
enclosed with stone, brick, or mud walls,) and there to dig pits, trenches, and ditches, to
erect heads, lay pipes, make vaults, and do all and every such thing, in the same place
and grounds, which shall be meet, proper and necessary,only for the conveyance of the said
water and springs to the city, and the suburbs of the same ; and also to have free ingress,
egress, and regress in and to all such places where such heads, pipes, or vaults shall be
erected, laid, or made ; to view and see from time to time said heads, pipes, suspirats,
and vaults, and them to amend, repair, translate, and do all things necessary and con-
venient, as well for the finding of new springs, as for the conveyance of any water or
springs now found, or hereafter to be found, to the city and suburbs aforesaid, without
interruptionl, let, or impediment, of the owners of the ground, their lessees, assigns, or
ministers, or any other person.”

All ground, however, needed for the use of these conduits, or aqueducts, was, by the
same act, to be appraised by three or four indifferent persons, appointed by the Lord
Chancellor, and to be paid for within one month after possession was taken. A special
reservation, moreover, was made of the spring at the foot of Hampstecad Hill, which was
used by the inhabitants of the town of Hampstead.

Slow was the progress of this Hampstead work, for in 1590 it was still unfinished.
It was, however, finally accomplished; a succession of reservoirs at different levels was
constructed, each communicating with the other, and through two mains of seven inch
bore, the neighborhood of St. Giles was supplied.

Originally these works belonged to the city of London, but in 1692 they were
transferred to a company incorporated by the name of the Hampstead Water Co., which
now furnish a daily average of 150 gallons of water each to about 2500 houses on the
Hampstead Road, Kentish-town and Camden-town—all suburbs of the city.
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Lambe’s Conduit, was constructed at his own cost, by a gentleman of the name of
Lambe, who belonged to the chapel royal of Henry VIIL, and who thus conferred
3 great advantage on the populous neighborhood of Snow Hill. Numerous other conduits
were established, from different spring heads, and at different times. 'These conduits were
for the most part small, circular buildings, with a spacious basin within, into which
flowed the water through leaden pipes, from the source, and thence was carried by
watermen, who made it a business, or by the servants of the neighboring houses; the
vessels in which water was carried about were called ¢fankards, holding about three
gallons, and resembling in shape the cans used by milk-sellers.

All the conduits were under the special supervision of the city authorities, whose
annual visit to inspect their condition was quite a festival ; the aldermen proceeding on
horseback, and having the diversion beforehand, of hunting the hare—the ladies following
in wagons, to partake in the sport—and all assembling afterwards in the true spirit of
corporation enjoyments, at a good dinner.*

Like the Arabian fountains in the Alhambra, too, these conduits were made to pro-
mote moral instruction, by short sentences inscribed on them. We annex one or two
specimens :

Upon the Conduit in Grateous (Gracechurch) Street.

“Let money be a slave to thee,
Yet keep his service if you can;
For if thy purse no money have,
Thy person is but half a man.”

On that in Cornwall (Cornhill).

“Bread, earned with honest, lab'ring hands,
Tastes better than fruite of ill-gotte lands.”

% A man without mercy, of mercy shall misse,
And he shall have mercy, that merciful is.”

On that in Cheapside.

« Life is a debt which at that day,
The poorest hath enough to pay.”

The whole supply of these conduits was soon found insufficient; and, moreover,
they furnished, not any of them, water within the houses. The desire of this conve-
nience, and of a more abundant supply, led in 1581, the 23d of Queen Elizabeth, to a
grant by the Lord Mayor and Commonalty, of a lease for 500 years, to a Dutchman
named Peter Morice, who undertook, by machinery constructed under the first arch of
London Bridge, to force water above its level, into a reservoir that should distribute it into
the upper parts of the adjoining houses. This was the origin of the London Bridge Water

* Stowe ; Survey of London.



PRELIMINARY ESSAY. 53

Works, which for centuries afterwards furnished the chief supply of the city. "The
Dutchman succeeded so well with his first wheel—for it was nothing else than a water
wheel, driven by the tide and acting upon a series of forcing pumps—that two years
afterwards, a similar lease of 500 years was granted to him for the second arch.

In the Philosophical Transactions, for the year 1731, Mr. Beighton, an engineer, gives
a detailed description of the London Bridge Water Works, which, though increased in
extent and number of wheels, preserved the original design of Morice. 'There were then
three water wheels, each operating upon 16 pumps. The wheels and machinery were
fixed in a strong frame of oak, that rose and fell with the tide, which, whether ebbing or
flowing, imparted motion to the wheels. The whole yield of all the pumps was 1954
hogsheads per hour.*

The lease and management of these works, continued in Morice’s family till 1701,
when, finding the profits diminished by the competition of the New River Company, the
proprietor sold out for £38,000, to one Soames, citizen and goldsmith of London, who
made a joint stock of the concern, and obtained from the corporation the lease of another
arch. Subsequently the use of two more arches was granted to the company, and thus
enlarged, the works were vigorously carried on—a considerable portion of the inhabitants
of the city, both experiencing and acknowledging their utility. 'The revenue, however,
was not large, as the distribution had originally been made through wooden pipes, which
were found incapable of sustaining the pressure necessary for conveying water to the
npper stories of lofty houses. The disadvantage under which this company labored, in
competition with the New River Company—whose distribution was through iron pipes—
still further diminished the returns. 'The company, therefore, dragged feebly on, till the
building of the New London Bridge, in 1822, entirely annihilated their works.

The region they supplied is now furnished by the New River and the East London
Water Works.

By a return made to Parliament in 1821, the London Bridge Company, just previous
to the final destruction of their works, supplied 10,417 houses with 26,322,705 hogsheads
per annum, at a rental of £12,266—about $61,000.

The New River Company purchased all their rights and leases for an annuity of
£3750, to continue 200 years. ‘

The New River was the-work of one public spirited individual. ¢ Master Hugh Myd-
delton, citizen and goldsmith of London,” in March, 1609, after having in vain urged the
corporation to the enterprise, obtained from them a transfer of the right conferred upon
them by an act of Parliament, to bring a stream of pure water into the city from the
springs of Amwell and Chadwell, in Hertfordshire. He immediately commenced the

s A hoghshead is equal to 63 gallons.—[Ep.}
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work, and, by the aid of a loan from King James 1., who stipulated that one moiety of the
property should be conveyed to him for security, and triumphing over many obstacles from
landholders, through whose possessions the river was to pass, and the greater obstacles
arising from deficient skill in engineering, he accomplished it in five years; and on the
29th September, 1613, the water entered the reservoir now known as the New River
Head, in the parish of Clerkenwell.

The execution of such an enterprise in that age was not only arduous, but deemed
wonderful. Stowe thus alludes to some of its difficulties: ¢ the depth of the trenches in
some places descended full thirty feet, if not more, whereas in other places it required a
sprightful arte again to mount over a valley in a trough between a couple of hills—
and the trough all the while borne up by wooden arches, some of them fixed in the
ground very deep and rising in height above 20 feet.”

One of these troughs, or wooden aqueducts, near Bush Hill, was 660 feet long, and
in width and depth, five feet, and lined with lead. Another similar trough of 462 feet,
17 feet high, conducted the water over a valley near Islington, and was called the boarded
river. Owing to leakage, decay, and constant repairs, ineident to such structures, they
have been superseded by artificial mounds of earth and clay, preserving the natural flow
and level of the river.

The old Chronicler, Stowe, thus relates the rejoicings, on the occasion of first letting
the water of the New River into the cisterns or reservoirs prepared for it.

« Being brought to the intended cistern, but not, as yet, the water admitted entrance
thereinto ; on Michaelmas day, anno. 1613, being the day when Sir Thos. Myddelton
Knt. (brother of Sir Hugh) was elected Lord Maior of London, for the year ensuing ; in
the afternoon of the same day, Sir Wm. Swinnerton, Knt., and Lord Maior of London,
accompanied with said Sir Thomas, Sir H. Montague, Knt., the Recorder of London, and
many of the worthy Aldermen rode to see the cistern and the first issuing of the river
thereinto, which was performed in this manner.

« A troop of laborers to the number of sixty or more, well apparallelled, and wearing
green Monmouth caps all alike, carried spades, shovels, pick-axes, and such like instru-
ments of laborious employments, marching after drums twice or thrice about the cisterns,
presented themselves before the mount, where the Lord Maior and worthy company stood
to behold them, and one man in behalf of all the rest, delivered a speech in verse, narra-
ting the progress of the work. It thus concluded :

At the Opening of the Sluice:

% Now for the fruits then, flow forth precious spring,
So long and dearly sought for—and now bring.
Comfort to all that love thee; loudly sing,

And with thy crystal murmurs, strook together,
Bid all thy true well-wishers welcome hither.”

At which words, the flood-gates flew open, and the stream ran gallantly into the
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cistern ; drums and trumpets sounding in triumphant manner; and a brave peal of
chambers gave a full issue.to the intended entertainment.”

The accomplishment of this noble and disinterested enterprise, has justly immor-
talized the name of Hugh Myddelton. 'The Goldsmith’s Company, of which craft he
was, has his portrait among the decorations of their Hall, and in the year 1800, Robert
Mylue, Esq., the engineer of the Company who own the river which Myddelton has
tanght to pour its salubrious stream into the heart of London, erected on an islet in the
basin at Amwell, a monument to his memory, one side of which bears this inseription :

'SACRED TO THE MEMORY
OF SIR HUGH MYDDELTON, BARONET,
WHOSE SUCCESSFUL CARE,
AIDED BY THE PATRONAGE OF HIS KING,
CONVEYED THIS STREAM TO LONDON:
AN IMMORTAL WORK,
SINCE MEN CANNOT MORE NEARLY
IMITATE THE DEITY,
THAN IN BESTOWING HEALTH.

The documents connected with the cost of this most useful work, were destroyed by
fire ; but, from conjectural estimates, it is calculated at between one and two hundred
thousand pounds.

The New River Company was incorporated under James 1., in 1619, and Sir Hugh
Myddelton, was appointed Governor.

For the purpose of avoiding hills and valleys, the New River has a meandering
course, and hence the various windings render its length considerable, although the springs
at its source if measured in a direct line, are distant only about twenty miles from Lon-
don. The line of the river is very nearly thirty-four miles. More than one hundred
and sixty bridges cross it—some of brick, some of iron, and some of wood. There are
about sixty culverts that pass beneath its bed the various brooks and rivulets which
it traverses in its course. 'The descent is about three inches to the mile. Both its depth
and width vary—the former seldom exceeding five feet, the latter averaging eighteen
feet.

The springs which originally supplied this river, were, as has been before men-
tioned, in the villages of Amwell and Chadwell, in Hertfordshire. But these were
found unequal to the increasing demand, and recourse was had to the river Lea, which
runs in a copious stream near the new river.

An act of Parliament in 1738, authorised this use of certain portions of the waters
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of the Lea, on condition of a present sum paid down, and a perpetual annuity, for the
* improvement of the navigation of that river.

The quantity of water to be abstracted from the Lea, was regulated by a balance
engine of which the channel was 14 feet long, 6 broad and 2 deep.

‘When the reservoirs at New River Head, at Clerkenwell, are full, they stand at a level
of eighty-four and a half feet above high water in the Thames ; which, however, only
cnabled the Company to fill the cisterns in the basement stories of the houses they sup-
plied. Hence, in 1810, resort was had to steam engines to throw the water up, and then
a head was thus obtained 144 feet above the level of the Thames, and high enough for
the loftiest houses. Another consequence of employing the steam engine, was the repla-
cing the wooden tubes through which the water was first conveyed, by iron pipes. At
one time this company had 400 miles laid down of wooden tubes, of which about twenty
miles, on an average, required to be renewed every year, thus causing the whole to be
renewed every 20 years. 'This was a monstrous annual drain, besides the public incon-
venience of constantly breaking up the great thoroughfares to replace these tubes. The
smallness of the bores, moreover, of the tubes, seldom exceeding eight inches, required
a great multiplication of trains to transmit the needful supply of water. In 1810, nine
trains were laid side by side in one street.

In the course of the next ten years, all the wooden tubes were replaced by iron, at a
cost of one and a half million dollars.

In addition to the supply from the New River, this company, in fulfilment of their
contract with the London Bridge Water Works Company, have a steam engine of 100
horse power on the banks of the Thames, between Blackfriars and Southwark iron
bridge, which, through a main 33 inches in diameter, extending into the river, can pump
up 5000 hogsheads per hour; so as in any contingency to ensure a supply to those families
deriving water from the Bridge Company. This engine, however, though always ready
for use, is not used.

The present capital of the New River Company, in amount actually expended,
is about £1,250,000, or six and a quarter millions of dollars.

The Chelsea Water Works were next established, and by act of Parliament in
1723, the Company was incorporated. The works are situated at the' north-east part of
Chelsea reach, on the banks of the Thames, whence all the water is derived. It is now
pumped up by two steam engines into the reservoir, whence, after passing through a
filtering bed, occupying nearly an acre, and filled with gravel and sand, and capable of
clarifying daily, 2,240,000 gallons, it is dispensed to the consumers.
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This company distributes daily over 2,000,000 gallons, to about 13,000 houses, and
can raise it 128 feet above the level of the Thames. :

The cost of this work, with its improved filtering system, was about £70,000, or
$350,000. ;

The West Middlesex Works, after the lapse of nearly a century since the erection of
the Chelsea Works, were completed in 1811. 'They are situated on the north bank of the
Thames, near Hammersmith, and about nine and a half miles from London Bridge. The
whole water is procured from the river by conduit pipes of 36 inches diameter, extending
into the channel of the river. It is pumped up by three steam engines, one of 105 horse,
the other two of 70 horse power each, into two capacious reservoirs—one at Kensington,
122 feet above the low water of the Thames, the other at Barrow Hill, 188 feet above the
same level. 'The Kensington reservoir is 309 feet long, 123 wide, and 20 feet deep. The
Barrow Hill reservoir will contain 88,000 hogsheads. This lofty receptacle, with its mains
and appendages, cost $300,000, and supplies the houses around Regent’s Park.

The utmost distance to which the water is conveyed from Hammersmith is about 10
miles ; the number of houses supplied exceeds 15,000, with an average daily quantity of
150 gallons of water.

The cost of these works exceeds two and a half million of dollars.

The Grand Junction Water Company was authorised by act of Parliament, in
1798, but was not undertaken until 1811, when a subsidiary act having been passed, in-
corporating separately from the Grand Junction Canal Company, the persons who were
to construct the water works, the scheme, amid many difficulties, of which the chief was
want of money, was carried out, and a sum of £312,000 was expended therein.

At first the supply of water was derived from the Grand Junction Canal, which was
fed from the rivers Colne and Brent, and from a large reservoir of nearly 100 acres, filled
by the various streams of the vale of Ruislip, in the north-western part of Middlesex.
The quality of this supply was complained of, and, moreover, as the sphere of operations
of the company was extended, the quantity abstracted from the canal became a source of
inconvenience to its trade. An effort was made to substitute the waters of the Regent’s
Canal for those of the Grand Junction, but the quantity was quite insufficient, and there-
fore the unfailing Thames was resorted to, and from its exuberant bosom has been drawn
ever since 1820, the whole supply of these works.

Their steam engines, two of 100 horse power each, are erected at Chelsea, between
the Royal Hospital and the Chelsea Water Works. From mains laid into the channel-
way of the river, they pump up water into three spacious basins, at Paddington, each of
different dimensions and elevations. 'The north reservoir, containing 153,465 hogsheads
of water, is 91 feet 10 inches above high water mark of the Thames. The south has a

like relative altitude of 85 feet 10 inches, and will hold 139,921 hogsheads, while the
15
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engine reservoir is only elevated 70 feet 10 inches, and holds 65,063 hogsheads. The water
from the higher, can be let into the lower reservoirs. 'The water settles in these reservoirs,

"and, having deposited its sediment, passes off into the mains. 3,000,000 gallons are daily
supplied to about 8000 houses by this company, of which two-thirds are delivered at heights
varying from 90 to 110 feet, and the remaining third at from 110 to 150 feet above high
water in the Thames. Of course, to effect this, resort is had to a steam engine, which
elevates the water 61 feet 2 inches above that in the south reservoir.

The East London Company, incorporated in 1807, succeeded to the old Shadwell
Works, which used to supply the district north of the Thames, and east of the city. The
capital at first deemed necessary was £100,000. Yet, within four years, nearly four times
that amount was expended—a fact more or less true of each of the other companies—and
upon which Matthews, in his Hydraulia, thus remarks: “whether it be an insurmount-
able difficulty to form a statement, which in the first instance shall approximate to the
real cost of a great undertaking, is a problem that yet remains to be solved.”

The water for this company was drawn from the river Lea. Four reservoirs were
coustructed on its banks, two on the east side, about 10 feet deep, so that their bottoms
were on a level with the bed of the river, two on the west side sunk 5% feet below the
béd, and therefore 15 feet below the surface of the water at medium tide. 'The water
flows into these reservoirs from the Lea, through eight channels, averaging 7 feet in width,
but differing in depth, two being 4.6 feet deep, three 4 feet, and three 3.6 feet. An aque-
duct under the river connects the reservoirs.

In 1829, desiring to increase their supply of water, the company obtained an act of
Parliament, granting them authority to draw water from Lea Bridge Mills, and to add
£120,000 to their capital.

The water supplied by these various works, is conveyed to the height of seventy feet
by steam engines.

About 45,000 houses are supplied with 170,000 barrels daily by this company,
which has laid down between 2 and 300 miles of iron pipes, some of which cost 7
guineas per yard, or 21 guineas, equal to $105, for a length of 9 feet. 'The pipes vary
from 36 inches to 6 inches, but are mostly of large calibre.

The greatest distance to which the works extend, is three miles, and although the
pressure at the engines is estimated at 120 feet, yet the resistance from friction usually pre-
vents the water from ascending higher than 60 or 70 feet. The expenditures of this com-
pany have been about half a million pounds. : ‘

The south side of the Thames is supplied by two companies, the Southwark and
the Lambeth, both deriving their supply of water from the river, pumping it up by steam
power, and distributing it through iron pipes.
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The Southwark Company supplies about 7,000 houses daily with 1,500,000 gallons
of water, on a capital invested of £66,400.

The Lambeth Company, whose works are situated in the Belvidere Road, a short
distance from Waterloo Bridge, supplies some 16,000 houses with 1,500,000 gallons.
This company has incurred considerable expense, by constructing reservoirs on Brixton
Hill, one at an elevation of 150 feet above tide—and two others at different and lower ele-
vations, one of which was a filterer, and transmitted the water to the other much purified.

One other enterprise only remains to be noticed—The South London Water Works,
for which a charter was obtained in 1805. The principal establishment is on Kenning-
ton Common, near Vauxhall, and, like the other works, it derives its supply from the
Thames, and raises and distributes it through iron pipes, by steam power. 'The main of
this company was, in 1832, laid into the Thames, of four feet diameter, the largest iron
pipe any where employed probably in water-works. The water flows through this
main into a reservoir in Kennington Lane, from which it percolates through a filtering
bank, composed of layers of coarse and fine gravel and sand, prior to its entering into
another reservoir, where it also remains some time, before it is passed into the well of the
distributing steam engine.

The supply of this company extends to 12,000 houses, and exceeds 5,000,000
gallons daily.

To complete this view of the works, which supply London and its suburbs, con-
taining probably nearly 1,200,000 inhabitants, we annex, in a tabular form, extracts from a
more extended return, made by these companies in 1834, to Parliament. It exhibits the
number of houses supplied, the average quantity to each, the aggregate of the whole sup-
ply of every company, and all the companies, the level at which it is furnished, and
the average cost to the consumer.

A TABLE,

Showing the number of Houses supplied by the Water Companies of London, ac-
cording to returns made to Parliament, in 1824.

3 No. of {Height of Supply|Average Daily Supply]Average Charge|[Total of gallons by
Names of Companies. IHouses l abogve Than?eg.y to Zach H)c;usex.)P / per House, each Company.

New Ruver, 73,212 145 feet. 241 gallons. £1 65 64 17,644,092
Chelsea, 13,891 135 « 168 N 113 3 2,833,688
‘West Middlesex, 16,000 15 sk 185 o 216 10 2,960,000
Grand Junction, 11,140 1513 « 350 i 2 8 6 3,899,000
East London, 46,421 107 ¢ 190" " ' it TN 5,570,520
South London, 12,046 80 100 « 015 0 1,204,600
Lambeth, 16,682 185 « 124 « 017 0 2,068,568
Southwark, 7,100 60 « 156 ¢ 113 1,107,600

196,492 87,289,168
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All the companies but two derive their supply from the Thames abreast of the city,
‘and where the sewers empty into it, and all the filth of a crowded population. They all
have recourse to steam engines, to raise their supplies to a height sufficient for distri-
bution.

The large iron mains, which project out nearly half across the river in some instances,
are laid upon the bottom ; a method that could only be resorted to with safety in a river
where there is but boat and barge navigation, as is the case with the Thames above Lon-
don Bridge ; otherwise, these pipes would be in constant danger from the anchoring of
vessels.

Liverpool is supplied with water copiously by two companies, the Liverpool and
Harrington Works, and the Boothe Water Works ; both rely upon natural springs, and
both pump up the water to their reservoirs by steam.

Manchester has also its water-works, the supply being drawn from the river Mad-
lock, about a mile and a half from the town, which, by being dammed up, filled reservoirs
prepared for it, whence it is, by steam power, raised to higher reservoirs. Unfortunately
for the first undertaking, relying upon the judgment of Mr. Rennie, they laid down stone
pipes, which, on the first application of the pressure of the head of water, burst or leaked
to such an extent, as to defeat, for a time, the whole enterprise, and ruin the projectors.
The works, however, passed, into other hands—iron pipes were substituted, and the town
is now well supplied.

Water Works of Edinburgh.—These works were commenced in 1819, and com-
pleted in 1824, at a cost of £145,000, or about $725,000; the water is brought from the
Crawley Springs—natural sources issuing from a bank of gravel ; they are collected in a
stone reservoir, called the Fountainheads, at an elevation of 564 feet above the sea, at
Leith, and 230 feet above Castle Hill. The distance from the source to the Castle
Hill reservoir, in a direct line, is six miles and a quarter, but, by the line of the aqueduct,
eight and a half miles. The water is conducted the whole distance through iron pipes,
varying in diameter from fifteen to twenty inches, and in thickness from half an inch to
one inch and a quarter—in lengths of nine feet—and formed by spigot and faucet, that
is, the end of each pipe is widened, in order to receive within it the intrant end of the
preceding pipe, which is called the spigot, the joints being then made tight, in the usual .
way, by a caulking of oakum or clay, and molten lead.

The pipes were all proved by the forcing pump, before they were laid. The process
is simple: the pipe is filled with water, and firmly plugged at both ends, leaving at one
end a communication with the forcing pump. In this state the pipe exhibits no leak,
but after a few minutes’ working with the forcing pump, creating a pressure of from ten
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to twenty tons upon every part of the pipe, if the casting be not perfect, water is seen to
transude, and if very faulty, the pipe bursts. In either case the pipe is useless.

It is remarked in the account of the works from which we derive these particulars,
“that the shaking of pipes by carting, effectually tries them—for that of two similar
parcels of pipes, equally well cast at first, that which has been carted twenty miles before
it was proved, will exhibit a greater number of defective pipes than that which has been
proved at the manufactory. Hence pipes should always be proved at the place where
they are delivered, and not where they are made.”

The whole supply from the Fountainhead, is conveyed in a single line of pipes,
commencing at twenty, and tapering off, as the descent increases, to fifteen inches ; the
daily delivery is estimated at about 1,600,000, gallons. Mnr. Telford, the engineer, com-
putes the full supply for a town, at nine gallons for each inhabitant. The population of
Edinburgh and Leith, at the time these works were completed, was about 153,000,
of whom those in the country parts, intervening between Edinburgh and Leith, and on
the outskirts of both, derived water from wells, springs, and rivulets.

The remarkable features of this aqueduct, are:

First. A large and beautiful compensation reservoir, formed by constructing a vast
mound, 450 feet in thickness, 120 feet high, and 300 in length, across a valley, in order
to collect and store up the flood waters of the valley, and subsequently to distribute them
to the mills below, in compensation for the water of the Crawley Springs, diverted from
their former destination.

Second. Its tunnels: the first of them, in the city, pa{ssed under Watson’s and
Heriot’s hospital, at the depth of 70 or 80 feet below the surface. The second, at the
Castle Wynd, which passes obliquely through the solid rock of the castle, emerging at
the west side of the mound. 'This tunnel is 700 feet long, and passes under the reservoir
(which, nevertheless, is supplied by a pipe from it, ascending on the outside of the rock,)
at the depth of 120 feet.

Glasgow, more populous than Edinburgh, is supplied by steam power from the
waters of the Clyde. The peculiarity of the principal works of this city, for there are
two—the Glasgow works of which we are first to speak, and the Cranston Hill Works—
is, that the channels and reservoirs into which the water, percolating through a sandy soil,
passes from the river, are on the left, or south bank of the Clyde, while the most of the
machinery, and the city itself, are on the other bank ; of course the water for the engine
well must be conducted across the river. 'The difficulty of such a transmission, at first
sight so great, was obviated by the genius of Wait, to whom application was made.

16
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“'This celebrated engineer devised a flexible main of iron pipes, so connected as
to adapt its form to the bottom of the river. That part laid across the bed of the river,
consisted of pipes, nine feet in length, extlusive of the joints, and having a diameter of
15 inches. Some of the joints were formed in the usual manner, others were made
similar to those commonly called ball and socket, or universal joints.* By means of these,
the whole train of pipes being properly and firmly connected, the main was laid upon
massive wooden frames, consisting of logs laid parallel, and joined together by very strong
iron hinges. The pipes and frame were put together on the south side of the river, and
the end of the pipe intended for the north side, was stopped with a plug, when a trench
having been previously prepared to receive them, by the assistance of machinery, the
flexible conduit, with its bed of wood, was hauled across the river, the moveable joints of
the pipes, and the hinges of the frames allowing the whole range to assume the form
required by the bottom of the Clyde. 'The operation was aided by pontons, and the
machinery employed to haul it into its place, was of course, fixed on the north side of
the river. When the plugged end of the main emerged from the current, it was imme-
diately opened and connected with the pipe leading to the reservoir of the forcing pumps.
For the purpose of protecting this main from any injury from vessels passing along the
Clyde, the whole of the part under water was covered with gravel and stones. This
ingenious and useful contrivance was executed in 1810—but one main being found insuf-
ficient for the demand on the works, in 1818, another of 28 inches diameter, and subse-
quently a third of 36 inches, was laid across the river. The two last conveyed filtered
watered only.”t :

There are six engines at Dalmarnock, which propel the water across the Clyde,
which is there about 100 yards broad, into the reservoirs in the city of Glasgow, to a
height of 157 feet above the level of the river. The houses are generally very high,

* Hydraulia, p. 149.

t An early instance of this mode of transmitting water across a navigable river is recorded by M. Gautier,
a French engineer, in a work published in 1778, upon the construction of roads.

M. Gautier had been employed to devise means of supplying the harbor of Rochefort with good water. He
discovered a copious source on the side of the Charente, opposite to that on which the town stands. He proposed
accordingly, to bring it across by iron pipes laid on the bottom of the river, protected by wooden frames against the
risk of accident from the anchors of vessels. The project was rej ected as impracticable or inexpedient.

““Some years after,” says M. Gautier, *“ when I had charge of the roads on the Rhone, and other works in
Languedoc, while at Arles, I heard that a vessel had cast anchor i the Rhone, opposite the city, but when the
commander wanted to sail again, he could not raise his anchor. This circumstance attracted much attention; and
the captain, unwilling to lose his anchor, sent down a man to find what was the matter. The diver reported that
the anchor was hooked under something ronnd, but he could not tell what it was. By aid of a capstan the anchor
was raised, and brought uf: a leaden conduit pipe from the bottom of the Rhone, which crossed it from the city of
Arles towards Trinquetaillade, at a depth of 42 feet, and where the river is some 550 feet broad. Isaw some pieces
of this conduit of lead, five or six inches in diameter, about one third of an inch thick! in joints of six feet, soldered
lengthwise, and covered by a strip or sheet of lead of the same thickness, covering the first solder about two
inches. The conduit was soldered at the joints, six feet apart, by the same material, which made a swell at
that distance. On each joint were these words in relief, C. CAINyTIUS POI HINUS. F., ‘&pparemly the name
of the maker, or of the architect who laid down the pipes in the time of the Romans. My project of laying
pipes along the bottom of the Charente, would not have been half so difficult, as it had no doubt been to lay them
across the Rhone, where this was found. Hence it may be believed, as I now think myself. that many things sup-
posed to be new, and now for the first time invented, may have been thought of long before, even in remote ages.—
Tyaile de la Construction des Chemins, p. p. 129-30. :
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consisting of stories, each of which is occupied by a separate family, with a stone stair-
way in common ; but such is the arrangement and power of the Glasgow works that
abundance of water is distributed into every story. A considerable quantity is also sup-
plied to fountains, or hydrants, on the side-walks, and in the alleys, or closes.

The Cranston Hill Works, made many and costly experiments, as to the best mode
of filtering the water, which they, too, drew from the Clyde, and eventually so impaired
the capital of the company, that in 1834 they were fain to sell out to the Glasgow Com-
pany. 'The experience thus dearly purchased, was, however, productive of benefit to the
community, for the water now supplied, about 3,500,000 gallons daily, is thoroughly
filtered.

Greenock, which may be called the seaport town of Glasgow, is most prodigally
supplied with water, and, like Edinburgh, without the intervention of machinery, being
situated at the foot of mountains, from which issue numerous streams. Mr. Thom, a
skilful engineer, in 1824, devised a plan by which he gathered into vast reservoirs various
mountain rills, and after passing them through filters, conducted them in great profusion
to all parts of the town ; and not only furnished in this way, water for all domestic uses,
but enough for the operations of several mills. 'The filtering reservoirs are 200 feet above
‘the level of the town. The receiving reservoirs are capable of containing 700,000,000
cubic feet. The number of inhabitants of Greenock is 25,000, receiving each two cubic
feet, or about fourteen and one-tenth gallons daily.

Paris will next occupy our attention—and considering the skill in all departments of
engineering, which on all hands is acknowledged to belong to the French, it is remark-
able that their capital, and, as it is often called, and really considered, the capital of Europe,
is so much behind England in its contrivances for an adequate supply of water.

The early supply of this city, like others, having a fresh river running through it,
was from that river, and from wells. Nevertheless, as the Romans had constructed an
aqueduct at Arcueil, for the supply of Paris, it seemed reasonable to endeavor to restore
what Norman fury, in the ninth century, had left of it—accordingly, Henry IV,

“Seul Roi dont le peuple ait gardé la memoire,”

in 1609, caused researches to be made for the ancient conduits, but it was soon ascertained
that it would be easier to rebuild, than to attempt to repair, and, under the regency of
Marie de Medicis, in 1613, the work was undertaken, and completed in 1624, occupying
nearly 12 years. The architect was Jacques de Brosses, the same who furnished the
design for the Louvre. The quantity of water, however, thus obtained, was so small
as scarcely to compensate for the expense of the work. At subsequent periods, additional
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supplies were connected with this aqueduct, and the united streams led to the reservoir at
the Observatory in Paris, whence they were distributed to the fountains.

Two smaller aqueducts, that of the Pre 8t. Gervais, and that of Belleville, of
ancient, but unascertained date, furnished a small additional supply of water, but it
became apparent, as the city grew, that resort must be had to other sources.

The Seine was naturally looked to, and a Fleming, in Paris, as 2 Dutchman had in
London, first provided the means of raising<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>