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No. CCCXVIIL

THE SOUTH PASS JETTIES OF THE MISSISSIPPI.
[ Vide Plate].

By taE EbITOR.

Abstract of Article No. CLXXXIIIL, Vol. III, August 1879,
Transactions of the American Society of Civil Engineers.

Tais paper by Max. E. Schmidt, C.E., Member of the Society, is headed
¢ Notes on the Consolidation and Durability of the Works, with a descrip-
tion of the Concrete Blocks and other constructions of the last year,”
and the author disclaims any discussion as to the question whether the
jetties are the proper means by which to improve the navigation at the
mouth of the Pass.

The Mississippi River, about 12 or 13 miles above its mouth, splits
into three Passes. The South-West Pass, the South Pass, and the
Pass a L'Outre, vide Fig. 1. Just above the head of these Passes the
river gradually widens from 2,600 feet to 8,500 feet. As a result of this
widening, there existed at this point a shoal common to all the Passes,
which extended from one shore of the Mississippi to the other. The
depths on the shoal were proportionate to the size of the Pass below the
point, thus the South Pass, which discharged only about (% of the total
volume, had the shoalest entrance, vic., only 14 feet. The table under
Fig. 1 shows the chronological history of the works constructed for
the improvement of the shoal, It was believed at first that the East
Dyke alone would increase the depth of water at the head of the Pass
to 20 feet. But it was found absolutely necessary to increase the
depth over the shoal at the head of the Pass to keep pace with the
deepening through the jetties at the lower end of the Pass, and the
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2 THE BOUTH PASS JETTIES OF THE MISSISSIPPI.

farther works became necessary. The mattress sills, which extend across
the South-West Pass and the Pass a L’Outre, are simply submerged
dams to guard against the scour caused by the other works. The works
are apparently mattress jetties similar to those described hereafter in the
extracts from actual article. The above is extracted from Appendix B.
The article itself describes the construction of the works at the lower
end of the South Pass, where the river really joins the sea, vide Figs. 2
to 6. I have as far as possible, consistent with the necessity for shorten-
ing the article, used the author’s own words. I regret I could not print
in extenso, but the extracts will, I believe, give a sufficiently complete
account to be interesting.

The general plan of the work is shown in Fig. 2, and the following
general description is partly an extract of the official report of the Board
of Engineer officers appointed by the President of the United Btates,
dated January 22nd, 1879, from Van Nostrand’s Magazine for March 1879,

The original design was to construct, starting at marginal points on
its banks above where the normal channel depth (30 feet) of the Pass
itself begins to diminish, parallel jetties, extending thence to the deep
water of the Gulf, thus confining the outflowing water in & channel of
the same width as that of the Pass itself, and thereby prolonging the
normal depth, 30 feet, through the bar and into the open Gulf.

The length required for the jetties was thus, vide Fig. 2, about 12,000
feet on the east, and 8,000 feet on the west. The average width be-
tween the banks of the Pass is about 700 feet, and this is fixed as the
minimum between the jetties; but they are built parallel at 1,000 feet
apart, with temporary wing dams, 150 feet long. The origin of the
West Jotty was established about 600 feet from the west bank, with
which it was connected by the work called Kipp’s dam. The plan of con-
struction was in its main features essentially that developed by long ex-
perience in Holland, on like yielding substrata, viz., a broad foundation
stratum of willows or other brash formed into mattresses, on top of which
was built a superstructure, of tapering section, of alternate strata of mat-
tresses and stone or gravel. The formation is shown in the sections.
It was added to as subsidence occurred, till mean high water level was
gained. This settlement appears to have varied for the shoal parts up to
about 8 feet maximum. Atthe extreme ends of the jetties the subsidence
was 8o considerable, that the terminal points were withdrawn 380 and
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THE SOUTH PASS JRTTIES OF THB MISSISSIPPI. 8

280 feot, and so terminate the eastern on the very edge, and the western
200 feet inside, of the old bar.

The tides are diurnal and rise 1§ feet. The mean velocity of riverin
flood is 8 miles an hour, decressing to § mile at low water. The pre-
vailing wind is easterly, and gales of 72 miles an hour have been observed.

The specifications state as follows :—

Of the East Jetty 8,000 feet, and of the west 9,000 feet, seaward, is
to be finished, (se¢ Fig. 4,) with a rounded pavement of rip-rap stone on
top of the mattress work. The orest of the pavement to be 1} feet above
average flood, and base 20 feet wide. In order to prevent leakage, gravel
to be worked into the mattresses, and the top levelled up before proceeding
with the paving.

The remaining distance of both jetties, 8,800 feet and 2,800 feet, to be
consolidated by large blocks of cement conerete placed on top of the
jetty, see Fig. 5. The blocks to be from 16 to 20 feet Jong, from 5 to
13 feet wide, and from 2} to 4 feet deep. The dimensions enlarging by
offsets as the jetties approach the sea ends. The bottoms of the blocks
to rest at the plane of average flood tide, the jetties being levelled up
to that plane by large and small stone and gravel. The blocks to serve
as a fonndation for a superstructive parapet, to be composed of eoncrete,
and continuously built, from 8 to 6 feet wide, and from 24 to 4 feet high,
This parapet to be applied to the extreme 1,600 feet of both jetties. The
parapet to be put on after settlement is complete. From the upper end
of the concrete work to 600 feet from extreme end, the slopes of both
jetties to be of rubble stome, slope 2 to 1. A rounded cap of paved
stone to be carried from half the height of the blocks to the lowest at~
tainable water edge.

For the lower 600 feet of both jetties, (se¢ Fig. 6,) the ses slope to
have a foundation of willow mattresses 100 feet wide and 2 feet thick.

On this foundation a sloping palmetto pile crib-work to be placed and
filled with stones, averaging one ton in weight. On the river side a simi-
lar erib-work to be sunk on the rip-rap foundation already in place.
The vertical edges of the eribs to face the jetty 10 to 15 feet from the
"embankment. The intermediate space being filled with stone. Large rock
to be used for covering the orib and connecting with the concrete blocks.

The T-heads are of somewhat similsr construction.

The main points of the design are summed up thus—(1), That the

3



4 THE BOUTH PASS JETTIES OF THE MISSISSIPPI.

broad elastic foundation will prevent undermining; (2), That the slopes
will resist the impact of the waves; (8), That the tight work will stop
leakage; and (4), That work maintained at a uniform height will obstruct
the escape of water by overflow. The first pile was sunk on 17th June,
1875, and the first willow mattress a month later. At the date of the
article, viz., Angust 1879, Mr, S8chmidt writes, ¢ The willow work may be
regarded as completed, and the progress made towards consolidating the
jetties by the application of heavier material, has advanced far enough to
foretell the period when this work will be completed, to stand an enduring
monument of the capabilities of our profession.”

The proportion of stone used to willow was 1 to 5:32 ; and this though
it appears small, was found sufficient. The specification for the willow
was flexible branches not exceeding two inches at the butts. The willows
grow abundantly on the river banks, and were brought about 25 miles.
The stone was a much greater difficulty. 21,000 tons of ballast brought
by foreign ships was altogether obtained in New Orleans, but this supply
was soon exhausted, and after trying some quarries 550 miles distant
from which the stone did not suit, the Contractors, Messrs. Sharp,
MecDonald & Co., brought the stone from quarries on the Ohio river,
1,300 miles above the month of the Mississippi. 1t is limestone, weighing
155 ths. per foot. The work was much aided, and the Engineers enabled
to adopt a less section, se¢ Fig. 8, than originally contemplated by the
vast deposit of sedimentary matter during the course of construction.
Mr. Schmidt accounts for this as follows :—

It will be remembered that the entire length of the foundation of the
jetties, from the lands-ends to ses-ends was laid, before the second tier
was applied ; and again, that the entire second tier was placed and sunk
on the foundation, before the third tier was commenced, and so forth,
until the surface was reached. )

The jetties have therefore been raised with a uniform degree of vertical
progress over their entire length.

In doing this, it was observed that each tier of mattresses caused a
shoaling on the sea side corresponding in height with the thickness of
the mattresses in place.

This was due to the obstruction which was placed in the way of each
successive layer of current, stopping the flow sufficiently to cause the
sediment to precipitate on the other side.

4



THE SOUTH PASS JETTIES OF THE MISSISSIFPrl. 5

As the jetties grew up, and commenced to confine the volume of the
Pass, the water was largely charged with additional sediment due to
channel erosion. But, by limiting the potency of the current to the
channel between the jetties, no suspending power existed to carry the
load of sediment over that portion of the bar which was not jettied.

It was dropped therefore on the crest and on the landward slope of
that bar, bunilding up a chain of successive reefs, as the bottom neared
the surface. New Pelican reef, Base-line reef, and Reef Extension, (ses
Fig. 2,) are such new formations.

The namerous advantages of the sea side deposit were fully appreci-
ated, and measures taken to induce by means, based upon the same laws,
a similar deposit on the river side.

For this purpose, a system of wing or spur dams was built, each wing
dam jotting out 150 feet from, and at right angles to, the main line of the
jetty. Although rapidly constructed, and with no view to permanency,
these wing dams have been most effective in giving protection to the
jetties and hastening channel erosion. The current is stopped above
and below the dams ; the sediment drops and a bank forms.

On Plate XXXIV.* are two comparative sections of the channel be-
tween the jetties, F'ig. 1 showing the condition before, and Fig. 2 the
condition after, the wing dams were built. The effects are plainly visible.

The channel between the jetties, although intended to be 1,000 feet, is
at present only about 700 feet in width; but while the channel depths
are allowed to increase in proportion to the greater contraction of the
channel way, the jetty embankments are removed behind & sheltering bank
of depogit which is braced and stiffened, as it were, by the tilted mat-
tresses composing the wing dams.

Of the entire length of the jetties, all but the last 2,000 feet at the
extreme sea-ends have received these protective deposits on the river
and sea-side.

It is evident from the plates and drawings presented, that 90 per cent.
of the willow work composing the jetties is- immovably bedded in the
deposits of the river,

No such thing could have come to pass if the water of the Mississippi
did not contain the vast percentage of sedimentary matter which it carries
to sea annually. But in such a case there would have been no delts, no

® Not reproduced.
b




6 THE BOUTH PARS JETTIES OF THR MISSISSIPPI.

bar and no jetties. Thus, the sediment itself becomes one of the agen-
cies in removing the deposits of centuries.

Mr. Schmidt then ennmerates the points of design referred to above,
and shows that the work provides for them entirely. With regard to
the * sea-ends " which he defines as ¢ the lower parts generally without
defining limits,” he states that as these lose the protection of the natural
and artificial reefs, they are of course more exposed and more difficult to
maintain than the rest : but as the money to carry on the works had to
come from sources opened out by the success of the works themselves, the
area of the section could only be increased gradnally. Still the repairs,
which from time to time became necessary, made it imperative that at
the earliest possible moment such measures should be taken as would
bring up the lower ends of the jetties to the standard of strength
required for permanency. Two new elements were here introduced,
unusnally great subsidence and the attacks of the worms, and it was
not till the fall of 1877, that after adding tier upon tier of mattress,
the foundation was forced through the quicksands below, and struck a
bed on the older, harder and firmer strata of bar deposit. Near the
extreme end 16 tiers of mattresses were sunk, representing a vertical
" height of 27 feet of compressed willow work. The original depth at
this place was 8 feet, 8o that 19 feet of the work are below the origi-
nal bottom of the bar. This subsidence was very marked at the be-
ginning, but more gradual at the end. The attacks of the worms were
guarded against by coating the work at the sea ends with loose stone.
The teredo does not attack wood where the free access of ses water
is impeded.

With regard to the consolidation of the Jetty Mr. Schmidt writes :—

At the upper part of the work the sand and clay of the river has been
g0 firmly imbedded in the mattresses, that very little additional compres-
sion is needed to make the work tight and permanent. But, as the jet-
ties approach the sea end, and come in contact with the clean salt water
of the Gulf, experience showed that the sediment, which had accumu-
lated between the willows and stones during a high stage, would speedily
be removed during the subsequent low stage of the Mississippi. As a
result the river sustained a comsiderable loss of water by leakage and
overflow, where the volume was needed most, to serve the purposes of

channel making.
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THR BOUTH PAS8 JETTIES OF THE MIsSS1BSIPPI. 7

It has been estimated by careful simultaneous gauging that nearly 25
per cent. was abstracted from the volume passing the Lands-end at East
Point, before it reached the mouth of the jetties. Of this loss the far
greater part escaped through and over those portions of the jetties which
extend beyond the sheltering protection of the reefs and shoals. It in-
creased at the same ratio as the degree of exposure toward the sea-ends,
and it became evident that compression by weight would be the ounly care
for the evil.

While the efficiency of rubble stone for consolidating the upper parts
of the jeities could not be questioned, the requirements of weight and
streagth, sufficient to resist the shock of the waves at the sea-ends, could
not be obtained from the largest sized rock, which it was practicable to
bring from the distant quarries.

About two years ago, as an experiment, quantities of large rock,
weighing from one to two tons apiece, were, at considerable expense,
placed upon the lower ends of the jetties. But in a severe gale, which
oocurred & few months later, these rocks were lifted up by the waves, rol-
led over the jetty embankment, and deposited on the leeward slope, there-
by adding, per chance, to the strength of that slope.

In selecting 8 material which would effectively consolidate the sea-ends
of the jetties, it was important to bear in mind that gales along the Gulf
coast are generally attended by high flood tides which have been observed
to rise from three to four feet above the level of ordinary tides; these
call into existence an enormous lifting power that can only be overcome
by equipollent means of resistance,

For this reason, and in order to accomplish a permanent consolidation,
something more powerful than quarried stone had to be resorted to. The
plans of capping the last 8,800 feet of the East, and 2,800 feet of the
West, Jetty, with blocks made of cement concrete, provide for an appli-
eation of from 25 to 72 tons in solid blocks. Their dimensions have
been 8o chosen as to impart great stability, and to dismiss at onoce all
possibility of upsetting.

The largest blocks on record, are stated to be those used in the Cher-
bourg breakwater, weighing 44 tons, but in these jetties, by adopting the
plan of making the blocks in situ, the smallest blocks used were 25 tons,
and the largest 72 tons, excluding the parapet, which is to be built on the
top. In perfecting the plans, the protection of the blocks by slopes has

7



8 THE SOUTH PASS JETTIES OF THE MISSISSIPPI,

been carefully considered. Single stones in considerable quantities have,
from time to time, been used in protecting the lower part of the jetties ;
but during heavy gales the sea has been observed to carry these sea-
ward by the receding action of the waves. In this manuer the sea might
have been slowly set at work to build up a slope of its own, but as such
a process would have been slow and costly, an artificial slope was made
with palmetto cribs, The palmetto is a species of palm tree. Its wood
is highly fibrous and tough, and corky, and said to be impervious to the
attacks of the teredo.

The construction of the sea and river slope by palmetto crib-work, as
proposed for the lowest 600 feet of the jetties, was not commenced before
the month of April of the present year.

Cribs are shown in section in Fig. 6. Some were as large as 50 feet
long, 22 feet wide, and 5} feet high.

Before the dimensions of a crib are given to the carpenters, a careful
investigation is made, embracing depth of water and condition of bot-
tom, on and near the place where the crib is to be placed. Referring to
the one on the drawing,* there are 51 palmetto piles each 22 feet long,
which are placed in one row, one foot from centre to centre, on the
inclined ways, formerly used for mattress building.

This being the floor of the crib, a second row, consisting of five logs
is placed across and to break joints with the flooring at distances of 5 feet
from centre to centre. In the same manner the third row is placed,
consisting of 11 piles, 16 feet long, at distances of 5 feet between the
centres, crossing and breaking joints with the lower row.

Augur holes are then bored, and the rows bolted to each other by one
inch bolts. The fourth and fifth row of piles is then laid, as shown on
the illustration, and drift-bolted to the lower layers.

The crib is braced by short logs standing upright against the corners
of & cell. Their lower ends are flattened, and wedged tight between
the flooring, where they are fastened by bolts. In addition to this,
stirrup bolts are used at every alternate corner of a compartment, which
tie all the logs from the bottom to the top. The compartments are four
feet square in the clear, and large enough to admit the largest boulders
that are brought to the jetties. The cribs are pulled off the ways and
into the river by a tug, which takes them at once to the place for which

® Plate not copled, section is shown in M. 6.
8




THE S8OUTH PASS JETTIES OF THE MISSISSIPPI. 9

they are built. Here a row of guide piles has been driven, about 10
feet from the jetty embankment, to which the vertical edge of the ctib is
lashed. The sinking may then take place. The compartments are finally
closed by immense boulders, which are lifted into position by a derrick.
The remaining space of about 10 feet in width, between the vertical edge
of the crib and the jetty embankment, is filled with stone until it appears
sbove water. At some of the cribs the flooring has been constructed of
palmetto logs, split lengthwise through the centre, but it is quite im-
material to the strength of the crib ; besides the labor involved in cleav-
ing thelogs, hardly justifying its constant application, it was only resorted
to when the supplies ran short.

The following is the description of the mode of constructing the con-
crete blocks at the sea-ends.

The concrete mixer on each side was placed over the jetty proper.
Alongside was a storsge platform about 100’ x 70’ area, founded on 400
piles at intervals of 8 feet, connected by 5* X 14” caps and planked over.
This was supplied with a wharf in the deep water, connected by a bridge
portion about 60 feet long, to facilitate landing the material. The ce-
ment was housed at one corner of the platform, owing to the dampness
of the climate; the other materials, sand, gravel and broken stone were
just piled loose ready for use. The concrete mixer was placed over the
jetty proper, and consisted of a 5 feet 9 inch cube, made of -inch boiler
iron, well rivetted and held together by bands of flat and -iron. This
cubical box was suspended in a stout wooden framing, by two hollow
cast-iron trunnions 7§ inches diameter, rivetted to two diagonally opposite
corners. The trunnions were 22 feet above high water, and the mixer
was revolved by steam power. One corner of the box was cut off and
farnished with a suitable lid to fill and empty by. The materials were
bronght dry to the mixer in hand carts, and raised the necessary 40 feet
by s steam elevator. Water was supplied through the hollow journal,
while the ingredients were being revolved ; each charge had 22 revolutions,
and was then discharged into dumping cars brought under the mixer,
containing about 2 cubic yards, built of }-inch boiler plate. The dump-
ing was easily done almost automatically by ratchet whegls and wooden
levers attached permanently to the axle on each end of the car. A rail
track, on piles, was laid along each jetty 10 feet above flood at mixer 74
at sea end. The moulds for the blocks were constructed almost entirely

9 c




10 THK SOUTH PAS8 JETTIES OF THE MIGRISSIPPI.

without nails or spikes, The bottoms of inch planks. The sides of
2-inch planks secured by plank cross-ties and battens. Each car
of concrete was run from mixer to frame in about one minute; it was
not rammed, only roughly spread by men in the frame. 2,700 cubic feet
of concrete a day was found to be a fair average of the work on each
jetty. When the mould was filled, the surface was roughly levelled with
arake, and allowed to set without further disturbance. Another mould was
then commenced. Four days after setting, each block was coated on the
upper surface with mortar of half American Portland cement, half sand.
The box was then covered with inch boards, and not distarbed for two
weeks ; the moulds were then removed.

The blocks after removing the moulds, exposed generally a uniform
surface. Irregular places and holes were plastered.

The concrete was made of broken stone, gravel, sand, and cement. The
stone was passed through & 8-inch ring. The gravel varied from 2} to
wo-inch in diameter. The sand was moderately coarse and sharp-grained ;

_average diameter of grains Jy-inch. The cement was Taylor’s Portland, s
slow setting cement, averaging 278 Ibs. tensile strength per square inch
in 7 days’ setting. Essentially the proportional parts of the mixture
wore 15 parts volume broken stone, 4:38 gravel, 8:28 sand, 8:00 cement.

Mr. Schmidt concludes as follows : —

In regsrd to the construction of the parapet, it has not been decided
yet, when it will be time to commence. The degree of subsidence dis-

played by the blocks will settle this point in course of time.

At present it may be too early, from the limited amount of obsern—
tions, to discuss the probabilities involved in this question, It is clear,
however, that the amount of compression, exacted by the tremendous
weight of the blocks, will continue to act upon the elasticity of the sub-
aqueous layers of mattresses, until the same is ultimately destroyed.

A complete record, ascertained by careful and frequent periodical
levelings, is kept of each block, and the elevations are compared with
the original plane, at which the blocks were set.

There seems to be a general tendency, on the part of the blocks, to
settle within the first ten days of their construction, and then to remain
stationary or nearly so for an indefinite period.

The impetus imparted by the sudden application of 8o great a weight

ie evidently the cause of this action.
10
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The subjoined Table is given to further illustrate this subject.
TaBLE.
Showing Subsidence of Concrete Blocks, at different periods, on East Jetty.

e e I P L -y

e | e M| I TR TR

is taken. | 5,400 pa. )

Tons. Feet., Feet. Foet.

4 110 800 Feb. 2 | Feb. 10 2'685 2-480
4 136 800 w 12 » 20 2-440 2:140
4 186 800 w 18 » 20 2:790 2600
4 160 300 » 24 | Mar. 4 2-605 2415
4 150 800 Mar. 4 » 14 2-610 2406
4 198 850 s 8 [ . 14 | 8351 8150
4 193 350 »w 11 n 25 3440 3-328
4 288 . 875 w 15 » 25 8:533 8378

The final note to the article by the Editor of the Transactions is as
follows : —

Since the presentation of the above paper at the convention at Cleve-
land, the following official information has been secured, and is added
to complete the record.

On June 18th, 1879, a channel of 26 feet in depth, and at no point
less than 200 feet wide, was obtained through the jetties.

On July 8th, 1879, a channel of 30 feet in depth, without regard to
width, was obtained through the jetties.

On Jaly 10th, 1879, a navigable channel of 26 feet in depth was
obtained at the head of the Pass, connecting the deep water in the Mis-
sissippi with the deep water of the South Pass.

Thus, in less than four years from the day on which work was begun,
the final result aimed at lhias been accomplished, and there exists now at
the mouth of the Mississippi a channel which will constitute the greatest
commercial highway in the world.

A M. B.
11
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No. CCCXIX.

TO FIND THE CENTRE OF GRAVITY OF A POLYGON
GRAPHICALLY.
[Tide Plate].

By TrE EbpITOR.

Tax following method is given by Mr, T. Woodbridge Davis, C.E., in
the October Number of Van Nostrand’s Engineering Magazine, He
cslls it a new method, and as it may come in useful, I extract a short des-
cription of the process.

Mr. Davis points out that if the polygon be divided into triangles
by diagonals from any angle, the centres of gravity of these triangles,
and the middle points of the sides, are similarly situated with respect to
the angle ; and thus fo find the centre of gravity of a quadrilateral, say
as ABCD, Fig. 1, instead of finding the centre of gravity as G and G’ of
each triangle, and dividing GG’ in R in inverse proportion’of the areas of
the triangles in R, we may better divide g¢/, the line joining the middle
points of the sides, in the same proportion in r, and take R, the real cen-
tre of gravity, two-thirds of Ar from A.

The advantages of this method are that the work is less, and the
scale larger. As also the triangles are as NB ; ND or as ng to ng', the
proportion is on the line to be divided, and it is only necessary to mark
off length ng from ¢’, a8 ¢'r, to give . This Mr. Davis calls to recipro-
cate the segments ; or even the line g¢’, for shortness.

To extend the method to any polygon, imagine another triangle AED
added to make a pentagon as Fig. 2. Now r being found a8 before, it is
only necessary to join rg”, and divide it in # in the proportion of the
triangle AED and quadrilateral ABCD, and take R’ at two-thirds A's’.
The division of g'r is done by reducing the quadrilateral ABCD to a

18
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2 TO FIND THE CENTRE OF GRAVITY OF A POLYGON GRAPHICALLY.

triangle on base ED produced, i.e,, same bagse as triangle AED. The
areas of the figures are then as their bases. First then side DC, as
Fig. 8, produced to meet line parallel to diagonal AC in a, gives triangle
ACa = ACB, or adding ADC, triangle ADa = quadrilateral ABCD,
and again side ED produced to meet line from a parallel to diagonal AD
in b gives triangle ADb = triangle ADa or quadrilateral ABCD. The
line g”r has then to be divided in inverse proportion to the bases
ED and Db, or ¢"D and DA the half of Db. Reciprocate g”h, t.e., mark
off length AD from g* to k, and draw kr’ parallel to Ar. Then is g"r
divided in # in the correct proportion, and R’ may be at once located. For
a hexagon the process is only adding as it were another triangle AEF,
Fig. 4. FE produced to meet line from 5 parallel to diagonal AE, gives
the proportion g”E and El, the half of Ec. Reciprocate g”'l to m ; draw
myr” parallel to I, and r* is found, and so on for any number of sides.

The author points out that it is often convenient with a many sided
figure, and saves accumulation of error, to commence from both sides,
and work round both ways, instead of all one way as in above example,

For a quadrilateral there is very little construction; for a pentagon
the line ¢"r may be found as in Fig. 2, in which the centre of gravity
must lie; a similar line may then be found joining the centre of gravity
of quadrilateral AEDC, say ¢ and g, in which also the final centre of
gravity must lie, and the intersection of these lines will be it ; and other
adaptations of the method would no doubt strike any one using it.

A. M. B.
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INSPECTION NOTES8—~PANJAB RAILWAYS.

By Cor.. J. G. MepLxY, R.E., Consniting Enginesr for Railways.
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Report of Inspection of the Lower Section of the Indus Valley State Rail-
way from Sukkur to Kotri.
Dated Lahore, 185k July, 1878.
Tais report, like that before submitted on the Upper Section, will be ar-
ranged under the headings given in Section L. of the Rules for Inspection
of Railways, as laid down in Publis Works Department Circular No. 23
of 11th November, 1875.

I will add some notes on the arrangements for crossing the Indus at
Sokkur, and on & few other points which occur to me.

L Embankments and cuttings.~The line from Sukkur to Kotri is al-
most wholly in bank from § to 15 feet in height. The only cattings of
eny consequence sre those at Bukkur between the main and river side
stations, and those between Sehwan and Laki. The former are short in
length, through sound rock, and not likely to give trouble. The latter

15 . D



2 LOWER SECTION, INDUS VALLEY STATE RAILWAY.

are heavy works, and one (known as No. 2) is not yet completed, the
line being carried round by a diversion carve (750 feet radius). This
cutting when finished will also not be troublesome to maintain.

Laki cuttings.—Some portion of the other Laki cuttings, are however,
in very friable soil, and after heavy rain obstruction is likely to be caused
by detached masses of rock falling from the top. Considerable provision
has been made for the cross drainage at this point since the experience
of the floods of 1876, but special precautions will have to be taken along
the length between Sehwan and Laki (10 miles) with its numerous curves
and steep gradients, and a vigilant system of inspection and watching
should be enforced whenever heavy rain occurs.

Side slopes.—The slopes of the embankments are generally 2 to 1, and
the banks themselves appear generally well consolidated.

II. Curves.—The only sharp curves on the line are the one above
mentioned at the Laki Pass diversion of 750 feet radius, and the omne
leading to the Sukkur river side station of 755 feet radius. Both of these
may be sdid 6 be temporary, as the latter will be superseded whenever
the Indus bridge is constructed. _

Gradients.—The heaviest. gradient is 8 very short one, 145 yards only
in length of 1 in 75 on the Sukkur river side line. There are, however,
several others of 1 in 150, chiefly at the Laki Pass.

1II. Permanent way.—The pérmanent wiy (like that in the Upper
Section of the line) conmsists of a single headed flat footed wrought-iron
rail of 60 tbs. to the yard, fished at the joints, and spiked down to trans-
verse wooden sleepers (deodar or English creosoted pine). Fang bolts or
coach screws are substituted for the spikes at the joints, although this
‘has not yet been entirely done.

Ballast.—With regard to ballast, the Kotri Division has been entirely
completed; the Sehwan Division is practically so. The Mehur Division
has ahout half its length laid with surface ballasting ; the other half has
none. The Larkana Division has three-fourths of its length entirely
unballasted.

The ballast is chiefly of stone of a good quality and size ; the rest of
brick.

IV. Structures.—The structures on the line, whether bridges or build-
-ings, are of brick, and are of invariably excellent quality so far as I

! could perceive. I questioned the Engineer-in-Chief as to the probability
. 16



LOWER SECTION, INDUS VALLEY STATE RAILWAY. 3

of the brickwork disintegrating (as has occurred in some of the Scinde,
Punjab and Delbi Railway bnildings at.Kotri) owing to the presence of
salts in the soil ; but Mr. Rayne informs me that special precantions had
been taken on this point by overburning the bricks, which he had reason
to believe would effectually prevent this danger. I

V. Waterways.—The waterways on this section are either for spill
floods from the Indus or over irrigation canals from that river, or over
nallahs (or naces) from the hills; a certain number of the bridges are
brick arches of 20 ‘feet span, but the great majority are wrought-iron
girders of 20 and 40 feet span, precisely similar to those in the Upper
Bection; a few of these were carefully tested; also a Warren girder
bridge of 60 feet span at Larkana, and one of 12-metre girders with
the top flange strengthened. The results are given below.

Results of Bridge Testa.

On all (except the Warren girder at Larkana) the only test I consider-
ed necessary was observing the deflection and oscillation under an engine
of the heaviest class crossing at a speed of 30 miles per hour. The de-
flection was ascertained by a wooden piston, which was pressed down into
a cylinder supported on a staging below the centre of the girder, the up-
per surface of the piston being pressed up against the bottom of the
girder before the passage of the engine. The oscillation was noted by
the square top of the piston being covered with wet paint, the lines of
junction with the girder while at rest being marked with a pencil on
the latter. : :

In the case of the Warren girder, 2 openings, each of 2 girders 60 feot
span, 2 engines head to head were put over each opening in succession,
left there for 10 minutes and deflection noted. The deflection and oscil-
lation at speed were then tested.

(1). Ruk bridge, 18 40-feet { Deflection of 2 spans taken, ;"
girders Oscillation ” » 3

(2). Larkana bridge over Ghar—
2 spans, each 60 feet, Warren girders.
After 10 minutes, 8. girder down-stream §".

” ” N' ” ” - g"
17



LOWER BEOTION, INDUS VALLEY STATE RAILWAY.

Recovery complete.

At speed 8. girders, D. §7; O. }*.
w N , UI.§% 0.3

(8). Trough girder, span 25 foet—
D.}%; 0.3"

(4). Bridge over W, Narra, 4 40-foet girders,
16-metre land span—

40 feet D. } e e e
6 metro D, 1’2'} Oscillation insignificant.

(5). Kara Fitta bridge, 5 12-metre spans, top strengthened—
D. a’; 0. i'.

(6). Ardl bridge, 8 40-foet girders——
D.§*; O0o0.

(7). D4Adaji bridge, 5 20-feet girderse—
D. &%"; 0. &“.

(8). Ghari Wari Nai bridge-—
2 85-feet skew arches, angle of skew 60°, of brick and stone,
noted for good work.

(9). Bridge between Manjhand and Gopang—
12-metre opening: D. §”; O. }°.

(10). No. 85 bridge, 56-metre girders—
Unstrengthened : D. £7; O. &*.
Compare this with (4), (5) and (7).

The piers of all these bridges are of brickwork, either on wells or of

solid masonry on concrete.
18




LOWER SECTION, INDUS VALLEY STATE RAILWAY. 5

As to the sufficiency of the waterway provided, it is enough here to say
that the amount has been fixed after several years' experience, and has
been added to from time to time, especially since the heavy floods of 1876.
But experience also goes to show that this (generally) rainless country
is subject from time to time to rain-floods of exceptional violence, and
damage from this cause must ocoasionally be expected ; nor does it seem
possible (jndging by the experience on the Kotri and Karachi Line) to
make due provision for these by any calculations that would not be
thought altogether extravagant.

VL There are no parapets or hand rails on any of the bridges.

VIL There are no tunnels on the line. In the case of the long
viaducts, the ends of the piers are accessible as & means of escape.

VII. Standard dimensions.—There is no infringement of standard
dimensions in any of the fixed structures.

IX. Bridge platforms.~The girder bridges are open, and have no
platforms. The timber bed-plates are in some cases plastered with mud
to protect them from fire. This is not a good arrangement, as there is
danger from white ants, and all are, I understand, to be protected by thin
sheet-iron or ballast. -

X. Fencing.~The line may be said to be practically unfenced; on a
few miles here and there where water is available kikar hedges have been
sown, and are thriving ; & few of the station plots have been fenced in by
wrire with tarred wooden standards. On a short length mud walls have
been erected (experimentally I believe) on the slopes of the embank-
ment.

Dasnger of unfenced line.~The chief danger (as on the Upper Bection)
of an unfenced line is when the surrounding country is fiooded, and
the Railway bank may become a place of refuge for animals; but with
cow-catchers to all the engines the danger will be reduced to a mini-
mum.

X1. Level crossings.—~The kacha approaches to the level crossings
have been completed, but no gates have as yet been provided ; at the lower
end the permanent houses for the gate-keepers have been built, elsewhere
there are temporary huts,

XII. Gradient posts and mile-marks.—At the lower end of the line
below the Laki Pass, gradient posts and mile-marks have been put up ;
on the rest of the line they are generally wanting.

19
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XIIL. Points and crossings.—The points and crossings ate all on the
standard pattern.

Locked points.—The following sidings should have locked points :—

Gurning brick-field ; (this will probably be taken up.)

* Phulji river side branch. .

Amri ; (this will probably be taken up.)

XIV. Blind sidings.—Blind sidings are, or will be, provided at dl
stations on the standard pattern.

XV. Signals.~The signals are all of the standard pattern, and have,

most of them, been erected. Those that are still deficient are noted under
the head of stations.
* XVI. Platforms.~—The platforms where bnilt are 600 feet long, 20 feet
wide, and ramped at both ends. The stations where platforms are still
wanting will be found noted below ; most of those already made require
metalling, and I strongly recommend that no station should be allowed to
be without one. It is not safe with the ordinary pattern carriages, and at
night is almost certain to lead to serious accidents.

Crossing arrangements at Sukkur.—The line to Rohri* comes down
by a sharp curve and steep gradient (as mentioned in former report) to
the river side station, and here in the flood season passengers and goods
may walk or be carried from the platform on to the steamer.

Bat in the cold season the deep channel is some distance from the
wharf, and I originally proposed a pile pier running into deep water with
a pier head along which the steamers could lie.

This, however, has not been carried out, probably from fear of the piles
being scoured out, but another line of rails has been carried along the
bank upwards to Suttian island, the intervening channel being crossed
by a stone bund.

At Buttian there is always deep water, and this will be the cold weather
station, but the space is restricted, and the curve of approach so sharp,
that the broad gauge rails cannot be laid, and a 1 foot 9 inch gauge pair
of rails has been substituted, simply to save porterage.

On the opposite or Bukkur side of the river, a river side station has
been formed some little distance below (and close to the Indus Flotilla
Steamer Wharf) where there is a platform, ticket office, two small waiting

® The ground about the Rohri river ridestation is in a most unsanitary state. An adjoining grove

of date trees possibly acreens the filth that givesrise to the stench. If this cannot bo kept clean, it
should be cut down.
20
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rooms, and where it is intended to construct a large open shed. It is said
there is deep water generally at this point, so that the stesmer can come
alongside, bat there can be little doubt that this deep water cannot always
be depended on, and when this is the case, a pier of some sort will be
necessary.

A more favorable spot, at any rate for the cold season traffic, which
was, I believe, originally proposed, was at a point somewhat higher up,
just under the present Sindh Horse Club. Here, as at Suttian, there
is always deep water, and although there are occasional eddies, it would
appear they can be easily remedied by a little blasting of rock below.
The line to this point would approach by a good curve if carried through
the still water, as could easily be done on a stone bank.

I believe an objection was made to giving up this side by the Sukkur
Municipality on the ground of general inconvenience; but if the road cut
behind the hill for the railway were given up to the public, there would be
nointerruption of public traffic, and the Railway would have its own wharf.

At the present river side station, as wherever the line comes on to the
river, I feel sure this will have to be the case. It will be quite intoler-
able to have a public road running between the wharf and the station, or
through what will actually be the station yard; and if the present site is
retained, the public traffic will have to be carried right round in rear of
the station,

The present arrangements are so far advanced that they had better
stand. The experience of a year’s working will, no doubt, suggest what
alterations are desirable.

For the actual passage of the river, the Railway proposes five barges of
sorts and 8 steamer (which I did not see) now under repair at Adamwa-
han. 1t is also proposed to hire or purchase the Ravi steamer from the
Indus Flotilla; this vessel was lying at Sukkur when I was there, but
bad not yet been tried; the Captain, however, evidently did not like the
idea of working across to Suttian at this time of year, owing to the great
strength of the current which he said would render it impossible to move
alongside the wharf.

XVIL Rolling Stock.—The list noted below shows what rolling stock
is at present available or expected for this section of the line. I saw one «
of the new Diibs’ engines (with outside cylinders and on bogies) which
appear to be very powerful and efficient.

21
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Fugi
» tender, . . . 6
» newLS8.R, .. . . 6 | 1 running, 3 erected, 8 arrived, but
not yet arected.
Passenger carriage, st class, .. ., 1 | Borrowed from E.L R.
» » " » . . 6
” » 2nd ,, . . 8
» w' 8rd , . +e | 25| To be erected, of which about 20
Bror, . . .. | 14| g tsbelag el nd mey
Horse-boxes, .. . . 9 news as to when the rest may be
Timber and carrisge trcks, .. | 6| Teady:
Powder vans, ., . oo 2
Goods eovered wagons, ., . . | 100
Low-sided, . . e« | 26
Ballast, .. . o | 20
Rail trucks, . . e | 100 Tl:;:: ‘:Ee“eo.::re';lp wagons without
Brakosvans, . . . 4 | Temporary, made out of low-sided
wagons,

I also saw some of the new st class carriages being constructed at the
Karachi shops, and cannot but regret that so uncomfortable and obsolete
a pattern should be approved. The retiring rooms at the end effectually
prevent good ventilation ; they should be in the centre of the carriage,
which should at least have large end windows, though I should regard
an end door with outside platform as a sine qud non on this line.

It is certainly a pity that on this long line, where comfort and conveni-
ence to all classes of passengers are specially desirable, the best patterns
of carriages were not carefully designed and made up in time. The trains
now running on the Rohri section look as if made up of all the old worn-
out carriages picked up from half the Railways in India, and such a state
of things is hardly creditable to a8 Government line, which both in this,
as in all other points should, I sabmit, set an example to the Guaranteed
lines, by whose experience they should have been able to profit.

. Neither in the matter of rolling stock or stations can this be said to
have been done by the Indus Valley State Railway, and I cammot think
the saving effected by it can have been of great importance.

My experience on the Scinde, Punjab and Delhi Railway has certainly
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LOWER BECTION, INDUS VALLEY BTATE RAILWAY. 9

been that if a Railway is expected to pay, money is well laid out in pro-
viding liberally for the convenience of traffic and comfort of travellers,
and I think other Railways would show the same results.

XVII—AIll the engines are or will be fitted with cow-catchers, and
this should be rigidly enforced.

XIX.—I recommend, as in my former report, that daring the hot
season the number of passengers carried in a 3rd class carriage of the
ordinary pattern should be reduced from 50 to 40 as a8 maximum.

I hope too that the system of ronning with unlocked doors will be
adhered to. It is better that occasionally a careless passenger should be
injured or even killed, or a frandulent passenger should occasionally evade
payment of his fare, rather than that the great bulk of passengers who
are not careless or fraudulent should be locked up like sheep in a pen to
their serious inconvenience and possible injury to health orlife. Of course
all platforms should be railed in.

XX.—The line will be worked by the ordinary ¢line clear’ system by
the Electric Telegraph.

It will be seen from this report that the line is still far from complete,
and that a considerable expenditure will be required before it is provided
with even the most usual and necessary appliances for traffic,

The fencing is not begun; ballasting is only partially done; the accom-
modation at stations is of the most meagre description; signals and
watering arrangements are in many cases deficient, though these, I under-
stand, will shortly be supplied.

Moreover, the experience of the older lines amply shows that as traffic
increases, fresh necessities arise, and that they must be provided for if
the line is to pay.

The deduction I would draw from this is that the constructive staff of
the line should be very cautiously reduced, for there is at present, and
will be for some time to come, ample work for every man now employed.
And this is all the more necessary on a line where the bad olimate ren-
ders it essential that there should always be spare men available to replace
those absent on leave or from sickness.

Having made my inspection at the very hottest time of the year, I can
tpeak with some feeling as well as authority on this point, as also on the
absolute necessity of extra care being taken to ensure the comfort and
health of the working staff of the line as well as of the passengers, and I
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sincerely hope that Government will deal very liberally in this matger.

In all essentials the line will be ready very shortly ; and I recommend
that it should be opened for traffic as soon as the deficient platforms, sig-
nals and watering arrangements are completed, the necessary rolling stock
supplied, and the traffic staff engaged, the speed being for the present
limited to 15 miles an hour including stoppages.

ExprEse Brina2, ADAMWAHAN.

Note on Official Inspection of the Sutlej Bridge at Adamwahan, on the

Indus Valley State Railway.

Dated Lahore, 29th May, 1878.

Mr. Bell’s memo. herewith forwarded prevents the necessity of my
giving any description of the bridge.

I began the inspection on the afternoon of Wednesday, the 22nd May.

As there were 16 spans, all of which it was desirable to test, I arranged
to observe the deflection under the test load of the eight spars on the
Bahawalpur side myself, Colonel Bonus, R.E., Engineer-in-Chféf, Punjab
Northern State Railway, who was with me, kindly consenting to do the
same for the eight spans on the Mooltan side.

For the former eight spans a train of three engines and tenders, with
five trucks loaded with stone in front and the same behind, was em-
ployed ; the total weight on the span was 254 tons on a length of 260
feet, or very nearly 1 ton per foot run.

This train was brought over each span in succession, and the deflection
of each girder noted—1st, when the train came to a stop ; 2nd, after an
interval of 10 minutes; 3rd, after the train had rolled off again.

For observing the deflection two parallel vertical deal rods were em-
ployed—one fixed to the lower flange, the other supported on the ground
or fixed in the water. By ruling fine pencil lines across the parallel
rods, the deflections to the {i;th of an inch could be noted with great
accuracy, and were judged to the 4%;nd of an inch.

For the other eight spans, as stone trucks were not available, & train
of five engines (three tank engines and two with tenders) was employed ;
though this did not quite cover the whole span, it was really a severer
test than the other.

The results under both trains were, however, singularly uniform, as
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will appear on reference to the table, the deflection in no instance ex-
ceeding 17%th, and being generally under that, while the set in one
insatance only amounted to as much as gth of an inch.

On the following morning, the train of five engines was passed slowly
over the bridge from end to end, and the deflections noted by pencil
diagrams. The results are recorded ; they do not differ sensibly from
those under the former test.

On this morning I visited the protective bund, and, passing slowly
over the bridge on a trolly, examined the detsils of the work as far as
possible,

In the evening the train of five engines was driven over at speed,
and the oscillation noted of three of the girders, including the one last
finished, which the roadway plates were not completely rivetted, and
which was therefore likely to show the most unfavorable results. I took
the observation on this myself with the vertical wire of a spirit level
which was directed on a card divided to 4};th of an inch, fixed laterally
to the lower flangs. The result of several observations showed a mean
opcillation of 3;ths of an inch only, the girders observed by Colonel
Bonug showing (%the. The deflections under the fast train, as shown
by diagram, were 1-4 and 1+3 on the same girders.

The result of the above tests being so completely satisfactory, I did
not think it necessary to pursue them further.

1 compute the strain on the centre of the upper and lower flange of
any girder produced by its own dead weight of 460 tons and a pniform
live load of 250 tons as amounting to 24 tons per square inch in com-
pression and 3 tons in tension, respectively.

I am of opinion that the speed of trains over the bridge need only
be limited by the ordinary speed over the line, so soon as the roadway
i8 quite finished ; at present the reils follow the camber given to the
girders, but they will, I understsnd, be lifted and packed to a level.

The covering plates of the roadway were intended, I believe, to be
laid with asphalte ; this has not yet beem done, and it is, I uaderstand,
under consideration to cover them with concrete ; this, if laid to & snffi-
cient thickness over the crown of the cover plates, will bring a consi-
derable extra weight on the roadway which it would be as well to avoid
if possible.

It certainly seems a pity that the top of the girders cannot be utilized
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for & carriage roadway; but the cost of the necessary approaches s
present appears to put it out of question.

The ends of the earthen approaches where they join on to the abut-
ments are at present very rugged, and should be finished off as soon as
possible. I am not certain whether there will not be some trouble with
the masses of loose stone here proposed.

It may be as well to have fixed marks oun each pier which can be
observed through a level from either shore during and after heavy floods.
In spite of the great depth to which the well foundations have been
sunk, it is still possible that subsidence may occur.

I think the protective spur bund is likely to answer well, judging from
the experience obtained by the Scinde, Punjab and Delhi Railway on the
Sutlej, Beas and Jumna, where similar groynes have certainly done good
service, and I think it will not be found necessary to continue the spur
right on to the abutment. But I certainly think the stone protection
should be extended backwards over the crossing of the Naurangawdli,
and I believe the Director concurs in that view. I should also object
to the continuous channel along the toe of the present bund. If the
river did take a set in that direction during a period of high flood, the
safety of the bund would certainly be endangered by any scour along its
upper side.

At present there is no sign of any action of the river which would
threaten the right abutment or approach ; but, as I believe Adamwahan
itself (which stands on this bank) was inundated only a few years ago,
it is quite possible that protective works may be required on this side
also, and common prudence will dictate the maintaining of large reserves
of stone on both banks for some years to come.

Although not strictly within the sphere of my report, as I happened
to see this bridge little more than a year ago when the foundations were
still unfinished, I cannot help bearing my testimony to the extraordinary
energy and skill which must have been shown by the officers concerned
in completing this great work under circumstances of considerable diffi-
culty in so short a time.

Memo. by Mg, BELL, Superintendent of Works, Sutlej Bridge, for the
Consulting Engineer, who inspects the Sutlej Bridge.

There are 16 spans of 250 feet clear.
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The foundations of abutments and piers are all alike, and each consists of
three wellsin a line of 18 feet 9 inches diameter with deodar timber curbs.

The steining is corbelled inwards from 2 feet 9 inches thick at the top
of curb to 5 feet 3 inches at 13 feet 6 inches up. The internal space from
the cutter bar of curb to 16 feet above is filled with hydraulic concrete.

Above this concrete the core hole 8 feet 8 inches diameter is filled with
sand saturated with water to within 12 feet of low water level, and this
12 feet space is occupied by 9 feet of hydraulic concrete and 8 feet of
masonry.

Externally the wells are cylindrical from the curb up to 10 feet below low
water, from which point the centre wells are corbelled out to a square, and
the ounter wells similarly corbelled on their inner sides only.

The spaces between the wells are filled with concrete for 5 feet below
low water.

The mean levels, subject to a variation of a few inches between one
well and another, are as follows :—

Catter bar, e e 26550 above M. S. L.
Top of curb, v o 26875 ,
Throat of steining, o s 282000 ,
Top of concrete, .. o - 28600 ,
» sand filling, o o 87000 , ,
Outer corbelling, ... s w 85900 ,
Top of inner concrete, . e 86600 w
5 well and low water, ose . 86900 ,
5 Pplinth, .. oee s 387260 ,
Floor level, oo ™ e 880°00 » »
Roller bed stone, . oo e 89500 ,
Fixed bed stone, ... oo e 896°16 s »
Soffit of girder, .. aes . 89900 ,
Rail level, . e s 40860 w »n
Tnderside of top cross girders, ... . 42200 ,
Top of girders, ... . o 425°50 "

The stratam consists of sand entirely for the first seven piers from
Adamwahan ; the next three piers average two-thirds in sand end one-
third in clay; and the last seven are or were fully two-thirds of their
length in clay soil. )

The protection of each abutment pier along with that next to it consists
of a pier-shaped mass of three-and-a-half to four lakhs of cubic feet of
stone, which is designed to withstand any possible effort of the river to
undercut it. The centre line of this mass is occupied by a curtain of block
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wells 9 feet square and 30 feet deep. The river piers have mounds of
stone round them, varying from one-and-a-half lakhs to three-fourths
of a lakh ; the larger quantities having been used when the river attack-
ed the wells before their completion. In no case has the top of the stone
mound sunk lower as yet than 25 feet below low water, although between
some piers, where the bed is clay, the stream has scoured to 56 feet.

Span.—The beds of both spans at which this depth was attained are
now floored with brick cubes for a thickness of from 5 to 10 feet. This
work was an incidental consequence of the girders having been erected on
stages over the deep stream.

The masonry of the wells consists throughout of hard burnt 10-inch
bricks in hydraulic mortar, of a tenacity of over 200 Ibs. per square inch ;
only whole bricks are inserted in the work throughout the cylindrical
part of the wells. All broken pieces whatever were rejected, and no less
than a three-fourth brick was used in corbelling.

There are twelve vertical tie-bolts of 1§th inch round iron in each well
disposed equidistantly round a circle of 18 feot diameter. The tie-bolts
are connected by bottle-nuts 6 inches long at intervals averaging 16 feet
8 inches vertically, and at the same intervals there are polygonal articu-
" lated bond-rings of 3” x 3" bar iron, embracing the tie-bolts. The latter
pass through the curbs with a bond-ring bracing on the upper surface of
the timber and heavy clamp below.

The piers have plinths 52 feet long, 154 feet wide, and 34 feet high from
low water. The piers themselves are 42 feet long and 14 feet thick, and
are alternately 226 and 23-8 high, including the bed stones.

The higher piers are the odd numbers from 1 to 17, and carry the fixed
ends of the girders, while the lower piers carry the roller or expansion
bed plates.

The bed stones of piers consist of six pieces, each 7 feet long, 4 feet
8 inches wide, and 2 feet high. Three stones of 4:8 feet form the width
of a pier, and are tied together by iron plates 15’ x 5’ x §’. The two
tie-plates of one pier are connected on their lower side by angle irons
5% x 5” X §°. These are rivetted to the plates, and have their vertical
tables flat to the masonry. .

The piers are finished with a corbelled and weathered comice, open
on the sides between the corbels to adniit air and light to the bearings

gear of the girders.
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The girders are constructed according to the annexed drawings and
specifications.

The temporary roadway is uniform with that of the line generally, but
is laid on longitudinal sleepers, and uniformly secured by coach screws
throughont in lieu of spikes. The permanent way with expansion joints
is not laid, owing to the inferiority of the rails sent out from England.

The river is at present virtually confined to two spans of the bridge at
its sonth end. In 1876 the river cut its channel laterally towards the
south above bridge, 20 as to run for half a mile along the east side of the
south approach embankment, which was prevented at the time by a copi-
ous stone protection from being undercat. During this phase of the
river, a sand bank nearly as high as an average flood was raised on the
up-stream side of the bridge, 8o as to very nearly overlap all the
8pans.

A breakwater is now in progress from the left bank, which has already
succeeded in pushing the cold weather stream into a line square to the
bridge in the three last spans. This work is faced for two miles with
brick cubes of 13 inches on a side to the amount of from 200 to 500 cubie
feet per foot run, according to the depth of water in front. The head,
where operations for the present season and probably for all time will
terminate, is protected heavily with stone. The bund will be finished 4 feet
higher than any known flood, and it has a line of railway on top, from
which additional protection can be lsunched in case of need.

Two canals, each of 150 feet in width, have been cut across the south
bank, in order that flood water by surplussing throngh them may relieve
the pressure at the breakwater head ; under favorable circamstances, one
or other of these canals may, by scouring its bed, draw the deep river
a new and more direct channel ; after much experience of the river's va-
garies, the Engineers concerned are satisfied that they can certainly retain
the river under the bridge. _

Among minor accessaries, the bridge will have the ends of the embank-
ments at the abutments protected from scour and from slipping by heavy
masses of loose stone.

The width of the bridge is somewhat more than required by the gauge
of maximum moving dimensions. The lower booms form ample refuges
from engines for work-people, and even trollies can be cleared by the train
if put into the booms at the end bays next the piers.
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INDUS STEAM FLOTILLA.

Note on the Indus Steam Flotilla.

Dated Lahore, 22nd Deoember 1877.
Annexed is s list of the steamers and flats now belonging to the Indus
Flotills, and plying between Kotri on the Indus and the Sher Shah Ghat
on the Chensb-
The steamers of the first class were, I understand, built expressly for
the Flotills sbout 10 years ago. Differing in some details, they may
generally be described as side-wheel steamers, about 220 feet in length,

md 98 feet in width between the paddle boxes, with wheels 84 to 12 feet
in dismeter, driven by direct acting low pressure condensing engines.
with 400 maunds of wood fuel on board and boilers full of water, they
draw sbout four feet. They are fitted for passengers, but carry no cargo;
they tow two flats, one on each side, each of which carries from 180 to
950 tons of cargo, and draws rather less water than the steamer.

With these flats, these vessels can steam down river at some 10 or 12
miles per hour; up river about four miles per hour. They do mnot pro-
ceed during the night. The ordinary length of a voyage from Sher Shah
down to Kotri (575 miles) is from 9 to 12 days in the low season, and 5
or 6 days during the floods.

Up river the length of a voyage from Kotri to Sher Shah may be said
to be 28 days in the cold season and 15 days in floods.

The average number of complete voyages (down and up) made by each
vessel with her flats daring the year is about 8.

The consumption of fuel is from 800 to 1,200 maunds per day on the
up voyage; from 500 to 800 maunds going down.

The average cost per voyage up and down, including everything for
half-year ending 30th June last, when the whole Flotilla was fully em-
ployed, was Rs. 12,270.

The average receipts per voyage for the same half-year were Rs. 18,398.

Taking the prime cost of a steamer with her flats at Rs. 4,50,000, this
would show a profit of 10§ per cent. per annum, or 33 per cent. profit
on the gross receipts.

The steamers of the 2nd class were purchased by the Scinde, Punjab
and Delhi Railway Company from the Government Steam Flotilla when
broken up in 1869.

They are a smaller class of vessels than the others; have side wheels
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INDUB STEAM FLOTILLA. 19

driven by low pressure condensing engines; draw as much water as the
larger vessels when loaded, but about one foot less when light.

They also tow flats lashed to their sides, which carry about 100 to 150
tons each.

Besides these, there are two exceptional vessels—the Parak, which is.
of light draught, and carries 150 tons of cargo, but is of too low power
to steam against the floods; and the Ravi, lately purchased from the
Bahawalpur State, which carries about 60 tons of cargo, and is a stern-
wheel boat driven by high pressure engines.

There are also three steam tugs and flats or barges of sizes used as
above.

The steamers of the 2nd class during the half-year ending June last
averaged Rs. 7,864 as cost per voyage, and Rs. 15,113 as receipts.

Taking the cost of steamers and their flats at 3} lakhs, this would
show a profit of over 16 per cent. per annum, and 48 per cent. on the
gross receipts, and would go to show that the 2nd class steamers are a
good deal more profitable than the 1st class.

During the same period Rs. 1,22,000 were paid by the Company for
the hire of native boats, the receipts on which were Rs. 2,12,300, being
a profit of Rs. 90,300, or 42 per cent. on the gross receipts, which seems
to show that it should be more profitable to the Company to hire or build
native boats than to employ its 1st class steamers.

Neither of the above classes of steamers appears to me well adapted
for the work in which it is employed. In a river where the deep channel
is constantly shifting, and is often very narrow, it is easy to understand
bow unwieldy and unmanageable this combination of steamer and flats
often is, forming, as it really does, one vessel 200 feet long and nearly
100 feet beam. There is often barely room to tarn round, while in the
upper portion of the river at least the draught, nearly four feet, is cer-
tainly too great for many of the channels in the dry season. The conse-
quences of course are—much running aground, considerable damage to
vessels and machinery, and very great delay.

All this is fully admitted by every one concerned; the question is
whether it can be remedied by the obvious expedient of designing steam-
ers which can carry their own cargo under the peculiar conditions of the
problem, and although the subject has been much discussed for several

years past, I cannot ascertain that the experiment has fairly been tried ;
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20 INDUS STEAM FLOTILLA.

and as such steamers are common on the American rivers, several of
which strongly resemble those of Upper India, I should myself be dis-
posed to think the problem might be solved if we went the right way to
work, that is, if we consulted men who had already built such steamers
elsewhere, and not men of purely English experience who apparently fail
to grasp the conditions of the problem.

It may be said that the question is not of much importance, as with
the opening of the Indus Valley State Railway the utility of the Flotilla
will, to a large extent, cease; but I am inclined to think that some of
them, at any rate, may find room for employment on the upper waters of
the Punjab, and that if we could get a proper class of steamers, they
would very largely be employed in this manner.

‘What we require then are boats similar to those employed on the
Missouri, Ohio and Upper Mississippi, and also, I believe, o the Elbe,
of light draught (not drawing more than three feet six inches when
laden), and driven by powerful kigh pressure engines, which will give the
requisite power without the enormous weight of the engines now used,
and which virtually leave no space (or at least weight) available for cargo.
1 published a description of such steamers two years ago in the “ Roorkee
Professional Papers,” and I should be very glad to see them fairly tried
on these rivers.

As regards the present Flotilla, of course we can only endeavour to
utilize the boats to the best advantage, and I venture to suggest two or
three measures, which I think would tend to increase their efficiency
very greatly.

The first is, that the present pilot service should be rendered more
efficient. At present there are two pilots at every station, which are
about 25 miles apart. This is far too great a length for a man to keep
himself thoroughly acquainted with, in rivers like these whose channels
are ever shifting ; and to make matters worse, the pilots have no boats
to take soundings with. The consequence is, that they are often quite
ignorant of the channel, as I have heard them several times declare.
Ten miles of water is quite as much as a man should have in his beat ;
and I think three men should be kept at each station, one for the up voy-
age, the second for the down, and the third, with a small boat, to take
soundings with daily. At present the Flotilla pays Rs. 1,000 per month
for the pilot service, and I cannot help thinking that if this sum were
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tripled, it would not be too much to pay for the advantages of a thorough-
ly efficient system of pilotage; probably, however, it would not be neces-
sary to make the beats so short on the whole length of the river; but at
least at certain bad points whose locality is well known, pilots should be
stationed to conduct steamers np and down, and with a boat to take
soundings. If it be said that these bad places are often changing, the
reply of course is that the pilots should be shifted also. There are not
more than 10 or 12 of such places, and the cost of these extra pilots
would be amply repaid by the saving of delay and wear and tear of boats
and machinery.

The pilots are at present under the authority of, and paid by, the Gov-
ernment ; but as they are solely employed by the Flotilla, it would seem
advisable that they should be under the direct control of the Flotilla
Baperintendent. I am informed that in more than one instance com-
plaints made by Captains, of carelessness or ignorance on the part of
the pilots, have met with no redress whatever.

The next proposal I should make would be that during the cold sea-
son the first class steamers and flats drawing nearly 4 feet of water should
be solely employed between Sukkur and Kotri, where the navigation is
attended with fewer difficulties than in the upper portion between Sukkur
and Sher Shah, where the smaller steamers and flats would ply. This
would, of course, involve the transhipment of a considerable quantity of
the cargo, but I think the cost and delay would be more than counter-
balanced by the time and risk saved.

I should also suggest that every steamer, at any rate of the first class,
should be provided with a steam capstan to assist in warping her off
when aground. At present this is entirely done by manual labour, which
is often very severe, and yct not sufficient for the power required.

With the efficiency of the Flotilla thus increased, as I believe it would
be, and with the reasons for delay pro tanto reduced, I believe it would
be a good plan to give the crew of every vessel (from the Captain down-
wards) a direct inducement to shorten the length of the voyages, and
80 increase the number of trips per annum, by giving a bonus or other-
wise, to be rateably divided, in addition to their regular pay. There
may possibly be certain objections to this, but I own I do not see their
force ; it is simply a practical mode of giving increased pay for proficient
service in a case where promotion in the ordinary manner is out of the
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question, and if it be said that Juck or chance would enter into the ac-
count, the same may be said of any other system.

There is a very large native boat traffic on the river, and the Flotilla
actually carries but a small portion of the traffic. Until quite recently
for some months past, the steamers and flats have been fully employed,
and it was necessary to hire a large number of native boats to supple-
ment the carrying capacity.

Latterly, under the influence of a bad harvest and high prices, the
steamers have not been running with full cargoes, and the native boats
compete successfully with them by carrying at much lower rates. Thus,
while at Sukkur, I found native boats taking grain down to Kotri for
2} annas per maund, which, as the distance is 285 miles, is at the rate
of } pie per maund per mile, or about 3d. per ton mile. The Flotilla
rate is } pie or Id. per ton mile for the same distance, and this rate will,
it is presumed, now be lowered to attract cargo; of course the customer
who employs the Flotilla has the advantage of virtually having his cargo
insured, besides the saving of time, both of which advantages, however,
are of less importance at this season of the year than in flood time. I
mean that the saving of time is less, and the difference of risk is slighter.

One native boat lying at Sukkur had brought 800 maunds of wheat
from Dera Ismail Khan, for which the freight paid was Rs. 400, or 8
annas per maund. It was now going down to Kotri with cargo from
Sukkar, and would be dragged up or sail up thence laden with rails for
the Indus Valley State Railway.

The very low rate at which, as above shown, it pays a native boat to
carry goods, shows how formidable will be the competition of the water
carriage with the railway when opened. This is, of course, only what
must be expected when we consider that in the one case the road is
practically ready made, and costs the carrier nothing ; bat it will show
how necessary it will be for the Railway to adopt the lowest possible rates
for goods, and to afford every possible facility to customers.

As compared with the native boat rates, the Flotilla rates are un-
dounbtedly high, but they were raised during the pressure of traffic at the
beginning of the year; the profits have been some 13 per cent. on the
capital, and they will bear considerable reduction.

The great disadvantage to which the steamers will now be subjected
will undoubtedly be in the up traffic, which hitherto has been chiefly the
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carriage of State Railway stores, which, on the completion of the Indus
Valley State Railway, will naturally cease, and as there is little else to
be carried, it seems doubtful how far it will pay the steamers to run
up empty, even if they get full cargoes down at the low rates to which
they will be driven by the competition of the railway and native
boats.

Altogether it is probable that work will be found for only a portion
of the Flotilla, and the Agent agrees with me in thinking that it is desir-
able to ascertain without loss of time, whether some of the spare vessels
cannot be employed elsewhere. With this view, enquiries will be made
a8 to whether there are not intermediate points on the river between
Sher Shah and Kotri where goods might be received, and so a local
traffic counld be fostered.

It appears that there are soch places where grain, for instance, is
received in bulk by the native boats, and efforts will now be made to
secure this traffic for the Flotilla, by supplying bags and affording other
facilities.

I am also in hopes that a few of the lighter steamers and flats may
be employed on the upper rivers, i. e., on the Indus, touching at Isa Khel,
Dera Ismail Khan, and Dera Ghazi Khan: on the Sutlej up to Feroze-
pore; and, possibly on the Jhelum up to Pind Diadan Khan; Isa Khel
is the port for the Marwat country, one of the largest grain-producing
districts of the Punjab; and Dera Ismail Khan, it is well known, has a
large trade. With a proper class of steamers carrying their own cargoes,
I should have every hope that they would do well; whether the present
steamers can thus be utilized, I am doubtful, but the attempt should
certainly be made, and the Agent is well inclined to try.

He also, I may add, quite concurs in the necessity for an immediate
reduction of fares, which has indeed already been carried out; as to the
waat of additional pilots at the bad places, which will come up for formal
sanction after due enquiry; and as to the employment of the larger
steamers below Sukkur only, as to which instructions have already been
given as an experimental measure,

It is more than probable, however, that some of the steamers will have
to be put out of commission, and that it will be expedient for the Com-

pany to get rid of some of its larger and more expensive vessels before
long. *
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Note on the Hardwar Pilgrim Traffic in connection with the Scinde,

Punjad and Delhi Railway.

Dated Lahore, 22nd April 1879,

The Hardwar Fair of the present year is the largest that has been
known since 1867.

The Railway traffic in connection therewith commenced about 10th
February, and lasted till the 20th April. The great bathing day was on
the 11th April, and on the 13th the return traffic commenced, and con-
tinued for a week.

The number of 3rd class passengers booked over the Scinde, Punjab
and Delhi Railway during the above period was 854,000 ; the total re-
ceipts (approximate) were Rs. 7,04,000, being an addition of 200,000 in
numbers and Rs. 2,50,000 in receipts over the fair of last year.

The number of special trains run during the same time, in addition to
the regular trains and passenger vehicles, often on the goods trains, was
70, running about 10,000 train miles.

Not only was every passenger carriage on the line fully employed, but
850 goods wagons, and 300 wagons borrowed from the Oudh and Rohil-
khand Railway, were also utilized for carrying passengers.

The great rush was at the Saharanpur Station, the bulk of the pas-
sengers coming from the Punjab. But large numbers were also booked
at Deoband and Muzaffarnagar for passengers proceeding down-country.

I visited Saharanpur twice during the height of the traffic, remaining
there the whole day, so as to watch the arrangements made by the Rail-
way authorities.

Great credit is, I consider, due to the Traffic Department of the Line
for conducting so heavy a traffic with so much attention to the comfort
of the travellers, and with scarcely an accident or mishap. I would es-
pecially name the Station Master, Mr. Brown, an old and valuable ser-
vant of the Company, who has now been many years at this station, and
whose temper, tact and patience in dealing with the enormous crowds
deserve very bigh praise.

To enable the tickets to be more easlly procured, nine ticket windows
were made available, viz., five moveable ticket boxes outside the station,
two windows in the waiting shed, and two in the central booking hall.
During the heavy return rush, booking went on at these almost continu-
ously day and night. .
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The late abolition of the pies column for all fares over one rupee was
a great help to the Booking Clerks, and I would suggest that in fature
this should be extended to all fares below eight annas, as large numbers
were booked to Rajpura (for instance), to which the fare was 12 annas
9 pie, and the Clerks were constantly mnnii:g out of change, If the
fare had been 18 annas, the convenience would have been very great.

. Passengers were not allowed on the platform until the special train
was drawn up, when as many were gradually admitted by the Police throngh
the central hall as could be accommodated in the train.

The rush for the carriages was of course terrific, but I saw and heard
of no serious accident, and the crowd showed singular patience and good
humour, which, as it comprised a large majority of stalwart men, all in-
variably armed with sticks (brought from Hardwar), was the more com-
mendable.

After the rush into the carriages was over, each vehicle was visited in
turn, and any over the proper number were removed.

The goods wagons employed had the upper door panels removed, two
on each side, and from 30 to 35 passengers squatted in each. The ven-
tilation was fair enough, but with iron roofs and iron sides, such wagons
in the month of April are certainly not adapted to passenger traffic.

Goods wagons for this purpose should either be of wood or at least
lined with wood. The whole of the side and end upper pfnels should
be fitted with hinges to open and shut readily. There should be move-
able seats to fit all round the sides, with one down the middle, which can
be removed when not required for passengers. There should also be
some means of readily ascending into the wagon from the dallast, such
a8 a moveable ladder or steps, and there should be a bracket inside for a
lamp.

Considering how often a certain number of goods wagons have to be
used for passenger traffic, it seems very desirable to have from 2 to 800
wagons ready as above. I had suggested altering some of the new iron
wagons, but I doubt whether this can be easily done, and the material is
unsuitable for the hot weather. I would therefore ask the Agent, in
smendment of my former suggestion, to consider whether some of the
old wooden wagons cannot be altered at a moderate expense.

It seems very desirable in fature that proper camps should be marked
ont by the Civil authorities at some little distance from the station where
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the crowds of pilgrims can assemble and be gradually removed to the
station. A train can only take about 1,200 passengers, and with a limited
supply of rolling stock, a crowd of 20,000 men takes time to get away.
I am informed that at one time, subsequent to my second visit, the sta-
tion was completely mobbed, and arrangements almost brought to a stand
still,

There is no accommodation on the station ground for such a huoge
crowd. If arranged in a camp with proper latrine arrangements and a
good supply of water, and especially with shelter from trees, the conve-
nience of the arrangement would be obvious, and the trees might be sup-
plemented by thatched sheds, which might be kept in store till the next
fair.

There should also be a Native Doctor on the spot with a dispensary
hut or tent, and a few huts for banyahs.

" The Railway authorities do what they can in these mntters, but the
ground is too limited for them to do very much. Considering, however,
that this assemblage is an annual crowd of very profitable customers,
there is no reason why the Railway should not pay the cost of these ar-
rangements, if they had the necessai'y ground. Otherwise it would be
better that they should be undertaken by the Civil authorities, the cost
‘being either defrayed by the Railway or by a small fee of one or two
annas levied on each pilgrim at the entrance to the camp,

It is certainly very desirable that the pilgrims should have ample means
of rest and refreshment at or near the Railway Station. They arrive
‘after a long walk of probably 20 or 30 miles, and are then crowded into
badly ventilated carriages. It is therefore not to be wondered at if dis-
'ease breaks out among them, and is perhaps carried all over the country.
I myself saw one old man taken dead out of a carriage at Umballa, and
‘one robust-looking man lying down at Amritsar in an exhausted state,
which was said to be simply due to the heat of the carriage.

Beveral cases of cholera occurred in the trains during the return jour-
ney. The rule is, that when a case occurs, the carriage is cut off at the
next station, the oecupants turned out to go on by another train, and the
earriage diginfected.

One of the papers stated that many people get into the trains who are
fll. This is probable, and can hardly be prevented without a medical ex-
amination of each man before the journey, which is obviously impracti-
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cable. The Station Masters have orders to prevent any man from starting
who appears ill, aud notices have now been printed in the vernacular and
pasted in carriages and on the platform, warning passengers who may
travel when labouring under infectious disease, that they will be made over
to the Police.

The Hardwar Fair, though the largest, is by no means the only fair on
this line that strains the resources of the Traffic Department.

The Baisdkhi festival at Amritsar, and the Pihowah Fair (near Thén-
esar) both oocur in the spring, and the Diwdli festival at Amritsar in
November also attracts vast crowds. There are also several others of
less importance.

In conclusion, I desire to suggest—

lst.~That some 200 of the old pattern wooden goods wagons should
be altered as above recommended so as to carry passengers.

28d.—That definite instructions should be issued by the North-West
Provinces Government to the Distriot authorities to demarcate certain
convenient spots near to the station for future pilgrim camps.

8rd.—That the necessary cost of such camps, including temporary sheds,
latrines, &c., should be paid either by the Railway or by a small tax on
each pilgrim as Government may determine.

Bince writing the above, I have heard that a camp was formed at Deo-
band by the Civil authorities. The Railway arrangements at this station
are said to have been defective, and serious charges have been made
against the Booking Clerks for extorting money and delayiog passengers
at the station, which are now under investigation.

Notes of Inmspection of the Railway Works in the Beas and East

Beyn Valleys.

Dated Lahore, 30th April 1879..

I visited these works and the Beas and Sutlej bridges, on the 26th
instant, and the following notes show their present state :—

Beas Bridge.—The stone protection of crates and nets is now completed
round sll the piers, but is piled up to high flood level. Major Forbes has
recorded his objections to this, and I should prefer seeing the ¢tuff lower-
ed, as has been done at the Sutlej bridge. It is, however, a matter which
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should be left to the discretion of the Chief Engineer as the responsible
officer.

Beas Embankment.—1 understand that work has been commenced by
the Provincial Engineers, and have ssked the Superintending Engineer
(Mr. Anderson) to let me know from time to time what has been done ;
as yet I have had no reply. There is, of course, no time to lose with
regard to this work, or the spur at Moli, or the alteration of the flood
gaps in the Grand Trunk Road; but if the last is to be done at the cost
of the Railway, an approximate estimate of the probable cost should be
sent in beforehand, and the Chief Engineer of the Railway and myself,
should be told exactly what it is proposed to do.

I pass on to the bridges in the Beas Valley, sanctioned and in progress.

Fatteh Chak.—Old bridge: four 30-feet girders ; uninjured, but wing-
walls which were cracked, have been re-bailt.

The present diversion leaves the main line a little west of the Fatteh
Chak, ranning down on to the bench on the down-stream side of the
bank, which it leaves at the next bridge, the Mandors, and then makes a
wide sweep to the right, rejoining the main line just beyond the Hamira
bridge, the last in the valley.

The Engineers, however, have a line of their own running on from
Mandors at the foot of the bank; indeed, without this, the work could
not have been done.

The traffic diversion runs on the surface, and crosses the nallahs by
temporary bridges, which it will be anxious work to maintain if the floods
come down before the re-construction works are completed.

Mandora.—Two 60-feet girders, instead of one as before. Masonry
completed, and ready for girders, which have been made up in the Engi-
neers’ Workshops in Lahore. They are ready, and have been tested.
Abutments of this bridge are on wells sunk 50 feet deep ; wing-walls 40
feet ; pier is on a cluster of nine wells braced together and sunk 20 feet,
as there were débris which prevented the same arrangement as elsewhere.

It is proposed to give a flooring to this bridge of block kunkur, but it
has not yet been begun.

This is the only cluster well pier, and I certainly prefer the arrange-
ment to one or two wells sunk to a great depth always provided that a
flooring be added. It is one of those points that I should have liked to
have had well discussed before work was begun, but unfortunately we
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have had to act at once, with very short time for discussion, and every
point is not seen at first.

The next opening is No. 1 Flood Gap, designed to be 2,970 feet long,
the approaches down to it at both ends being 1 in 500, and the gap be-
ing spanned by rail girders on short brick piers 84 feet apart in the clear.
The pier foundations are 4 feet below the surface (1} feet concrete and
24 feet masonry). There is a flooring of concrete, 1 foot 8 inches thick,
at surface level for the full length of the piers, and this is continued 20
foet up-stream and 30 feet down-stream by a flooring of boalders 2 feet
thick.

I should certainly have preferred block kunkur to boulders, but the
supply of the former is said to be limited. I should, however, like to eee
the junction between the concrete flooring and the boulder flooring, up
and down-stream, made with block kunkur carefully packed. The pre-
sent arrangement is decidedly weak, and although these flood gaps are
presumed to be, to a certain extent, a temporary arrangement, it will be
a8 well to make them as complete a8 time will permit.

Of this particular gap, 20 chains only (= 1,320 feet) are at present
ordered, giving a clear waterway of 1,122 feet. As explained in my for-
mer note, I trust that none of this gap will be filled up this season. If
there is not time to complete the rail girders over the whole, temporary
piers should be made. Or, if nothing better can be managed, I would
cut out the old earthen bank at once, and fill up what cannot be other-
wise closed at the last with new earth or sand.

Hambowdl.—Four 60-feet girders (= 220 feet waterway) instead of
102 feet as before; piers will be ready for girders by 16th May. Girders
are now coming up the Indus Valley Line from England.

Pier wells are 50 and 40 feet down as at Mandora ; no orders for floor-
ing as yet, and I would suggest instead that the ground should be
excavated 10 feet in width and depth round the piers and along the abat-
ments, and the excavation filled in with brick refuse or boulders, as on
the Indus Valley bridges.

It is to be remarked that the whole of the surface soil in this valley is
s light sandy clay, which scours into deep holes on the slightest provoca-
tion.

The question of floorings for bridges in such a soil is a very difficult
one. If a really good flooring is given and continued for such a length
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down-stream that all danger from the water's action has ceased, I believe
deep aprons and even deep well foundations might be dispensed with.
But the elements of time, quantity of material available, as well as cost,
have to be taken into consideration, and until these are determined, it is
difficult to make distinct recommendations on the subject.

No. 2 GQap.—Designed to be 1,089 feet long, but at present only 10
chains = 660 feet are in progress. Owing to an alteration in the posi-
tion of the next bridge, I understand that 20 chains can now be added
here = 1,820 feet; and I would give every foot that can be given.

Ramidi Nallah.—Four 60-feet girders (= 220 feet) instead of 102
feet as before. Wells here 45 feet deep ; rest three feet in a stratum of
clay 12 feet to 16 feet thick, and will be ready for girders (from Eng-
land) by 1st June.

Wells are now ready for hearting, and I would suggest that some
money might be saved by hearting them with sand, having four feet only
of concrete below and above, as has been done, I believe, on the Indus
Valley Line.

I would protect these piers with brick rubbish, as already recommended
for the last bridge.

No. 8 Gap.—1,358 feet designed; 10 chains (= 660 feet) ordered,
and no room for more owing to the two Ramidi bridges having been shift-
ed inwards. This makes it all the more necessary that No. 2 gap should
have it3 fall length.

Ramidi.—Three 110-feet girders =— 308 feet instead of 202 as before.
Old bridge ran on top of girders; new bridge will run on bottom. Wells
40 and 50 feet deep in sand ready for hearting. Girders are on the spot,
having been brought from the Butlej bridge.

I would protect the piers as above recommended in lieu of a flooring.

No. 4 Flood Gap.—827 lineal feet designed ; 10 chains (= 660 feet)
orderad, but not yet begun; fire chains more can be added owing to the
shifting of the Ramidi bridge, and I hope this will now be given. It will
all be wanted here.

West Beyn.—Four 110-feet girders — 404 feet ; pier wells are 81 foet
down, of which 20 feet are in sand, and the lower 11 feet in a bed of clay,
said to be of considerable thickness. If so, further sinking should be
stopped. Qirders are coming from Sutlej; those for two spans are

already on the spot,
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1 would protect these piers as at the other bridges.

No. 5 Fleod Gap.—992 feet designed; 17 chains (= 1,122 feet) order-
od, but not begun. The sooner these gaps are cut out to their full length
and depth, the better. The large bridges are not safe without them, and
the two gaps on both sides of the West Beyn are specially important, as
we know there is a great deficiency of waterway (apart from the river-

gpill) at this part of the valley.

Chattar Singh and Hamira.—Both thrown into one; four 60 feet gir-
ders and two 54 feet girders. Wells will be ready for hearting by 20th
May.

The old Hamira bridge has been closed up, as explained by Chief
Engineer, in former note, and the Provincial Superintending Engineer
has promised to close np the corresponding gap in the road, but it has
not yet been done.

The waterway of the whole valley, as shown in my former (2nd) note,
was designed to be 1,882 lineal feet instead of 1,020 as before, besides
6,831 ( = 5,797 in the clear) of flood gap. One would therefore suppose
that an over liberal provision had been made. I can only say that I do
not think there will be too much, and that any one who saw the signs of
the last floods, even two months afterwards as I did, would not be inclined
_to under-estimate the waterway required for a similar one. 1t will be
after all, when fully completed, less than one-fourth of the entire width of
the valley, and should the Beas take a determined set in this direction, in

spite of oar embankments and spurs, we shall have to bridge the remain-
ing three-fourths. .

The question is so difficult a one that I own I would gladly have been
able to snspend action for a year, so as to consider the subject in all its
bearings and to coliect the best engineering advice procurable. Unfor-
tunately, as already remarked, we have had to act at once according to
the best light available; and if mistakes have been made in working out

the problem, I hope the difficulties will be considered.

Meanwhile, I maust not omit to do justice to the great energy with
which the works have been pushed on, especially in an unusually sickly

season, though fortunately one of exceptional freedom from rain.

East Beyn Works.

The bridge over the East Beyn will consist (as stated in my former
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note) of 2 spans of 136 feet and 2 of 110 feet. The girders for the for-
mer are on their way from England, and are, I think, landed ; the latter
girders will come from the Sutlej, or rather are already on the ground.

The pier wells are 45 feet deep, and are in 17 feet of clay; why it was
thought necessary to take them down so deeply into the clay I do not
know.

The large openings are flanked on each side by three 30 feet girders on
masonry piers which go down 80 feet, and rest in two or three feet of
clay. »

On the east side, the last of these piers becomes the abutment of the
new bridge. On the west side, there is a viaduct of 36 16-feet girder
flood openings connecting the bridge with a 40-feet girder bridge which
stood through the floods.

The piers of this long viaduct are eight feet below surface level, but at
present there is no flooring. I am not sure that it is needed, for the
surface soil is of clay, and the bank was literally wiped off the ground
by the flood without any scour, but it should be added when there is time.

I am sorry now that more flood openings were not provided at tha east
end also, instead of enlarging the main channel by the additional 30 feet
girders, as it appears to me in such a stream as this, where the floods
come down with exceptional violence, but are of short duration, that we
want length of waterway rather than depth. I conclude orders will be
given to cut away the earthen shoulder so as to get the full benefit of
the increased waterway in the main channel.

I have already spoken of the dangerous character of the deep 8 curve
taken by the stream above the bridge which threatens to cut its way up
to the new viaduct in two or three more floods, and which undoubtedly
tends to spill the water over the surface, by heaping it up at the bends,
instead of carrying it down the channel; and after my last visit, I would
suggest to the Chief Eungineer to consider the propriety of cutting
through the neck between the two last bends, and throwing a bund across
the main channel 8o as to keep the stream further from the railway bank
and send it down straighter on to the bridge.

I do not understand why the rail level is to be raised so much on the
east side of this bridge, and shall be glad of explanation. With the
very large additional waterway now given, the flood line cannot be ex-
pected to reach the same height again that it did last year, and it would,
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as already remarked, be better to spend the money in additionsl flood
openings on the east side than in raising the bank and piers. I should
be glad for this point to be re-considered if not too late.

Sutlej Bridge.

The 18 girders in the nine spans nearest the Ludhiana end, which were
authorized to be removed, have been removed without interruption to the
traffic, 14 having gone to the Beas Valley bridges and 4 to the East Beyn.

The stone groyne is being continued down to the new abutment, the
water slope being covered by lines of nets filled with stones, and it is
hoped the reclaimed land between the railway bank and the groyne will
be still farther silted up this season. No time should be lost in sowing
or planting the whole of this space with sissu trees, as has been done at
the Ravi with excellent effect. The Forest Department might be asked
to help in this,

The tree spurs, which the Chief Engineer proposed to start on the left
bank below Karidnah, as recommended by Major Forbes, have not yet
been begun. I trust this work will not be lost sight of, late as it is in
the season. The action of the river on the left bank below Kariinah is,
as pointed out by Major Forbes, decidedly dangerous, and it will only be
by works continued through successive years that the danger of a breach
in the railway bank towards Ludhiana can be guarded against.

In all other respects the river looks well.. The protection of the piers
by crates and nets has been nearly completed ; and when this is done, it
will remain gradually to fill up the deep holes between the piers to within
a certain distance below low-water level, 80 as to secure a tolerably uni-
form section.

The steam dredger is doing a certain amount of work in removing a
sand bank from the centre of the channel, but I fear she is not doing the
work that was expected of her, and I have called for a special report, as,
if ehe is a failure, it will be better to stop further unprofitable expendi-
tare and endeavour to utilize her elsewhere, or in some other capacity.

J.G. M.

P.§,—The above works in the Beas and Beyn Valleys have since been
completed at a cost of 18 lakhs, and the former severely tried by a high
flood on the 12th August, which, however, did no damage.
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NOTE ON EXPERIMENTS MADE TO DETERMINE THE
TRUE CO-EFFICIENT OF THE DISCHARGE OF THE
HEAD SLUICE OF THE MIDNAPORE CANAL.

[ #ide Plates L. and IL ]

By J. W. ArsonN, Esq., Erecutive Engincer, Cossye Division.

Mosr Canal Engineers must have had cause to distrust the formula
v=25 A/ H generally in use for determining the velocity through a sluice
dae to the difference between the levels of the water surfaces on either side
of it. It seems to be usual* to assume that all sluices have the same
vera contracta, whether they are small sluices discharging free into
the air under a large head of water, or have very large openings com-
pletely submerged with a difference of water level on either side of only
a fraction of a foot. Hitherto, at least in Bengal, it has been the
practice to use the above formula, the co-efficient of which is due to a
co-efficient of contraction of <625, even for the head sluices of canals
where the head is very small and the area of the submerged vents large,
although the above co-efficient was determined from experiments made
with very small valves in lock gates subjected to large heads.

2. In order to, if possible, determine the true co-efficient for the head
sluice of the Midnapore Canal, a series of most careful experiments
were carried out during last irrigating season. The field work was done
by Mr. A. Hayes, Assistant Engineer, put on special duty for the pur-
pose, under the supervision of, and frequently assisted by, the writer.

8. Forthe purpose of arriving at the true formula, two entirely different
systems were adopted, viz., firstly, gauging the discharge of the canal,
and secondly, current meter observation in the head sluice itself. The
discharge of the canal was carefully gauged on fwelve occasions, about

® Author writes for Bengal I hope without warranty. Assuredly these remarks do not apply to
N.-W. Provinces or Panjab. Capt. Cunningham’s Note at end was forwarded with article by Sec-
retary to Government, Bengal Irrigation.—[ED.]
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three-quarter of a mile from the head, the relative levels of the river and
canal being simultaneously observed, and the lift of the head sluice shut-
ters; the above three elements being determined, it is evident that there
are data for calculating the value of x in the formula v =z o/ H.

4. The gaunging of the discharge of the canal was conducted with the
greatest care; a portion of the canal free from eddies being found, two
oareful cross sections, 50 feet apart, were made, and the distance between
the foot of the slopes on either side being divided into six parts, the
velocity at each point of division was obtained by timing a rod float
reaching to within a few inches of the bottom for the run between the
ropes stretched across the site of each cross section, At each point a
minimum number of three float observations were made, and in every
case observations were continued, until at least three in close agreement
were obtained. The velocity was observed in nine vertical planes, viz.,
over the middle of each slope, over the toe of the same, and at each of
the remaining five points dividing the bed into six portions. The dis-
charge of the centre portion was then calculated by Weddle’s formula—

D= 168 {ha' "s” + hl' "l. + ho v, + hx' vx' + k' vy
+ 5(""”’” + ho”o + h!’”l’)}
and that of the portions over the slopes by Simson’s formula—
D, =48 (h'v, + 4Kv')
D,= 34" (k"0 + 4K v')
the symbols used in the formulas refer to the following disgram-—

’ 1 !

U ! [}
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1
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It need only be said further that the system adopted in gauging the
discharge of the canal was in every respect that employed at Roorkes by
Captain Allan Cunningham, R.E.

5. A plan of the head sluice is given in Plate 1., and the position of
the gauges is shown on the plan by the letters A and B, A being the
river gauge, and B the cacal gauge, the former being close to the river
face of the sluice, and the latter 150 feet from the canal face.

6. The Cossye river being subject to very sudden changes of level dur-
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ing the irrigation season, it was often useless to take observations on
sccount of the variationsin the levels during the process of ganging, (which
occupied from three to four hours,) and in consequence only 12 good
observations were obtained, the details of which are given in the following
Table. In the majority of these observations the levels did not appreci-
ably vary during the gauging, the maximum difference between the gauges
st the beginning and end of the operation being thaton the 14th September,
when the river gauge varied during the time by 0-3 feet, and the canal
gauge 02 feet.
TasLe No. 1.

SQUARE Hzap | YALUES OF
GAUGE READINGS. HEAD ON SLUICE.| ROOTS OF SLUIOR, |FINFORMULA
HRADS, *le=xV/H

River. | Canal.

2 .
% 2| 4 i 3 8- a3 3 g
s |8 ® 24 j § |5
¥ 2|5 3 A g 5
2 : ¥ § HdERE
E| g |k g £s :
- REREREIL sle|8|51%s 2|3
1 3 3 4 ) (] 7 8 [ l 1011} 12 | 18 1 1
Sep. 14, | 81.96| 81-66| 81.66| 8146{ -35 07| 82 891( 175 51:]10-2 90
» 17, |82:26 sz-zsl 81.94/ 81.91 -asi 08) 44 7| 968] 175550 91 | 83
» 21, |80-98| 8098, 80-85| 80-85{ ‘18| 05| 18 42| 745| 175 4-25(11'8 | 101
» 23,8215 szzs' 81.81| 81.88| -35| 08 -43| 60| -66/1016| 175/ 580 94 | 88
» 26, |83-20| 82.15| 81.87| 81.85 -32| 08| 40| 56 -63j1010] 175 580108 | 92

» 27, |82.02'81.95 81.70( 81.70 ‘28| 07| °85
Oct. 10, |81.80 81-27' 81.15, 81.12| 15 -05{ °20

» 13, |81.00/ 8100, 80-90 80-90] -10(
» 15, |81.14|81.14 80-79 80.79| -85

» 16, |81-17] 8118 80-83' 80.82|. -85

675| 125(540) 90 | 85
w 17, | 81:26 81-80} 80.98 81:14| -26] -04] ° ‘54| 502 125 80| 74

» 23, 181.58]81-68; 81.29| 81.28 80| 04| 84| -54| 58| 548| 125/ 4-38| 81 | 74

“lﬂ, X o \ (X3 ' . .e 31} .. 58| < oo (478 948 85

175/514] 97 | 86
44) 722| 175/4°12/108 | 94
*40| 686 175,809 99 | 7.7
IGOO 125/4:80{ 80 | 7'6
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7. In the above Table the mean of the difference between the river and
canal at the beginning and end of the gauging is taken as the head on the
sluice, and is entered in column 6, and its square root is then divided into
the velocity, found by dividing the area of the sluice ventage into the ob-
served discharge, and the quotient is the value of the co-efficient in the
formula v == z o/ H; the several values obtained for z being shown in
column 14. Inspection of column 14 shows the remarkable result that
the co-efficients obtained vary from 8 to 11-8, and average 9-48, whereas 8
is the maximum co-efficient dae to the force of gravity unreduced by vena
contracta. As a co-efficient greater than that due to gravity is impossi-
ble, the above results cannot be correct, and they point to the real
head having been greater than that given by the difference of readings
of the two gauges. The relative levels of the ganges were most care-
fully checked by both Mr. Hayes and the writer, and they were finally
adjusted absolutely level with each other, so there was no error in the
gauges to account for the results obtained. But a phenomenon observed
on the 23rd and 26th September goes far to explain the high co-efficient.
On these occasions the writer, by very careful observation, fonnd that the
level of the canal water was 0-05 greater on the gauge 150 feet distant
from the sluice, than it was close by the newel marked D on the plan;
and again the level at the point C in the still water close to the river
groyne opposite the sluice at a distance of about 150 feet was greater
than that shown on the gauge at A by *03. If, therefore, the difference of
level between the water surfaces at C and D be taken as the head, it will
diminish the co-efficient observed on the 23rd September from 9-4 to 8-8,
and that of the 26th from 10:3 to 9-2.

8. The fact of the surface at B being higher than that at D, is only
what might be expected, as a back eddy is always observed inshore towards
the sluice, and this eddy is evidently due to the veaction from the piling
up of the water at B. Attempts to determine the difference of level
between the water at A and C and B and D on subsequent occasions
were not successful in consequence of wind disturbance chiefly, bat it is
a fair assumption that the total difference would be in proportion to the
observed discharge of the canal, and on this principle the observed head
has been increased by the fraction shown in column 7, which is obtained
by multiplying ‘08 by the observed discharge, and dividing by 1,000 the
discharge observed on the days that the difference ‘08 was detected. By

52



NOTE OM EXPERIMENTS TO DETERMINE TRUE CO-EFFICIENT, KTO. 5

thus correcting the observed heads, the mean of the co-efficients is reduced
to 8-, or to little more than that due to gravity.

9. There is no reason why the surface near the newel should be the
lowest, and it is quite possible that the minimum level is somewhere else,
and that if it could only be determined, the exact theoretical co-efficient
would be found to be correct. A further explanation of the excess of the
observed co-efficient over the maximum theoretical is that the velocity
through the sluice is increased by the velocity of approach to the slnice of
the water in the river channel. On every occasion bat the 14th Septem-
ber the under-sluices were closed, and the velocity in the channel above the
sluice was moderate, varying from 1-5 to 2:0 feet per second ; but if the
mean corrected head, which is *31, be increased by 05, (the head due to a
velocity of 18 feet per second,) the mean co-efficient is reduced to exactly 8.

10. It may be said that it is impossible that the vena contracta should
be entirely eliminated, but it does not seem so to the writer, as the cut-
waters of the sluice act as powerful adjatages, and with the piers of the
sluice form an outlet of almost the most favorable form possible for the
discharge of water. In most of the experiments the lower edges of
the shutters were barely immersed in the water. These experiments
serve to the writer to show that to determine the discharge of a canal,
the formula v = 8 o/ H will give very approximate results, certainly
much nearer the trath than 5 o/ H now generally used.

11. The second method adopted was that of directly determining by
observation with the current meter the mean velocity throngh the sluice.
For this purpose a platform was formed by a board between the piers of
the middle vent of the sluice, at a height of about two feet above the
level of the water flowing between the piers, and standing on this plat-
form the observer worked the current meter fixed to the end of a light
pole; the current meter used was of the usual kind, with a fan 4 inches
in diameter. Before the experiments were begun, it was tested in still
water and found correct. It was found that with a little practice that
it was quite easy to observe the velocity at different points in the cross
section. The operator stood up on the platform facing the current, and
resting the pole of the current meter in a notch in the edge of the plat-
form (which determined the distance of the observation from the centre),
he slid down the pole until the current meter was the required depth
below the surface; the current meter was then thrown into gear by
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pulling a wire led up the pole through rings like those on a fishing rod.
In each experiment the current meter was run for 80 seconds, the time
being called by an assistant, chronograph in hand. The observations
were repeated at each point, until three closely approximating readings
were obtained.

12, At first it was supposed that the mean velocity might be deter-
mined from a few observations at different depths in the middle between
the piers, and a few more on one side to show the diminution of velocity
close to the wall. However, after a considerable number of observations
had been made, it was discovered that the velocity on either side of the
centre were not symmetrical, but that those to the east were invariably
greater than those to the west of the centre; the writer therefore on the
4th November made a very careful series of observations at altogether 24
different points in the cross section, the readings of the current meter
being 82 in number. The diagram, Plate II., represents a cross section
of the space between the piers, and it shows on it all the particulars of
the observations made. The intersections of the vertical and horizontal
lines mark the points where the readings were taken, and the actual
readings are shown in small figures above and below the point where they
were taken. The average of each group is shown under it in heavy black
figures, and at places where no readings were taken, the interpolated
velocities are given in heavy figures marked with an asterisk. It was not
possible in any case to observe closer to the pier than three inches without
fouling the face of the current meter, and even so close could only be done
just beneath the surface, but at intervals down to 5 feet readings were
taken in five different planes, but below b feet only in the centre, as at
such a depth it would have been difficult to lower and raise the current
meter without striking the wall if an attempt had been made to work it
close to the side. Having given the above description of the method
adopted to observe the velocities, the details of the calculations of the
mean velocity from those observed will be proceeded with,

18. The velocity was observed in seven different places parallel to the
axis at a depth of a few inches from the surface, (just sufficient to immerse
the fan of the current meter.) These planes were that through the cen-
tre, and those at a distance from either side of 8 inches, 6 inches,
and one foot. At the depths of 1,3 and 5 feet from the surface, the
velocity was determined in five planes, viz., the centre plane and those as
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a distance of 6 inches and one foot from either side. At the depth of
6 feet 6 inches only the centre velocity was observed, as was likewise
done within a few inches of the bottom, or at a depth of 7 feet 4 inches.
Reference to the diagram shows the number of separate observations made
and their positions in the vent, (the decimal point of the middle velocity in
each group is on the intersection of the vertical and horizontal lines which
indicate the point in the vent at which the observations were made.)

14. The probable velocity close to the walls at the depths of 1, 3 and 5
feet have been calculated by assuming the relation observed near the sur-
face between those velocities and those in the adjacent planes to be gen-
erally true, viz., thatif v, be the velocity at 3 inches from the wall, v that
at 6 inches, and v, that at 12 inches, v, { v,  vis. At the surface this pro-
portion is very nearly true on both sides of the vent. For the depths
of 6} and 7§ feet, where only the centre velocities were observed, the velo-
cities close to the side are calculated by assuming them to bear the same
ratio to the centre velocities, as they were found to do on an average at

the four lesser depths, viz., *65 on the west side and 73 on the east. The
principle on which the interpolations have been made being now explained,
the calculation of the mean velocity will be proceeded with.

15. At surface—
191 X b= 0'951
315 + 287 X 5=118

AR % 15= 419
82243840 o 15 =497
3% x 5=82

2:83 X b= 142
v at surface = 817 feet per second.
At 1-0 feet below surface—
175 X 5= 087
191308 o 5=100

5 X 15 =414 _
B2 gy | O
3 X 5=14380

217 X 5 =108J
v at 1-0 below surface = 2:61 feet per second.
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At 80 feet below surface—
2:66 X 5 =138
%‘23%419 x *5=198
1945 15 =652

4:34 4 460
2

450 -g 363 . .5 _ 9.3

X 10 = 668

2:42 X 5 =121)
v at 8 feet below surface = 3-89 feet per second.
50 feet below the surface—

32 X 5=160)

51'.36 -;3'52 x 5=172

T X 15=599
L

ﬂ:‘ziﬂ’ %X 15 = 681

AL s =217

8:52 X 5=176)
v at 5°0 below surface = 4:01 feet por second.

65 feet below surface—

2:67 4 412
2

412 4300
2

X 25 = 8'49
=5
X 256 = 890
v at 6'5 below surface = 848 feet per second.
At bottom 7:86 below surface—

TEA2T % 25 = 559

<=5
IRAI 25 =585

v at bottom = 2:49 feet per second.
Mean velocity for the whole depth will be determined from the mean

velocities at the observed depths as follows :—
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8-17-;-2'61 % 1:0 = 289 )
2614899 % 2:0=650
3-39.;.4-01 X 20="T790 % =786
S+ ¢ 15 =561
848 4+ 249

X 86 = 2'56 ]
o for whole depth = 846 feet per second ; but the depth for which 8-11
is the mean velocity is grester than the height of the vent, as the total
lift of the shutter was 7:00, therefore the mean velocity through the vent
will be

346 x -7—,;3—6 = 8'63 feet per second.

16. The mean velocity in the centre plane may be calculated as
follows :—

PRAM x 1=38388)
B o 9779
A 22880 % 4736
A 15=643
m#x'%:%%)

v in central plane = 3:98 feet per second; but the mean velocity for
the whole section = 846 feet per second—

846

W = 87.

It therefore appears that the mean velocity through the head sluice
is the mean velocity in central vertical plane multiplied by -87.

17. Assuming the relation just established between the mean velocity
for the whole vent and that for the central vertical to be general, obser-
vation made on five previous occasions can be utilized, as in all cases the
velocities were determined at several depths in the central plane. The
details of the calculations have, for the sake of brevity, been put into the
following tabular form, the headings of which explain themselves. In
the 8rd column the velocities, which have been intgrpolated, are marked
with an asterisk, but it will be observed that the only ones interpolated
in any case are the surface and bottom velocities, and that velocities were
in every case observed at from five to six intermediate depths.

o7 1
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18. The results of the five observations, the details of which are given
in Table No. 2, are shown in the following Table No. 3, and also the mean
welocity determined by the elaborate experiments of November 4th. In
this Table the observed heads have been corrected in the same way as in

Table No. 1, by adding to them Pt mmlla—t:bd diwh"“, and the co-efficients

80 obtained vary from 7-6 to 9-5, and average 84, thus only differing by
0-1 from the mean co-efficient 8-5 determined by the gauging of the canal
discharge.

TasLe No. 8.

SQUARE | & & |VALUESOF=Z
M H [
@AUGE READINGS, o By nggn or ;o m':):l:;!;
«a =
River. Canal. 3

- I 3 3 'gg il

. . 2 o » |82 B
E 3090055 0
° 9. 8.% *H|BE| S | €
¥ ‘AR AR (53] s | s
3 I18 218§ ; if (35| 3 | 3
4| 3| <4|<4|c|S|8|o!8!ag(Rg| A | a
1 2|8 |4|6|6|7|8|9]10|n|12]18] 14
Sep. 7, .. |81°2181:06(81:11(80-96| 10| 05 | 16| 81| -40 | 382 670|128 | 95
» 9, .. [80:61/8058/80:51{80-46| 11| -04 | <15 -38 | -40|3-17| 518| 96 | 79
w 14, .. [81'66(81:56/81-46/81-38| *19| 06 | -25| -45| 50| 402 70 90| 80
» 17, .. [82:2682:4 |81:01(81:88| 34 | -07 | -41| 58 | 64 | 5:36] 938 92 | 8¢
» 21, .. [80°98/80'98 80-85 80-86| ‘13| -05| 18 ; -36 | 42|3-79| 663105 | 90
Nov. 4, .. [81'42[81-40,81:24:81-22| 18| 05| ‘23| -42| -48|363| 635| 86 | 76
Averages, oo | eo | oo oo | oo ae|ae]ee| 99| 84

19. The writer thinks that it will be admitted that the above experi-
ments if they do not absolutely establish the true co-efficient, go far to
show that there is no appreciable vena contracta in large sluices with
small heads, and that the best formula to use to determine the velocity
isv=28 a/H. In this note the observations made are given in sufficient
detail to allow of any one who wishes working them out and possibly
arriving at a different conclnsion from that given above. A recent writer
on Hydraulics, Jackson, says that the question of true formula for the
discharge through a sluice is one that has little interest for Canal Engi-
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neers; but in this he seems to be mistaken, as until such a formula has
been discovered, it is impossible to tell what the actual daily discharge of
8 canal may be, and consequently the duty obtained from the water re-
mains undetermined. The writer regrets that in consequence of his being
about to leave India on furlough, he will be unable to further pursue the
question experimentally for sometime to come, but he hopes that some
other Canal Engineers may be indaced to take the question up, so that
eventually some definite conclusion may be arrived at.

J. W. A,

Note on Mr. Apjohn’s Ezperiments. By Oarr. ALLaw Coxvingnan, R.E.

See paras. 4 and 11.—1° The principle of selecting out of many
velocity-measurements only those which are nearly equal, is contrary to
all principles of scientific discussion, If they were all done with equal
care, they are all equally trustworthy and should be all used.

See para. 9.—2° The mode of using the formula v = z A/ H appears
incorrect. The symbol H should include the height due to velocity of
approach.

With the very small heads of these experiments (from 10 to ‘36 of a
foot), this term, i.e., the height due to velocity of approach, is a very im-
portant one : its omission is one considerable cause of the unusually large
co-efficients obtained, and causes an increase in the co-efficient increasing
rapidly with decrease of a small head.

[The’effect is clearly shown in both Tables I. and IIL, the large
co-efficients corresponding generally to the small heads].

The omission cannot well be supplied now: the * velocity of approach*
should be the velocity at the cross section at which the water level for the
upper head is taken.

See para. 7.—8°. The ¢ heads” of water are so small that their accn-
rate determination is difficult. The two gauges marked C and B in
Plate 1., would have given' probably the better values for use in the for-
mula v == 2 o/ T ; but the uncertainty of applying a conjectural correction
of +08 to heads of only ‘10 i of course enormous,

See para. 11.—4°, In the experiments with current meters, it should
have been stated whether the meter had been tested in still water through-
out the whole range of velocities (about 4:5 to 15 per second) for which
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it was used : as most meters require a different co-efficient to be applied
to the indicated revolutions at different velocities.

5°. The expectation of foretelling the supply entering the canal
from a mere inspection of the gauges and use of some formula such as
v=z o/ H, is probably fatile, so long as the important term “velocity
of approach ” is unknown, (v. supra).
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No. CCCXXTL.

ON THE ACTION OF FALLING WATER.
 Vide Plates L—X.]

By J. S. Berksrorn, Esq., Executive Engineer.

Tae following papers may prove interesting to the profession as deal-
ing with s subject on which there is not much definite information to
be found in books, and regarding which very erroneous views are held by
many Engineers. '

My attention was first drawn to the subject in 1870 when, as Execu-
tive Engineer of the Meerut Division of the Ganges Canal, I had to
carry out the repairs to the canal falls in that Division, and complete
the protective measures that were considered necessary. These measures
were designed in accordance with the theory advanced in my Note on
the Keroni weir ; and the works then constructed have stood the test of
time.

My remarks in the margin of Mr. Eliot’s letter, and of Captain Cun-
ningham’s note, were written before the Naini Tal experiments were
made; butI have allowed them to remain, as they seem to meet fully on
theoretical grounds, the objections raised by these gentlemen against my
theory, and the proof of it.

The experiments at Naini Tal were conducted some months previous
to the receipt of Professor Unwin’s memorandum.

List of Papers.

1. Note by J. 8. Beresford, Esq., Executive Engineer, on the pro-
posed weir at Keroni on the Ken River, dated 13th April, 1877.
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2. Letter No. 461-2 of 30th April, 1878, from the Officiating Chief
Engineer, Irrigation Works, to Captain Cunningham, R.E,,
Thomason College, Roorkee, and John Eliot, Esq., Professor
of Mathematics, Educational Department, forwarding Mr.
Beresford’s Note, and requesting the favour of an opinion on
the theory advanced therein.

8. Letter, dated 5th June, 1878, from the Meteorological Reporter,
containing Mr. Eliot’s reply.

4. Letter, dated July 1878, from Captain A. Cunningham, R.E,,
in charge of the Hydraulic Experiments, Roorkee, forward-
ing & Note by him on Mr. Beresford’s * Note on Keroni
Weir.”

5. Captain Cunningham'’s Note.

6. Memorandum on the Keroni Weir by Professor W. Cawthorne
Unwin, Royal Engineering College, Cooper’s Hill.

7. Description of Experiments conducted by Mr. J. 8. Beresford,
at Naini Tal, in October 1878, to determine the intensity and
distribution of the pressure of a jet of water against a fixed
plane surface. _

8. Results of Mr. Beresford’s Experiments.

Note by J. 8. Berssrorp, Esq., Ezecutive Engineer, on the proposed Weir
at Keroni, on the Ken River, dated 13th April, 1877. '

The drop below this weir will be so much greater than we are accus-
tomed to, that the ordinary rules of construction are probably not appli-
cable. The only definite rule relative to falls, that I am aware of, is
that formed by the late Colonel Dyas, after experimenting on the Bari
Doab Canal falls. Itis

2= Ak «’/7

Where z is the required depth of cistern.

h is the height of fall from surface to surface.
d is the full supply depth in channel.

It seems that cisterns made on this rule have stood without repairs.

It is quite an empirical rule, and probably not applicable to the case
in question, even were it thought necessary to cut a cistern in the granite,
or that the latter were thick enough to admit of its being done. The
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form of the equation, too, may be objected to in general application, as
the depth of channel d, may vary very much according to circumstances,
all the other conditions of fall remaining the same, However, I assume
that a cistern is not to be used, and that the question is, will the granite
stand the action of the water under the different conditions given.

2. Fig. 1 represents the two extreme conditions of fall. The
dotted lines indicate the water levels of full discharge, snd the full
lines the same of low discharge. ~With fall discharge the drop
over weir will be 165 feet, and the depth on floor 65 feet (445°0vV
— 380:00), so that the floor in this case would seem to be quite
safe; the bed some way down, however, will be subjected to a great
scour. The other extreme case is the ene to consider so far as the

granite floor is concerned, viz., when the drop will be 61 feet
(449-00 — 388:00), and the depth of water on floor only 8 feet (388-00 —
380-00).

3. Before going further, I may state what I consider to be the action
of water on a fall floor. Ithas been described as similar to that of a bat-
tering ram or pile engine. This was Sir Proby Cautley’s view, according

_ Yo which he decided on the ogee form of fall for the Ganges Canal. He
found that the ground shook with each stroke of a pile engine, using an
ordinary ram and no great fall; and reasoned that the continual action
of a much greater weight of water would be very destructive to a canal
fall. I think it can be shown that this view is mot correct. The effect
of aram falling on a pile can be increased in two ways, viz., either by
causing the ram to fall a greater height, or by increasing its weight. In
any one case of falling water, the height is the same; but in comparing
its effect with that of a ram falling the same height, what quantity or
weight of water is to be assumed as acting? The water at A, Fig. 2,
striking the floor, is not affected by that at B, as, being everywhere a
practically free fluid, each particle moves according to a certain law, al-
most independently of the adjacent particles (I say almost, as water is
not a perfect fluid, put is more or less influenced by internal friction and
slight cohesion). The difficulty of fizing the proper mass or quantity
stiiking the floor in the form of a ram at once presents itself. Is a col-
umn 10 feet high or one only 1 inch high to be taken? It is thus seen
that the effect of falling water cannot be compared with that of a falling
rigid body. ‘The result, however, will be of the same nature if, in Fig. 2,
65
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wo conceive the column of water AB suddenly converted into ice;
cohesion will then be so far established that the parts A and B will
strike at practically the same time, and affect the floor much in the same
mauner as a ram.

4. A cubic foot of stone, in the form of a boulder, falling a height say
of 10 feet on & brick floor, will probably crush or bresk a brick or two ;
the same boulder pounded into sand, put into a bag, and let fall the same
distance, will do no harm.

6. Rankine, in Art. 406 of his ¢ Applied Mechanics,” defines a current
as “a stream bounded by other portions of fluid whose motions are dif-
ferent,” and a jet as * a stream whose surface is either free all round, or
is touched by a solid in a small portion of its extent only.” From this
it is clear that a jet of water, being unimpeded by the other particles of
fluid, is capable of exerting more action on a surface than a current;
hence, we shall be on thesafe side if we consider the case of a jet. In
Art. 648 of the same work, the author investigates the result of a jet
striking a fixed surface, which he shows to be a pressure, that, in the
case of a plain surface, Fig. 8, is equal to the weight of a column of the
fluid haviug the area of the cross section of the jet for its base, and a
height equal to twice the height due to the velocity of the jet; andin”
the case of the jet striking a hemispherical surface, F'ig. 4, just twice this
pressure. In both cases this gives the total pressure on the surface, but
the intensity of the pressure at any given point is quite another matter, not
slluded to by Rankine, but which is the important element in dealing with
waterfalls. It will be found that the intensity of the pressure camnot
be more than that simply due to a column of fluid of a height equal to
once the height corresponding to the velocity. This is proved experi-
mentally, in the case of Pitot's tube, Fig. 5. If this tube is placed in &
stream or jet, with its bent end against the current, tlie water will rise
in the perpendicular part to a height equal to the height due to the velo-
city of the stream. Hence its use as an instrument for measuring velo-
cities by an iuverse process. .

In Fig. 8 the total pressure is distributed over a portion ab, of the
surface, much greater than the sectional area of jet; and in Fig. 4 there
is pressure over the whole curved surface due to the centrifugal force
of the water, but the actual intensity close to where the jet first strikes,
as in Fig, 8,is hard to determine, from not knowing the curvature of
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each film of water; however, that it cannot exceed what I have stated,
can be proved indirectly on the principle of energy.

6. Itis hard to get rid of the notion that water acts in the same man-
ner a3 rigid bodies when falling, and not as a steady and calculable pres-
sure, The noise of the falling water, too, is very misleading. But when
there is most noise, there is generally least damaging action.

7. It may be noticed that drops of fallen water often rise much above
the source from which the water has fallen. The explanation of this is
that water does not always fall in a connected column, or if it does, the
fiuid is not always diverted in the same direction, hence there are eddies or
whirls; and jets or currents moving towards each other may meet, thus
giving a greater relative velocity than that due to the fall, and consequently,
owing to the partial cohesion of water, creating a corresponding pressure,
momentarily capable of squeezing out a few drops with a velocity that
will cause them to rise much above the source, the pressure or head in-
cressing as the square of the relative velocity just noted. This action
s, however, very limited, as shown by the small quantity of water raised
sbove the source in the form of drops. But the floor of a masonry fall
being stationary, the relative velocity between it and the water can never
exceed the velocity due to the fall; and hence the floor has never to bear
more than a corresponding pressure.

8. From the foregoing my idea is, that the greatest effect of falling
water on any part of a floor is a simple pressure which can never exceed,
in intensity, the pressure of a column of water of a height equal to the height
due to the velocity of the water at the moment st touches the floor, and that
this pressure is liable to be exerted in all directions.

I believe that floors paved with stones sufficiently heavy (after allow-
ing for buoyancy of the water) to resist this cannot possibly fail,

9. Itis difficult to say what the velocity of falling water really is by
the time it reaches the floor, as on account of resistance of the air and of
the back-water, the theoretical velocity is greatly modified; but in the
worst case, viz., when there is no back-water on the floor, the velocity can

never be more than that due to the total drop, coupled with the mean
horizontal velocity of approach: this gives a resultant velocity in an
inclined forward direction ; bat in high drops the horizontal component
msy be neglected.

10. Fig. 6 represents a drop; A and B are blocks of stone. 8o long
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6 ON THE ACTION OF FALLING WATER.

as the joint between A and B is quite close or filled with good cement,
the water plays on the outside without any bad effect, causing but a simple
pressure on the upper surface of the floor at this point. But suppose
that the mortar is bad and gets washed out, or the stone gets loosened
from the blow of a floating log, & film of water finds its way under the
stone; once this film gets directly connected with the falling water, it is
instantly under the influence of the pressure caused by the same, and the
stone is probably blown out. It is possible that the full intensity of the
pressure will not be thrown on the lower side of B, as the joints may leak
and let the water escape, thus modifying the pressure to an extent mea-
sured by the head due to the velocity with which the escaping water flows
through the joint ; but in calculating for a floor that is to last, the worst
conditions of the case should be assumed. The stones directly under the
falling water are not the ones likely to be injured, being rather kept in
place by the pressure, but the stones close by, such as A and B, arein
the worst position.

11. 8ix out of seven stone floorings laid on falls in the Meerat Divi-
sion, Ganges Canal, in 1869, failed. One floor at Ddsna, 55’ x 207, was
moved down bodily a distance of 10 feet from the tail of the ogee, with-
out a stone leaving its place, and some of the other floors were similarly
moved forward in two or three pieces. Had the stones not been well
cramped, they would hardly have kept so well together; but the
movement showed that desp, and not merely broad, stones were re-
quired. The one floor that stood at Bhola was, on an average, 6 inches
thicker than the other floors, having been laid first, and with the best

stones.
12. Then it appears to me that there are two ways in which a floor

may be protected—

L By covering it with very deep blocks of hard material laid dry,
having open joints between; the wider these joints are the better, provid-
ed they are not so wide as to admit of a current strong enough to scour
the bed on which the blocks rest; the proper depth of such blocks would
be difficult to calculate, but probably should not be less than one-third of
one-fourth of the theoretical depth found as above.

II. By covering it with a layer of hard material, so well jointed
as absolutely to ensure the falling water never getting under the layer,
and strong enough—that is, thick enough—to bear the pressure due to
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OM THE ACTION OF FALLING WATER. 7

the fall without breaking across, should the material be imperfectly
bedded,

There is a practical difficulty in carrying out the first plan from the
size of the blocks required, and trouble in laying. The second plan can
be resorted to, and only means using ordinary bard stone, laid in cement
that will ensure perfect water-tightness. However, from the ordinary
stones not being massive enough, a blow from a floating log may derange
the best laid floor, by shaking the stones and opening the joints so as to
admit the water, thus leaving the blocks in a condition under which they
were not calculated to stand.

18. I believe many of the old brick floors on the Ganges Canal would
have stood, but for floating logs that shook the top courses. The floor
of Chataura fall, Fig. 7, which smashed very badly in 1869, was simply
two flat courses of ordinary brickwork and one course on edge, resting
on 4 or 5 feet of small country bricks in very bad earth lime that never
set. This under-masonry would not stand with a vertical face when
being removed, and was easily dug out. There was no appearance of an
arch as shown in the Atlas design; perhaps it was not considered neces-
sary at time of building. But these floors withstood for 15 years the
action due to from 1,000 to 5,000 cubic feet per second falling through
a height of 9 feet over a crest 200 feet long, and only failed when the
top crust got broken; and the Delhi stone below the rew cross walls is
now resting on the original good crust with very inferior stuff below.

14.  One point remains to complete my argument. What becomes of
the energy of so large a body of water falling a great height, if it does
not expend itself in breaking up and battering the floor in the form of a
ram? In a pile engine the full energy of the blow does not go to drive
the pile, but some of it is lost in compressing the head, resulting in the
production of heat. In the case of falling water the whole power goes
in raising the temperature of the water in the proportion of 772 foot-
pounds to each pound of water raised one degree Farh. Thus, water

sfter falling 61 feet will be raised in temperature by 76—7—12 = say, in round
numbers, th of a degree, Farh.

The result of all the agitation that one sees below a fall is the pro-
duction of heat. The water in the channel a few furlongs below the fall
leaves in apparently the same condition and with the same velocity that
it approached it above, many thousand foot-tons of power having been
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8 ON THE AOTION OF FALLING WATER.

expended between, without showing any visidle work. The work, how-
ever, is done, and consists in raising the temperature of the water.

15. Water acts in another manner, which I have not alluded to, viz.,
by abrasion. This action is slow, and its effect depends on the hardness of
the substance on which the water rubs. Bat in time the hardest mater-
ial shows signs of wear.

16. Mr. Lewis D’A. Jackson, in the article on Canal Falls, beginning
at page 207 of his ¢ Hydraulic Manual,” (3rd Edition,) speaking of ver-
tical falls with water cushions (pages 212-214), states that the result of
the formula

d=15N0; JW

which is a modification of the one given in paragraph 1 of this Note, has
not been accepted by the Madras Engineers in the case of the Masur re-
gervoir dam, where the fall is 43:5 feet. The formula gives a cistern 18
feet deep, while one 33 feet deep has been adopted. But I presume the
extra depth given was a mere matter of opinion. A second'instance is
quoted, where the formula gives a depth of 12:54 feet, while in hard
rock 16-19 feet has been allowed : this, I take, was also a matter of opin-
ion, and the hard rock would probably have stood without a cistern at
all. The R4jsh natursl fall at Gairsuppa is mentioned as a case in point.
It has a total drop of 829 feet, and the water has scouped out for itself
a cistern 130 feet deep, against a depth of 72 feet, as given by the for-
mula. But in considering the depth of cisterns below natyral falls, the
element of time should not be forgotten. The cistern below the Réjah
fall may be the result of a scour extending over a hundred thousand
years or more. If the average wear per year were only 1%0 part of an
inch, this would give a cistern over 83 feet deep.®* But there is no say-
ing how long the period has been, and the abrasion at the bottom which
(owing to the depth) is now very little, must, I should say, have been
considerable in the earlier stages, especially if pieces of broken rock got
into the cistern. One action of moving water, however slow the motion,
is to wear away the surface on which it flows and rubs. Where the
water is pure, the wear is less than when it is charged with silt. But
such wear in cases of hard rock is so small, that its effect is not likely to
show itgelf for a long time. However, in time this action will scoar out
a deep basin.

1
- =
1200 x 100,000 = 8%.
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17. But the most marked action of water below an artificial fall, built
on ordinary earth, shows itself in breaking up the floor in large masses, not
in reducing its thickness by steady wear, although even this is apparent
on the brickwork of the ogees in some of the Ganges Canal falls. The
moral is, use the hardest material procurable (in these parts Delhi stone).
Agra stone is little harder, if as hard, as well burnt bricks. But that
good brickwork can stand a considerable fall of water for a number of
years without either cistern or back-water, as at B, Fig. 8, has been
proved in the upper sills of the Ganges Canal falls, which have only
recently been protected with stone as a precantion. '

18. The greatest drop in the case of the Keroni weir will be 61 feet,
and as the velocity of approach will be slight, the velocity of the water
when it touches the floor may be taken as that due to 61 feet fall, or,
in case there should be no back-water (the bed below the granite barrier
having been scoured out) a velocity due to a drop of 69 feet. Hence I hold
that no greater pressure can come into play on the granite than that of
a column of water of a height due to this velocity, viz., 69 feet ; that is,
a pressure of 69 X 625 = 4,312 1bs. per square foot. This is the great-
est intensity of pressure due to the falling water, and can be easily borne
by granite in the mass. But loose blocks of granite beyond the influence

4312¢
Tos = 40 feet

thick to ensure not getting blown out. However, from the fact that the
open joints would let the compressed water escape, the theoretical result
may be considerably reduced, depending on the width of the joints. Thus,
if the joints are open at all, it is better that they should be wide, so as
to let the water escape (as at a and b, Fig. 6) and ease the upward pressare
on the stone, the worst case being one or two open joints near the falling
water and all the rest closed.

19, Now, in the proposed weir on the Ken River, there is a natnral
barrier of granite of, I presume, a considerable depth ; and, if not all in
one piece, at least consisting of very large blocks, so there would seem to
be all the favourable conditions necessary to standing, even with a mnch

of this vertical pressure would theoretically require to be

Ba.
® Welghtof granitednair, ... ... w0 . e e e e 1708
s Ofwater, .. . s e we wee e e e 628
»n  of granite in water, . we e e 1080
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10 ON THE ACTION OF FALLING WATER.

greater drop than is proposed; hence, provided the barrier is not too
thin to admit of removing faulty pieces, I see no reason why it should
fail ; 4,312 ibe. per square foot is the greatest pressure it can be subjected
to.

Note.

The concluding portion of paragraph 5 appears to require some ex-
planation, The previous paragraphs go to show that the action of falling
water is a steady pressure, the total amount of which is calculable on the
principles laid down in Art. 648 of Rankine’s Applied Mechanics, but the
intensity of this pressure at different points of the surface acted upon is
a matter not alluded to in any book on the subject that I have seen.

In the present case it is only necessary to prove that the intensity
cannot exceed a certain limit. Now assuming my reasoning in paragraph
10 as correct, and supposing that the film of water under the floor is
liable to a greater intensity of pressure than that of a head %, due to the
velocity with which the falling water meets the floor, say to an intensity
corresponding to & head &', equal to A + @, Then—

h'=h+:u=-%+¢

Let z =M

Then k' = S22+ &
Again, suppose a small hole drilled in the floor, a quantity of water per
second, weighing say w will, neglecting friction, pass through the hole
with a velocity v 4 & due to the intensity of pressure 4’

If W is the total weight of the quantity of water meeting the floor
per second, and if, for simplicity, it is assumed that there is no loss by
friction, the water after meeting the floor will leave in its new direction
with unchanged velocity, and therefore (before the hole is drilled) with
an energy per second of

E=Wx i
But after drilling the hole a quantity of water weighing w will pass out
with a velocity v 4 d, while the rest, viz.,, W — w will leave with a ve-
locity v as before, the combined energies per second being
E=(W-u)g +wx 2t8E8
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2ed 4 &
29

Gain of energy E'— E=w x

=Wx%+wx
2vd 4 d*

29
which is impossible, therefore d = Q, and 4’ = h,, or in other words, A’
cannot exceed A,.

Letter No. 461-2W, dated 30th April, 1878, from the Officiating Chief En-
gineer, Irrigation Works, N.-W. Provinces. To Carr. CunNiNgHAN,
R.E., Thomason College, and Jorx Evrior, Esq., M.A., Professor of
Mathematics, Educational Department, Bengal.

Has the honor to forward a paper by Mr. J. 8. Beresford, on the
proposed masonry weir across the Ken river at Keroni, in Bundelkhand,

and to request that &L"‘i—;‘gg-;i:g;m— will kindly favour the Chief Engi-

neer with his opinion on the theory, advanced by Mr. Beresford, of the
action of falling water, and the application thereof to ordinary waterfalls.

From—J. Evtor, Esq., Officiating Meteorological Reporter to the Gov-
ernment of India,
To—The Officiating Chief Engineer of Irrigation Works, N~W. Pro-
vinces.

Dated Caloutta, 54 June, 1878.
Sin,—1I regret that owing to my
taking up a new appointment and go-
ing on a short tour of inspection at
the beginning of the month of May,
your letter No. 462W and enclo-
sure, did not reach me until a few
days ago, and as I have no works
of reference on hydraulics with me,

my reply will be only a partial one.
I should suggest the submission
of the paper to Oaptain Cunning-
ham of the Thomason Civil En-
gineering College, who has for some
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time devoted himself to the theo-
retical and experimental sides of the
important sabject of water motion.

The first point in Mr. Beresford’s
paper with which I only partially
agree is in paragraph 8. He is
correct in his opinion that the action
of the continuous falling water is not
the same as that of the impact of an
equal mass through the same height.
The action of the falling water is
essentially continuous, and it would
be incorrect to substitute for this the
discontinuous action of one or more
falling masses.

Para. 5.—1 can give no opinion
upon it at present, as I have not got
s copy of Rankine’s Applied Me-
chanics with me.

Para. 8.—1 cannot agree with
this, Mr, Beresford’s rale is simply
the old hydrodynamical rule® for re-

ON THE ACTION OF FALLING WATKR.

! Yes, old ruleso far as determina-

sistance produced by a moving fluid tion of total pressure or resistance is
on a fixed obstacle, and both the concerned, but my remarks refer to
proof and rule have been acknow- quite a different thing, viz., intensi-
ledged to be so defective, as to be ty of pressure, which I hold cannot
omitted from the last edition of the exceed the limit stated.

Cambridge Text-book on Hydrome-
chanics (Besant's). _
The rule is resistance or pressure

due to resistance = 521-,, which in this

case :%ﬂ = mgh = wh, that is,
equal to the pressure of a column of
water of a height equal to the height
due to the velocity, or in this csse,
the height of the fall. This rule is
74
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ON THE ACTION OF FALLING WATER. 13

undoubtedly much nearer to the truth

than making the action equivalent

to that of a falling mass. But even

Mr, Beresford’s rule, as he himself

apparently admits in Axrticle 9, is

imperfect, and founded upon doubt-

ful reasoning. For it is evident that

the pressure and action of that height

of still water does not produce the

2 On the contrary, I think a much same effect ? either in attrition or in

greater effect in blowing out; for I blowing out, which oocasionally oc-

know of no case in which a mass of curs. The motion of viscous finids

masonry corresponding in weight per has not yet been subjected, from the

unit of horizontal area to the possi- inherent difficulty of the investiga-

ble hydrostatic pressure, has been tion, to mathematical analysis. But

blown up by water falling with a there are several reasons why Mr.

velocity due to this pressure. Beresford's rule seems to me to give

J. 8. B. certainly much too small a pressure.

1st, Taking the analogy of a falling

solid mass: an inelastic mass falling

upon any portion of the earth’s sur-

face, produces a certain action during

the short interval it requires for the

falling mass to be brought to rest.

If the same mass of an elastic sub-

stance falls, the action is greater, the

greater the elasticity of the body,and

if it is perfectly elastic, the action is

double what it is in the case of an

inelastic body ; consequently the pres-

sure produced by the fall of any solid

mass depends upon its elasticity as

well as its mass. Mr. Beresford has

entirely left this element out of ac-

3 Mr. Eliot has again spparently count,® although he states that the

misunderstood me. He here refers water rebounds, and endeavours to

to the total action during impact, and explain why some particles of the
7%
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water rise to a much greater height not to the maximum intensity of
than the top of the fall. pressure at any moment, which de-
Again, Mr. Beresford leaves out pends much more on the modulus of
another important element, the area elasticity than on the co-eficient of
over which the water meets the bot- elasticity, which is evidently what Mr.
tom after its descent; Fig. 2 and Eliot alludes to. Thus take the case
Fig. 6 both show (and show correct- of equal weights of soft iron and
ly) that the water in falling (or the India rubber striking a perfectly hard
stream leaves) will be approximately surface with the same velocity. The
parabolic, and that under the pecu- total mechanical action during im-
liar circumstances, increasing veloci- pact would, as Mr. Eliot truly says,
ty during descent, and very slight be greater in the case of the India
differences in the height of the fall, rubber, but the pressure between the
~ the thickness of the falling water in surface and theimpinging body would
the horizontal direction will dimin- at any moment be less in the case of
ish. The action and rate of pres- the India rubber in the inverse ratio
sure, it is evident, will depend very of the relative yield or compression
considerably upon the area on which of the rubber and iron during impact.
the water falls: it would be quite J. 8. B.
easy to calculate the amount of the ¢ Rather upon the velocity with
contraction (from the parabolic paths Which the water meets the floor?
described). It is very evident that - J.8. B
the incressed rate of pressure due
from this action may be very consi-
derable.s  Yes, because the greater the
Without enumerating one or two contraction, the greater must neces-
minor objections, I think the above is sarily be the velocity, but the velo-
sufficient to showthat Mr. Beresford's city can never exceed that due to the
conclusion on paragraph 8 is not only fall.
open to very grave objections, but d. 8. B.
that it entirely fails to explain that
enormous lifting power observed. ¢ The lifting power observed is
The rate of pressure is undoubtedly really never so great per square foot
much greater than the pressure due as my rule gives.
to the height. J. 8. B.
. The velocity of the falling water,
a8 Mr. Beresford remarks, is & very

—
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difficalt question. If the falling
water breaks up into drops, then
there will be a terminal velacity de-
pending on the magnitude of the
drops. But in the case of small falls,
when the volume of water is consi-
derable, probably the mass falls con-
tinuously, and in this case the resist-
ance of the air will produce a slight
effect, so that if v be the enclosed ve-
locity at head of even 1 o' at

V2 = v + 2gh approximately.
Drop 61 feet

v? = 29k = 64 x 61

v = 64 feet per second very

64 X 60 X 60 .
nearly, or —280 — = 40 miles per

bour, and in the whirl that is set up,
it is possible that the motion may be

? Can never be greater relative- even greater than this.!

ly to the floor.
J. 8. B.

The eroding action of water mov-
ing with so great a velocity, is neces-

*This is quite another matter, sarily very great.®
with which I deal in paragraph 15 of Hence, 1st,the absolute necessity

my Note on the Keroni Weir.
J. 8. B,

for the most perfect masonry and for
the employment of the best cement,
to prevent the erosive action at the
joints.

2nd. The desirability of increas-
ing the area over which the water
falls, 80 as to keep the rate of pres-
sure due to fall as low as possible.

' Both of these methodshave been There seems to me to be two®
tried in practice, with success; but methods of attempting to diminish
mking a deep cistern where the the action or the fall: 1st,to bave a
spring line is near the surface is often large hollow at the base so that there
probibitively expensive. Besides,the may be a considerable cushion of
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water to receive the falling mass. object of my Note was to try and in-
The water falling on this will distri- vestigate the maximum effect of fall-
bate the pressure over the whole of ing water when no cistern is provid-
the hollow of basin, instead of allow- ed. Present fall construction is
ing it tv fall upon only & portion of based on no scientific principle, and
the bed, which would give rise to so no two Engineers design alike.
very unequal pressure on this bed J.S. B.
masonry,and which Iimagine is much
more dangerous than considerable
pressure equally distributed over the
whole.

2nd. To breakup the falling mass
of water partially into spray. The re-
gistance to falling in this case is much .
greater, and the final velocity after a
considerable fall, therefore much less.
The area over which it falls is much
greater, and hence the rate of pres-
sure consequently less.

From—Carr. ArLLax CusnineraM, R.E., Thomason College, Roorkee.
To—The Chief Engineer, N.-W. P., P. W. Dept., Irrigation Branch.
Dated Thomason College, Roorkee, July 1878.
81r,—1I have the honor to submit the Report asked for in your No.
461W of 80th April 1878, on action of falling water as advanced in
Mr. Beresford’s printed Note on the Keroni Weir.
Some delay has occurred by my having to ask for further informa-
tion.
I return now all the papers, viz.—
1 Copy Mr. Beresford's printed Note, received with your No.461W.

1 Copy Mr. Beresford's printed Note, | received with demi-official
1 Copy MS. Addendum to ” Note from Mr. Beres-

1 Copy Mr. Eliot’s Noteon ,, ford.
1 Demi-official note from Mr. Beresford ;
and am sorry that I have not been able to advance the question

much.
78
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Myr. Beresford's printed © Note” on Keroni Weir.

References to paragraphs of printed Note. By Capr. ALLAN CUNRINGHANM,
R.E.

B. para. L. ‘Formula z = A/} . &/d, for finding depth of cistern.

This formula is probably applicable only to those cases within a limited
range for which it was proposed; the right hand expression being of
order } + 4 = §, the equation is not explicitly homogeneous, so that it
is probably empirical.

Minimum Water on Floor.—This appears to be 8 feet, so that the

floor can apparently never be exposed to the diroct
action of the full fall of water.
Effect of a Fall.—The first effect is an Impact; after which the
permanent effect must be admitted to be SiurLr
Pressuzs, liable, however, to moderate variation in
successive instants in consequence of the unsteadiness of the fall itself.

[If the fall be liable to bring over drift wood, bonlders, or rocks, the
effect of these is Impact].

Efect of Jet.—The permanent effect of a Jer is stated in Ran-
B . kine’s Applied Mechanics, Art. 648, to be a pres-

- pa. & sure whose magnitude depends principally on the
angle through which the current is diverted by the obstacle, and is

Cassi. Jet L¥to a plane.—Total Pressure = weight of a column
of the Jet of height equal to twice the height due to the
velocity, (if the current be diverted 90°.)

Case ii. Jet || to axis of a hemisphere—Total Pressure = weight of a
column of the Jet of height equal to four times the height
due to the velocity, (if the current be reversed.)

These results depend upon a certain theory, (explained in Art. 648 of

Rankine’s Applied Mechanics,) which must be admitted to be imperfect.

The former result has been amply verified by experiment. It ap-
pears® from experiment that the full diversion of 90° in a Jet L to a
plane does not take place unless the plane area be at least six times the
cross-sectional area of the Jet, and that the Jet then produces its maxi-
mum Total Pressure, of amount above stated ; and that for lesser areas

B. para. 2.

B. para. 8.

® Weisbach's * Mechanics of Engineering *’, (Ed. of 1877), Art. 449.
79 P



18 OR THR ACTION OF FALLING WATER.

the diversion of the current is less than 90° and the Total Pressure
less; and that in case of a Jet LT to a plane area equal to cross-section
of Jet, the current i8 diverted throngh an acute angle only, and the
Total Pressure reduced to half its former amount.

These results of experiment are summarized below :—

3 Angleof | pregnre on Plane = weight of &
Bise of Flans, | diversiof | oolumn of the Jet whose bongth &

> 6 X Jet-section, 00°, | 2> height due to velocity. [This

is the maximum effect]}.

Jet perpendicu-
lar to Plane, < 6 X Jetsection, | < 90° | < the above.

= Jet-section, Acute, | Height due to velocity.

Mean and maximum pressure-intensity.—The mean pressure-intensity
is of course the Total Pressure - the area under Pressure ; and may,
therefore, be at once derived from the above Results. But there are
no data—as far as the present writer knows—from which the maxi-
mum pressure-intensity could be inferred: so that its probable amount
can be only roughly guessed at by aid of some hypothesis as to the dis-

. tribution of pressure. The only probable hypothesis seems to be that

the pressure is uniformly varying, in which case its distribution over the
plane would be graphically represented by a cone in the ocase of an iso-
lated cylindric jet, and by & wedge in case of & very wide flat jet, from
which the relation of the maximum and mean pressure intensities are st
onoe inforred as below stated.

Jet. Graphis representation Maximom pressure-intensity. -
Cylindric jet, .. o Cone, 8 X mean pressure-intensity.
Wide jet, . . Wedge, 2 X mean pressure-intensity.

Combining these with the preceding, are obtained the following values
of mean and maximum pressure-intensity.
80
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PRESSUBB-ISTENSITY = TO PRESSURD
OF COLUMN OF HRIGHT.

Jet, Impingence. Area of Plane,
WNeoan. Maximnm.
> 6 X Jet-pecti height due | Height due to
3 X ony 4 gé vmty, vflodty.
Cylindrie, | | * to Plane,
= Jet-gection, Height due to | 3 X height due
’ veloeity, tovo%ty.

> 6 X Jet-section,| § height due to | # X height due

velocity ? to velocity ?
Wide and | _{r to Plane,
Flat, = Jet-section, Height due to | 2 X height due
yelocity ? to velocity ?

adE acas s ———

The experimental Results above quoted were probably derived from
experiments on cylindric jets only, so that their applicability to wide flat
jets is doubtfal. The authorities are quoted in Weisbach’s Mechanics,*®
but the author has not been able to procure them; without consulting
them this question must remain dogbtfal.

Mazimum pressure-intensity, Mr. Beresford’s limit.—In the printed

B.peras. 5and 8.  Note, paragraph 5, it is stated—

“It will be found that the intensity of the pressure cannot be more
“than siroply that due to a column of fluid of height equal to once the
“height corresponding to the velocity,”

As to this, it is further stated, sbidem.

1°, ¢« This can be proved theoretically.”

2°, « And is proved experimentally in the cage of Pitot’s tube.”

8°, « That it cannot exceed what I haye stated, can be proved in-

4 directly on the principle of energy,”

Now, the first statement has been cancelled from an amended copy of
the printed Note, 80 may be dismissed without remark.

As to the second statement, it is doubtful how far Pitot’s tube ia a
fairly applicable instance, for the ¢olumn of water in the tube is
balanced not by the pressure of an isolated jet, but by the pressure of &
limited part of a large current. *

The proof of the third statement contained in the MS. accompani-

® Art, 449 (BA. ot 1877).
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20 ON THE ACTION OF FALLING WATER.

ment to the printed Noteis decidedly defective. It smounts briefly
to this—

“A weight W of water falls on a floor from a height 4, and arrives
“with velocity v = A/Zga, and with kinetic energy Wh. If a por-
“tjon thereof of weight w develop a pressure on the floor equal to &
“head A’ > k, it is said to leave with velocity v' = A/2¢8' > v; and
¢ the rest (W — w) of the water is said to leave with the velocity v of
¢ arrival unchanged, so that the final total kinetic energy appears to be
“wh’ + (W — w) h which is > Wh the kinetic energy of arrival,
¢ which is of course impossible.” !

And the inference drawn is that—

“ A pressure of head 4" > h cannot be developed.”

But the fact is that if the weight w leave with velocity v’ > v, the
rest of the water (W — w) cannot keep the velocity of arrival (v) un-
changed, but must leave with diminished velocity, so that both

(a). Total water leaving = Total water arriving.

(8). Total energy of leaving) __ .
) including heat effects § — Total energy of arrival.

Thus the step wherein the weight (W — w) is made to leave with
velocity of arrival (v) unchanged is a mistake, and the final inference
therefore falls. ®

The argument from use of Pitot’s tube appears then to be the only

B. para. 6. one ¢entitled to weight, and in the doubt as to the

applicability of the Results at end of paragraph 5
(above) to case of a wide flat jet, like a waterfall, it appears to the author
that the value of the maximum pressure-intensity based thereon, viz., that
it is equal to the pressure of a head equal to the keight due to the velocity
rests on evidence quite as good as those Results.

Professor Tyndall's explanationt of the roar of a waterfall is that

it is due to the explosion of air bubbles enclosed

B_' pars. 7. in and carried down by the water.
The same explanation} is given of the spray thrown out, up, and
B. pare. 8. around by a waterfall.

* But this is just my line of reasoning. I show that if a certain excess of pressure is developed,
an absurd result follows ; henos, I conclude that a pressure in excess of & certain lmit cannot be
developed,

1 Bnglish Cyclopedia, Art. Waterfalls.
$ English Cyclopeedis, Art. Waterfalls.

J.8. B
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The minimum depth of the water on the floor being 8 feet, (see para-
graph 2 above) the maximum pressure-intensity
above discussed can never occur.

If the floor be liable to internal fissures, with horizontal or oblique
lamination, anywhere near the surface, it would
seem that it must eventually be blown up in detail,
unlees tho fissures have free communication with the surface in all
divections.

B. para. 9.

B. para. 10.

Memorandum on the Keroni Weir. By Prorzssor W. Cawrzorye Uxwin.

Bome papers on a proposed weir at Keroni, with an exceptionally
high fall, having been forwarded to me by Mr. W. J. Wilson, with a
request that I shoald express an opinion on the views discussed in
them, I now have the pleasure to forward a memorandum on the subject.

It appears that the proposed weir is a nearly vertical faced weir,
and that the water will fall with a clear overfall on to the granite
foundation of the weir. In certain conditions of the river, the fall
from surface of head water to granite foundation may approach or reach
8 height of 70 feet, and it appears that in those conditions the protectior.
afforded to the foundation by the water cushion below the weir will be
comparatively slight. Hence has arisen a question as to the strength of
the natural granite base on which the weir is built to resist the impact
of the falling water.

The most important of the papers sent to me appears to be the me-
morandum of J. 8. Beresford, Esq., and it may be as well to state at
once that that memorandum appears to me to contain a thoroughly
practical view of the action of the water, and the conclusions arrived
at are, 80 far as I can judge in the main, perfectly sound. I should
perhaps dissent from some portions of the reasoning, but this does not
affect my belief that the general conclusions are accurate.

Two questions arise at the outset in studying the action of the fall-
ing water on the foundation of the weir.

(1). What is the total force exerted by the water.

(2). In what way is that force distributed.

1. Total pressure on weir floor.
The resultant force on the floor below the weir must (neglecting
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22 ON THE ACTION OF FALLING WATER.

friction) act normally to the floor, and its amount is given by a very
simple mechanical principle very easily applied in the case of a flaid
stream, all the parts of which have, before and after impact, very approx-
imately the same velocities and directions of motion, The total force
is equal to the change of momentum per second, estimated in a direction
normal to the floor.
Hence if Q = quantity of water passing over weir per second in cubie
feet.
v =3 its velocity immediately before impact, which in this
case is sensibly normal to the floor, in feet per second.
G = weight of water per cubic foot in Ibs.
g = acceleration of gravity.
Then the total force acting on the floor of the weir is
P= 8 Quv;
?
for this is the momentum per second delivered normslly to the floor,
and after the impact the water flows parallel to the floor and has no
momentum in its original direction. Friction would only modify this
result so far as it tended to diminish the velocity of portions of the im-

pinging water.
If the falling stream impinged on & plane extending in all directions,

the above result would involve only one assumption, not certainly ful-
filled by the conditions of the problem. That assumption is, that noth-
ing in the nature of a rebound took place from the floor on which the
water inpinged. '

If there were such a rebound, then there would be a somewhat greater
total pressure on the floor. But in the case of an indefinitely extended
floor, this action might safely be neglected.

In the sctual weir, the floor is bounded near the falling stream by the
weir wall, Fig. 9, and this may have the effect of causing & greater
deviation of a portion of the stream. In that case the total pressure on
the weir floor would be somewhat increased, both by the greater initial
deviation of part of the stream, and by the subsequent second fall of
that portion of the water. It is possible that one advantage of a water
cushion below a weir is, that it tends to suppress any reflux of this kind.

II. Distribution of pressure on the weir floor.

The problem of the distribution of pressure in & jet striking a plane

and spreading in all directions, is one of the highest degree of com-
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plexity, and no eomplete solution can be given at present. A somewhat
more restricted case has, however, yielded to analysis. If the jet is sup-
posed to be confined between planes so that the motion is all parallel to
one plane, the difficulty of the problem is greatly reduced.

Now in the case of a weir, the side walls prevent lateral motion, and
the conditions approach those of the more limited case just mentioned.

I have forwarded to India a number of the Philosophical Magagine®
which contains the most complete statement I am acquainted with of the
results thus far obtained in the treatment of this problem.

Lord Rayleigh's paper contains an investigation, on the most rigid
msathematical principles, of the action of a stream of unlimited breadth
on a plane immersed in it, on the assumption that the deviation of the
fluid is always parallel to a given plane. He has determined the position
in the plane of the resultant pressure and the mean pressure, whatever
the obliquity of the plane. He shows that in all cases the maximum
intensity of pressure is § pV?, where V is the velocity of the fluid before
impact, and p its density, the formula giving the pressure in bs. per unit
of area.

Or if G = weight per cubic foot of the flnid; ¢ = 822, then the
maximum intensity of pressure is in bs. per square foot.

G
p= 7 yzl

The case discussed by Lord Rayleigh is not identically the same
as that of a weir with an overfall, but I believe the same limit of
pressure is applicable in both cases, and this can I think be shown by
reasoning of an elementary kind. Suppose Fig. 10 to represent a stream
impinging on a plane. Each layer of water is more or less graduslly
doviated, snd.during deviation exercisesa centrifugal pressure in the
direction of the arrows towards the centre of the jet. The outermost
layer being subject throughout to uniform atmospheric preesare must
flow with uniform and unchanged velocity. The inner layers being sub-

jected as they approach the plane to a greater pressure than atmos-
pheric pressure will have a less velocity, and so much less as they are

nearer the centre of the jet. But if the pressure at any point exceeds

_’G_ . the layers interior to that point will be forced back and flow

upwards instead of downwards, which is not possible.

* Vol. IL, No. 13.
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If it is replied that in some cases water is thrown above the level from
which it falls, I should answer that I believe that is only true of very
small portions of the whole mass of water, and that it is due to the mo-
tion of the water, not being perfectly regular, but to the flow near the
bottom of the fall occurring in gushes.®* 1In a very high fall the separs-
tion of the falling mass into arrowy jets may be observed, and in the
impact of these, instead of the perfectly uniform pressure found above for
a stream in perfectly steady motion, a varying pressure will be produced,
due to the impact of the successive masses. The mean value of the pres-
sure will be as before, and the range of variation cannot be assigned
without some knowledge of the weight of the separate masses into which
the water divides. But I apprehend the variation of pressure is not
very great, and must be allowed for in a practical way.

If the elasticity of the water causes anything in the nature of a rebound
from the plane surface, that may tend also to cause fluctuating of pressare;
but I still think that the estimate

G

= 77

is a perfectly sound basis for engineering calculation, allowing as is al-
ways done, a margin for contingencies.

Weir with curved apron.—It seems worth suggesting that if the apron
of the weir were curved (Fig. 11) the pressure on the base of the weir
would become at once perfectly definite in amount and distribution.
Let Q be the number of cubic fect falling over the weir per second,
then the whole change of momentum per second, which is equal to the
resultant force acting at 45° with the horizontal is—

p=(B.v

9
Suppose the curvature of the apron circulsr and its radius r. Then
the pressure would be uniformly distributed, and its intensity per unit

f uld be
length of arc wo _sp_ 2 e,
PEL Ty
(The radius would have to be greater than the stream thickness).
Since Q = Wu, where W is the section of the stream, and for esch

foot length of weir W = d, the thickness of the stream
2 G
p= ’—f . —‘g‘ dﬂ,

® Portions of water will rebound from the floor, partly becanse of their elasticity, partly lifted by
Wm.mmmmmnmwngm
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(The statements above are only approximate, as the gain of velocity due
to vertical fall along the curve is neglected).

This would be a return to the ogee form of weir which, in its original
application on the (langes Canal, was not successful. Bat its failure
in that case seems to have been due to other causes than the form of the
apron, and the same form has been adopted in other cases with success.
For instance in the Henares weir and in the overfall of the Habra dam,
described in the last volume of the Minutes of Proceedings of the In-
stitution of Civil Engineers.

Cause of destruction of masonry floor of weirs.—The failure of the
flooring of some of the weirs on the Ganges and other Canals has naturally
led Engineers to estimate as very serious the violence of the impact of
great masses of water on masonry works. It is very much to be desired
that the exact cause of failure in these cases should be traced. It ap-
pears to me, and this view has already been stated by Mr. Beresford, that
in many of these cases the weir floor has been blown up, and not destroyed
by direct impact. The mode of action is this, the great pressure at a,
Fig.12, is transmitted through crevices in the masonry to the underside of
portions of the floor over which the downward pressure is small. In this
way pressure may be conveyed through exceedingly small interstices, and
may ultimately act on large areas, and with a total force of very great
amount, and in a direction in which the resistance of the masonry is
least. In sketches of the weirs of the Ganges Canal which failed, it is
apparently the flat portions of the floor beyond the point where the water
ceases to be deviated that have given way. Of course when once a hole
is made in the floor, the masonry is attacked in detail, and the compara-
tively small forces due to the horizontal impact of the stream against
projecting portions may be sufficient to continue the destruction, especially
when the diminution of the weight of the masonry under water is
considered.

Action of Cushions.—It is clear that water cushions can in no way
alter the total pressure sustained by the weir floor, in consequence of
the impact of the water. Their protective influence must therefore be
due to the spreading of the pressare over a wider ares, Fig. 18.

This lessens the danger of blowing up in two ways. (1). By increas-
ing the downward pressure over a great extent of floor, which virtuslly
adds to the weight of the masonry. (2). By diminishing the intensity
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26 ON THE ACTION OF FALLING WATER.

of the pressure at the mouths of the crevices communicating with the
water below the floor.

Scour of water.—1 am unable to give any opinion as to the amount of
direct scour of hard rock surfaces likely to result from the horizontal flow
of the water. I once observed hard brass filed away by a jet of water
flowing over the surface with a velocity due to about 150 feet of head,
but I presume that action was due to particles of sand carried by the
water. The scouring of pot holes in the beds of streams of hard rock,
as for instance in the granite of Eskdale, seems again to be chiefly due
to pebbles kept in motion by the water.

Captain Cunningham’s estimate of the intensity of pressure on the assump-
tion of uniform distribution.—I sm not able to attach much importance
to the arithmetical results Captain Cunningham has obtained by assum-
ing a uniformly varying distribution of the pressure, and I suppose that he
also puts them forward rather as helps to understanding the way in which
the water acts than as having any quantitative accuracy. It ie pretty
certain that the distribution of pressure is not uniformly varying, and the
area on which it is to be taken as acting is not experimentally known.
In the cases in which the area of the plane is identical with that of the
cross-section of the jet, there is, however, a further erroneous assumption
in the calculations which lead to the result that the maximam intensity of
pressure may be that due to a head twice or three times that due to the
velocity. It is assumed that with these small planes the total pressure is
the same as for more widely extended planes (F¥g. 14), and this is not the
case. If the plane is very small, the total deviation and the total pressure
are both diminished.

The argument from Pitot's tube.—The argument from the action of the
water in a river or other flowing stream on the column of water in a
Pitot’s tube is defective for this reason :

In a Pitot’s tube immersed in an ordinary current, there is very little
pressure due to mutual action of the layers of water in a direction nof-
mal to the direction of flow. Each filament has the velocity due to the
head h near the tube, and the filament which actually impinges on the

orifice of the tube supports a column 4 = -;; in consequence of its devia-
tion by the tube, and that of some other filaments near it, Fig. 15.

At the foot of a weir, however, the streams are not parallel, the mutual
pressure of the filaments is very great, and their actaal velocity near the
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centre of the impinging mass is probably very small in a direction normal
to the mouth of the tube. The argument from the Pitot’s tube therefore
needs some modification to be conclusive.

I think I have now given my opinions on the points referred to me as
fully as is necessary to make them intelligible. I have unavoidably writ-
ten them while somewhat pressed by other work; but I do not think
that further consideration would lead me to alter them in any essential
respest. At the same time I should like to urge the expediency of some
experimental trials of the pressure on the base of large falls. There are
circumstances of viscosity, elasticity, &c., which cannot be embraced by
theory ; and apart even from this some experiment is desirable. Some
apparatus like that used by Stevenson in determining pressure of sea
waves, or an adaptation of a Pitot’s tube to this special purpose, would
furnish very useful data.

Description of experiments conducted by Mg. J. 8. Beresrorp, at Naini
Tal, in October 1878, to determine the Intensity and Distribution of
the Pressure of a Jet of water agasnst a fized plane surface.

These experiments were necessarily on a small scale, for, without ex-
pensive appliances and much spare time, they could not have been carried
out on a large scale. The point to be determined was this.

Sapposing a film, or jet of water to fall as indicated in the sketches
A and A’, Fig. 16, what will be the maximum Intensity of pressure at
any point on the floor ab or a'6’ ? I maintained in my Note on the Keroni
Weir, that it cannot exceed the Intensity of pressure due to a column of
water of the height due to the velocity with which the water meets the
floor.

The difficulty was to test this experimentally.

The masonry floor ab may be conceived as resting on & dry vault, in
the arch of which, as well as in the floor ab, small holes are drilled, in
which spring pressure gauges are fixed, and so placed that their discs,
while ander pressure, coincide with the surface of the floor. The pres-
sure indicated by each gauge, as read from the vault below, divided by
the area of the disc, would give the intensity of the pressure at the centre
of the disc. The intensity and distribution of the pressure generally
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along any line of discs could in this way be ascertsined, and might be
represented by a diagram or curve, se¢ Fig. 17, in which the ordinates
are in proportion to the Intensity of pressure at each disc. The same
result might be obtained with one hole and one pressure gauge, provided
the jet of falling water could be moved about from place to place in a
horizontal direction, and in a definite manner, or, which is the same, the
jet might be allowed to remain in one place, and the floor moved into
different known positions relatively to the axis of the jet, and an obser-
vation made for each position. This was the plan adopted. The floor,
if I may s0 call it, was made of an evenly turned brass plate, 9 inches in
diameter, soldered to a tin funnel with & cylindrical spigot 2 inches long
and 1 inch in diameter, which fitted into & corresponding faucet in a ver-
tical tin tube, and in the centre of the brass plate was an accurately
drilled hole sth of an inch in diameter, se¢ Fig. 18. The joints were
made water-tight by means of short pieces of Indian rubber tubing stretch-
ed over the outside.

In the first instance the pressure gauge consisted of a flexible Indian
rubber tube fixed at F' to the tin pipe DEF, and to the upper end of
which was attached a glass tube about 12 inches long; the latter was
held in the hand and raised or lowered as the water rose in the glass.
The intensity of the pressure of the water against the plate over the
hole was indicated by the height to which the water rose in the flexible
tabe, as seen through the piece of glass tube at the end. The plate and
tin funnel to which it was connected were rigidly fixed to an adjust-
able wooden frame JKT, (s¢¢ Fig. 19,) by which the plate could be held
steady and at any required height. The first rough experiment® was
at a bathing taok, where the surplus water flows through a series of
spouts placed abant b feet above the ground. The arrangement is illus-
trated by Fig. 19.

The plate was properly adjusted under the falling jet, and the water
soon began to rise in the pressure tube, and continued to do so umtil it
rose to within 6 to 10 inches of the level of the water in the tank, after
which it was sometimes suddenly jerked up several inches above the level
of the water in the tank, bat it a8 suddenly foll again, and at first the in-

* My thanks are due to Mr. A. Grant, Executive Engineer, Irrigation Department, who kindly as-
sisted me in carrying out this experiment, and who suggested the nee of the short glass tube refer-
red to above.
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ference was, that the intensity of the pressure on the plate immediately at
and around the hole, was greater than that due to the height of fall below
the water surface in tank and the plate; but on lowering the glass tabe
00 as to let the water flow out of the pressure tube, which it did with
considerable force, depending on the degree to which the mouth was
lowered, it was found that large bubbles of air passed out along with the
water. It was thus seen that the jet was imperfect, and that air got mixed
with the water as the latter fell. The indications of the pressure tnbe
could not, therefore, be depended on, as during the sudden rise mentioned
sbove, instead of the pressure being that of a head of water equal to X,
it was really (neglecting the weight of the air bubbles) only equal to a
column of water of the height z 4+ y 4 z, (see Fig. 20.)

It was therefore evident that a jet of water without bubbles of free air
was necessary, and this was obtained by means of the barrel arrangement
shown in Plate IV., where the jet was formed under a considerable head of
water, and by means of prdperly shaped brass mouth-pieces which effecta-
ally prevented the ingress of free air. The barrel rested on three adjust-
able legs Q, Q, Q. It was placed immediately below a rock over which
the water of a ravine was led to the barrel by means of the trough T.
The supply of water was regulated by means of two sluices.

In the case of Experiments Nos. 1 and 2, the supply was greater
than necessary, and a little surplus water was allowed to flow over the
sides of the barrel in this way, maintaining a practically invariable head
of water. In the case of Experiment No. 8, the discharge through the
2 inch orifice, with the full head on, was more than the total available
supply of water in the ravine, hence the water surface in barrel sank
until an equilibrium was established with a head of 26 inches.

The water from the trough was received on a submerged piece of
cloth loossly stretched across the mouth of the barrel; this effectually
prevented the agitation which would otherwise have been caused by the
inflowing water in the case of Experiment No. 8.

In the bottom of the barrel were two orifices, into one of which the
perforated cork R, and into the other various sized brass mouth-pieces A
fitted. R was connected with the vertical glass tube H'J’ by a long
flexible Indian rubber tube RR; the water in the tube H’J' therefore
gave the head of water in the barrel.

The jet of water formed by the mouth-piece A was regularly deflected
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on all sides by the plate CD, and a portion of the water was forced
through the hole B, and in about 20 seconds rose to a certain height in
the glass pressure tube HJ.

A scale graduated to inches and sixteenths of an inch with its zero
in the plane of the upper surface of the brass plate CD, showed the rela-
tive heights of the water in the barrel and in the pressure tube for each
position of the plate CD.

The wooden triangular frame was free to move on a horizontal axis
MM, while the board to which the plate and the glass tubes were fixed,
could be moved up and down in a groove cut in the triangular frame, and
made fast in any required position by the thumb-screw P.

A brass micrometer screw O, was fixed to the barrel and to the tri-
angular frame, and so placed that two complete turns of the handle, as
indicated by a graduated disc and pointer, cansed the plate CD to move
in & horizontal direction by one-twentieth of an inch.

Owing to the design of the arrangement not being perfect, the plate CD
did not move quite parallel to itself, but followed the course of a tangent
plane to a cylinder some 28 inches in diameter, and so, except when the
hole B coincided with the axis of the jet AB, the latter was not exactly
perpendicular to the plate. But as the range of angular error in the
worst case was not more than 2 degrees, the effect of this error on the
result was inappreciable. This I proved by actual trial.

The brass mouth-pieces used in Experiments Nos. 1, 2, and 8 (see Figs.
Nos. 28, 25 and 27) were very accurately turned on the inside to the form
shown in B, Fig. 24, of Neville’s Hydraulics, Section VI., page 150,
second edition. Hence the co-efficient of discharge for the whole area
was very nearly unity, (see page 151 of abuve work,)and I should say
for the portion near the centre of the orifice it was almost exactly unity,
so that the velocity of the water in the axis of the jet was almost the
theoretical velocity due to the head in the barrel, added to the drop be-
tween the barrel and the brass plate CD.

The mouth-piece used in Experiment No. 4, (Fig. 29,) from its peculiar
shape, could not be so accurately finished as the circular mouth-pieces,
but it was very well made, and the vena contracta curves were symmet-
rieal.

The cireular flanges of all the mouth-pieces were of the same diame-
ter, 80 a8 to fit the one orifice in the bottom of the barrel. A wide In-
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dian rubber band stretched on the flange of the mouth-pieces made a
water-tight fit with the bottom of the barrel.

A full size drawing of the mouth-piece used in each experiment, is given.

The results of Experiments Nos. 1 to 4 are illustrated by diagrams
(see Plates V1. and X.) which show clearly the distribution of the pres-
sure along a vertical plane passing through the axis of the jet. Asmight
be expected, the greatest intensity of pressure coincides with the axis of
the jet.

The important point to notice is that in no case did the intensity of
pressure reach that due to a column of water of a height equal to the head
of water in the barrel, or, in other words, to that of a height due to the
wvelocity, but that in some cases it approached this limit to within one-six-
teenth of an inch, so that had interfering causes been entirely removed,
the surfaces of the water in.the two glass tubes would have been on the
same level for axial positions of plate.

Experiment No. b (se¢ Plate X.) was made in imitation of an ordinary
canal fall, where AB is the face of the crests or drop wall, BO the floor,
and AB, BO, side walls. The head or drop producing velocity was 40
inches throughout, and the adjustable plate AB was moved about in order
to ascertain the position giving & maximum head in the pressure tube.
The maximum intensity of pressure on the plate was found to be $§ths of
that due to a column of water equal in height to the height of fall or
head producing velocity. In practice, with rough straight crest walls
the proportion would probably not be greater than §ths.

Experiments Nos. 6 and 7 (se¢ Plate X.) were made with the view of
testing the truth of the last entry in the tabular statement at end of the 4th
paragraph of Captain Cunningham’s Note (s¢¢ page 18). If the total pres-
sure on a plate of the same sectional area as that of the jet is equal to the
weight of a column of water having a base equal in area to the area of
the plate, and a height equal to the height due to the velpcity, the inten-
sity of pressure, must, in some places be either greater than that of a
column of water of a height equal to the height due to the velocity, or
if nowhere greater, must be uniform over the whole surface of the plate,
and, in amount equal to that due to such a head. Baut according to Ex-
periments Nos. 6 and 7 neither is the case. The intensity of pressure no-

where exceeded the limit of head due to the velocity, and it varied.
Hence it would appear that the total pressure against a plane of the
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same sectional ares as the jet is less than the weight of a colamn of water
of the same sectional area, and of a height equal to the height due to
the velocity.

Experiment No. 8 was to determine the distribution of veloeity through-
aut the cross section of a jet one inch in diameter, From the observa-
tions noted on Plate X., it wounld seem that the distribution is aniform
throughout the section except at the extreme edge, where the air probably
retards the velocity of the outer filaments.

J. 8. B.
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PLATE V.

ON THE ACTION OF FALLING WATER,

Fia. 23.

FULL $I1Z£ SECTION OF TURNED BRASS MOUTH PIECE

"

.'..-..

Exrerivznt No. 1— Figs. 28 & 24.

‘zperiment on the distribution of the pressure caused by a cylindrical
Jjet of water nearly § inch in diameter falling perpendicularly on a
horisontal brass plate 9 inches in diameter.

sition of hole | pgooy Head in pressure
reltiraly to | FOLJCLyTes | B Remaris.
Inches. Inches,
4 43 0‘
5 »
6 » 1
1 » 84
8 » 8
9 . 14
10 ” 21
1 . 27
13 " . Not observed,
13 - 87
14 " .o Not observed.
15 " 895
16 ”» 40
17 » 404 Probably axis of jek.
P18 . 89
| 19 ” 874
20 " 85
21 " 83}
22 . 81
33 . 31
94 . .
28 » .o
26 ” oo
:’g » . .
» .
29 » . Not obeerved.
80 " .
) » .
Roorkee,
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PLATE VII.

ON THE ACTION OF FALLING WATER.

FULL SIZE SECTION THROUCH TURNED BRASS MOUTH PIECE

F1a. 26.
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Expzriuext No. 2—Figs. 25 & 26.

Ezperiment on the distribution of pressure caused by a cylindrical jet of
water nearly 1 inch in diameter falling perpendicularly on a hori-
zontal brass plate 9 inches in diameter.

peition of hole in .
Head ucin, Head in ure
plate itivaly | Tt deey e | T e Reauarks.
Inches. Inches.
8 42 87}
9 424 89§

10 “ 40}
n " 4@
12 " 41}
18 ” 413
14 » 42 Probably axis of jet.”
18 ” 413
16 » 413
17 » 4
18 » 40}
19 » 89}
20 » 87
21 " 84
3 » 334
72 » . Not observed.

1 33% ” 29
" " - b te outer surf
2% 42} 28 {Pr::a;“l‘y opposite outer surface
15 » 18}
2 " 13

1 9 » 8

[ ” 8
28} " 8
29 » 8
29) ” o)
20 " 2
80} " 1
:} o H Note on Fig. 27 applies to this experiment.

”

83 " 14
83} 42} 1

THOs. D. BOXA, Supdi






| PLATE VI
= | ONTHE ACTION OF FALLING WATER,

Fi0. 27.

PTWO=THIRDS SIZED SECTION
OF BRASS MOUTH PIECE

Experivext No. 3—Figs. 27 & 28.

pn the distribution of pressure caused by a cylindrical jet
. inches in diameter falling perpendicularly on a horizontal
' plate of brass 9 inohes in diameter.

pom ——

Remarks.

Head in pressur
tube,

iches. |1

18 | 274 | 26§ (] provably axis of
.oe jet.

1 27 26}
Max, 10 27 26
Min, 9 27 26;
Max.
} [ f Min.
Not observed. Note.—The numbers indicating posi-

tion in column 1 have reference to a scale
Probably oppo- graduated to twentieths of an inch. The
} site surface of ohservations were noted at every gth of
jet. an jach horizontally on a vertical plane
passing through the axis of jet.

—————————
Ta08. D, BONA, S«






PLATE IX.

ON THE ACTION OF FALLING WATER,

F1o0. 20,
Fio. 2 Fia. b
LONCITUDINAL SECTION ONE=HALF $12E TRANSVERSE SECTION
$S MOUTH PIECE OF BRASS MOUTH PIECE
1]
I " i
s, d — — ’ — —
o 27 J
!
oy
Sidto/'
'y .
it 2 LONGITUDINAL SECTION OF TROUCH
ALF SIZE CROSS SHOWING CENTRAL POSITION

PN OF TROUGH ¥ RELATING TO MOUTH PIECE

Exeperivent No. 4— Figs. 29 & 30.

iment on the distribution of the pressure caused by a jet of water
pngular in section falling into a trough open at both ends (see
sketches above).

P hole P

Head g | Head in p Remarks.
o axis ve‘odv.y. tube.

Inches. Inches.

2
o . Not observed.

» 18} # Note.—The trough was moved
” 154 from B towards A, and
. the pressure on hole
23 noted at every twen-
» 27 tioth of an inch moved.

84 Mean—385 was max.

”» _35§ ” .
85% Steady; probably axis of jet.
854 Max. N
84§ Max,
81 Mean,
814 Mean.,

P7 } Fluctuating.

e
. TuOS. D. BOXA, Sup
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No. CCCXXIIIL.
ENQUIRY INTO SUPPLY OF SLEEPERS FOR INDIA.

Sazina that the supply of deodar sleepers was insufficient, and that there
was a possibility of the importation of sleepers from England being in-
terfered with, an enquiry was started in July 1878 as to the possibility
of using the inferior Indian pines impregnated with some preservative
substance. The following extracts from the official correspondence will
explain what was done and the result.

The Becretary, Department of Revenue and Commerce, stated that the
only plan which commended itself was to utilize the inferior pines, and
impregnate them with chloride of zinc or sulphate of copper, as creosote
was not readily obtainable in India, and Dr. Warth, Collector of Customs,
Mayo Salt Mines, Punjab, was called on to prepare an estimate for the
establishment of a factory’ on one of the North-Western Provinces
rivers. : . '

Dr. Warth prepared an estimate, prefaced by a report, in which he
described the various methods of impregnation in use on the Continent,
and gave & good deal of information as to the time impregnated and
natural sleepers respectively lasted. He then described the attempts
that had been made in India, but stated that the observations as to
the improvement on the sleepers were too short and irregular to allow
of any conclusion beyond the general one that the processes all effected
some improvement. The concluding paragraph of this portion was as
follows :—

The results of the experiments made in Indis as here stated are not
conclusive. Much money has been expended without adequate results,
bat it does not follow from the numerous failures which have here been
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2 ENQUIRY INTO SUPPLY OF BLEEPERS FOR INDIA.

recorded, that if persistent efforts are now made to impregnate timber in
India with antiseptic substances, the result will not be favourable. But
it is essential that only good and effective methods should be adopted,
and that these methods should be employed under competent supervi-
sion, and should be continued sufficiently long on a systematic plan, to
show in what respect they require alteration and improvement.

He then passed on to Part III., proposed plan of operations, as fol-
lows :—

In the north-west Himalaya there are large extents of forests consist-
ing of pines, the wood of which, being less durable than deodar, has not
hitherto been extensively exported to the plains. It is now proposed to
utilize the wood of one of them, Pinus longifolia, for railway sleepers by
impregnating it with metallic salts.

The sleepers to be impregnated will chiefly come from two sources—
the forests on the Tons and Jumna, and those on the Alaknanda and

- Bhagirathi, and other feeders of the Ganges. Those from the Tons and

Jumna rivers will be either impregnated at Rampur Mandi in Debra
Dun, or will be floated down by the Western Jumna Canal, while those
from the Ganges will probably have to be brought down by the Ganges
Canal. It will probably be the best plan to set up impregnation appa-
ratus at two places—one for the Tons and Jumna sleepers, and the other
for those from the Ganges system. If this is done, it will be possible to
establish the apparatus at the places where floating ceases; for the
Western Jumna Canal this will either be at Jagadri on the Scinde, Panjab
and Delhi Railway, or at Delhi; or it might be possible to establish the
apparatus at Rampur Mandi in the Dehra Dun, and from that place to
cart the impregnated sleepers to Saharanpur, until the Chakrata Rail-
way is constructed, which will afford an easy means of transit. For the
supply from the Ganges, the best locality will probably be at one of the
points where the Ganges Canal crosses the Scinde, Punjab and Delhi Rail-
way, or where it crosses the Oudh and Rohilkund line, or at Barots on
the Canal near Aligarh. '

The area required for each factory will probably be about 10 acres.
The present estimate is for duplicate machinery, which may either be set
up at one place, or which may be divided and put up in two distinct lo-
calities.

It is proposed to use the solutions of chloride of zinc and sulphate of
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copper, about 60 per cent. of the sleepers being impregnated with chlo-
ride of zinc, and 40 per cent. with sulphate of copper. This will fur-
nish dats for determining the relative merits of copper and zinc as pre-
servative substances for sleepers on Indian railways. The plant proposed
will be sufficient for the impregnation of 145,000 sleepers annually, on
the supposition that the cylinders will be charged once only in 24 hours,
and that there will be 250 working days in the year. Bat, in order to
leave sufficient margin for repairs and mishaps, the calculation of the
working expenses will be based upon the sapposition that there will be an
annual outturn of 100,000 sleepers only. It is, however, obvious that,
under favourable circumstances, and if the cylinders be charged more than
once in 24 hours, the annual outturn may be increased considerably beyond
the figure named, and that, in this case, the cost of impregnation per
sleeper will be considerably reducéd. It should here be mentioned that
the present estimate is based throughout on the assumption that only
broad gauge sleepers 10’ X 10” X 57, containing 8-47 cubic feet each,
will be impregnated. These data can, however, be made applicable to
metre gauge sleapers, 7 of the latter being counted for every 3 broad
gauge sleepers.

Sulphate of copper or blue vitriol will probably be imported in wooden
casks from England, where its average cost is about £30 a ton. 8ul-
phate of copper contains 36 per cent. of water of crystallization, and 25
per cent. of metallic copper. The chloride of zinc of commerce is a
heavy liquid, which probably can be imported in strong casks; it contains
25 per cent. metallic zinc, and it ought to be obtainable, on an average,
at the rate of £10 per ton in England. The substances will be mixed
with water in wooden tanks, which should be large enongh to hold suffi-
cient for four days’ consumption,

There will be four cylinders, two of copper for the solution of sulphate
of copper, and two of iron for the chloride of zinc. The copper cylin-
ders should have an inner diameter of 5 feet and a length of 815 feet.
The capacity of one cylinder will therefore be nearly 620 cubic feet, and
it will contain a charge of 115 sleepers, the aggregate cubical contents
of which amount to 891 cubic feet. The sleepers will be piled on frames
of bronze running on low wheels, three of which will go into one cylin-
der. The estimate provides for 10 such frames, 9 of which will be in
constant use at one time.
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The two iron cylinders will have an inner diameter of 6 feetand &
length of 81-5 feet; each of them will thus have a capacity of 890 cubic
feet, and will take in a charge of 175 sleepers, with an aggregate volume
of 600 cubic feet. The frames for these cylinders will be made of irom,

~and will also be 10 in number.

The sleepers having been rolled into the cylinder, and the lid closed,
the air is exhausted and a partial vacuum maintained for several hours.
(In several factories the pressure is brought down as low as 3 ths. per
square inch.) After this the nolution is permitted to enter the exhausted
cylinder, the air-pump continuing to play for some time afterwards.
‘When the gauge glasses show the cylinder to be nearly filled with fluid,
the air-pump is stopped, the communication with the reseryoir is inter-
rupted, and the force-pump set to work, forcing the solution into the
wood until a pressare of 120 tbs. is reached. This pressure is kept up
by pumping slowly or at intervals for as long as may be found necessary.
The force-pump is then stopped, and the communication with the reser-
voir re-established, so as to allow the remaining solution to run back;
the lid of the cylinder is removed, and the impregnated sleepers are
taken out, to be replaced by a fresh set, which should be ready piled upon
the moveable frames.

By this arrangement it would be possible to impregnate two charges
in 24 hours. Indeed, there are some factories where the cylinders are
charged 4, or even 6 times, in 24 hours. The present calculation is,
however, based upon the assumption that the cylinders will be charged
once only in 24 hours, because it seems important that, at first, at least
the impregnation should be as complete as possible, and this chiefly
depends on the length of time the sleepers are allowed to remain in the
cylinder. With one charge only, each copper cylinder will prepare 28,750,
and each iron cylinder 48,750, sleepers in a year of 250 working days.
Two pairs of cylinders, therefore, as previously stated, will turn out
145,000 sleepers a year. To drive the air-pumps and the force-pumps
for four cylinders, a pair of engines of 5-horse power each nominal will
be necessary.

The whole plant to be purchased in Europe should be arranged in
duplicate, thus affording perfect security against stand-still through re-
pairs. There are to be two steam boilers of 10-horse power each. They
are not to be tubular boilers, because these are more liable to get out of
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repair, but simple cylindrical boilers with one flue each, the whole to be
set in masonry. The chimney is to be 75 feet high above the ground;
chimney and foundation to be of solid masonry.

To each of the two steam engines of 5-horse power nominal, already
mentioned, will be attached a full set of pumps, viz, an sir-pump, a
copper solution force-pump, a zinc solution force-pump, and a small feed-
pump ; each engine and set of pumps being capable of doing alone the
whole of the work required from the four cylinders. The work may be
distributed between the two engines either by working one at full speed to
produce vacuum, and to give the first supply of solution, whilst the other
will be worked at slow speed to keep up the vacuum and the supply of
fluid, or by allotting the sir work to one engine and the fluid work to the
other.

Although it is contemplated to begin with chloride of zinc and sal-
phate of copper, yet it is possible that, simultaneously with the employ-
ment of these substances, some sleepeers may be impregnated by soaking
them in corrosive sublimate. This salt has been employed with great
success on several lines in Baden, Wiirtemberg, Bavaria and other coun-
tries in Germany; the solution is not{ forced into the wood under the
pneumatic process, but is in wooden tanks which are filled with sleepers
kept down by bolts or heavy weights. Should the establishment of a
factory be decided upon, it will probably be advisable to make tanks for
this purpose at once before the pneumatic apparatus is set up, so as to
commence impregnating as soon as the first timber arrives at the factory.
It will in every respect be advisable to test impregnation with this sub-
stence in Indis, but no special provision has been made for it in the pre-
sent estimate.

Dr. Brandis, Inspector-General of Forests, in a memorandum on the
proposal and estimate sums up thus— ¢ There is good ground to be-
lieve that it will be possible to deliver annually 200,000 sleepers or a
larger quantity of the inferior pines at & cost of Rs. 8-8 a piece all
round at the impregnating works ”’; and he concludes ¢ that the practical
question which now calls for decision is whether it is likely there will be
& demand for this number.”

The estimate followed as Part IV.

For plant, ground, and erection ; total Rs. 1,18,972.

Working charges for 100,000 sleepers per annum, for the easy and per-
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fect impregnation of which number the plant was designed, came to Rs.
47,527, or on 847,000 cubic feet 2:19 annas per foot, or 7 annas 7 pieper
sleeper. The rate in Germany was stated to be 1d. per cubic foot. If
200,000 sleepers could be sold the rate would be reduced.

The papers were then circulated to the various Railways and Govern-
ments for report on this question, and the summary of replies received,
and the conclusion of the Government, were as below : —

Central Provinces~—No experiments in impregnating pine sleepers
with metallic salts had ever been undertaken in the Central Provinces,
and that unless the cost of the sleepers from Northern India could be
reduced, it would not pay to use them.

Hyderabad.—The cost of carriage of impregnated pine sleepers from
the Himalayas would prohibit their use on the Nizam’s State Railway.

British Burmah.—The question of establishing the factories in Upper
India for impregnating pine sleepers does not affect the province of Bri-
tish Burmah. .

Durector, Central System.—Snggeats that experiments he made on the
line between Neemuch and Nasirabad with pine sleepers impregnated
with metallic salts, and requests early information as to whether his pro-
posals are accepted.

Director, Western System.—States that if the experiment of establish-
ing a factory on the Ganges prove successful, he would recommend that
one be set up for the Punjab lines at Jhelum.

Director, North-Eastern System.—No experiments have been made,
and the Railways in his System have no interest in the matter of estab-
lishing factories for impregnating pine sleepers with metallic salt, as the
cost would exceed that of creosoted sea-borne sleepers.

Mysore.—No experiments for impregnating pine sleepers have been
carried out in that Province, nor are any sleepers from the Himalayss
likely to be required in Mysore.

Scinde, Punjab and Delhi Railway.—The Railway is practically not
interested in the question of wooden sleepers.

North-Western Provinces.—States that it is desirable to try the ex-
periment of establishing factories, by which it is hoped to supply narrow
gauge sleepers at about Rs. 1-8 each, but that at present it is impossible
to say what the requirements of the Government, North-Western Pro-
vinces may be. :
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Oudh and Rohilkhund Railway.—No impregnated sleepers have ever
been used on the line. Timber sleepers are only used at level crossings,
and the Company have not hitherto found any difficalty in obtaining un-
impregnated teak sleepers in sufficient quantities to meet their moderate
requirements.

East Indian and Eastern Bengal Railways.—Neither of the Companies
wish to have impregnated pine sleepers from the North-West Himalayas.

Madras.—It does not appear that pine sleepers, impregnated as pro-
posed, can be delivered at Madras at the same cost as creosoted sleepers
imported from Europe, unless the price of the latter be increased at least
60 per cent.

Bombay.—It is doubtful whether North-Western Himalaya pine
sleepers would ever compare favourably in price or quality with the creo-
soted pine sleepers in use on the Guaranteed Railways in Bombay.

Home, Revenue and Agricultural Department.—Forwards a memoran-
dum prepared in this office, dated 22nd August, 1879, showing the prob-
able demand for railway sleepers of Himalayan pine impregnated in India,
and states that, under the circumstances represented therein, the Govern-
ment of India in this Department cannot at present guarantee an annual
demand for 200,000 such sleepers.

Memo. by the Public Works Department on the demand for Railway
sleepers of impregnated Himalayan pine, dated 22nd August, 1879.

The opinions and experiences of the several Railway Administrations
in India having now been submitted, the Revenue, Agriculture and Com-
merce Memorandum No. 1140 F of 18th November 1878, with enclo-
sures, on the subject of establishing factories for the impregunation of
Himalayan pine sleepers with metallic salts, may be replied to.

The railways of Lower Bengal, as well as those of Western and South-
ern India, having their termini at or near the seaports, obtain creosoted
fir sleepers from Europe at such a low price, that the cost of carriage of
impregnated sleepers from the Himalayas would prove prohibitory.

The Oudh and Kohilkhund Railway is laid throughout with iron sleepers.

Of the Scinde, Punjab and Delhi Railway (total length 553 miles)
upwards of half is a pot sleeper road, and the Company’s Chief Engineer
is of opinion that, should the market keep low, it will be economical
trentually to replace the existing wooden sleepers by iron.
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The question is thus much narrowed, and resolves itself into one
which chiefly concerns the East Indian Railway and the State Railways
of Northern India.

The Agent and Chief Engineer, East Indian Railway Company, is of
opinion that chir (pinus longifolia) unimpregnated is useless for sleepers.
Impregnation with creosote was fully tried for some years at Aligarh,
but was ultimately abandoned as unprofitable. The process was by some
believed to prolong slightly the life of the sleeper, but the porous nature
of the chir caused it to absorb so much creosote that the cost was found
prohibitive.

Impregnation with metallic salts may also prove too expensive, and it
is not likely to materially enhance the value of the wood for sleepers.
The Agent in conclusion states that the use of chir for sleepers has long
since been discontinued on the East Indian Railway, and he declines to
give it a further trial.

As regards the State Railways of Northern India, the Engineer-in-
Chief and the Manager, Punjab Northern State Railway, concur in the
opinion that an ample supply of first class deodar broad gauge sleepers
is, and will continue, to be procurable at Wazirabad, at a cost of Rs. 3-6
each.

On the Indus Valley State Railway (500 miles) impregnated sleepers
from the Himalayas could not compete with the cheaper creosoted fir
from Europe vid Kurrachee.

When the Rajputana Railway is open through to Bombay, creosoted
fir sleepers will be procurable at a price which will preclude the use of
impregnated chir from the Himalayas.

The Chief Commissioner, Central Provinces, fears that he will be
unable to support the proposed factories in Northern India, as the Forest
Department of those Provinces has undertaken to supply teak and sal
sleepers at Rs. 8-4 and Rs. 1-12 each respectively, delivered along the
lines of railway now under construction.

A. M. B

102




No. CCCXXTIYV.

INTER-OCEANIC CANAL PROJECTS.
[ Vide Plate.]

By A. G. MenocaL, Esq., C.E., Member of the American Society
of Civil Engineers,

Exztracted verbatim from Tramsactions of American Society of Civil Engineers,
November 1879.

TaE object of the present Paper is to present for discussion before the
Society of Civil Engineers a question which is now attracting much
public interest through the press of the country, and which deserves
the most attentive consideration by the Engineer, on account of its
magnitude, the engineering difficulties involved in the solution of the
problem, and the great interest the world at large has always shown,
and will continue to show, in the execation of the work.

It is evident that the American Isthmus has been sufficiently explored
by the United States Surveying Expeditions, and by private parties in-
terested in opening a water passage, between the Atlantic and Pacific
Oceans, to enable us to determine the difficulties that would have to be
met in the construction of a ship canal at the several places pointed out as
presenting favorable indications for execution, and on a careful examina-
tion of all the available data, the question seems to have narrowed down
to Panams and Nicaragua as the only places where the work can he snc-
cessfully carried out. It is to the discussion of the most prominent
features of these two routes, and their relative advantages and dis-
advantages that I will confine myself.

Three projects for a canal at Panama have been seriously suggested
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and estimated upon, two at the level of the ocean, and one with locks.
Of the first two, the one extending from the Bay of Colon to the Bay
of Panama has been devised by Lieuts. Wyse and Reclues of the
French Navy, and lately advocated by M. de Lesseps, the successful
promoter of the Suez Canal; and the other connecting the Bay of San
Blas, on the Atlantic, with the Rio Bayano in the Bay of Panama, was
first partially surveyed by Messrs. MacDougal and Sweet, in the interest
of Mr. Kelly, and subsequently re-examined by Commander Selfridge,
United States Navy, in 1871, and Lieut. Wyse, in 1878.

The project for a canal, with locks, vid Panama, was carefully studied,
and the line actually located by the United States Surveying Expedition,
under Commander E. P. Lull, United States Navy, in 1875, of which the
writer was the Chief Engineer.

Lieut. Wyse's Plan.

This project was first presented for discnssion before the International
Canal Congress, assembled at Paris, on the 15th of May of the present
year, and is fully described by the author in his report to the President
of the ¢ Bociété du Canal Interoceanique,” dated April 4th, 1879. As
originally projected it consisted of a thorough cut at the level of the
oceans, 78,200 metres (455 miles) in length, 20 metres (65-6 feet) wide,
and 8:5 metres (27:88 feet) depth of water, with a tunnel 72-20 metres
(48 miles) long. The river Chagres, as well as the Rio Grande, and
their tributaries to the number of 22, are to be received into the canal;
the only provision made to ameliorate the effect of such an enormous
volume of water is 191,000 cubic metres of excavation, in the beds of
the streams at the several points of junction with the canal. The esti-
mated cost of the work, as given by Lieut. Wyse, in his report, is
475,000,000 francs, or $95,000,000.* This line is not one of actaal
location, but was traced on a map of the isthmus, between Colon and
Panama, constructed from such information as could be obtained from
the maps of the railroad and the survey of Mr. Garells, made in
1848 for a canal, with locks, on a location other than that adopted by
Lieut. Wyse. The elevations of the ground given in the profile were
also obtained, as near as practicable, from the same source of information,
and the figures are, therefore, to say the least, a rough representation of

the natural conditions.
® Approximately & dollars go to &1,
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This project was considered impracticable by the Technical Commis-
sion of the Paris Congress. The sudden and high floods to which the
tarbulent river Chagres and its tributaries, are subject in the rainy
season, and the disadvantages under which those streams would bave to
be taken into the canal, on account of the elevation of their beds above
the sea, the proposed level of the canal, together with the current that
would be produced in the canal by the rise and fall of the tide in the
Bay of Panama (the spring tides amounting to 22 feet), would form such
impediments to navigation, and so many serious difficulties, and doubt-
ful elements in the execution and permanency of the work, that the
plan had either to be modified or abandoned altogether.

A Buab-Committee composed of the following distinguished Engineers,
viz.,, Messrs. Ruelle, Cotard, Couvreux, Favre, de Garay, Laroche, La-
valley and Lepinay were appointed to estimate on the probable cost of
the tuannel designed by Lieut. Wyse. They reported that, supposing
the work free from water, its probable cost would be about 38,500
francs per lineal metre, or $59,444,000 for the length of tunnel pro-
posed, and with 25 per cent. added for contingencies, $74,805,000.
But if the work had to be done under water, as it was thought would
be the case in that portion of the excavation below the level of the sea,
then the above estimate would be insofficient, and although the Com-
mittee could not, in that event, arrive at the approximate cost, it was of
the opinion that the expense would be increased by at least 100,000,000
franca or $20,000,000.

To meet these objections Lieuts. Wyse and Reclues submitted several
plans, more or less feasible, from which the following modifications to the
original plan were accepted and estimated upon. A tide lock at the

Pacific terminus to keep the surface of the water in the canal at the mean
level of the Atlantic; an open cut in place of the tunnel; and new
channels to carry to the ocean the waters of the river Chagres, and its
tributaries, from Matacbin to the sea, independent of the canal, which
should be kept entirely free from all surface drainage.

These modifications were considered as an improvement on the first
plan; but the Engineers differed widely as to the methods of execution and
the practicability of the works proposed, at least, in & commercial sense.

The above-named Engineers, on consultation with the Sub-Committee
on locks and profiles, adopted uniform cross-sections and prices per unit

106 -



- -

‘-A‘

4 INTER-OOBANIC CANAL PROJECTS. .

of work for all the projects submitted to the Congress, and the modified
project was estimated according to the amount of work computed by
Lieut. Wyse at $208,800,000, exclusive of the indemnification to the
Panama railroad.

The Committee remarked in their report that such a sum had been
obtained by applying the adopted prices for labor and material to the
quantities of work furnished them, increased by the sum of $8,400,000
named by the Committee on locks, as required, in its estimation for the
canalization of the Chagres and its tributaries and necessary accessories,
and added that the Committee was of the opinion ¢that the execution
of such works as the long, open cut proposed with a maximum depth
of 821 feet above the surface of the water, and the construction of a
pew channel for the Chagres, the stability of which would not be assured,
are subject to 8o many contingencies and difficulties that it was not pos-
sible to arrive at an estimate of their probable cost.” The competency
of the Engineers hereinbefore named as composing that Committee can-
not be doubted; they are men of high established reputation for integrity
and professional experience, and their figures and opinions are entitled
to full consideration.

I have made careful computations with the object of ascertaining the
amount of excavation required for the open cut proposed, and in order to
arrive at a8 close an approximation of the cubical contents as the data at
hand would permit, the profile of the route submitted to the Paris Con-
gress by Lieut. Wyse, has been altered by the substitation of the line of
actual location of the United States Surveying Expedition, from the
Chagres river to the Rio Grande, in lieu of the defective profile of Lieut.
Wyse.

It should be stated, however, that the length of the line has not been
changed, and that by the profile adopted I have been able to base the
computations on an elevation of the ground taken at every hundred feet
between those points, and that the dividing ridge is crossed at an eleva-
tion of 294'7 feet above mean level of the sea, instead of 8214 feet a8
given in Lieut. Wyse’s profile. From Colon to the river Chagres, at
Matachin, and from the Rio Grande to Panama, no alterations have been
made, and the depths of the excavation have been taken from that pro-
file. For the sake of comparison the computations have been made both
according to the cross-sections proposed for the Nicaragua and Panams

106



INTER-OCEANIC CANAL PROJECTS. 5

eanals, with locks, and that recommended by the Committee on Locks at
the Paris Congress.

The following are the results obtained, viz. :—

1st. With the cross-sections adopted for the Nicaragua canal—

Excavation in rock above the level of the sea, ... ... 61,829,477
» » Dbelow » we e 14,111,808

Total rock, cubic yards, ... 75,441,283

Excavation in earth above the level of the sea, «. ... 15,904,389
” below »” we 7,046,970

Total earth, cubic yards, ... 22,951,309
Grand Total of excavation in earth and rock, cubic yards, 98,892,592

Besides this amonnt, there will be required no less than 1,800,000 cubic
Jirds of rock excavation under water in the Bays of Colon and Panama.
2nd. 'With the cross-section recommended by the Paris Congress—

Excavation in rock above the level of the sea, ... . 88,821,659
» below ” wo  wee 11,741,022

Total rock, eubic yards, .. 60,562,581

Excavation in earth above the level of the sea, «s ... 14,694,916
below 4,  » e o 8,667,783

Total earth, cubic yards, ... 25,862,649
Grand Total of excavation in rock and earth, ... 73,925,280

Or cubic metres, .. .. 056,183,174

Which is 10,000,000 cubic metres in excess of the total amount of ex-
®vation estimated by Lieut. Wyse for the Paris Congress, on the same
Croee-section. The amount of rock and earth have been computed ac-
tording to the geological profile submitted by Lient. Wyse. It will be
observed that the total cube of excavation required with the cross-section
proposed by the Paris Congress, is about 25 per cent. less than the
amount obtained by adopting the cross-section proposed for the canal by
Nicaragua. This is due to the insufficiency of the slopes for rock allow-
ed by the Congress, viz., a vertical cut below and two metres above the
water line, and an inclination of one-tenth above that point to the top of
the rock. On the Nicaragua route one-half horizontal to one vertical,
from the bottom of the canal to 10 feet above the water, and one-fourth
horizontal to one ¥ertical above that point to the top of the rock, were
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oonsidered necessary to obtain the permanency of the works, and they
were so adopted throughout the line. The water prism for the canal in
rock proposed for the Nicaragua line is 2,418 square feet; that recom-
mended by the Congress is 2,012 square feet. Nevertheless, it has been
repeatedly stated by the friends of the Panama scheme that the dimen-
sions proposed for the Nicaragua route are insufficient for a ship canal,
and that to this fact is due the large difference in the estimated cost of
the two roates. It is well known to those informed of the variable geo-
logical formation of the isthmus, as observed in the digging of wells,
excavations for railroads, gold and silver mines, and other works, that
vertical cuts and slopes with an inclination of one horizontal to ten ver-
tical are impracticable for the proposed work with a total length of con-
tinuous deep cut of 414 miles, with an extreme depth of 3225 feet above
the bottom of the canal, and a mean depth of 174 feet for a distance of
10 miles.

The amount of excavation herein given is exclusive of what may be
found necessary to provide a new channel for the river Chagres and its
tributaries from Matachin to the sea, a distance of 28 miles, as recom-
mended by the Congress. No data has been obtained to enable us to
arrive at an approximate cost of that work, estimated by the Congress at
$8,400,000. The Engineer may, however, appreciate the magnitude of
that undertaking from the fact that the river Chagres, at Matachin, the
point of its confluence with the canal, rises about 86 feet in times of
flood ; that the bed of the river is about 40 feet above the level of the ses,
and has an inclination of 4} feet per mile for a distance of 12 miles
above that point. That the channel attains a width, in times of flood, of
1,500 or more feet, a sectional area of 15,000 square feet, a current of 7
miles an hour, and a discharge of about 160,000 cubic feet per second.
The inclination of the bed decreases considerably below Matachin, and
as its volume is materially swelled by the addition of affluents with large
flow, the sectional area of the new channel will have to be increased in
proportion. Below Matachin the river, for a distance of 10 miles, runs
in a narrow valley confined by high precipitous hills, approaching from
both sides. This valley is to be occupied by the canal, the width of
which, at the top of excavation, will be about 500 feet. The new chan-
nel for the river will, therefore, have to be cut through the high hills
on the north, and protected across the narrow valleys by heavy embank-
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ments, and, in somne cases, masonry walls. Similar difficnlties, but on a
smaller scale, will have to be met on the south side of the canal in canal-
izing the river Trinidad and other large streams, tributaries to the
Chagres from that side.

The difficulties and contingencies involved in the execution of such
works, considering the location, climate, rainfall, &c., cannot be approx-
imately estimated with our present information. Their stability, if ever
completed, could not be assured, as they will be constantly menaced with
total destruction by the periodical floods of the rivers.

Canals with Locks from Colon to Panama.

In 1875 the Government of the United States, at the request of the
Commission appointed by the President to examine the different sur-
veys made for an Inter-Oceanic Canal, and to feport a8 to the line pos-
sessing the greatest advantages, sent out an expedition to ascertain the
practicability of & cenal, with or without locks, across the Isthmus of
Panama. In a preliminary examination of the route, it was observed
that the high water marks of the river Chagres, in the vicinity of Mata-
chin, disclosed the fact that the river was subject to freshets, which
raised its surface to no less than 36 feet above its level in the dry season,
which latter was 42 feet above the sea. All idea of a canal without locks,
or of utilizing the bed of the river for ship navigation, was therefore
abandoned, and attention was directed to the locatien of 8 canal with
locks that would cross the river at such an elevation as would give a free
flow underneath to the highest floods. The summit level of the canal
was, on that account, fixed at an elevation of 1233 feet above the mean
level of the sea as follows :—

Elevation of highest water mark, ... e e eee TT70
Rise of arch, ... s e osn e . 1405
Thickness of arch, ... e oee oor e we 600
Depth of water in the canal, ses eee eee  ses 2600

—

Elevation of summit level, feet, ... 12376
The river is proposed to be crossed by means of sn aqueduct having
12 spans of 90 feet each, 1,900 feet extreme length, 65 feet wide and 26
feet deep.
The water to supply thq canal will have to be obtained from the
upper Chagres by means of a feeder 10} miles long, and involving seven
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tonnels with an aggregate length of 13,700 feet, and two siphons of
4,580 feet and 12,000 feet in length, respectively.

Careful gauges of the river Chagres, on the 15th of March, 1875,
showed the discharge, at the point the feeder leaves the river, to be
55,900,800 cubic feet per day: an amount of water sufficiently large to
supply the canal with 80 lockfulls per day, and to amply provide for
evaporation, leakage and filtration. In the month of April of the follow-
ing year, in passing across the Isthmus, I had occasion to observe that the
river was lower, by at least one-third than at the time when the gauges
were taken the previous year. Should my estimate be correct, it would
evidently show that the supply, to say the least, could not be relied on
at all times.

The line was carefully located from the Atlantic to the Pacific, de-
veloping an extreme length of 41} miles. The dividing ridge was crossed
at an elevation of 2947 feet above mean half tide, giving an extreme
depth of excavation of 171 feet, plus the depth of water in the canal.

One tide lock is proposed in the Bay of Panama, and 24 lift locks, 12
on each side, of 103 feet lift each. The latter were located at those
points offering the greatest facilities for construction, with a saving in
the excavations. The form and dimensions of the cross-sections for ex-
cavation in earth and rock, as well as the prices adopted, were for pur-
poses of comparison exactly the same as had been recommended for the
Nicaragua route. The estimated cost, including the necessary improve-
ments in the bays of Colon and Panama, was found, on carefully made
computations, to be $94,511,360. Of this amount, $18,331,343 are
estimated for the construction of 16 culverts and the necessary side drains
to dispose of the surface drainage independent of the canal. The dis-
advantages of this route are: the length of tunneling and siphon re-
quired for the feeder, a doubtful supply of water, an aqueduct 1,900 feet
long, swamp lands to be traversed by the canal, large mean annusl rain-
fall of 124 inches, and total lack of building material of all kinds fit for
the construction of the works recommended. The advantages are: short
route from sea to sea, and fair harbours on either side. The railroad, in
close proximity to the projected line, is a favorable condition, provided
that its owners are willing to give up their franchise for all purposes at
the cost of construction or a reasonable congjderation, upon which I will
not venture an opinion.
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The San Blas Route.

This is well known to be the shortest route between the Atlantic and
Pacific Oceans; a favorable feature which, with an excellent harbour on
the Atlantic side, has always attracted the attention of those interested
in the solution of the problem of inter-oceanic canal communication.
The line has not bgen surveyed throughout its length, but from the par-
tial examinations made by Mr. MacDougal, in the interest of Mr. Kelly
of New York, in 1864, and by Commander Selfridge in 1871, its total
length has been approximately placed at 80 miles, of which from 7 to
10 miles will require tunnelling.

Based on information obtained from these surveys, plans have been
prepared for a canal at the level of the sea, the cost of which was esti-
mated by the Paris Congress at $261,536,595, the tunnel having a
section of 1,315 square yards and a length of 8:7 miles.

The main objection to this route is the long tunnel required to pierce
the Cordilleras separating the two oceans, having an elevation of from
1,100 to 1,500 feet.

The available data is not sufficient to enable us to determine the pro-
bable cost of that work; but it seems to be generally admitted, it will be
80 large as to exclude it from the number of practicable schemes, at least
in a commercial sense. There is no doubt that great difficulties would
have to be met in the opening of a tunnel of the dimensians proposed for
ship navigation, and it seems to be equally true that almost all the plans
suggested to overcome them have been based on assumptions as to the
natoral conditions. The limited knowledge we have at present of the
geological formation of the isthmus has been gained from examinations

of surface indications, deep wells, gold and silver mines, the excavations
for a few railroads, at far distant points, and the banks and beds of
streams. Some of the printed reports on the subject rest on mere
superficial observations of only some of those sources of information,
For example: a geologist accompanying one of the expeditions follows
the trail of the surveyors for a distance of 10 or 12 miles, from the coast
by the traverses, collects a few specimens of rocks and pebbles from the
beds of the streams, takes some notes on the variable character of the
soil and rocks cropping out here and there, and returns by the same
way to tell us the fact, “that the Atlantic slope of the Cordillera in
the vicinity of San Blas is composed of the older crystalline rock, such
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as granite, syenite and diorite, while that on the Pacific side belongs to
the later eruptive period, and its rocks belong to the families of the
trachyte and of the basalts, &c., &c.” Had he gone but a few miles to
the west he would undoubtedly have found at the head waters of the
Chagres, deep gulleys or cafions cut in a continuous mass of soft lime-
stone; and not far from there, blocks of trap rock and other varieties of
stone, which might have somewhat modified his conclusions. Informa-
tion so superficial as the above does not seem to ¢ afford a sufficient
guarantee that the rock to be met with in piercing a tunnel on the San
Blas route will, for the most part, prove to be of a character sufficiently
homogeneous and firm to be self-sustaining,” as has been assumed in
computing the cost of a canal by that route. We have not the data to
affirm that the contrary will be the case; but the indications are, I be-
lieve, pointing to that conclusion, and the chances are, to say the least,
just as much in favor of as against it.

The only way to arrive at the information required for the proper
understanding of the subject, and to obtain the data for a fair estimate of
cost, would be by sinking a number of shafts to the bottom of the canal
on the line of the proposed tunnel. In this manner the character of the
rock, and the quantity of water that would flow into the excavation when
made, can be approximately determined. Boring with the diamond drill
would show the character of the material to be met with, but would not
furnish satisfactory information as to filtration. Until that is done the
question may be considered as resting on mere guessing, in which the
opinion of those who have been on the ground and gained information
by actual observations should be entitled to most consideration. It is
certain that in the construction of an isthmus ship canal at the level of
the sea, it will be necessary to contend with water from filtration. This
can be drained to the lower levels, while the bottom of the excavation is
sufficiently high above the sea to allow the flow by gravitation ; but
below that level the work will probably have to be done under water.

Pumping by different processes has been suggested as a means to
overcome this difficulty, but the experience acquired from a close obser-
vation of what takes place in deep mines and in wells dug to a great
depth, leads us to believe that such a recourse would be found altogether
insufficient, even after dividing the tunnel by bulkheads into a number
of small sections. Should these fears prove well founded, it will not be
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possible to approximately estimate the nltimate cost of such an under-
taking. The Engineers of the first Committee of the Paris Congress, of
which Mr. Favre, the eminent Engineer of the St. Gothard tunnel was
s member, were of the opinion that such a contingency would increase
the cost of the work by at least $20,000,000. In case the excavations
below the level of the sea were carried under water, the men and
machinery would have to work from scows, and the débris dredged and
deposited in dumping scows to be disposed of at the ends of the canal;
while all these operations of drilling, blasting, dredging and transporting
would have, necessarily, to be done within a width of from 66 to 100 feet,
according to the dimensions proposed for the tunnel by different parties.
8hould it be found, as is apprehended by many, that the material met
with is not self-sustaining, and that the tunnel will have to be totally or
partially lined with masonry walls resting on the bottom of the canal, the
problem will become so complicated that a favorable solution may well
be despaired of. That work would have to be done by underpinning
from the crown of the arch, carried down to a depth of 28 or more feet
below the surface of the water, and for a distance of several miles. By
what methods it may be accomplished has not yet been explained. The
advocates of a thorough cut are not disposed to admit that these contin-
gencies are likely to be met with, and even deprecate the idea that the
chances are just as much in favor of as against them. They will continue
to base their estimates on the assumption that the waters from filtration
will be no serious obstacle to the prosecution of the work to a depth of
28 or more feet below the level of the sea, as it may be readily disposed
of by pumping ; that the material will be self-snstaining and sufficiently
firm s0 that no lining of masonry, to speak of, will be needed to secure
the stability of the tunnel, and that an inclination of one horizontal to ten
vertical will be enough for the slopes of cuts 300 or more feet in depth.
From the above considerations it seems to follow, that the bottom of
s canal across any portion of the Isthmus, should be placed sufficiently
high above the sea to obtain natural drainage, and that without this con-
dition the work may be considered impracticable on account of its im-
mense cost. This modification involves the necessity of three or more
locks on each side, which may not materially change the length of the
tannel, but is sure to considerably reduce its cost by the elimination of
unknown quantities in this difficult problem.
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The Nicaragua Route,

This line was carefully located from the Atlantic to the Pacific Oceans
by the United States Burveying Expedition, under Commanders Hat-
field and Lull, United Btates Navy, during the years 1872 and 1878, and
is fully described in the official reports submitted to the Secretary of the
Navyin 1873. I was Chief Engineer of these expeditions from the com-
mencement of the surveys to the time the reports were completed, and
have subsequently visited the country on three different occasions, and
made extensive surveys in connection with this work, and- the improve-
ments of the navigation of the river San Juan. I have, in fact, given
close attention to the subject for a period of eight years. The estimates
of cost were based on the data obtained from a line of actual location.
Elevations of the ground were taken every 25, 50 or 100 feet ; and suffi-
cient cross-sections, soundings, and gaugings of streams, borings of the
ground to the bottom of the canal, or until rock was met with, and such
other additional information as to building materials and means of com-
maunication as were needed to arrive at a fair valuation of the probable
cost were obtained, Nothing was taken for granted, in the formation
of the project; therefore, any changes of location introduced hereafter
by a more detailed final survey, will, with perhaps one exception, reduce
the original estimates. .

This exception refers to the enlargement of all curves of less than
5,000 feet radius, objected to by some Engineers, as too abrupt for a ship
canal. Distinguished officers of the United States Navy were consulted as
to the proper radii to be adopted, and they were of the opinion that 2,200
feet should be the minimum sufficient for the free passage of vessels 400
feet long.. The following curves with the radii named were, in conse-
quence, located, viz., 1 of 2,200 feet, 8 of 2,500 feet, 11 of 8,000; 1 of
8,500 and 8 of 4,000 feet ; all others have a radius of from 5,000 feet to
10,000 feet.

During the presentation of this route in the session of the 17th May
of the Paris Congress, I was asked by M. Voisin-Bey, what, in my
opinion, wonld be the additional expense involved in incressing the
radii of the curves. I am reported in the printed proceedings of the

Congress, as saying in reply, that $28,000,000 would be the probable
oost demanded by the change. I do not remember what my answer
was to that question, but it will be apparent to any one, that I could
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not have estimated so comparatively small additional work, at more than
one-half the estimated cost of the whole canal. I believe that
$1,800,000 would be a liberal allowance nnder the most unfavorable
conditions. I have referred here to this subject because a writer in the
“ Bulletin du Canal Interoceanique,” a paper published in Paris, in
the interests of the Panama scheme, has made a point of that evident
typographical or reporter's error, and seems to doubt the accuracy
of some of the figures embraced in the estimate of the Nicaragua route,
which he could easily verify by computation from the elevations given in
the profile of the line, and the cross-section recommended. He will also
find in this paper an answer to his statements as to the cubical amount
of excavation required for both the Nicaragna and the Panama line.

Lake Nicaragua, the proposed summit level of the canal, is 110 miles
long by 30 miles wide, and is situated at 107,53 feet above the mean
level of the ocean. Several trial lines were surveyed from the lake
towards the Pacific, and on careful comparison of their relative merits
and elimination, it was decided that those connecting the mouths of the
little streams, Lajas and Del Medio, with the port of Brito, presented the
greatest advantages on account of their moderate lengths and the com-
paratively low depressions by which they crossed the dividing ridge.

On a carefal location, those lines were found to have an extreme
length from the lake to the Pacific of 18:52 miles and 16:83 miles res-
pectively for the Lajas and Del Medio routes. The divide was crossed
at an elevation above mean high lake of 43-78 feet by the first, and 134 feet
by the second named lines. Considerations of better drainage and shorter
distance decided us in favor of the Del Medio route, and the estimates
of cost herein submitted are based on the data obtained from the survey
of the same. The difference in their locations is comprised between the
lake and a place called Las Serdas, where the lovel of the lake, if conti-
nued, would meet the Pacific slope, thence to the Pacific, a distance of
8:33 miles, they form one and the same line. Bhould it be disclosed by a
more detailed survey that the difficulties presented by the Lajas line for
& good system of surface drainage can be overcome at a moderate
expense, that would certainly be the most advantageous of the two, on
sccount of a small extreme depth of cut through the divide and conse-
quent reduced cube of excavation and cost.

The level of mean high lake is 10314 feet above high tide at the
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port of Brito, an elevation to be overcome by 10 lift locks 400 feet long
between gates, 70 feet wide and 10-31 feet lift, located in a distance of
8 miles. The depth proposed for the canal is 26 feet, and the width
at the surface of the water 150 feet in earth and 106 feet in rock, with
slopes of one-and-a-Lalf horizontal to one vertical for earth, and one-
half and one-quarter horizontal to one vertical for rock.

The lake navigation extends from the mouth of the river Del Medio
to Porto San Carlos, the head of the river San Juan, a distance of 565
miles, The river San Juan is proposed to be made navigable by means
of four dams, and short canals and locks to pass them, for a distance of
63-02 miles to the confluence of the river San Carlos, the first large
tributary of the San Juan. At this point the canal leaves the river, and
is located on its left bank for a distance of 26:90 miles, where it turns
to the north, and by an almost straight line reaches Greytown, with s
further distance of 15 miles, or a total length of 41-90 miles from the
point where it leaves the river at San Carlos. This river it is proposed
to divert, so that its discharge into the San Juan shall be below the last
dam, and thus keep out of the canal its muddy and silt bearing waters.
Ten lift locks of 10-87 feet lift are estimated for this side, three of which
are located on the short canals around the dams.

The following table will show the position, and length, height, and
other particulars of the dams:—

Distance from | Length of dam, Hletgl htn:b:t“ Helg. h:im

Location
lako, in miles in feet river, in feet | of dam, in feet
1. Castillo, .. .o 8784 940 21-01 1887
2. Balas, .o . 4469 1,196 8192 22°82
8. Machues, .. .o 5057 824 8399 2684
4. San Carlos, . 6681 1,000 8097 28 87

The first three dams rest on rock foundation and rocky abutments.
The last one will rest on a hard and compact gravel bottom, and is
intended to be protected -by an apron to prevent the undermining
effect of the fall. They are designed to be built of concrete, and 80
constructed that the water in the river will not be raised until the
structures are completed in all their parts. This is expected to be
accomplished by leaving sluices in the dams sufficiently large to afford
s free passage to the river at high water, and to be closed by suitable
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gates on the upper sides when the dam is ready to receive the pressure
intended. The river will be backed to the lake, the surface of which
will be raised from three to four feet, and I estimate that it will take
about four months for the river to reach the top of the first dam.

In the meantime the openings in the dams may be closed from the
lower side, and the material will have sufficient time to set, before it is
brought in contact with the water.

This method of construction will have other advantages in the con-
struction of the canal.

It will permit the dredging and rock excavations under water to be
done at a moderate depth, and allow the construction of the short
canals and lift locks around the dams, free from the high water of the
river,

The total length of the line from Greytown, on the Atlantic, to Brito,
on the Pacific, is 181:26 miles, divided as follows : —

Inland Canal.

Miles

From the mouth of river Del Medio, at the lake, to Brito, .. 1638
Short canal around Dam No. 1 across the river San Juan, .. 078
» » No. 2 ”» » » . 157

” No. 8 s . 1'16

From Dam No. 4, below the river San Carlos, to Greytown, 4190

Total length of canal, . 6174
Lake navigation, .. . .o e . . .. 5650

Slack water navigation by the river San Juan, . . 6302

Total miles, . 18126
The following is a recapitulation of the estimated cost, viz,:—

Western Division.

From the mouth of the river Del Medio to Brito, 16-83 miles.

$
Excavation and embankment, . . .. 16,787,666
Ten lift locks, 400 feet by 70 feet, by 10" 37 feet lift, .. 8,957,818
One tide lock, 400 feet by 70 feet by 9-00 feet lift, . 421,306

Drains, grubbing and clearing, &c., . o . 514,087
Total for Western Division, .. 21,680,777

Middle Division, or lake navigation, 56:50 miles.
Dreding in mud and gravel and excavation in rock, « $ 715,658
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Eastern Division, from the Lake to Greytown.
Slack water navigation, 6302 ; Inland Canal, 45'41 = 10843 miles.

$
Excavation and dredging in the river, . . .. 5,076,030
Short canals around dams, .. . . «o 1,056,923

- Excavation and embankment in canal, from Dam No 4to

Greytown, .. . . . . . .+ 13,889,398
Dams Nos. 1,2,8 and 4, .. . . . oo 1,642,626
Lift locks, from 1 to 10, inclusive, .. . . e 8,093,160
Drains, .. .o .e . . .e .o 840,400
Diversion of San Cnrlos river, . . . . 288,578
Grubbing and clearing (2,379 acres), . . . 237,900
Total for Eastern Division, .. 25,020,914

Recapitulation.

Western Division, .. . . . . . 21,68‘0,77 7
Middle or Lake Division, .. . . . . 715,658
Eastern Division, .. . . . . .. 25,020,914
Harbour of Brito, .. . . . . . 2,837,739
Greytown, . . e . . 2,822,630

Total, .. 52,677,718
Add 25 per cent, for contingencies, .. o 18,144,429

Grand Total, .. 65,722,147

There are about 10,807 cubic yards of rock excavation estimated for,
at the west side of the lake, which would have to be blasted and dredged
out at a depth of 26 feet below the level of the water in the canal, or 22
feet under water in the lake, at the time of doing the work. This has
been estimated for at $5-00 per cubic yard, which is thought a liberal
price, considering that the rock is mot a hard solid mass, but boulders
and blocks. Colonel Childs’ estimate of the same work in 1851, when
our présent means for doing this kind of work were unknown, was from
$2:50 to $5-00 per cubic yard. There are also 834,992 cubic yards of
rock excavation, and dredging in the river at depths varying from 9 to 14
feet, which has also been estimated for at $5-00 per cubic yard. Much
of this material is loose rock, and the whole would be removed before the
river is raised by the dams.

The actual cost of some rock excavation in the river San Juan, at s
depth of 6 feet, done recently on a small scale and with scanty mesns
at hand, has been $2:50 per cubic yard of rock deposited on the banks;
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and I have been told by Mr, A. C. Rand of New York, that rock blasting
and dredging to a great depth (from 16 to 24 feet) is now being done
in the river 8t. Lawrence, at a cost of less then $5:00 per cubic yard.

The total amount of excavation, dredging and embankment, exclusive
of the harbours estimated upon, may be given as follows : —

Excavation in earth, cubic yards, .. .. . . 82,488,797

» rock, " e e ee .. 14485477
Dredging in the lake and river, .. . . .. 4,855,985
Embankment, .. .. .. e .. e .. 7,262,629
Excavation in rock under water, .. . . . 845,719

Total cubic yards, .. 59,838,55;

Deducting from this total cube the embankment which will be con-
structed with the material proceeding from the excavation, at a small
additional expense over that for transportation, we will have 52,570,929
cubic yards as the total amount of excavation and dredging required, or
45,800,000 cubic yards less than the computed volume for the Panama
Canal, a niveau, with the same slopes and cross-section.

Computing the cubical contents according to the cross-sections pro-
posed for open cut, and a bottom width for the channel in the lake and
tiver of 100 metres (328 feet), as recommended by the Paris Congress,
we obtain a cube of earth and rock work of 53,793,982 cubic metres, or
70,663,000 cubic yards, an increase in the total amount of 10,947,998
cubic yards, as shown in the following table:—

Cubical Contents of Ezcavation in Cubic Yards.

With Croes- | With Cross-
tonof | Section for

Paris I . D
Nlnur::u
Excavation in earth, . .. | 81,685,600, 82,488,797 . 898,297
» rock, e .. | 10808587 14485477 .. 4,041,940

Dredging in the river and lake, .. | 18,209,722 4,855,985| 18,858,787 .
Excavation in rock under water, .. | 8,380,167 845,719 2,634,448 .
Embankment, . . .. | 7,262,629 7,262,629 o .o

70,781,556 569,888,557| 15,888,285| 4,040,287

This increased amount of excavation is due to the enlargement of the
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bottom width of the channel in the lake and river from 80 to 828 feet.
The width of 80 feet at the bottom of the channel, with slopes of six
horizontal to one vertical, I consider ample for all practical purposes.
In fact, a vessel drawing 24 feet would have a channel of 104 feet in
width, and for one drawing 20 feet the width would be 152 feet. Ican-
not see why the channel in the river and lake, if properly marked,
should be much wider than in the inland canal, inasmuch as there is no
perceptible ¢urrent in the lake, and that in the river will not exceed one
mile per hour after the improvements are completed.

I had occasion to call the attention of the first Sub-Committee of the
Technical Commission to the increased cube of dredging and rock exca-
vation under water, as herein given, and suggested that by raising the
height of the first dam across the river San Juan one metre (828 feet),
more than two-thirds of the amount of excavation and dredging could
be dispensed with; and also, about 860,000 cubic yards of rock excava-
tion between the lake and the Pacific. This change was not proposed in
the original project, because it involved an increase of 3-28 feet in the
elevation of the summit level. This would not be justified by the small
saving resulting therefrom.

The objections made to this route are: lift locks indispensable to the
solution of the problem, length of route, and poor harbours at either end.

A canal without locks, that is, at the level of the ocean, is, no doubt,
a great desideratum, but its cost, under the most favorable circamstances,
would be so great as to place it beyond the possibility of a successfal
commercial enterprise. The work, if ever done, will be undertaken
by private initiative and private capital, and these are not likely to
embark in an undertaking which does not promise sure and liberal
returns, however beneficial it may be to the world at large, and however
great & monument to mark the present age. Under the circumstances,
therefore, recourse must be had to locks, which, if properly constructed
and sufficiently supplied with water, will be found less objectionable than
has been supposed. The objections to locks are : loss of time in passing
through, and liability to accidents. With a moderate number of them,
properly constructed, the first objection will be found to be of little
consideration, and is surely to be compensated for by the smaller tolls
charged in proportion to the reduced cost of the work, as compared to
other routes.
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In pursusnce of the system adopted in the design and computation
of this project, of not introducing doubtful elements in the whole or any
of its parts, the lift of the locks was fixed at 10-37 feet on the Pacific
side, and 10-87 feet between the lake and the Atlantic. All of them
have been located so that they will rest on rock or stiff dry clay founda-
tions, and there seems to be no good reason why their lift should not be
increased to 15 feet, thereby reducing their number to fifteen. -

The ground certainly offers all the facilities that could be desired for
the change. The Engineers of the Paris Congress fixed the lift at 4
metres (1312 feet) and the number of locks at seventeen.

General Weitzel, United States Army, is now constructing a lock on
the 8t. Mary Falls Canal of 525 feet between gates, 80 feet wide and
18 feet lift., Through this lock he proposes to pass a ship in 11
minates, a8 follows : —

Entering lock, . . . o . .. 1} minates.
Cloeing gates, . . o . . o 1,
Filling lock, .. . . . . o . 6
Open.inggntu, . . . oo . . 1 »
Leaving lock,.. . . . . . S | T
Total, . 11 »

The locks I have designed for the Nicaragua Canal would admit pas-
sage to a vessel in about 20 minutes, a time which can be much reduced
by enlarging the feeding and draining conduits.

I have the authority of Sir John Hawkshaw for stating that from 15
to 20 minates would be ample time to pass a lock of the dimensions
required for the canal, and the latter time has been adopted as a mean.

As to the liability to accident, it seems to me that, if properly con-
structed, and intelligently worked, no apprehension should be enter-
tained in that respect. Surely no such objections have been met with
in the dry docks in universal use, nor in the large canal locks in opera-
tion in this country and others that might be named. There are, on the
other hand, certain advantages possessed by a canal with locks over one at
the level of the sea; for example, all, or the greater portion of the work
can be completed before the water is admitted into the canal; any por-
tion of the canal can be partially or entirely drained into the lower levels
to allow an examination or facilitate repairs in the channel or locks;
a perfect system of drainage, independent of the canal, can be obtained
for the adjacent water sheds, and thus prevent floods from doing injury
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to the canal. On the Nicaragua line, for instance, all the locks on the
Pacific slope, except the lower two, can be drained into the Rio Grande,
and similarly some of those on the Atlantic side.

The objection as to the length of the route may be answered by s
reference to the statements of distances given before.

It may be seen that the total length of canal navigation is 61-74 miles,
and there-is no reason why a steamer should not travel in the lake and
river with her usual speed at sea.

The estimated time in passing by steamer, from ocean to ocean, is as
follows : —

62 miles of canal, at 4 miles an hour, .. . »e 153 hours.
68 miles of river navigation, at 6 miles an hour, .. « 10§ ,
56} miles of lake navigation, at 10 miles an hour,.. o b§ ,
21 locks, at 20 minutes each, . . e e T
Total, P E »

Artificial harbours will have to be constructed at either end of the
canal, Plans and estimates have been prepared for the same, and they
have received the approval of many distinguished Engineers, and were
accepted by the Paris Congress without criticism. It has been deter-
mined by careful observations that the sand bank obstructing the
entrance to the harbour of Greytown has been formed by the action of
the sea striking the sandy beach at an angle. It is proposed to con-
struct a breakwater or jetty, that, acting as a trap, will intercept the sand
moving along the coast from east to west. A channel will then be
dredged, under the lee of the jetty, to obtain an entrance to the bay,
the latter to be sufficiently deepened by dredging to satisfy the demands
of traffic.

At Brito, a breakwater, a pier, and dredging will be required to build
a harbour large enough to secure a smooth entrance to the canal, and
socommodate a number of vessels. With the lake, only 16 miles from
the sea by the canal, possessing all the advantages of an excellent
interns! harbour capable of accommodating all the fleets of the world, the
harbour of Brito need not be large.

Building materials of all kind, such as wood, lime, stone, sand, &e,
can be obtained in great.abundance, either on the line of the canal, or at
s convenient distance from it. With the river San Juan, the two lskes
and the river Tipitapa, which can be made navigable for vessels drawing
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6 or 8 feet at a small expense, an easy and inexpensive line of com-
munication may be established through almost the whole extent of the
country by which men, provisions and materials can be transported to
sny point along the proposed canal, from Greytown to and through the
lake, and from the west coast of the latter to the Pacific, a distance of 16
miles, s railroad can be constructed at a small cost, or the present cart roads
can be extended and improved so as to answer the purposes intended.

Sufficient data have not been obtained to determine the annual mean
rainfall of Nicaragua for a number of years; but, from the observations
of Colonel Childs in 1851, those of the Surveying Expeditions in 1872
and 1878, and the records of the College of Granada for the year 1875-
1876, we approximately fix at 52 inches on the Pacific slope, and 85
inches on the Atlantic side. '

The watershed of Lake Nicaragua is 12,250 square miles, which
includes the area of the lake itself, 2,700 square miles. Its outlet, the
river San Juan, has a discharge of 12,453 cubic feet per second when at
its lowest stage in the month of May, and at high water the discharge is
20,500 cubic feet per second, these being the flow above the point where
the canal leaves the bed of the river, to be located on its left bank, and
thence to Greytown. Below the point referred to, the flow is consider-
ably increased by the accession of the waters of the rivers San Carlos,
Serapiqui, and other tributaries. Below the Serapiqui the flow is about
22,200 and 55,500 cubic feet per second in the dry and rainy seasons
respectively.

The Colorado branch of the river S8an Juan carries to the sea no less
than 32 of the volume of the San Juan, leaving but 45 of the flow to dis-
charge into the harbour of Greytown by the lower San Juan. Many have
suggested to close the Colorado by a dam, and thus throw the whole
volume of the river into the harbour as a means of scouring it out and
keeping its entrance open, but this plan has been thought, after much
consideration of the subject, to be impracticable and inefficient.

Earthquakes are rather frequent in Nicaragua, but are only slight
ghocks that never have done any injury to life or property, nor altered
in the least the level of the waters in the lakes, rivers, wells, &c. Works
bailt by the Spaniards over one hundred years ago, such as masonry
dams across rivers, fortifications, indigo vats, cisterns and the like, are
to-day in an excellent state of preservation.
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Conclusion.

From the above statements and considerations it seems to follow—

1st. That however desirable a canal at the level of the ses, partaking
of the nature of a strait may be, to better satisfy the demands of
trade, its execution, either with or without a tunnel, presents so many
difficulties and doubtful elements as to place its probable cost out of the
range of a successful commercial enterprise.

2xd. That a canal with locks can be so constructed as to satisfy all the
requirements of ocean navigation, at & cost within the possibility of a
private undertaking, with reasonable expectations of liberal returns and
without overtaxing the commerce of the world intended to be benefited
thereby. '

8rd. That while a canal with locks seems to be practicable, vid both’
Panama and Nicaragua, the latter route possesses greater facilities for
the execution of the work at a reduced estimate of cost based on suffi-
cient information to eliminate unknown elements, which might materially
80 alter the conditions of the project, as to cause painful disappointment
to take the place of long deferred hopes and cheering expectations.

And furthermore, that the geographical position of Nicaragua is more
favorable to the United States, whose commerce will contribute more

than that of any other nation to the business of the canal, while it will
afford as great commercial advantages to foreign nations, as other rontes

more to the south.
Finally, I would state that, while attempting to confine my remarks

upon this interesting subject (upon which volumes have been and may
yot be written) to as limited a space as possible, I have treated it more
at length than was originally intended, and close with the hope that
concigeness, if at all attained, has not been at the sacrifice of clearness
in the presentation of the points touched upon.

A.G. M.
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MOVEABLE DAMS.
[ Vide Plates I—VL)

Br R. BurroN Buckiey, Esq., Erecutive Engineer, Bengal.

Tan following systems of constructing moveable dams have been, from
time to time, put into practice. ’ .

I In 1818—That of M. Gauthey, called the Barrage & Poutrelles,
which was used on the river Seille in France. '

L About 1828—The American system; was adopted on the weir of
Neuville on the Marne about 1858. : '

IIL In 1828—That of MM. Thenard Mesnager which was first used
in France on the river Isle; this is that system which has been adopted
in India on the Mahanuddy, Cossye and other rivers; it has been aban-
doned in France.

IV. In 1837—That of M. Poirée, called the Barrage & Fermettes,
which has been largely adopted in France on the weirs of the Seine,
Marne, and the Yonne. '

V. In 1841—That of M. Fourneyron, a system proposed to have
been fixed under the arches of the Pont-Neuf in Paris, but which does
not appear to have been actually constructed.

VI. In 1846—That of M. Desfontaines, adopted on several weirs on
the Mame, a system by which the dam is opened and closed by one man
regulating sluices communicating with the lower halves of the shutters
of the dam. '

VIL In 1850—That of M. Chanoine, which is also largely in use on

NorB~—At the Institution of Civil Engineers on January 30th, Mr. Leveson Franois Vernon
Harcourt, M.A., M, Inst. C.E., read a paper on Fixed and Moveable Weirs, and Mr, R. B. Buok-
fey followed with a paper on Moveable Dams in Indian Weirs. The discussion on the papers oc-
cupled the 27th January and Srd Pebruary, vide Proceedings of Civil Engineers’ Institution.—[ED.]
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the same rivers, and which has been adopted in India on the tail weir of
the Arrah Canal in Bengal.

VIII. In 1853—That known as the Vanne-Déversoir ¢ of M.
Poirée,” constructed at the weir “ De 1a Monnaie” in the centre of Paris.

IX. In 1868—That of M. Krantz, the Pontoon system. A weir
was partly constructed on this principle at Marly on the lower Seine.

X. In 1870—That of M. Girard, a system by which the moveable dam
is raised and lowered by means of hydraulic presses. Only one weir on
this principle has been constructed, that of the Ile Brulée near Auxerre
in France.

XI. In 1870—The system of M. Boulé, which is a modification of
that of M. Poirée.

XII. 1n 1872—That of Mr. Fouracres, which has been adopted on
the Sone weir in Bengal.

The system of MM. Thenard Mesnager, as spplied on the Maha-
nuddy, has been described in the Professional Papers on Indian Engi-
neering, No. CCLXIL, Vol. VIL, First Series, by Mr. Walker. The
systems of M. Poirée, M. Chanoine, and M. Desfontaines have been des-
cribed by Lieutenant (now Major) J. M. Heywood, R.E., in No. Ia., Vol.
VIL., of the same Professional Papers.

Since that paper was written, a modification of M. Desfontaine’s system
has been proposed by M. Cuvinot with some interesting capabilities, but
as the system has not been put into use, and as it differs but very slightly
from that of M. Desfontaine’s, no description of it is here given, The
system in use on the Sone weir has been described in the same pspers,
No. LXVL, Vol. II., Second Series, by Mr. Fouracres.

The object of this paper is to describe briefly the other systems of
moveable dams, of which no description has appeared in these papers, and
to notice in more detail that of M. Girard, which is a system worthy of
mauch attention.

L Plate 1., Fig. 1.—The system of M. Gauthey consisted of a num-
ber of openings of about 14 feet 2 inches each, formed by masonry piers
built on the floor of the weir. These openings were closed by a number of
horizontal needles, or beams of wood, about 6 inches square, placed one
above the other up to the level at which it was desired to retain the water
above the weir. One end of each needle rested ina vertical groove built into
the pier, the other end sgainst a vertical beam of wood 8 inches equare,
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which was hinged at its lower extremity to the floor of the weir. The
top of this vertical beam rose about 15 inches above the top of the pier,
and was attached to it by a let-go-gear. When this let-go-gear was
released, the besm fell horizontally on the floor, and all the needles were
swept away until they were stopped by the small chains which attached
each of them to the pier. This system was one which did not long
meet with mauch favour, it was soon superseded by the vertical needle
system of M. Poirée.

IL.  Plate 1., Figs. 2 and 3.—A moveable dam on the American sys-
tem was erected at Neuville-an-Pont on the Marne, in a sluice 29 feet 6
inches broad, the floor of which was 8 feet below the summer level of the
river. The shutters were in one length of 80 feet 10 inches, the piers
being recessed 9 inches at each end, the shutters pressed against the cills
formed by these recesses, when they were in the position shown in the
section, Fig. 8. Both shutters were hinged at their lower ends to the
floor. They were therefore capable of oscillating in a vertical arc between
a borizontal position on the floor and the inclined position bearing against
the cills, in which they are shown in the section, the upper end of the
lower shntter was below the underside of the upper shutter, and was
fitted with little rollers which diminighed the friction between the two
shutters when they were lifted.

Inthe pier, Fig. 2, a tunpel was constructed with a sluice at each end,
#o that it could at any time be placed in communication either with
the apper or the lower level of the river. This tunnel was depressed in
the centre, so that the apertare which communicated from it to the under
side of the shutters was below the bottom of the shutters when they were
lying horizontally on the floor. In front of the upper shutter was a
small ¢ contre-hansse” about 5 feet 6 inches high, Fig. 3, that is, a
shutter similar to the upper shutter of the Mahanuddy and Cossye weirs,
which was hinged to the floor st its down-stream end, and retained, when
vertical, by chains in front of it against the force of the stream. This
“contre-hausse” was kept down on the floor by hooks attached to a bar
which could be manipulated by a handle attached to the pier.

To close this moveable dam, the *contre-hausse” was first released
by the handle on the pier, it raised itself by the force of the stream below
itinto the vertical position, and closed the sluice entirely up to the level of
the crest of the * contre-hausse,” as the water was always at a low level ;

127 -



4 MOVEABLE DAMS,

when this was done the effect of raising the *contre-hausse” was prac-
tically to close the sluice entirely. The level of the water above the
weir would then begin to rise, and that below the weir to fall. As soon
as the difference in the level amounted to about two feet, the sluice con-
nectmg the tunnel with the lower river was closed, and that connecting it
with the upper river opened. The pressure, due to two feet head, was
brought to bear beneath both shutters as they lay on the floor, and raised
them up a few inches, the apper edge of the lower shutter beaﬁng upon,
and being fairly water-tight against, the back of the upper shutter. As
the water continued to rise in the pool above the weir, the difference it
level became greater, and the two shutters continued to rise until they
bore against the cills in the piers. As soon as the water had risen
above the crest of the * contre-hausse,” it flowed over and filled the space
between the “contre-hausse” and the upper shutter; the ¢ contre-hausse”
then fell forward on to the floor, and was fastened down by the bar.

To lower this form of moveable dam, it was only necessary to close the
sluice connecting the tunnel with the upper level, and to open the lower
one, the water below the shutters would then flow out into the river be-
low, and the shutters would gradually fall into a horizontal position on
the floor. It was found that a head of at least two feet was necessary
to work this dam. This system offers no facilities for regulating the
height of the water above the weir, the shutters cannot be held in any
intermediate position.

Concerning this system M. Poirée, whose opinion is entitled to great
weight, remarks: There can be nothing more simple in theory, but the
gystem is not without difficulty in practice owing to the enormous friction
on the hinges and point of contact of the two shatters.

A modification of this system was proposed by M. Carro in 1870, bat
it does not appear that any trial was made of it. M. Carro proposed o
joint the two shutters together at the top by & longitudinal hinge, and
to attach the lower shutter to the floor by & connecting rod about 3 fest
long, attached by a hinge to a point on the lower face of the shutter aboit
2 feet 6 inches from the heel of the shutter. The heels of both shutters
were to run along the floor of the weir, as they were lifted or lowered by
the water beneath them, on rollers running on rails laid on the floor.

V. Plate11., Fig. 4.—The system of M. Fourneyron is very similsr {0
the American system, except that the shutters or gates are hinged verti-
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cally and not horizontally. The diagram is a horizontal section throngh
one pier. The gales are opened or closed by the manipulation of the
valves in the conduit which brings the pressure either of the upper or the
lower river to bear on the chamber which is enclosed by the hinged por-
tions of the gates. Some experiments were made at Chalons in 1846
with this system, but the results were not considered satisfactory.

VIIL. Plate]l., Figs.5,6 and 7.—The systemof * Vanne-Déversdir,”
which was fitted by M. Poirée at the weir ¢ De la Monnaie ” on the Seine
in the centre of Paris, may be seen there now in operation. The move-
able dam consists of four openings of 28 feet 8 inches separated by
piers. Each opening is capable of being closed by a ¢ Vanne” of plate
iron of the form shown in figures. This dam is only intended to retain
s difference of level of about 3 feet when the level of the river is not
more than 138 feet above the summer level. The ¢ Vanne” is formed of
two diaphragms of plate iron as shown in the section, Pig. 7.* The'lower
diaphragm is & segment of a cylinder, of which the axis is horizortal
and across the stream, the upper one is in section across stream (Fig. 7)
the arc of a circle, the tiwo are joined together by plates and angle irons
80 that they form a rigid structure, capable, when supported at each end
only, of supporting 8 heavy pressure. The “ Vanne ” is inserted' between
the masonry piers, and is attached to them by six iron rods, Fig. B, at
éach extremity, these rods unite in a casting which is supported on sh
horizontal pivot 7 inches diameter built into each pier, the centre of the
pivot being the axis of the cylinder, of which the lower diaphragm is‘a
segment. The cylindrical'portion fits into'a similarly shaped cavity -in
the floor of the sluice, which has at each end a beam of timber which the
“Vanne” cléars by about quarter of an inch, the upper beam is fixed,
but the lower one can'be removed if necessary to clear out rubbith, &e.
At each end of the “ Vame” a ¢thain is'passed round the' exteriér of
the lower disphragm, and fastened to the up-stream end of it, the other
end of the chain is carried up the pier, over a pulléy and into a chamber
where a counterbalance weight is attached to'it.

Ay the pressure of the water is always normal to -the sarface of the
cylindrical surface of the ¢ Vanne,” and as the weight of the moveable
paris are accurately balanced by the counterpoise, the only force to be over-

® I have ventured, Author belng {n England, to add & small sketch of the' Vanne in section as I
Imagine is works—(RD.]
129



6 MOVEABLE DAMS.

come in raising or depressing the * Vanne" against a head of water is
.the friction on the pivot, and whatever friction there may be between the
cylindrical surface and the sand or gravel which may accumulate between
the wooden beams and the iron plate. This moveable dam has answered
{its purpose admirably, the only fault found with it being its cost.

IX. Plate 1I1.—The system of M. Krantz was one which M. Krantz
introdaced to fulfil the following conditions, which he considered
essential in a moveable dam. He thought a moveable dam ought—

(1). To be worked by the force of the river itself without risk to the
weir keepers. .

(2). To be entirely under the command of the keepers.

.(8). To regulate antomatically any ordinary variations in the level of
the water above the weir, and to demand the attention of the
weir keepers only at long intervals.

(4). To be capable of sustaining a severe shock without damage.

(5). To be easily fitted to the works ordinarily used in the rivers.

(6). To be sufficiently staunch.

(7). 'To be such as to be applicable to much greater falls than theee

which are ordinarily seen on moveable weirs in practice.

.M. Krantz's system was tried for some years at Argenteuil, and exper-
iments on a large scale were made on the weir at Marly below Paris.
The apparatns had been removed when the author visited the weir this
year, it was said on account of .the system not having been successfal.
M. Poirée wrote a long memorandum discussing, and generally ppfavour-
able to, the system, which has not been permanently adopted anywhere
as far as the author has been able to discover.

Plate I11. shows a moveable dam designed to retain a head of 9 feet
11 inches. The pontoons C are water-tight and empty. They are made
of plate iron in lengths of about 10 feet, Each pontoon has a sufficient
displacement to give it a floatation power of about 7,500 tbs. The pon-
toons are hinged at the down-stream ends to the conduit or framework
which is embedded in the foundation of the weir. Each one is in a chsm-
ber of its own which is connected with the next one by the opening B.*

‘This opesing B when the shutters are down as in Fig. 9, Plate IIL,
forms with the framework and pontoons a continuous conduit, which at
the abutment is connected with the chamber A. This chamber A is

¢ ? an opening in B,—[ED.)
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comnécted by tumnels with the water both sbove and below the weir.
Valves worked by the wheels V aud V'’ are fitted to thess tannels, so
that the water in the chamber A can be kept at the level of the upper
water, or at the level of the lower water, or at a level intermediate to
these two by a proper regulation of the tunnel valves. It is thus possi-
ble to bring any pressure less than that due to the maximum head to
bear on the lower surfaces of the pontoons C.

Bhutters DE are hinged to the upper end of each pontoon. The
axis of rotation is about 1} inches below the centre of gravity of the
shutter, and about 1% inches below the centre of pressure of the water
on the shutter when the water is at the maximum height. Little
buttetfly valves 3 feet by 2 feet are fixed to the top of each shutter to
regulate automatically trifling variations in the level of the river.

The weights of the parts are such that, when the shutters are in the
position shown in Fig. 9, and the chamber A at the summer level, the
moment of the floatation of the pontoon about the hinge at M is some-
what greater than the moment of the weight of the moveable parts about
the same point. The shutter then is at the point of rising. If then the
¢hamber A be filled with water, the pressure due to the head in the
chamber will be brought upon the lower sides of the pontoon, which will
rise up into the position shown in Fig. 8. The shutter will, as the pon-
toon rises, assume the position shown in the same figure.

This eystem necessitates the construction of a reservoir from which
to fill the chamber A when there is no difference in level between the
water above and below the weir. When there is sufficient difference of
level, the chamber can be filled from the river iteelf. In order to place
the shutters in a position intermediate to those shown in the two figures,
M. Krantz proposed to adjust the head in the chamber A to any pres-
ture which might be found requisite. The author believes, however,
that it was found in practice that this could not be effected satisfactorily.
To lower the shutters it was only necessary to connect the chamber A
with the water below the weir, the pressure was then removed from be-
low the pontoons, and they, with the shutters, sunk into the horizontal
position,

XI. Plate IV.—The system of M. Boulé is 8 modification of that of
M.Poirée. This system has been employed since 1872 at the great weir
of the # Port & I'Anglais,” the first weir on the Seine above Paris. In
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this weir the iron * Fermettes ” or folding standards, which are the great
feature of the system of M. Poirée, are placed 3 feet 64 inches from
cenfre to centre, they are 15 feet 7 inches high, 9 feet 10 inchea brosd
at the base, and 8 feet 11} inghes at the top.

These ¢ Fermettes” when erected as shown in the drawings form s
service-bridge, across which the weir attendants can pass. Along the
top of the ¢ Fermettes,” on iron rails which are laid on the top of
them, runs & small travelling crane, and s trolly to bear away the shut-
ters, by means of which the weir is closed. During the flood season
theae * Permeottes ” are closed down on the floor below the leyel of the
cill, so that there is no obstacle ta the flow of the water. A full descrip-
tion of M. Poiréa’s system will he found in Major Heywood’s Paper above
quoted.

M. Boulé's improvement consists in the use of shntters instesd of the
needles of M. Poirde. In the Port & I'Anglais weir, each opening between
the “ Fermettea” is closed by three shutters one above the other, esch
shutter is 4 feet 8 inches high by 8 feet 6} inches broad. Whenilis
desired to erect the moveable dam, the « Fermettes ” are first.pulled up
into place, the rails are laid across the tops of them, the planks forming
the service-bridge are laid down, and the travelling crane is put on to the
rails. One by one the lower row of shutters are then placed across the weir,
there is but little difficulty in doing this, as the river is, of cougse, very
low when the operation of closing the dam commences. As soon a8 the
first row of shutters are in place, the water above the weir will begin to
rige; before it has risen to any considerable height above the first row of
shutters, the second row are one by one placed in position above the first
ones,and soon. The weir is removed by the opposite process, the firat row
of shutters being first removed and then the second ; the reraoval of the
first row of shntters so far lowers the level of the river that thereis
hardly more difficulty in lifting the second row than there was in lifting
the first.

The “ Fermettes” in M. Boulé's system were raised abont 12 inches
sbove the highest required level of the water; this was done so that
there might be ample time to remove the shutters before the travellig
crane became immersed by a raipidly rising flood.

The advantages claimed by this system are—

(1). That the shutters are made tighter than M. Poirde's needles.
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(2). That it is easier to regulate the river by this system.

(3). That the discharge can be much more accurately gauged.

(4). That the water which is discharged over this weir, when it is
erect, passes over the top of the shutters, and is therefore
available for hydranlic engines of any kind, but in M, Poirée's
weir the water escapes largely at a low level through the
needles.

It was found that it took, on the average, two to five minutes to re-
move 8 shutter on the upper line, five to six minutes on the middle line,
and eight to ten minutes on the lower line. This is longer than it takes
to work a weir fitted with needles ; but M. Boulé considers that the speed
of working could be increased if necessary.

X. Plates V. and VI.—M. Girard’s system of moveable dam is one
which demands particular attention, as it is the latest and, in the opin-
ion of the author, the best, although by far the most expensive of all the
French systems. It is one which would seem to offer itself as one most
suitable, with some modifications, for use in Indian weirs where a work-
shop was adjacent to the weir to give facilities for keeping in good work-
ing order the machinery connected with the system.

The system was proposed by M. Girard in 1869, it was accepted by
the authorities connected with the navigation of the Yonne in 1870; a
weir on this principle was ordered to be constructed in that year at the
Ile Brulée about half a mile below Auxerre on the Yonne, This weir
was commenced in 1870.by M. Girard, and was completed in 1878 by
M. Callon, M. Girard having been killed in the war of 1870. The author
visited the weir this year. It was partly from observations taken during
that visit, but chiefly from a pamphlet written by M. Remise, an
Engineer of the Pont et Chaussées, that the following particulars were
obtained.

The weir and lock were, in their general design, similar to all those
on the Seine, Marne, and Yonne as described in Major Heywood's Paper,
Fig. 1, Plate V. is a general plan of the weir, showing the lock, navi-
gable pass and the * Déversoir ” or regulating weir. The floor of the navi-
gable pass is 3 feet 8} inches below the summer level of the river, and
the top of the shutters of the pass are 9 feet 10 inches above the floor,
the head retained by the weir is therefore 6 feet 1§ inches, the shutters
of the navigable pass are of the ordinary Chanocine type 9 feet 10 inches
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high. The masonry crest of the Déversoir or weir is at the summer
level, that is 8 feet 8} inches above the fioor of the pass. The tops of
the shutters on the crest of the weir are at the same level as the tops of
those of the navigable pass, These shutters then retain a head of 6
feet 13 inches. The navigable passis 93 feet 4§ inches long, the regulat-
ing weir 82 feet. :

The shutters of the regulating weir are of wood, they are 11 feet 6}
inches long by 6 feet 54 inches high. They are hinged on a horizontal
axis in cast-iron bearing blocks, which are imbedded in the stone crest
of the regulating weir, Fig. 8, Plate VI. There are seven shutters on the
regulating weir. Below the crest of the weir piers are built immediately
opposite the point of junction of the shutters, so that below each shutter
there is & bay which can be readily pumped dry to make any necessary
repairs when planks have been placed in the grooves provided for the
purpose in the piers. On the centre of each shutter a longitudinal bar
is fixed, on which the connecting rods which support the shutters are
hinged.

Between the piers the lower face of the masonry of the weir slopes st
an angle of 80° from the floor. On these sloping faces the hydraalic
presses, which work the shutters, are fixed. One hydraulic prese is fixed
in each bay, that is, there is a press to each shutter. Each is firmly an-
chored to the weir by two bolts which pass right through the weir walls.
The presses are of cast-iron 1 foot 8 inches external diameter 1} inches
thick. To the head of each piston a cast-iron cross-head is attached,
which slides in three cast-iron guides. 'To this cross-head, at the ceatre
line of the guides, three connecting rods are attached, these hinge on the
central rod mentioned above which is fixed to the shutter. (Figs. 1,4,
and 8, Plate V1.)

A copper pipe 1 inch diameter connects the lower end of each hydran-
lic press with the machinery in the pumping-house at the end of the
weir. Each press has an entirely distinet pipe, which is carried along
the floor in a groove in the masonry. The presses were purposely placed
below the level of the water below the weir, so that they might be defend-
od from frost in winter. In the pumping-house is a turbine 8 feet 11}
inches diameter on a vertical axis, which drives a double action pump and
an air pump. A reservoir of compressed air (Fig. 12, Plate V1.)is fitted
in connection both with the air pumps and the water pumps. The pumps
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are of the most simple description, and have hardly required any repair
since they were erected in 1878. Fig. 13, Plate V1. is an elevation, and
Fig. 14, Plate V1. a plan of the pumping machinery. The vertical axis
of the turbine has a horizontal crank (a, a’) which works directly on the
main shaft which carries the plangers p, p’ and the air pump r,+'. The
water pumps are marked 4,5’. The supply enters through the pipe ¢, and
the pipe d,d’ is the discharge pipe which can be connected by a cock
either with the cast-iron reservoir (Fig. 12, Plate VL) or directly with
the copper pipes leading to the hydraulic presses.

The air pump is a single action one. The piston ¢’ is in the same line
and mounted on the same shaft as the pump-plungers, the air enters by
the pipe ¢, the discharge is by the pipe f, /' which communicates with the
reservoir. Two ball valves regulate the action of the air pump. By
opening the cock g' the air pump is thrown out of work. The small
reservoir R, &’ is attached to the discharge pipe of the water pumps. This
is required when the reservoir is not in use and the pumps are in direct
communication with the hydraulic presses.

The water pumps, when the water in the river is clean, suck directly
from the river itself, but there is a cistern built into the foundations of
the pumping-house which is kept full of clean water, so that the pumps
may use it when the river water is foul. The discharge pipes from the
bydraulic presses lead into this cistern.

The reservoir of compressed air stands in the pumping room. Itisa
cast-iron cylinder 24 inches internal diameter, 2 inches thick, and 11 feet 6
inches high. It is in communication with the air and water pumps and
also with the pipe d.

The cocks which regulate the connection between the reservoir and the
cylinders are shown in Figs. 10 and 11, Plate VI. These cocks are
placed close by a window of the pumping-house which overlooks the weir,
so that the attendant can watch the weir as he regulates its action. The
pipe d is connected to the reservoir, the seven cocks mounted on the dis-
tribution pipe b communicate with the seven tubes a which are the copper
tabes which lead direct to the hydraulic presses.

The discharge from the presses passes through these same cocks and
is led by the pipe ¢ to the cistern. The cocks are so constructed that by
tarning them one-third of a revolution the reservoir is placed in direct
communication with the presses; by turning them one-third more the
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cock is entirely closed, and by turning them another third of a revolution
the presses are placed in communication with the waste pipe c.

All the parts of this machinery wero tested to a pressure of 500 ibs.
on the square inch.

The turbine is started or stopped by lifting or lowering a sluice which
communicates with the water above the weir, The entrance to this slnice
is protected by a grating. The revolations of the turbine vary from 30
to 60 per minute, it is capable of developing 12 to 14 horse-power. The
pump-plungers, which have an internal diameter of 8 inches, are designed
to lift, when the turbine is revolving at its mean velocity, sufficient water
to fill the seven hydraulic presses in ten minutes.

The weir is worked in this manner : if the navigable pass and regulating
weir are both open, as they are at the end of the flood season, it is, of
dourse, impossible to work the turbine, as there is little or no head of
water available. The shutters of the navigable pass are then first erect-
ed by the attendants. By the time the water above the weir has risen
to the level of the crest of regulating weir, there is generally sufficient
head to work the turbine. The pumps can then be put in direct com-
munication with the presses by opening all the regulating cocks, and by
closing the communication between the pumps and the reservoir. As
the water rises in the river, the pressure resisting the raising of the
shutters increases, but the head available for working the turbine in-
creages also. It has been found that there is always sufficient power to
close the weir. It takes on the average ten minates to close the weir
in this way.

Generally speaking it is preferable to work the weir by means of the
reservoir. If the reservoir is empty, it is first charged by the air pump
only, with air at a pressure of 170 1bs. on the inch. This takes the
turbine and air pump about an hour. The water pumps are then put to
work, and water is pumped into the reservoir until the air is compressed
up to about 350 hs. on the inch. This takes only a few minutes.

When the reservoir has been thus charged, it contains sufficient water
and compressed air to lift the entire weir if the head varies from 18 inches
to 8 feet 3 inches only. The shutters can be lifted one after another by
opening one by one the cocks which communicate with them, or all the
seven shutters may be made to rise together by opening all the cocks of

the distribution pipe before the cock on the layer pipe d communicating
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with the reservoir is opened. If this be done, the whole of tho seven
shutters rise with uniformity in about half a minute.

If the head against the shutters is greater than 8 feet 8 inches, the
reservoir does not contain sufficient force to close all the shutters of the
weir, it is then necessary to keep the turbine at work while the shutters
are being raised to maintain sufficient pressure in the reservoir.

Nothing can be simpler than the work required from the attendant.
He has only to see that his machine is kept clean and in good order,
and to understand which handle to turn to connect the different parts.
He can lift or lower any one of the seven shutters he pleases by simply
tamning the cock pertaining to that shutter with a handle he could carry
in his waistcoat pocket. It is a most interesting sight to see a shutter
11 feet 6 inches long lowered gradually down without the slightest shock
or noise of any kind when there is a head of 6 feet 6 inches pressing
sgainst it ; and to see it raised again against the same head by simply
torning & small cock. As the communication with any hydraulic press
can be instantly closed or opened by the regulating cocks, it is, of course,
easy to retain any shutter in any position that may be requisite, simply
by closing the cock when the shutter, either in rising or falling, has
reached that point.

It was at first feared that the leakage from the presses and cocks
would have caused the shutters to fall gradually as the water escaped
from the presses. And it was thought that it might be necessary to
place struts behind the shutters to retain them erect. But, after seven
years’ experience, this has not been found necessary, the leakage is very
small indeed, so that it does not effect the shutters to any appreciable
degree ; indeed the keeper of this weir informed the author that the
Presaes were absolutely tight. There are no fixed supports of any kind,
the shutters are always retained erect by the water in the presses.

This system of moveable weir has proved itself a complete success,
It has been now at work for seven years, and has hardly ever needed
any repair; it was feared at first that the sliding parts would be
much damaged by the sand and other matter which would get on
them, but this has not found to be the case, chiefly no doubt on
sccount of the arrangement by which the parts exposed to friction are
placed on the slope behind the weir. A more serious danger was that of
frost, but up to the present no disaster has been caused by it. This last
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is a danger which could not interfers with the introduction of this sys-
tem into India.

XII. Mr. Fouracres' system of shutters, which has been adopted on
the Sone weir, has this point of resemblance with M. Girard’s system,
that the movement of the shutter is controlled by hydraulic pressure; Mr.
Fouracres’ shutter is lifted in the direction and by the force of the stream,
while the hydraulic press controls and checks its motion, but M. Girard’s
shutter is raised against the stream by hydraulic pressure generated by
machinery worked by the force of the stream.

It will readily be admitted that M. Girard's system is by far the most
complete, and, for the position in which it is placed, the most effective
moveable dam ever erected. Bome alteration would have to be intro-
duced if the system were adopted in Indian undersluices. It would be
difficult in most Indian weirs to have the presses much below the level of
the floor, so the angle at which the presses stand to the floor in the
Ile Brulée weir would have to be much decreased in Indian examples,
indeed it could probably be best to lay the presses horizontally, and
to have small supplementary presses fixed to work vertically beneath
the shutters to raise them the first few inches from the floor until the
connecting rods were at a sufficient angle to allow the horizontal presses
to come into play. The turbines to work the pumping machinery could
be worked during the rains by the head which could then always be avail-
able through the canal head sluices. In the dry season, if it were ever
necessary to work the shutters then, when there might perhaps be lit-
tle or no head through the canal sluices, the difference of level between
the water above and below the weir might be utilized to pump up the
reservoir. Indian Engineers would probably object to the machinery
connected with this system, and would fear that some accident to the
pumping machinery would render, at one blow, the whole apparstus
useless. This might certainly occur, and for this reason it would be
better to fit up a large hand pump, so that, in the case of the turbine
or the pumps becoming choked or damaged, it might be possible to close
the shutters by hand. The hydraulic presses themselves and the pipes
leading to them, could hardly ever be unfit for use if they were pro-
perly attended to during the dry season, when they would easily be got
at as they lay on the floor. This indeed has been proved already in
India; the hydraulic presses of Mr. Fouracres’ shutters have been in use
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for five years without mishap in any way due to the presses themselves,
It is true that the slides and other working parts would be liable to
become choked by sand and dsmaged by boulders, owing to their being
on the floor, and in this respect would be more liable to damage than
they are in M. Girard’s weir at the Ile Brulée, but the plunger of the
press would always be closed inside the cylinder when the shutters were
lying on the floor, 80 it would be protected, and the connecting rods would
lis under the protection of the shutter itself. It would be easy also if
it were found that any accumulation of deposit choked the space under
the shutter, so that the cross-heads had not room to work on the guides,
to have an opening beneath the lower edge of the shutter so that as it
was lifted a fow inches by the vertical presses, a strong scour would be
drawn beneath the shutter which would clear away any rubbish that in-
terfered.

The following table shows the cost of the various systems described
in this Paper as far as the anthor has been able to ascertain it from the
works of M. Lagrené, M. Remise and M. Debame.

A ocost atscost
[ e g e
System. "of abaster,
Including | Moveable | Including | Moveable
foundations. | partsonly. | foundations.| parts only.
ft. in. £, 8. d |8 s d|& s d|R o d
II. American, .. 810 101 0 O 11 8 8
VL Desfontaine’s| 210 29 0 0 |10 0 0|10 4 2| 810 B
VlLChl;noim,. 1044)* 89gg 10 0 0| 818 0| 1 1 o
itto, . [ 18 417 0| 216 8] 015
Vli'l. Vanne of M,
Poirte, ... o 2116 O .
IX. Krants, .. 910 8210 0 8 710 .
X. Gi . 6 5% 88 2 0 |26 8 0| 518 0| 818 8
XL Boulé, e 18 1} 46 7 0 810 7 .

The following are the principal books which have been consulted for
the information given in this paper :—

Cours de Navigation Interieure, ... «w. M. Lagrené.
Barrage Motile Auntomoteur, e «s« M. Remise,
River Dams or Weirs in France, ... «so  Major Heywood,
Memoire Sur le Barrage Motile, ... «. M. Poirée.
Nonvelle Passe Navigable, .

Dans le Barrage de Port & I Anglais, } M. Boulé,

Manuel de I'Ingenieur, oo .
Des Eaux Comme Moyen de Transport, oo
189
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P.S.—A brief Note to show how an Indian Engineer staying three or
four days in Paris on his way through may easily visit some of the most
interesting of the weirs on the Seine, Marne and Yonne, msy not be
out of place here. A

Steamers run every few minutes from all parts of Paris to Suresnes
on the lower Seine. The steamers take about an hour to get to whers
there is a weir near Suresnes on M. Poirée’s system. At Port Marly,
which is about a five mile walk across country from Buresnes, there is
another weir on this system. There are also some very large waterworks
at Port Marly which are most interesting to inspect. Port Marly may
also be reached by train from Paris. From Paris to Renil by ordinary
train, and from Renil to Port Marly by tramway drawn by the new fireless
locomotive. The weir “ De la Monnaie ” with M., Poirée’s Vanne-Déver-
soir, i8 near the Pont-Neuf in the centre of Paris.

Steamers run up the Seine from Paris to Charenton ; the weir of the
Port & I’Anglais, the largest weir of M, Chanoine’s system, is within 2
mile or so of the place where the steamers stop. »

The station of Chelles on the Chemin de Fer de Btrasburg is about
two miles from the Chocolate Factory of M. Menier at Noisiel-sue-
Marne, where there is a weir on the system of M. Desfontaines, also some
of the largest turbines in France driven by the fall due to the weir. M.
Menier kindly permits visitors to inspect the weir. The weir of Joinville,
also on M. Desfontaine’s system, is on the Marne, about three miles from
Charenton. All these weirs are within 10 or 12 miles of Paris; there is
no difficulty whatever in visiting all of them in two days.

The weir of the Ile Brulée on M. Girard’s system is about one mile be-
low Auxerre on the Chemin de Fer de Lyon. There are other weirs on
M. Poirée’s system in the neighbourhood. A. day spent at Auxerre by
an Engineer on his way to or from Brindisi would be very pleasantly and

interestingly spent.
R.B.B
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PAPERS ON THE COMPARATIVE WORKING EXPENSES
OF BROAD AND NARROW GAUGE RAILWAYS.

By MR. E. B. Carrorr, M. Inst. C.E., Locomotive and Carriage
Supdt., Bombay, Baroda and Central India Railway—Larvr, H. -
Prrxineron, R.E., Acting Depy. Consulting Engineer for Railways
—Ma3. J. O’ConNELL, ChRigf Auditor and Accountant, Bombay,
Baroda and Central India Railway Company—Me. A. M. ReNpEL,
Consulting Engincer for State Railways to the Secy. of State for
India.

Comparison of the Rajputana Metre Gauge Railway with the Great Indian
Peninsula and Bombay, Baroda and Central India Standard Gauge
Railways. By Maz. E. B. CagroLL.

Bombay, February, 1879.
In 1873 the first portion of the Rajputana Railway was opened, and in

1875 the full length, Delhi and Agra to Ajmere. The result of the Rail-
way’s working, that is the cost of running its trains, of its maintonance,
&c., ought now to be about as good as they are ever likely to be, and to
form a perfectly fair basis of comparison with other Railways.

In one important respect—the maintenance of the line and stock—it
must cost more rather than less in time to come as they get older.

This does not of course refer to profits, they may and probably will
increase as more business is done and more money turned over.

Bat before comparing working expenses, the much debated question
of the relative cost of constructing the Rajputana and other lines may be
again referred to on the latest data available.

At the end of the year 1877—the latest date to which analysis of
sccounts are published—the open mileage of the Rajputana Railway was
396 miles, and the capital outlay £2,538,246, or cost per mile £6,404.

141 ]




2 COMPARATIVE WORKING EXPENSES, ETC.

The last half-yearly account, June 1878, gives estimate of further
capital expenditure on the 896 milea of Rs. 34,61,646. In these fignres
Government reduces rupees to pounds at 2 shillings; for comparison,
therefore, the additions have to be calculated at the same rate, and will
equal £346,164.

‘When these estimated works are completed, the cost of the Rajpat-
ana Railway will be £7,283 per mile.

But the line is unfenced, and for comparison with the Great Indian
Peninsula and Bombay, Barods and Central India Railways, which are
fenced, the cost of this must be put down. The lowest rate at which any
sort of fencing with gates and lodges could be provided is £200 per mile:
this would bring the Rajputana up to £7,483 per mile.

Whether this will be the whole expenditure on line and works it may
be impossible to say now, but the probabilities are it will not be. Cer-
tainly as regards rolling stock there seems no doybt further additions and
large ones will be needed.

The rolling stock at the end of the half-year June 1878 was 70 en-
gines, 236 carriages, and 1,064 waggons : or 0:17 engines per mile, 0-6
carriages, and 2'68 waggons. The proportion on the Bombay, Baroda
and Central India, including some additions intended, is 02 engines, 0-8
carriages, and 6-0 waggons, and on the Great Indian Peninsula, 0-33 en-
gines, 103 carriages, and 6'2 waggons.

The metre gange stock only carries about half the number of passen-
gers or weight of goods, and the engines are in like proportion. Allow-
ing for this it is clearly much under-provided. An expenditare of only
£204,782 (with the fencing) will bring the cost of the Rsjputana up to
£8,000 per mile: that sum will easily disappear in providing a proper
proportion of stock, so it may be safely reckoned on that the Rajputana
Railway will cost £8,000 per mile or over. And be it remembered that
its cost is already estimated up to £7,283, there is no conjecture about
this latter figure.

The above is without counting that when the connection is made be-
tween the Rajputana and Bombay, Baroda and Central India, and through
traffic established, further increases will be necessary to bring the metre
gauge up to the capacity required by the broad gauge lines, with which
it connects, and that probably some of it must be laid with a double line

to do so.
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The early lines in India certainly cost a great deal more than £8,0C0
per mile; but the cause of this was that they were pioneer lines, on which
everything had to be learned and experience bonght at a high price.
But advocates of the narrow gange have been disingenuous enough to
ascribe the high cost to the gauge—that is to say, because the rails are
66 inches apart instead of 393 the lines cost £16,000 instead of £8,000.

The statement was always too absurd to require to be refuted, but the
question is now fortunately beyond the region of dispute or conjecture, as
recent years have seen the completion of some broad gange lines at very
different rates of cost.

The Oudh and Rohilkand has cost £9,788 per mile, the Wadhwén ex-
tension of the Bombay, Baroda and Central India £7,200, the Dékor
extension £4,000 for the line, or about £5,700 with proportion for stock,
workshops, offices, &e.

The Oudh line, indeed, belongs partly to the category of pioneer lines,
as only part of it was made since we have been able to get at lower rates
of construction, and the whole could now no doubt be built for less.

The Dikor line, it should be stated, is on a very easy country and
under favourable conditions, but, on the other hand, it has a full size
permanent way with 60 ib. rail.

The Wadhwan line, though on a country easier than the average of
the Rajputana Railway, does not owe such a great deal to that, and has
a first class heavy permanent way with 60 . rail, is fenced throughout :
the Rajputana has only 36 and 40 1. rails and not fenced.

In spite, then, of the Rajputana being metre gauge with light rails, we
find its cost creeping up to a higher figure than the Wadhwan line, with
standard gauge and heavy permanent way. Much has to be allowed, no
doubt, for the fact now at length discovered by its constructors that
it must be one of the trunk lines of Indis, and provided accordingly.

But if this is the cause of its higher and increasing cost, as doubtless
it is, there is no escape from the dilemma that a palpable error has been
committed in the selection of the metre gauge for this trunk line.

The net result, it appears, then, will be that this disjunctive system
of railways, which is being placed between Bombay and the Punjab,
will not cost the country a rupee less than if the standard gauge of 5:G
had been carried through.

And what does the country get? A railway communication which,
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as the following figures show, has scarcely one-fourth the possible
capacity of the broad gauge, will always be dearer to work, can never
carry either goods or passengers so cheaply or so quickly, and has s
break of gauge at both ends.

Coming now to the comparative working expenses—the cost at which
the two classes of railways can convey freight, which is perhaps the
most important matter to the public, as affecting their permanent inter-
ests—it should be remarked that figures of working cost are very var-
able according to the circumstances of the railways, and require to be
carefully scrutinized and brought down to general averages to have their
bearing fully realized,

Taking first the maintenance of line, the Rajputana at a glance ap-
pears favoutably costing Rs. 587-88 per mile against Rs. 717-11 for the
Great Indian Peninsuls, and Rs. 1,111:38 for the Bombay, Barods and
Central India, but averaging the maintenance charges over the work
done upon each line, the results are very different ; the Rajputana costs
Rs. 3:83 per each 1,000 tons taken over a mile of line, the Great Indian
Peninsula costs Rs. 0-877, the Bombay, Baroda and Central India Rs.
2:54. The Great Indian Peninsula is less than a rupee, the Bombay,
Baroda and Central India 2} rapees, and the Rajputana nearly 4 rupess.

Of course much in these figures depends on the tonnage passing over
the line, but, on the other hand, the Great Indian Peninsula and Bom-
bay, Baroda and Central India are incurring large outlay in renewal,
especially the Bombay, Baroda and Central India on its bridges, while
the metre gauge line is nearly new. These results point to no advantage,
but much the contrary in its maintenance.

On this question the Manager of the line remarks that the  rails re-
quire to have fish joints snbstituted for clip joints,” and “ that it
seems doubtful the sleepers will last very long owing to frequent re-
spiking.” ¢ Excessive wear from frequent packing up necessitated by
the short sleepers and overhanging stock is also likely to have a pre-
judicial effect on the life of the sleapers.”

This is no more than competent engineers long ago predicted would
be the result of narrowing the way and attempting to oarry dispropor-
tioned vehicles upon it.
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Next as regards locomotive power, taking the most important items,
the Rajputana costs for driving the engines 8-38 annas per each train
mile, the Great Indian Peninsula 257, and the Bombay, Baroda and
Central India 2:05. Considering that a metre gauge locomotive is a
small affair, and a8 some figures to follow will show does only one-fourth
the duty of a broad gange locomotive, this cost of driving one-third more
for the small engine and train is not promising, and no doubt partly
ariges from slower speeds and longer time taken to do the distances.

The comparison is still more unfavourable, however, when reduced to
the average cost of hauling 1,000 tons one mile, the Rajputana being
Rs. 1-45, the Great Indian Peninsula 0-64, the Bombay, Baroda and
Central India 0-42. The Bombay, Baroda and Central India less than
half a rupes, the Great Indian Penineula a little over a half, and the
Rajputana nearly one and a half.

Then in coal and other fuel, the Rajputana costs 5:74 annas per train
mile, the Great Indian Peninsula 5:85, the Bombay, Baroda and Central
India 5-88. Or per 1,000 ton miles, Rajputana Rs. 246, Great Indisn
Peninsula Rs. 1-45, Bombay, Baroda and Central India Rs. 1-19. Bimi-
larly to the driving this is a very unsatisfactory result, the metre gauge
small engine and train costs almost as much for fael per mile as the
large broad gauge engine and train, and per 1,000 ton miles coal on
the metre gauge cost nearly double as much as on the broad gauge.

A certain credit must be allowed to Rajputana for dearer coal : it cost
Rs. 20 per ton, the cost on Bombay, Baroda and Central India is Rs. 18
to 19 per ton, and the Great Indian Peninsula is lower than either
owing to partial use of native coal. Deducting for this soas to make the
comparison perfectly fair, the fignres would stand, Rajputana per 1,000
ton miles Rs. 1-845, Bombay, Baroda and Central India Rs. 1-19.

Passing the other detail items and taking the total, the Rajputana
costs per train mile for locomotive power 18:59 annas, the Great Indian
Peninsula 12:09 annas, the Bombay, Baroda and Central India 12-74
annas, or per 1,000 ton mile, Rajputana 5:83 rupees, Great Indian Pen-
insula 8:01 rupees, Bombay, Barods and Central India 2-58 rupees. In
other words, it costs the metre gauge nearly 6 rupees to do the work
which is done on the Great Indian Peninsula for 8 rupees and the Bom-
bay, Barods and Central India for about 2§.

Next the carriage and waggon expenses; in this the Rajputana is com-
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paratively favourable owing to lower expenditare in repairs of carrisge
and waggons. This of course is to be expected, none of the stock is
more than 6 years' old, while that on the Great Indian Peninsula and
Bombay, Baroda and Central India require large annual replacements
and heavy repairs. For this reason, and the year 1877 being the famine
year, the Great Indian Peninsula is unusually high, large expenditare
having been incurred on renewals. The figures are per train mile, Raj-
putana 2:80 annas, Great Indian Peninsula 4:65 annas, Bombay, Baroda
and Central India 3-03 annas, and per 1,000 vehicle miles, Rajputana
7-82 rupees, Great Indian Peninsula 1421 rupees, Bombay, Baroda and
Central India 7-41 rupees. In the latter form of average the Bombay,
Barods and Central India is & little lower than the Rajputana, though
much of its stock is 15 to 20 years old, and none of the Rajputana more
than 6 years, and though each vehicle represents twice the value, and
each mile three to four times the work of those on the metre gauge.

On the matter of locomotive and carriage and waggon charges the
Manager of the Rajputana Railway says—¢ The high cost of working
this department has been for some time under investigation and com-
parison with the Oudh and Rohilkund Railway, Locomotive Department.
Reductions will, if possible, be made, but do not appear possible or pro-
bable to any large extent, for what may be saved by the economies
which experience may show to be practicable on the one hand, will most-
ly be met by the inevitable necessity of reconstruction for the up-keep of
the rolling stock when it gets older. This remark applies equally to the
permanent way.”

Elsewhere the Manager says— The waggons have been found too
weak in the underframes, and vertical cross-bracing is now being put
on to prevent the whipping in of the sole bars from the leverage of the
angle plates bolted to them to rest on the springs; it has also been ne-
cessary to truss horizontally the underframes to distribute the blows on
the headstocks.”

Stripped of technical terms, this simply means that the overhanging
weight cansed by narrowing the base on which the waggons and car-
riages run is telling seriously upon them, and they will apparently not
have the durability of broad gauge stock.

The above classes of charges, maintenance, locomotive power and car-
risge and waggon expenses, are the ones in which the main difference
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between the metre gauge and broad gange must always lie, and on the
relative cost of which the failure of the metre gange to compete with
the broad is proved. )

Traffic charges and general charges may be the same for either class
of Railway, for the same amount of business, the gauge has no effect
upon them, but to complete the comparison, the totals of all, including
these, are given (Table V.), and are, Rajputana 35:76 annas, Great
Indian Peninsula 26:55, Bombay, Baroda and Central India 42-96.

This seems at first sight in favour of the metre gauge, bat it is the
same point again. Measured by the amount of duty which the train
mile represents on the Bombay, Baroda and Central India, and which
costs 42-96 annas, it is twice and one-third more than that on the Raj-
putana (see Table VL)

To pat it another way: if the duty per train mile on the metre gauge
is brought to the same standard as on the Bombay, Baroda and Central
India, its cost is 7877 annas as against 42:96 annas for the Bombay,
Baroda and Central India.

Another important comparison is the duty done by each locomotive,
the average daily mileage is, Rajputana 40-29 miles, Bombay, Baroda
and Central India 58'5 miles. The average gross train is, Rajputana
111-28 tons, Bombay, Baroda and Central India 3165 tons, (the Great
Indian Peninsula account is incomplete). Multiplying these figures,
one by the other, gives the ton mileage duty done by the engines, and
the figures are, Rajputana 4,483, Bombay, Baroda and Central India,
18,515 ton miles.

The daty done by & Bombay, Baroda and Central India Railway loco-
motive engine is more than four times that done by the metre gauge
engine.

There are other figures showing that the broad gauge takes a larger
number of vehicles in a train and more in each vehicle. That the aver-
age gross train load of the Rajputana is about 123 tons, of the Great
Indian Penimnsula 170 tons, and of the Bombay, Baroda and Central
India 286 tons. That the percentage of working expenses to receipts is,
Rajputana 68'11 per cent., Great Indian Peninsula 49:03, Bombay,
Barods and Central Indis, 42-84 per cent. The cost of carrying a unit
of traffic is for passenger traffic, Rajputana 295 pies, Great Indian Penin-
sula, 17-41 pies, Bombay, Baroda and Central India 19:61 pies; or for
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goods traffic, Rajputana 7-79 pies, Great Indian Peninsula 4-59 pies,
Bombay, Baroda and Oentral India 4:82 pies. These last are most im-
portant figures, as showing the net result of all charges distributed over
the work.

All these particulars are taken from the accounts andited by Govern-
ment, and may be perfectly relied npon. With regard to the Great
Indian Peninsula it may be pointed out that the year 1877 was the famine
year, and the profits made large, but this does not favourably influence
the figures which have been the subject of comparison above: on the eon-
trary, the mileage and tonnage expenses are the worse for this, and it
cannot be said that the Rajputana suffers unfairly by comparison with sa
abnormal year on the Great Indian Peninsula. This is not the case.

All the figures quoted point in the same direction—the metre gauge
may make a good profit. This is a question of its first cost—or the
charges per train mile may in some things be moderate : this is because
the train is very small. But in every case, where it is judged by the ac-
tual work done in tonnage, number, and distance, it is far inferior to the
broad gauge.

No other result could be expected. It never can be an economical
arrangement to employ two or three trains and four locomotives to do the
work now done by one train and locomotive ; yet this is what it has been
wilfully elected to try upon the Rajputana Railway.

The object of these remarks is to show the facts and not to disparsge
the narrow gauge. Let it therefore get credit for the cases where it is
serviceable, Just because its line, engine and train are small it would
work more economically where the traffic is proportionately small and not
enough to usefully employ the broad gauge, the same as it is cheaper 1o
employ a boy to do boy’s work and a man to do man's.

But the narrow gauge should never have been upon the Rajputsns
district between Bombay, Delhi, and Agra. On this line and with this
traffie, which is destined to increase largely above what it is now, the
small size is & positive hindrance: it will always be a deadweight upon
the traffic, making it more expensive, slower, and more inconvenient.

1t has already been shown that the cost of construction of the Rajput-
ana line is coming up to or exceeding that for which broad gauge lines
have been built, '
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That owing to the emall comparative capacity of the Rajputana metre
gauge, its stock must be very numerous to meet the requirements of the
broad gauge lines with which it connects, and the extra cost of this stock
will absorb any gaving which would be on the line alone.

At the same time the figures of actual working lead irresistibly to the
conclusion that traffic must always cost more to convey over this metre
gauge line than had it been a broad gauge.

‘We have, therefore, the result that breaks of gange have been artifi-
cially created at Delhi, at Agra, and to be at the station where the
Bombay, Baroda and Central India will be joined. That we have a line
of inferior capacity unable to meet an emergency, and that must cost
more to work than broad gauge. This deplorable result is being obtain-
ed without the prospect of saving a single rupee in capital outlay and
with the eertainty of an inferior revenue in the future.

TasLe I

Total Working Expenses and Profits for the year 1877.

Great Indian | Bombay, Ba-
Rsjputana Peninsula

T
Capital expended, .. ... .. £ | 2,688,240 | 22,145,358 | 7,588,220
Percentage of profits, e e e 343 698 550

Barnings, .. e s - Rs. | 2696687 | 8,27,74,150 | 77,98,912
Expenses, .. . .. .  Rs.| 1833867 | 1,58,28,683 | 32,78,380

Profits, we e we s Ra | 868820 | 1,89,45,467 | 45,25,582

Percentage of expenses to earnings, e 6811 4903 4284
Earnings per train mile, ... .. Rs 325 3-87 638
Expenses » e es Rs, 221 1-88 270
Profita we e Ra 104 1:99 868
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Tasre II.

COMPARATIVE WORKING EXPENSES, ETOC.

Working Ezpenses Maintenance of Line for the year 1877.

Bombay, Baroda
Rajputans Great Indlan | BOTONE B
. Indis
Mileage of line maintained, ... 39630 127876 43078
Ton mileage, .. .. .| 120,876,767 | 2,119,222,775 | 876,721,980
Permile| Per | Permile | Per | Permilo [ Per
of line | 1,000 | of line | 1,000 | ofline | 1.000
main- | ton | main- | ton | main- | tem
tained | miles | tained | miles | tained | miles
Bs. | Ra Rs, Rs. Rs | Rs.
General Superintendence, -« | 158:56] 1.04| 154-86] 0-190| 22486 €33
Maintenance and renewal of per-
manent way, ... e e | 300191 195 780-04] 0-955 43634 103
Repairs of bridges, o 136 009 11525 0-141] 85327 078
Repairs of stations and baild-
ings, 80-08] 0-20 7670, 0093 84:34) 021
Maintenance by contract, oo | 5642 087 .. 890 002
New minor works, . 1596 015 2:40] 0003] ... ..
Unclaasified expenditure, = ... 13:05] 0-08| 17-566] 0-022 1800 005
1146-81] 1-404] 112571 257
Less, .. .. . ] .. 42970( 0627 14~aa' 008
Total, .. | 587.88] 388] 717-11] 0877 uu-ssl 254
Tasie III,
Working Espenses Locomotive Power for the year 1871.
Bombay, Baroda
i Great Indian tral
s | L |
Train mileage, .., .. ... 828,012 8,430,578 1,207,599
—_ .
Ton mileage, .. .. .. 120,876,767 |2,119,222,775 | 876,721,980
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Per Per Per

Fe | s | re | | 2 | one

mile [ 200 | mie | doB | mie | tem

As. | Rs, As. | Rs As. | Rs,

General Superintendence, | 106 048| 058| o045| 1.81| o.27
Driving, ... s s | 888 145 | 257 064 | 205 042
Cleaning, fnelling, s e 028 012 041 010| 058 0-09
Coal and other fuel, ... we | 574 246 | 585 1456 | 588 119
Repairs and renewals, ... .| 214 | 089 | 196 | 049 285 0450
Water, oil and minor charges, ... | 100 | 043 |- 072 | o018| 057 o11
Total, ... | 1859 583 | 1209 | 801 | 1274 2.58

It costs the Rajputana Railway for Locomotive power to haul 1,000

tons i mile, Rs. 5-88.

It costs the two broad gauge lines Great Indian Peninsula and Bom-
bay, Baroda and Central India Rs. 8:01 and 2-58 respectively to do the

same work.

TasLe IV.

Working Ezpenses Carriage and Waggon Department for the year 1877,

Bombay, B
Baras | Opptioten | Bombay Bers
India
Train mileage, oo ... 828,012 8,430,578 1,207,599
Vehicle mileage, ... oo ... | 18548244 | 172478568 | 81,814,286
Per |Per 1,000 Per (Per 1,000 Per |Per 1,000
train | vehicle | train | vehicle | train | vehicls
mile miles mile miles mile miles
As. Rs. As Rs. As, Rs.
General Superintendence, s | 080 088 | 016 049 | 048 112
Repairs and renewals—
oaching, we e o | 128 805 | 068 | 1272 | 065 | 568
8y o0 one s .oe 082 406 | 841 | 1228 1:50 520
Cleaning, oiling, and other ex-
Penses, ... o e . | 040 116 | 045 188 | 043 | 108
Total, ... | 280 | 782| 465 | 1421 | 808 | 741
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The Great Indian Peninsula is abnormally high, the Bombay, Barods
and Central India is about a fair average, and is lower per 1,000 vehicle
miles of large stock than the Rajputana with small stock. The Rajput-
ana stock is also nearly new and should require little repair, the Bom-
bay, Baroda and Central Indis is rebuilding and heavily repairing &
considerable proportion of stock.

TanLe V.,

Working Ezpenses Total per Train Mile for the year 1877,

Bombay, Barods
Rejputans | GrestIndian |7y Contnl

Per train mile | Per train mile | Per train mile

Annas. Annas, Annas,

Maintenance, ... ser 899 868 12:56
Locotnotive eXpenses, . o oes 1859 12:08 1379
Carriage and waggon exp v 280 464 3408
Traffic ex| e aes  eee  see 461 431 787
General g soe ser e s 817 199 671

TM, 2 85676 2665 4396

The total per 1,000 ton miles is not given, but the total per unit of
traffic is given in Table VIIL.
TasLe VI.

Average Weight of Trains for the year 1877,

Freight | Traln |  Total

RAJPUTANA BTATE RAILWAY. Tons, | Tons. | Tona oot
Pamsenger traing, <. . wc e e | 1233 | 8778 | 10006
Goods trains, we e see  ees e | 8529 | 9555 | 15084128
Mixed trains,  see  wee  we  ees e | 2742 | 91-20 | 11862

e o

GREAT INDIAN PENINSULA RAILWAY.

Passenger trains, ... . e ser e 1247 | 8996 | 10248
Goods traing, ..  see  ees s o | 8958 | 18015 | 21968 } 170
Mixed trafng, .. e . ee oo | 6016 | 12767 | 18788
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Freight | Traln |,  Total
BouMBAY, BARODA AND CENTRAL INDIA Tons, | Tons. | Tons.
WAY, Tons.
Passenger trains, cee s e e | 1228 | 10846 | 120-74
Goods trains, . oo «sn e | 18350 | 27686 | 45986 ) 286
Mixed trains, .. e see e e | 8312 | 19481 | 277-98

The approximate average gross weights of the three classes of trains
upon the three Railways are—

Bajputans Ceniosuia” +nd Conioel Todin
123 170 286 )
The cost of hauling these Trains for Locomotive power only is res-
pectively :—
Annas Annas Annag
1859 1209 12:74
TasLe VIL
Duty done by Stock for the year 1877.
Rajputana | OpoetIndlan [BO0U, Toie
India
Average daily run of locomo-
tives, ... e oo Miles 4029 84 585
Average gross train load goods
and passenger together, «. Tons 111-28 ee 8165

Relative value of duty done by locomotives is represented by average
gross load into average daily ran—as follows : —

Rajputana, ... e e e 111428 X 4029 = 4,488
Bombay, Baroda and Central India, ... 8166 X 586 =—18,615

The figures of the Great Indian Peninsula are not complete, so com-
paring Bombay, Baroda and Central India only, we find it has more than
four times the duty done by each locomotive than the Rajputana.

AVERAGE NUMBER OF VEHIOLES PER TRAIN.
Rapetans | Opztinden [P0 Beria
India
.08 (11 s (Il 22 16 14
Goodo,‘ e e e e e 24 2475 50
Mixed, o e s e e 8 187 18
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TasLe VIIL
Duty done by Stock, &c., for the year 1877—(Continued).

AVERAGE FREIGHT OR LIVE LoAD

Bombay, Barods
Passenger, wee  ses oo Toms 12-32 1246 1228
Goods, ... o " e ”» 5528 89-50 183-50
Mixed, ... ee . » 2741 6015 8318

AVERAGE CONTENTS OF GOODS VEHICLES

Rajputana, v oo i 2-81 Tons.
Great Indian Pemnsnh. - 889
Bombay, Baroda and Central Indm, s 3714

COBT OF CARRYING OXE MILE A UKIT OF
TRAFFIC

Bombay, Barods
Grest Indisn {* .4 Contral
Bajputana | “peningula fodia
i Pies.
Average of all dewnphons of pnnenger Fles. Pies.
traffic, ... 295 1741 1961
Goods, ... o es 779 459 412

Memorandum on My, Carroll's Paper on a comparison between Brood
and Metre Gauge Railways. By Lizur. H. PiLxinarox, R.E., Acting
Deputy Consulting Engineer for Railways.

Bombay, Tst March, 1875

1. In a paper on the above subject, Mr. Carroll has selected the year
1877 to make a comparison between the Rajputana Metre Gauge Rsil-
way and the Great Indian Peninsula and Bombay, Baroda and Central
India Broad Gauge Railways; but the year 1877 was a special one with
regard to the two latter lines, as their receipts were so largely increased
by the famine grain traffic.

2. During the first half of 1877 the Great Indian Peninsula paid s
percentage of £4-18 for the half-year on the capital expended; this is
the highest percentage yet reached, and it is probable that so prosperous a
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half-year will not occur again for some time. The percentages for the
corresponding half of 1875 and 1876 were £3:13 and £2-97, respec-
tively.

3. From the table given below, it will be seen that 1877 was an excep-
tional year for the Great Indian Peninsula and Bombay, Raroda and Cen-
tral India Railways, and the large increase in receipts and proportionally
higher percentage cannot be taken as an estimate for future years—

Sum of two
ercentage of|Dividonds &
vidends o
Earnings Expenses Pg,pen:ﬁ:l Capital exe’ Increase
gs | pended, in-
cluding Rol-
ling 8tock
Rs. Rs. £
Great Indian Penin-
sula 1875, ... e | 2,15,24577 | 1,01,75,860 47 477 1 ..
Do. 1876, ... | 2,45.35412 | 1,16,77,891 48 588 061
Do, 1877, ... | 8,27,74,150 1,568,28,683 49 698 160
Bombay, Baroda and
Central India‘18765, 63,86,783 84,75,021 54 368 s
Do, 1876, 67,72,292 87,11,5664 54 376 017
Do. 1877, 77,98,912 82,78,380 43 550 176

The percentages of profits on capital expended, including rolling stock,
on the Rajputana line for the same three years was—

Sum of two
half-yearly
E’Eementuget of| Dé:n:::ldc on| Increase
m Xpenses 0 ax- or
. B ;5:;:;. pﬂl\)dad, in- | Decrease
cluding Rol-
ling 8tock
Rs. Rs. £
Rajputana 1875, . 17,46,960 11,18,691 64 8480 s
*PDo. 876, .. | 2320592| 1523622| 65 8484 | +-004
Do. 1877, ... 26,96,687 18,33,368 68 8434 - 050

but extra capital to the amount of £411,882, or over £1,000 per mile,
was expended during the two latter years, which accounts, to a great
extent, for the small percentage of profits. The earnings are steadily
increasing, and it is probable that such increase will be maintained for
rome time to come, and that a more favourable percentage of profits will
be shown,
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4. The first portion of the Rajputana line was opened in 1873, snd to
Ajmere in 1875. It was the first metre gange system opened to traffic
and worked as a Btate line, and experience has to be purchased at some
expense, although not to the same extent as when the guaranteed mil
ways were first opened. As the line grows older, the working arrange-
ments will become more complete, and new lines will be constructed at
less cost. It is not, therefore, unreasonable to suppose that greater
economy and efficiency will be the result.

5. The average number of trains each way over each mile of line,
during 1877, was on the Rajputana line 287, and on the Great Indian
Peninsula 9:00, so that it will be seen that the narrow gauge was not
working up to anything like its carrying capacity. A newly opened lineis
always at a disadvantage with regard to other lines of longer standing;
there is generally a want of proper roads to bring goods to the railway,
and it takes time before traffic flows into & new channel. For this reason
it would be fairer to compare the Rajputana with the Nizam’s line. Both
are branch lines sitnated far away from the sea; they have no large em-
porium of trade, such as Bombay, for a terminus, and they have to psy
largely for the carriage of coal and stores from the port where they are
landed. The figures given for the Nizam's line are not absolutely correct,
but they are returned by the Great Indian Peninsula as the estimated
cost to the Company under the various headings. Some of the figures
of the Bombay, Baroda and Central India working daring 1866, namely,
two years after it was opened through to Ahmedabad, have also been
taken for the purpose of comparison,

6. With reference to the cost of construction of a narrow gauge line,
the comparison with the Wadhwén and Ddkor extensions is, I think,
hardly fair, as the work on these latter lines is exceptionally light, and no
capital expenditare on rolling stock was incurred. A metre gauge line
is undoubtedly cheaper to construct than a broad gange line under the
same circumstances. It is, however, hardly possible to arrive at any
figure which would give a reliable comparison between the cost of con-
struction of the two systems. According to the analysis of the revenus
account the cost per mile of the—

Great Indian Peninsula
has been ... o £ 17,829, including rolling stock, }th double line.
Bombay, Baroda and Cen- . .
tral India has been ... ,, 16,975, do, wyth  do
Rajputana (metre) has been ,, 6,404, do. all single.
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Nizam’s (broad gauge)
has been ws s £8,828, without rolling stock, all single,
‘Wardha Valley (broad
gauge) has been ... ,, 9,999, do, do.
but Mr. Carroll rightly calls the Great Indian Peninsala and Bombay,
Baroda and Central India pioncer lines, and there are many special cir-
cumstances to account for the large sum spent on their construction,

7. As to the metre gauge stock carrying ¢ about half the number of
passengers or weight of goods” that is carried by the broad gauge, it will
be seen from Mr. Carroll’s figures, Table VIII. for 1877, that practically
the average weight or live load of a metre gauge passenger train on the
Rajputana State Railway is 12-82 tons, while on the Great Indian Penin-
sula it is 12:46 tons, and on the Bombay, Baroda and Central India 12:28
tons, thus the metre gauge train carried more passengérs than the Bom-
bay, Baroda and Central India train, and very nearly sas many as the
Great Indian Peninsula, although, no doubt, the carrying capacity of
the broad gauge stock is greater.

8. The average contents of a8 metre gange goods wagon was 2-:31 tons
against 3-89 tons on the Great Indian Peninsula, and 3:74 tons on the
Bombay, Baroda and Central India; or, taking the average of the broad
gauge, the proportion would be as 1: 1:65.

9. Comparing the working expenses of the different lines, it is observ-
ed that in Table IL of Mr. Carroll’s paper ¢ Maintenance of Line,” the
figures do not give the actual maintenance charges, as the amounts debit-
ed to special funds on the Great Indian Peninsula Railway have been
deducted. As these funds contributed largely to the maintenance of the
line, they should be included, and the real charges will be—

Rajputana, ... «.Rs. 1,175°7C per mile, or Rs. 8:85 per 1,000 ton miles.

Great Indian Peninsula,,, 2,287-48 » 188 do.
Bombay, Baroda and
Central India, ... ,, 223086 »w 267 do.

Thus, the actual maintenance cost of the Rajputana line is about half
that of the Great Indian Peninsula or Bombay, Baroda and Central India,
due, in a great measure, as Mr. Carroll observes, to the short time the
line has been opened; but, as has been before pointed out, the traffic on
the metre gauge line was very small compared with its capabilities, and
only required about one-third the number of trains run on the Great In-
dian Peninsula; the charges for maintenance consequently appear high
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when compared with the number of tons of goods hauled. With regard
to the locomotive expenses, the working of & metre gauge engine can
hardly be expected to compare favourably with that of the broad gange
with the same amount of traffic; but the traffic on the Rajputana line
was light for the number of engines at work, whereas the Bombay, Ba-
roda and Central India engines were working nearly at a maximom.
10. From the following table of locomotive working expenses—

Cost per 1,000
e Ay i
As. Rs
jputana, . . . . . .. . 13569 588
gﬂfm’a (broad gmge‘). . . . . . 1365 4381
Great Indian Peninsnl . . ve 1209 801
Bombay, Baroda and Central Indu, . . . 1274 258

it will be seen that the Rajputana line compares unfavourably with the
broad gauge in the cost per 1,000 ton miles owing to the lighter loads
per train, but the comparison of cost per train mile is very favourable,
considering the disadvantages of the newly opened branch lines.

11. The carrisge and wagon expenses are considerably less on the
Rajputana than on the broad gauge lines, but this is accounted for by the
comparatively new stock on the former line, as pointed out by Mr.
Carroll.

12. The traffic expenses per train mile on the three lines are—

Rajputana, .. . . . . . «s 461 annas.
Great Indian Peninsula, .. . . . . 481

Bombay, Baroda and Central India, .. .. .. 787 o
The amount given for the Rajputana line in Mr, Carroll’s paper is 261,
but this is probably a misprint.
18. The general charges per train mile are—

Rajputana, .. .o . .. . o« 577 avnas.
Great Indian Pemnsnla . . . . . 199
Bombay, Baroda and Central India, . . . 671
Nizam’s, . . . .e . . .. 501
but the shorter lines are always at a disadvantage in this respect, as the
general administration would suffice for & longer line and more traffio.
14. Inboth traffic and general charges the comparison is favoursble,
under the circumstances, to the metre gauge line.
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15. The total working expenses per train mile aro—

Rajputana, .. . . . . . oo 8577 annas.
Great Indian Peninsnla, .. . e e .. 2858
Bombay,BarodAlndOentnlIndu, . .. . 4824
Nizam’s, . . . . . .. 8667 ,
These figures differ slightly from Mr. Carroll’s, owing to the corrections
made in maintenance charges. The total working expenses per train
mile on the Rajputana line are less than on the Nizam’s, and consider-
ably less than on the Bombay, Baroda and Central India.
16. The cost of carrying one ton of goods one mile is—

Rajputana, 1877, . e . . . oo 779 pies.
Nizam’s (broad gauge), 1877, .. .. .. . .. 791
Great Indian Peninsula, 1877,.. . . . . 459
Bombay, Baroda and Central Indis, 1877, .. . . 413

" ”» - (two years after through
mning), 1866' .o s .. .e . 1788 ”

The cost per ton mile depends on various circumstances, such as price
of fuel and labour, gradients, character and direction of traffic, &c. The
cost on the Rajputana line is a good deal higher than on the Bombay,
Baroda and Central India, but it must be remembered that the gradients
are considerably longer and heavier on the narrow gauge line, as will be
seen from the following table : —

”
”

TOTAL LERGTH OF THE FOL-
LOWING GRADIRNTS Total
of line
1in100 |1in 101 1 in 301 to|
&l l xmaoohl 110300
Miles, | Miles. | Miles,
Rajputana, .. . 262 | 8565 | 4451 896-30
Bombay, Barodl. n.nd Cantml Indn, . 27 54 969 43078

The price of fuel on the Rajputana line was from Re. 1 to Rs. 2 per
ton dearer than on the Bombay, Baroda and Central India. The cost
per ton mile on the Rajputana line is less than on the Nizam’s, but if
we compare the metre gauge line, which has only been open through for
two years, with the Bombay, Baroda and Central India under similar
conditions in 1866,* we find that it carries one ton at less than half the
cost of the broad gauge, the inference being that the Rajputana line, as
it becomes developed, will be able to reduce its carrying expenses.

® Note—The cost of carriage per ton mile was, however, caloulatod somewhat differently in 186G
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17. In caleulating the duty done by each locomouve, the average

gross train loads should be—

Rajputana, .. . . . . oo 1113 tons.
Great Indian Peninsula, .. . e 2050
Bombay, Baroda and Central Indu, . . 2551 , (not 816°3)

This is found by taking the total ton mileage plus that of brake vans,
and dividing by the total train mileage for the year. The ton mileage
duty done daily by the engines will then be—

Rajputana, . . . . oo 4,484
Bombay, Barods and Cent.ul Indm, . o . .o 14,928

or in the proportion of 1 : 8:32 instead of 1:4:18.

Bat it has been previously stated that the engines of the Bombay,
Baroda and Central India were much more fully employed than those
on the Rajputana line, owing to the small amount of traffic that was
brought on to the latter line.

18. Mr. Carroll says that ¢ it is cheaper to employ a boy to do a boy’s
work, and a man to do a man’s,” and he argues not o much that the
metre gauge line is a mistake altogether, but that it is a mistake to
have adopted it on the Rajputans line. The comparison, however, has
been made with the Rajputana line as it stands at present.

19. Putting aside the question of future extension, let it be supposed
that the broad gauge had been adopted. The amount of traffic carried
and the receipts would still be the same. The working expenses would
certainly not be smaller, unless the line were worked as a branch of the
adjacent guaranteed railways, while the interest would have to be paid on
capital outlay of, at least, £2,000 a mile more, judging from the cost of
the Nizam’s and Wardha Valley lines. It would follow then that the
interest on the extra cost of comstruction would awallow up a large
amount of the profits, and although there might be a possibility of larger
receipts in future years from a broad gauge line, there would be the cer-
tainty of a smaller percentage on capital expended during the first yesrs
of the line being opened.

20. It is proposed here to enter into the general question of Broad
versus Narrow Gauge, or the disadvantages of bresk of gauge, but only to
show that ag far as the Rajputana line itself is concerned, a fair percent-
age has been returned on a comparatively small original outlay, and that
the metre gange line is capable of carrying three times the present traffis
without doubling the line.
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Br Mz. J. O'CoxxeLL, Chief Auditor and Accountant, Bombay, Baroda
and Central India Railway.

Bombay, 9th May 1879.

1. Lijeutenant Pilkington commences his memo. on Mr. Carroll's paper
by pointing out that the year selected for a comparison of the cost of
working the Bombay, Baroda and Central India and the Great Indian
Peninsula broad gauge lines, with the Rajputana metre gauge line, was
an exceptionally prosperous one for the broad gauge lines in consequence
of the large famine grain traffic, thereby implying that the comparison
is unfair to the narrow gauge line.

2. Nowit is well known that the increase in this description of traffic
was not confined to the Great Indian Peninsula and Bombay, Baroda and
Central India lines, but that it extended all over India, and it will be
seen from the following figures that the increase in quantity on the Raj-
putana line was even greater in proportion (as compared with the previous
year) than it was on either of the broad gange lines :—

1877 1878 Increase Equal to pet oeat
Tons | Receipts | Tons | Recelpts | Tons | Recelpte | Toms | Receipts
Rs, Rs Rs. Ra,

Great Indian
Peninsula

Rail:ay, 785,594{ 1,21,58,184| 424,646 58,28,695| 311,048/63,24,439] 73-27| 108:51

ombay

and
Central
India Rail-|

way, .. | 119,636 8,97,120] 62,923| 4,04,346| 56,713 4,92,788(90-18] 12187
Rajputana

Railway, 88,223 1,83,871| 16,080 1,08,640| 22,178 80,281/138°15] 77-41

8. It appears, however, that the comparatively larger increase in the
grain traffio of the narrow gauge line did not bring with it a correspond-
ing increase in the receipts, owing to its having been conveyed shorter
distances than on the broad gauge lines.

4. Ontheother hand the Rajputanaline had an increase of Rs.2,18,948,
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or about 43 per cent. in itsreceipts from Balt Traffic, viz., from Rs. 4,97,427
to Rs. 7,11,370; while the Bombay, Baroda and Central India had an
increase in this traffic of only Rs. 50,252 (20°58 per cent.) and the Great
Indian Peninsula Company, a decrease of Rs. 83,608, although they
carried 1,789 tons more than in 1876. This traffic which forms over
46} per cent. of the whole of the goods traffic of the Rajputana State
Railway commands a higher rate than the grain traffic, and is, according
to Major Dowden’s Notes on the Rajputana line accounts for December
1877, 30 per cent. higher than the Bombay, Baroda and Central Indis
Company’s salt rate; the former being 9-55 pies per ton per mile, the
latter only 7-85. Their rates for grain and sugar were also higher than
the’ Bombay, Baroda and Central India Company’s, the respective rates
being :—

Grain Sugar
Boé‘égg; Koy ",',d } 8-15 pies per ton per mile.  10-65 pies perton per mile.
Rajputana, ... - 876 » ” 11780 " "

5. Bat taking the whole of the goods traffic of the line, and com-
paring the rate received per ton mile with the rates received on the broad
gauge lines, it will be seen that the average rates of the narrow gauge
were nearly 29 per cent. higher than the Bombay, Baroda and Central
India, and 584 per cent. higher than the Great Indian Peninsula Com-
pany’s, the respective rates per ton mile being :—

Ples
Great Indian Peninsula, ... we  «ea 881 per ton per mile.
Bombay, Baroda and Central l'ndm, we s 10770 »
Rajputana, .. .. s .. ee .. 1879 »

Had the goods traﬁ‘xc of the narrow gauge line been carried at the same
average rate per ton per mile as the traffic of the broad gauge lines, the
gross earnings from goods traffic would have been reduced from RBs.
17,25,864 to Rs. 11,02,856 at the Great Indian Peninsula Company’s

rates, and to Re. 13,39,451 at the Bombay, Baroda and Central Indis

Company’s rate.

6. Comparing now the whole of the goods traffic of the narrow gauge
line with the previous year, it appears that the increase in its receipts was
comparatively 68 per cent. greater than the incresse in the Bombay,
Baroda and Central India Company’s receipts; the totals (tonnage snd
receipts) being as follows :—
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Equal to per cent.
1877 1876 Increase over 1876

Tons Reoeipts Tons Receipts Tons | Receipts | Tons | Reccipts

Rs, Rs. Rs, Rs,

Great Indian|
Peninsula
Railway, [1,514,727| 2,54,98,616/1,286,741) 1,84,90,546| 277,986/70,08,070| 22-48]  87.90

Bombay,
Baroda and
Central
India Rail-
way, ..| 588,009 46,43,011457,461| 40,87,188 80,648 5,565,878( 17 61 1860

Rajputana)
Railway, | 204,809 17,25,865] 166,208) 14,04,978( 88,511 3,20,847| 23-16, 2284

7. 1t should also be noticed here that in addition to the rate per ton
mile earned on the broad gauge lines being so much lower than on the
narrow gauge line, they conveyed a considerably larger quantity of stores
Jree on Revenue account, the tonnage and ton mileage on such stores
being as under :—

Tons. Ton miles,
Great Indian Peninsala, .. 2,76,558 40,909,642
Bombay, Baroda and Central India, . 47,674 56,18,294
Rajputana, ... . . . 82,741 27,566,947

8. The foregoing facts show, I thmk conclusively that there was
nothing whatever unfair towards the narrow gauge line in selecting the
year 1877 for a comparison with the broad gavge, especially as Mr. Carroll's
paper was written not with the object of comparing the earnings but the
working cost.

9. With reference to paragraph 8 of Lieutenant Pilkington’s memo.
the dividends quoted, are the sum of the two half-yearly amounts; this
mode of arriving at the yearly dividend does not affect the broad gauge
Railways, as their capital varies so slightly from half-year to half-year;
the dividend rates as shown are, therefore, correct on the capital as it
stoodat the close of each year, but as the same rule does not apply to the
Rajputana State Railway, the dividends should have been shown thus—

Per cent Per cent
1875, .. vee ws 271 instead of 348
1876, ... oe w310 » 3484
1877, ... o o o .. 312 ” 3434
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10. At the conclusion of paragraph 3 of his memo., Licutenant Pil-
kington states that, ¢ the earnings are steadily increasing, and it is pro-
bable that such increase will be maintained for some time to come, and
that a more favourable percentage of profits will be shown.” Now,
bearing in mind, that as the line gets older the cost of maintenance will
increase as well as the expenditure on the repairs and renewals of engines
and rolling stock, the prospect of a more favourable percentage is, there-
fore, I consider somewhat doubtful. It should also be remembered that to
meet the requirements of increased traffic, further capital outlay will be
necessary for additional engines and other rolling stock, the present engine
power being, it would appear, inadequate even to the requirements of the
year 1877. This I gather from the Manager’s Note on the accounts for
December 1877, in which he says that, *extra expenses may have been
caused in working from overloading of engines.” Had the engine power
been equal to the requirements, the capital outlay would have been grester,
and the percentage of profit consequently less.

11. In paragraphs 5 and 9, Lieutenant Pilkington states that,* the
narrow gauge line was not working up to anything like its carrying caps-
city, and that the traffic was very small compared with its capabilities, "
and he concludes his memo. by stating that, ¢ the line is capable of carrying
three times its present traffic without doubling it.” Now it is evident
from the Manager's Note that so far as locomotive power is concerned
the line was doing its utmost, therefore presuming thers were thres times
the amount of traffic to carry at least three times the number of engines,
and a very large addition to the rolling stock would be necessary; even
then it is extremely doubtful whether, considering the low rate of speed
on the Rajputana line, three times the present number of trains, (viz. 2:87)
could be run, as it is well known that the Great Indian Peninsula Com-
pany, although running at a much higher speed than the Rajputans, found
great difficulty in working an average of nine trains per day each way.

12. In paragraph 6 Lieutenant Pilkington says that he considers, “ the
comparison of cost of construction with the Wadhwsn and Dakor exten-
sions hardly fair, as the work on these latter lines is exceptionally light
and no expenditure on rolling stock was incurred. Although no expen-
diture was actually incurred on this account, Mr, Carroll made due al-
lowance for it as well as for workshops, offices, &o., in making s com-
parison with the Rajputana line, see page 8 of his paper. He alsomskes
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dus reference to ‘‘ the favourable conditions under which the lines were
constructed,” see also page 3. There is consequently nothing unfair in
comparing the cost of construction of these extensions with the cost of
the Rajputana line.

18. With reference now to the comparative cost of working, Lieut-
enant Pilkington shows that the respective cost per mile maintained on
the three lines was—

Rs. Bs.
Great Indian Peninsula, ... *2,287-48 per mile or 1:38 per 1,000 ton miles.
{Bombay, Baroda and Central
India, total, ... .. 225086 257, ”
Rajpotans, ...  «. . LIT676 885 »
The cost per mile maintained of the Great Indian Peninsula was 224 per
cent. more, and that of the Bombay, Baroda and Central India was nearly
double that of the Rajputana line. But the cost per 1,000 ton miles
on the latter line was 88 per cent. more than the Bombay, Barods and
Central India, and nearly 8:48 per cent. more than the Great Indian
Peningula,

14. The lower cost per mile maintained on the Rajputana line being
due, as pointed out by Mr, Carroll, to the short time the line has been
opened, amount of work done in the shape of renewals of rails and sleep-
ers being a mere trifle as compared with that of the broad gauge lines, as
will be seen from the following particulars :—

Bombay, Baroda :
and Central India  Oroat Inil‘nﬁ;:;- Bajputana State

Rallway
Rails,
o e Number, ... 8,588 20,153
Rails inverted s oo 8 »
b '{Miles, v 185607 84145
" Number, ... 1,148 15,682 528
R“h H ] )
m"“d’{uﬂes, . 44355 66:317 239
Bombay, Barods 000 Tngian Pen- Rajputans State
m%’:ﬁ:};‘dh insula Railway Line
—— -~ r A~ ~\ - % -\
Removed Relaid Removed Relaid Removed Relaid
Sleepers.
Wooden {Nnmber, 24,665 17,308 88572 40,328 9,078 9,281
' UL, yards, 22,648 22,646 956 498
Iron, ... Pairs, 30 7,387 12,171} 60,415}

15. Had the maintenance of the Rajputana line been done at the same

¢ (Bhould be Rs. 1,434 and 0°36).
t Exclusive of Spacial Expenditure amounting to Rs.1,86,476 the rate per mile maintained was
Ra. 1,780-34 or Rs. 2'04 per 1,000 ton miles.
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rate per 1,000 ton miles as on the broad gauge lines, the total cost under
that head would have been reduced from Rs. 4,65,954 to Rs. 1,038,954 at
the Great Indian Peninsala rate, and to Rs. 2,46,588 at the Bombay,
Baroda and Central India rate.

16. With reference to the Locomotive expenses, Lieutenant Pilking-
ton’s statement in paragraph 9, that the traffic on the Rajputans line was
light for the number of engines at work, does not, as I have already showa
in paragraph 10, agree with the Manager’s statement regarding ¢ the over-
loading of engines.” And with reference to his remark in paragraph 10,
that “ the comparison of cost per train mile is very favourable considering
the disadvantage of the newly-opened branch lines.” It appears to me
that their engines being comparatively new, the disadvantage lies with the
broad gauge lines. Bat the cost per train mile is not a fair test of the
Locomotive working expenses, the ton mile forms a much fairer basis of
comparison, and that shows that the Rajputana cost nearly double the
Great Indian Peninsula and more than double the Bombay, Baroda and
Central Indis, their respective rates being, as shown by Mr. Carroll—

Rajputans, ...  «c e <. BRs, 588 per 1,000 ton miles.
Great Indian Peninsula, . a0 » 801  ,
Bombay, Baroda and Central Indis, , 258 " »

17. Applying then the broad gauge rates to the Rajputana line, their
Locomotive expenses would have been reduced from Rs. 7,08,878 %o
Re. 3,638,889 at the Great Indian Peninsula rate, and to Rs. 8,11,862
at the Bombay, Baroda and Central India rate; and applying even the
train mile test to the cost of running, the Rajputana rate was 23 per cent.
higher than the Great Indian Peninsula, and 89 per cent. higher thsn the

Bombay, Baroda and Central Indis, the respective rates being—
Annsa

Great Indian Peninsula, e see st e s 398

Bombay, Barods and Central Indis, e wee oo oo 268

Rajputana, s ses st st . ses e e 366
Consequently in the cost of running alone the Rajputana line expended
Rs. 84,842 more than if they had been able to do the work at the same
rate as the Great Indian Peninsula Company, and Rs. 52,955 more than
at the Bombay, Baroda and Central India Company’s rate. This is,
of course, the result of having to employ at least three times the num-
ber of drivers and firemen to work the same amount of traffic as on
a broad gauge line with their more powerful engines and rolling stock
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of superior capacity. The cost under wages of drivers and firemen on the
Rajputana line was over 85 per cent. more than on the Bombay, Baroda
and Central India in the second half of the year, viz., Rs. 88,898 against
Rs. 65,787.

18. The carriage and wagon expenses per vehicle mile compare
favourably with the broad gauge lines, but this is owing, as pointed out by
Mr. Carroll, to the Rajputana stock being nearly new, whereas the Bom-
bay, Baroda and Central India Company were rebuilding and heavily
repairing a considerable proportion of their stock. The average number
of vehicles constantly under repair during the year on the respective lines

being—
Great Indian Peninsula, we o e oo 1,087
Bombay, Baroda and Central India, .. - e e 194
Rajputana, ee see oee e e e 18

The expenditare, under this head, as well as under the head of Mainten-
ance of Permanent Way, on the Rajputana line will, as already observed,
increase as the line gets older,

19. The comparison of traffic expenses in paragraph 12 of Licutenant
Pilkington’s Report is correct so far as the figures go, but the basis (viz.,
the train mile) upon which it is made, is not a fair test, the comparison
should be made on the ton mile, which shows the following results:—

Great Indian Peninsuls, ... ... Rs. 1-06 per 1,000 ton miles.
Bombay, Baroda and Central India, ,, 167 "
Rajputana, ... . o e 5 1.97 » »

20. If the Rajputana line had been worked at the same rate per 1,000
ton miles as the broad gauge lines, their expenses would have been reduced
from Rs. 2,39,018 to Rs. 1,28,129 at the Great Indian Peninsula Com-
pany’s rate of working, and to Rs. 1,89,776 at the Bombay, Baroda and
Central India Company’s rate.

21. The expenses of the train staff on the narrow gauge line must
necessarily be higher, in proportion, than on the broad, at least three
and a half times the number of guards being required to work the same
amount of traffic.

22. But there is another point which does not appear to have been
taken into consideration by Lientenant Pilkington, i. e., the stations on
the Bombay, Baroda and Central India line are, on an average, only 6
miles apart, while on the Rajputana line they are 9 miles; the wages of the
Traffic Staff are also lower on the Rajputana line than on the Bombay,

167



28 COMPABATIVE WORKING EXPENSES, ETC.

Barods and Central Indis, their average cost per station being only Rs.
2,608 as against Rs, 4,309; due allowance should, however, be made for
the large amount of traffic dealt with at the stations of the Bombay,
Baroda and Central India Railway, the average tonnage and number of
passengers booked during the year at each station on the respective lines
being—

Average Average

ber of P: T forwarded

booked at each station  from each station
Bombay, Baroda and Central India, 70,407 7,270
Rajputana, ... e esa  ses 80,015 4,551

The average amount of passenger work at each station on the broad
gauge line was consequently 134 per cent. more, and the goods nearly 60
per cent. more. It would not, therefore, be unfair to assume that if the
stations on the Rajputana line had had the same amount of work to do,
their staff would have been increased by at least 50 per cent., theiraverage
cost per station would then have been Rs. 3,900. Assuming then, that
their number of stations had been in the same proportion to the Bombay,
Baroda and Central India Company’s for the length of line worked, they
would have had 22 stations more, consequently their expenditure under
this head alone would have been increased by Rs. 85,800, this is equiva-
lent to nearly 36 per cent. on their total traffic expenses, which would
have averaged Rs. 268 instead of Rs: 1:97 per 1,000 ton miles.

238. On the other hand if the stations on the Bombay, Baroda and Cen-
tral India Railway averaged the same distance apart as on the Rajputans
line, they would have had only 49 stations instead of 74 to work. As-
suming then, the average amount of work done at each station to have
been the same as on the Rajputana line (and allowing 15 per cent. for
higher rate of wages paid on the Baroda line) that Company’s expendi-
ture under the head of ¢ Station Staff” would have been reduced from
Rs. 8,18,864 to Rs. 1,46,657, their gross traffic expenses per 1,000 ton
miles would then have been only Rs. 1'11 instead of Rs. 1:57.

24. With reference to paragraphs 18 and 14, as the difference in
gauge does not affect the general charges, it is not necessary to enter into
details, nor to comparethegeneral charges of the respective lines. I would,
however, again remark that the train mile test as applied by Lieutenant
Pilkington is fallacious and misleading.
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25. In paragraph 15 the train mile test is again applied to the total
working expenses, and the following are the results shown : —

Great Indian Peninsula, ... ... 28:58 annas per train mile,
Bombay, Baroda and Central India, 48-24 " ”
Rajputana, ... e es o 8577 » »

But applying the ton mile test the result would be—

Great Indian Peninsula, .. ... 14841 pies per ton per mile.

Bombay, Baroda and Central India, 1.5733 ,, »  (Excluding special

Rajputana, ... .. r e 39121, » charges as per
paragraph 13).

And excluding general charges it would be—

Great Indian Peninsula, ... ... 18392 pies per ton per mile.

*Bombay, Baroda and Central India, 1.3183  ,, »  (Excluding special

{Rajputana, - e e 24717 » ” charges as per

paragraph 13).

26. Referring now to paragraph 19 of Lieutenant Pilkington's memo.
wherein he says,—¢let it be supposed that the broad gauge had been
adopted. The amount of traffic carried and the receipts would still be the
same. The working expenses would certainly not be smaller, unless the
line were worked as a branch of the Guaranteed Railways.” His observa-
tion as to the traffic and receipts being still the same is probably applicable
to the year under review, but if recent current reports are to be relied on,
that the Rajputana Railway authorities are compelled to refuse large
quantities of traffic brought to their stations for conveyance, then it does
not apply, as the broad gauge line, with its higher rate of speed, more
powerful engines and vehicles of superior carrying capacity (vic. 8} tons
a8 against 5) would have been able to cope with the traffic up to over
three times the quantity of the narrow gauge line, and its receipts would
have been increased accordingly; the average train load being on the
Bombay, Baroda and Central India line 1834 tons, while that of the
narrow gauge line was only 55} tons.* With regard to the working ex-
penses “ not being smaller,” it is difficult to understand how Lieutenant
Pilkington can have arrived at this conclusion after showing as he has
done in paragraph 16, that the cost of carrying one ton of goods one
mile on the respective lines was—

* Making due allowance for difference in Station Staff, as pointed out in paragraphs 22 and 23,
the result would be Bombay, Baroda and Central India 1:2305 pies, Rajpatans 2:6080 pies.

% The Bombay, Baroda and Central India engines could haul a train of over 400 tons, The nar-
row gauge engine could not haul more than 125 tons.
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Pies.
Rajputana, ... wee see wee wee  see  see  see  TT9
Groat Indian Peninsula, ... .. e we wee e 459
Bombay, Baroda and Central India, ... .. e . 418
the cost on the Rajputana being nearly 70 per cent. higher than on the
Great Indian Peninsula, and 89 per cent. higher than on the Bombay,
Baroda and Central India line.

27. Bat taking the working expenditure of the respective lines, (excla-
sive of general charges,) I think, I have shown most conclusively in pars-
graph 25 that the charges would have been nearly 45-82 per cent. less per
ton mile had the line been worked at the same rate as the Great Indian
Peninsula line, and 4666 per cent. less at the Bombay, Baroda and Cen-
tral India Company’s rate; applying then these rates to the Rajputans
line, the ton mileage being 120,876,767, the expenditure (excluding gen-
eral charges) would have been reduced from Rs. 15,56,121 to 8,43,115at
the Great India Peninsula Company’s rate of working, and to Rs. 8,29,958
at the Bombay, Baroda and Central India Company’s ratg.

28. The percentage of expenditure to earnings and percentage of
profit on capital outlay on the Rajputana line would then have been 25
under :—

Percentage of| cent. on Cap-
Gross .
St | Expensssto ital onty b
ber 1877
At Great Indian Peninsula Company’s rate - .
of working, 11,20,861 4158 621
A%o Bombay, Buo?. mkdmgenhﬂ India
mpany’s rate of wor o 11,07 41-06 626
AtBombay, Baroda and Central India Com- 07,304
y’s rate allowing for Station Staff, as
per Note at foot of paragraph 25, ... 10,51,928 3901 648
Instead of, ... | 18,388,367 | 6800 312

29. There are a few other points in Lieutenant Pilkington’s memo.
which I have not touched upon, as it will, I think, be clearly seen from the
foregoing comparison, that for a large traffic the standard gauge is more
suitable than the narrow.
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Note by Mr. A. M. RexpEvr, Consulting Engineer for State Railways, to the
BEcrETARY oF STATE FoR IxDIA, 08 @ © Comparison of the Rajputana
Metre Gauge Railway with the Great Indian Peninsula and Bombay,
Baroda and Central India Standard Gauge Railways,” by Mz. E. B.
CarnoLr, Locomotive Superintendent, Bombay, Baroda and Central
India Railway Company.

S0th May 1679,

Mr. Carroll, the Locomotive Superintendent of the Bombay, Baroda
and Central India Railway, has issued, under date February 1879, a
Paper entitled “ Comparison of the Rajputana Metre Gauge Railway
with the Great Indian Peninsuls and Bombay, Baroda and Central India
Standard Gauge Railways,” in which conclusions are arrived at very
much to the disadvantage of the metre gauge.

Being in a measure responsible for the adoption of the metre gauge in
Indis, I have perused this Paper with some interest ; and as it forms the
foundation of & “ memorial of the inhabitants of Bombay in public meet-
ing nssembled” to the Secretary of State, protesting against the line
between Ahmedabad and Ajmere being made on that gange, I propose to
offer some remarks in reply.

For the purpose he had in view, it was of course necessary for Mr, Car-
roll to state the conditions of a fair comparison. He commences, there-
fore, by saying that the Rajputana, having in 1877 been open throughout
its entire length since 1875, * the result of the railway's working, that is,
the cost of running its trains, of its maintenance, &c., ought now to be
about as good as they are ever likely to be, and to form a perfectly fair
basis of comparison with other railways;” and he then proceeds to lay
the results obtained in working the Rajputana in 1877, alongside those
of the Great Indian Peninsula and the Bombay and Baroda in the
same year.

If Mr. Carroll had looked back at the cost of working his own line,
and the Great Indian Peninsula in years bygone, he would have found
that they were perhaps at their worst, so far as working cost is concerned,
at that period of their existence at which he states a line should be at
about its best.

Even so late as 1871, a year which showed a great improvement over
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previous years, he would have found the working cost of the Bombay and
Baroda 6-39s. per train mile, against 4-84s, in 1877 ; of the Great Indian
Peninsula 5-58s., against 8:39s. in 1877. The East Indian, I may add,
was 8:62s. in 1871, against 2:59s. in 1877.

As an expert he should know that, as a great portion of the working
expenses of a railway is independent of the quantity of traffic it carries,
the cost of transport upon it is highest when its traffic is least, that is,
ag a rule, in its earliest years; and that its expenses per unit of traffic
diminish as its traffic, or in other words as its age, increases. He shoold
know, therefore, that he cannot draw s fair comparison between any two
lines in the same year, unless that year satisfies the paramount condition,
that the quantity of traffic on the lines compared was during that yesr
approximately the same; and that, therefore, it is wholly unreasonable
to compare the Rajputana with the Great Indian Peninsula or Bombsy
and Barods during a period when the goods traffic of the Great Indizn
Peninsula was six times, and that of the Bombay and Baroda three times,
a8 great as, and when their passenger traffic was from 80 to 40 per cent.
greater than that of, the Rajputana.

A still graver error on Mr. Carroll's part is his selection of the gros
ton mileage, that is, the freight and dead weight moved together, as his
basis of comparison of working cost, instead of the net ton mileage, that
is to say, the freight moved only. He does not even call attention to
the fact that he is using the gross ton mileage, for he calls it simply ton
mileage, and it is probable that his readers generally have hitherto sp-
posed him to mean what is ususlly meant by ton mileage, namely, the
net or freight.

Mr. Carroll must be perfeotly well aware that economy of railwsy
management is not to be judged by the cost of the effort made, that is to
ssy, the number and weight of trains run, but by the cost of the effect
produced, that is to say, the freight carried ; and that a large diminution
may be effected in the cost per gross ton moved by simply increasing the
dead weight, though, of course, the cost per net ton, or ton of freight,
would be much increased thereby. He must be aware that loud com-
plaints have been made against the enormous proportion of dead to lire
weight moved upon railways in India; that it is, in fact, the crying evil
of railways generally, much worse, indeed, in England, than in Indis, snd
that to award the palm of merit to the line which shows the lowest cost
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per gross ton mile is very possibly to give it to the line which least
deserves it.

Mr. Carroll's basis in this respect is so utterly fallacious, that I shall
not attempt to follow him through figures resting upon it. But I may
point out that in Table I, (Working Expenses and Profits,) profits and
the proportion which receipts bear to expenditure depend in a measure on
the rates charged. This is not of much importance in the year Mr. Car-
roll has taken, but it is of very great importance in the years which I
shall select for comparison.

M. Carroll’s Tables II and ITT (Maintenance of Way and Locomotive)
where based on the mile of railway maintained, and train mile, are not
unfavourable even in 1877 to the Rajputana; where based on what he
calls ton mileage, meaning thereby gross ton mileage, they are vitisted
by the fallacy of the basis on which they are fonnded.

His Table IV (Carriage and Wagon) is favourable to the Rajputsna
s0 far a8 the Great Indian Peninsula is concerned ; unfavourable so far as
the Bombay and Baroda is concerned. Mr. Carroll gets over this by
declaring the Great Indian Peninsula charge abnormally high. I might
with equal resson declare the Bombay and Baroda abnormally low. But
the carriage and wagon department is comparatively a small one, and the
probability is that this department of the Rajputana was going through
an experimental stage, which temporarily increased its cost. Moreover,
the Government charges to Revenue many things which the Companies
charge, I do not say improperly, to Capital.

As to Table V, (Working Expenses, Total,) the enormous variatione
between the two broad gsuge lines in the details, point to differences of
circumstances which vitiate the whole.

As to Table VI, (Weight of Trains,) the unit of traffic is not stated,
and the Bombny and Baroda line goods load is put at 188-50 tons.

This must be an error. No Indian Railway has yet reached this aver-
age load. The true load was, I believe, 128:5 tons. The error is repeat-
ed in Table VIII.

Labour, however, is ill bestowed on figures based on thoroughly false
assumptions, and I shall, therefore, now proceed to show that, taking fair
bages of comparison, the metre gauge on the Rajputana line has already
satisfied all that its promoters claimed for it, and that, though with
more experience and larger traffic, better results may be looked for as
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years go on, it shows in 1878 a far greater measure of success than either
the Great Indian Peninsula or the Bombay and Baroda at a much
later period of their existence, and with a consequently much larger
traffic.

T have first to establish a fair basis of comparison in respect to time.
Mr. Carroll cannot object to my taking the Rajputana at as late a period
as possible, that is to say for the year 1878. The retnrns for that year
have just been received, and show, as might be expected, a great im-
provement over 1877, the traffic being mnch larger, and the working
expenses being almost exactly the same as in 1877.

In the next place, I claim a right, to which he cannot object, to com-
pare the Rajputana with the Great Indian Peninsula and Bombay, Barods
and Central India at periods when the traffic upon these lines was abont
the same as on the Rajputans in 1878. To arrive, however, at such
periods I must go back beyond the date from which I have the necessary
materials for comparison. I am content, therefore, to accept for both
the broad gauge lines, a year too favourable to them, namely, 1874
The traffic on both of them in that year, though much lower than in 1877,
was still far ahead of the Rajputans. I can afford, however, to concede
to Mr. Carroll this advantage, for, at nearly every point, the Rajputans
in 1878 shows a clear superiority to both of them in 1874.

Lastly, I shall, of course, use the net ton mile as my standard of efi-
ciency and economy.

The tables relating to 1874, prepared by me, and published by Mr.
Danvers in his Report to the Secretary of State of the following yesr,
have not only not been impugned, but their form has been adopted and
continued in following years by the Great Indian Peninsuls and other
Companies. I am therefore justified in using them here as correct, snd
shall proceed to do 8o, adding to them other data derived from them, to
which I desire to call attention. I should state that, in regard to the
sums which I have put down as the capital expenditure on the three lines,
the cost of the broad gauge lines is taken from Mr. Danvers’ Report for
1874, and that of the narrow gauge from its last year's accounts, that I
omit from the narrow gauge Capital the cost of land, because land is not
included in the broad gauge Capital, and that I have converted rupees
into sterling st 1s. 10d., that being the rate of conversion in the broad
gauge accounts.
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I make, then, the following comparison :—

37

CaPITAL.
, Baro- s
Cost and Profit O entnmiia. | darand Central Rajpotans, in
in 1874 Indis, in 1874
Miles Miles Miles
Average length open in year, . 1,3'66 434 4125
(1). Capital cost to end of year named,| 23,084,484 | 7,838,223 2,660,000
(for 428§ miles),
£ £

(2) Cost per mile of line, .. . 18,240 18,480 6,215
(8). Net revenue required to pay 5 per £ £ £

cent. interest for mile, . 912 924 311
(4). Actual net revenue per mile earn-| £ £ £

cd in years taken, .. e 622 590 250
(5). Actual percentage on capitall Per cent. Per cent. Per cent.

which was given thereby, .. 34 814 4
(6). Net revenne per mile which|

would have been earned on

the traffic carried, if all three

lines had charged Great Indian, £ £ £

Peninsula average rates, . 622 700 536
(7). Percentage of profit on capital

which would have been given| Percent. Per cent., Per cent.

thereby, . . . 84 873 86

(6) and (7) assume, of course, that the quantity of traffic and the profit upon it
would not have been affected by the increase of rates on the Bombay and Baroda,

and the Rajputana.

Note.—~Some expenditure has yet to be incurred on the Rajputana for fencing, &e.,
but, on the other hand, its cost was greatly enhanced by the permanent way materials,
rolling stock, and plant generally having been purchased in England when such
materials were at the highest prices ever known. This alone added at least £500 a

mile to the cost of the Rajputana,

REevexnvE.
A.
Great Indian | Bombay, Baro- .
P! Trafio da,and Central |  R8iputans, in
asmenger vy India, in 1874 1878
£ £ 2
(8)- Receipts from passenger traffic, 438,644 208,332 75,457
No No No
(9). Passenger train miles run, ..| 1,467,661 482,605 400,644
(10). Average passenger train mile s d. s d. s. d.
receipts, . . . 5113 85 8 9%
(Note the average
fares charged).
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Revenve—(continued.)
reat Indian | Bombay, Baro- s
Passenger Traflio GPenln.nln. da, sndyCmt.nl n‘"’f“,;“' fa
in 187¢ 1ndis, in 1874
(11). Number of passengers carried No No No
onemile, .. .. .| 254,228,546 | 187,490,000 | 79,024,000
(12). Average sums received for car- d. d. d.
rying & ger one mile, 414 355 227
(18). Average number of passengers No No No
in a train at one time, . 178 285 197
(14). Average number of passenger| .
trains per diem each way,
sapposing each train to tra- No No No
verse the whole line open, .. 169 1-56 132
(15). Average number of passen
passing over each mile of line No No No
daily (both ways), .. . 550 888 520
(16). Number of passenger vehicles No No No
run one mile in year, .| 20,071,892 | 4,234,689 7,610,338
(17). Average number of passenger No No No
vehicles in a passenger train, 187 88 19
(18). Average number of passengers Ro No No
in each vehicle, average capa- 1266 325 1004
city of carriages, .. ..| nayb0? say 70 ? say 802
(19). Total working expenses for both
goods and passengers, deduct-
ing special and miscellaneous 2 £ £
receipts from them, .o  ..| 1,020,398 257,767 160,79
(20). Average working expenditare £ £ 2
per mile of open line, . 806 608 386
(21). Average cost of running a train
one mile, passenger and goods
miles assumed to cost the s d. s d. s d.
Asa.me, et of o e e 5 2§ 5 8 3 2
22), Average cost of carrying a
2 senger vchicle with igl'.s m d. a. d.
one mile, . . . 455 716 207
(28). Average cost per gross ton mile
moved, taking broad gange
carriages to weigh 8 toms,
narrow 4 tons, and passengers d. d. d.
12 to ton (approximate), .. 5 66 4
(24). Average cost of carrying a pas- d. d. 4.
senger one mile, .. . 36 *221 197
(25). Average weight of passenger| Tons Tons Tons
trains (approximate), o 123 94 90
(28). Proportion of line weight of|
assenger trains to total load s .
Gpprosimate), e - W5 | P i8¢

Note.—That the cost of carrying passenger traffic, gross and net, is lowest on the
Rajputana, and that the proportion of net to gross passenger load, though best on
the Bombay, Baroda, and Central Indis, is far worse on the Great Indian Peninsula
than on the Rajputana. The superiority of the Bombay, Baroda and Central Indis
in this respect is probably owing to the double storied carriages in use on that line.
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- B.
reat Ir . - .
Goods Traffic Gpenm:xi..m a“.?.'"..‘;‘d’em Bajputans, in
in 1874 Indla, in 1874
Miles Miles Miles
Average length open in year, . 1,266 424 41:5
£ £
(1). Receipts from goods traffic, ..| ° 1,369,033 804.288 188,959
No No
(2)- Goods train miles rum, .. | 2 457 093 499,601 595,048.6
s d. 8.
(8). Average gooda train mile receipts,| 11 1} 12 2 C 4}
(Note the average
rates charged).
Tons Tons Tous
(4). Tons of goods carried one mile, [ 201,676,000 | 46,025,643 36,500,978
(5). Average sum received for carry- a. d. d.
irg one ton one mile,.. . 1-68 1588 124
(6). Average number of tons in a Tons Tons Tona
goods train at one time, . 82 92 61'8
™. Avenge number of goods trains
diem each way, supposing]
each train to run over the No No Yo
whole line open, .e . 2:66 161 195
(8). Average number of tons of
passing over elch mile hne Tons Tons Tons
daily (both ways), .. .. 437 297 240
(9). Number of vehicles run No No Ko
one mile in the year, ..| 58,244,833 | 15,563,683 13,538,208
(10). Average nomber of goodl ve-
hicles in a goods train, . 287 80-76 2275
(11). Average number of tons in Tons Tona Tons
each goods vehicle, .. . 846 2:67
Average capacity of wagons,| say 7 tons | say 8 tous say 5 tons-
For working expenses, total,and per I
mile, s¢¢ Passenger No. 19 and 20.
(12). Average cost of carrying a
goods vehicle with its load d d. a.
one mile, . 264 205 1-68
(13). Approximate average “cost, of
carrying one ton gross, that is,
wagon and load together, one
mxle. (l: l:h:: take svemgel
of bro: ga
at 5% toms, o nmmmv d. d. d.
an. & gange at3 tonat), . . -:.9 3&3 ;
cost of carrying one . .
g goods fmlght mmg mile, *762 685 63
15). Avmge mght of goods train Tons Tons Tons
. 218 271 129
16). Approximta port:onof live
load to total weight of train as ax .8
in goods trains, .., .. Yoo 100 100
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Note.~That while the cost per gross ton mile is highest on the Rajputana, the
cost per net ton mile is lowest on that line, which shows the fallacy of a gross ton
mile basis ; and the proportion of net to gross load is mach the best on the Rsj-

putana,

To these tables let me add that, in regard to gradients, omitting the
Ghauts on the Great Indian Peninsula, which affect but a small portion
of it, that line is not materially worse than the Rajputana, there being,
I believe, on the Rajputana upwards of 70 miles out of 420 on an incline
of 1in 150 or less, while the Bombay and Baroda is practically a level
line; that the water on the Rajputana is exceptionally bad, and has a
most injurious effect on the development of locomotive power and the
durability of locomotive boilers, and thab fuel, as Mr. Carroll admits, is
dearer on the Rajputana than on either of the broad gange lines.

I confess I was not prepared to find the Rajputana compare so favour-
ably with lines three times its age, like the Great Indian Peninsula aad
the Bombay and Baroda, for it must be remembered that nearly every
portion of the structare and rolling stock of the narrow gaunge lines
involves a departure from established patterns and experience, and that
some mistakes and consequent waste were therefore inevitable, and have
to be corrected at the cost of revenue.

But whatever be its present shortcomings, it exhibits a railway equal,
for all the purposes it is intended to serve, to either of the Bombay lines,
yet built at little more than one-third their cost per mile; working at
lower cost, in spite of a much smaller traffic, and more unfavourable
mechanical conditions ; and paying a higher dividend than either, although
its rates are so low, that had its traffic been carried at the charges levied
by the Great Indian Peninsuls, its profits, assuming its traffic not to
have been diminished thereby, would have been double what they were.

That there iz room for improvement may be conceded. But there is
no reason to suppose that we shall not see in the Rajputana during the
next four years the same advance in all points that we have seen in other
Indian lines during the last four years. The train loads, though they
were actually in 1878 in excess of the Great Indian Peninsula in 1874 in
passengers, are still less than I think they ought to be both in goods and
passengers ; the amount of work done by the Rajputana wagon stock in
~78 was little more than one-third that done in the same year by the
st Indian, amounting to only 6,000 ton miles per aunum per ton of
acity, against about 16,000 ton miles on the East Indian; and the
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average weight of the Rajputans trains shows that the loads pnt behind
its locomotives are less than they could easily carry. The inference is
that the large indents lately sent in for more stock are in the main un-
necessary, unless the increase which has taken place during the present
year be, what I do not believe it is, more than can be met by good man-
agement accompanied by fair co-operation on the part of those who provide
the traffic.

On the genersl question of the capacity of the metre gauge for traffic,
results so far show, without doubt, whether we look at the Rajputans or
the South Indian, thatits practical capacity is not likely to be approached
by the traffic brought upon it.

The Rajputana traffic in 1878 amounted to 526 passengers and 247
tons of goods passing over each mile each day on the average; and this
traffic was carried in little more than three trains. Even assuming that
the work per train was as much as could be expected, we know from the
experience of the Tirhoot line during the Bengal famine, and from that
also of the broad gauge lines, that at least twelve trains a day may be
run each way on a single line. This would allow of & traffic of at least
1,500 passenger, and 1,200 tons of goods per mile per diem, a traffic which
no line in Indis, except the East Indian Railway, has yet carried, unless
in time of famine.

It is inconceivable that the local traffic of the Rajputana should ap-
proach these figures. The only prospect of its obtaining any large frac-
tion of such a traffic must come from North-West Provinoe traffic pass-
ing over it to Bombay. That this will happen to some extent is, no
doubt, probable, but, looking to the competing routes to Kurrachge, to
Calcutts, and to Bombay by Holkar’s line and Jubbulpore, the time
must be distant, indeed, when the carrying powers of the road will be
seriously tested.

24k July 1879.

P.S.—Bince the foregoing was written, the accounts of the Great In-
dian Peninsula and Bombay, Baroda and Central Railway Companies
for 1878 have been completed and issued, and I have had an opportunity
of comparing them with those of the Rajputana for the same year. The
working expenses per train mile on the Great Indian Peninsula for 1878
are 8s. 9d.; on the Bombsy and Baroda 4s. 9d.; on the Rajputana
8s. 23d. The working expenses per passenger mile are the same on the
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Bombay and Baroda and the Rajputana, viz., <197d., but greater on the
Great Indian Peninsala than on either, namely, :203d. The working
expenscs per ton mile are greatest on the Rajputana, -63d. against -51d.
on the Great Indian Peninsula, and -45d. on tho Bombay and Raroda.
But then the traffic on the Rajputana was mach smaller than on either
of the brond gange lines, for the daily tonnage passing over each mile of
the Great Indian Peninsula was 902 tons, over the Bombay and Baroda
502 tons, over the Rajputana only 240 tons, and the daily number of
passengers passing over each mile on the three lines was 768, 923, and
520 respectively. .

By working expenses in the above figures, I mean the cost of maintain-
ing the lines and condacting the traffic upon them only. To arrive at the
actual cost of transport upon them, we shonld add to the working expen-
ses, fair interest on the cost of constructing them. Theo superior cconomy
of the narrow gauge would then be very apparent.

But the fact is, that gauge has nothing to do with the cost of transport,
so long as the power of tho machine is proportioned to the work to be
done, a narrow gauge being probably best suited to a small traffic, snd s
broad gauge to a large traffic.

Assuming equally good and permanent materials to be supplied ia each
case, working expenses depend chiefly on the quantity of the traffic carried,
on its management, and on physical conditions in regard to levels, cosl,
water, &c.

If we take, for instance, the East Indian, the Madras, and the Oudh
and Rohilkund broad gauge lizies, and the South Indian and Rejputans
narrow gauge lines, in the year 1878, we find the following :—

EnoaDp GAUGE KARROW GAUGE

Bast Oudhand | South
Indian | Msdras |popikgnd| Indien |BSIPOR

e

Miles Ailes ltles Miles | Miles
Length of lineopen, .. .. | 1,504 | 838 544 611 | 416}
Average namber of passengers in No No No No No
trains at one time, oo .o | 229 205 816 290 197
Average number of passengers
pauifng over each mile daily, .. 1,‘1140 586 726 tilso 5’0
Cost of carrying a passenger one . L . )
mile, .’:ng e ol 284 | 1059 | -1327 | ‘197
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BROAD GATGE NARROW GAUGN

Ondh and Sonth .
Todlan | M8 pohiikand| Indian |Reiputans

Numbher of tons of goods in trnins | Tons Tons Tons Tons Tons
at one time, .. ve .. | 1308 8317 93 50 618
Number of tons of goods passing
over cach mile duily, .. s | 1,280 | 2295 400 120 240
d. d. d, d. d.

Cost of carrying onc ton one mile, 26 895 *866 77 ‘63
Cost of running a train (passenger | 5. d. | 8. d. | s d. | 5 d. | s 4.
or goods) oue mile, .. ..|2 10| 4 O} | 2 95| 8 25| 8 2%

These figures, it must be remembered, assume a passenger and a goods
train mile to cost the same. An error in this assnmption, however
serivus, would not affect the general result, and the difference between the
two is, at any rate, small,

The average loads per train on the South Indian are also, to a cer-
tain extent assumed, in default of the requisite materials to determine
them accurately. If tho goods train loads are assumed too high, those
of the passenger trains are too low, and vice versd. And I should notice
that the Ouadh and Rohilkund cost per train mile is somewhat abnormally
low, owing to the large receipts of that Company in 1879 from wagons
hired to, or running on, other lines, which receipts go, in my method of
stating the costs, in reduction of working expenses.

Noy, in these figures, if we compare the Rajputana narrow gauge with
the Madras broad gange, two lines having almost exactly the same quan-
tity of traffic, and somewhat similar physical conditions, we find the
narrow gauge beating the broad in goods train loads, and nearly equal to
it in passengers, and carrying its traffic at far smaller cost per passengsr
mile, per ton mile, and per train mila. The South Indian narrow gange
line shows equally well beside the Madras, but both the narrow gauge lines
show ill beside the broad gauge Oudh and Rohilkund and the East Indian.

If this were due to gauge they would look equally ill beside the Madras.
The cause is clearly something independent of gauge, quantity of traffie
being evidently very important.

‘With more traffic and experience I have no doubt that the Rajputana
will show, as nearly all other Indian lines have done, a constant improve-
ment, and also that its working cost is independent of gange, unless in-
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deed its traffic reaches to something like that of the East Indian. When
that time comes the financial position of the line will be such that we
may view a change, if change be thought desirable, with equanimity. I
am only afraid that that time will never come.

184




No. CCCXXVII.

REPORT ON THE IRON ORE AND COAL
FROM THE CHANDA DISTRICT
OF THE CENTRAL PROVINCES OF INDIA.

By Mg. WirLLiam HackNEy.

To—GexerarL Hrypg, R.E.

8ir,—In accordance with your request, I have carefully stadied the
question how iron or steel may be best made from the minerals of the
Chanda district of the Central Provinces of India; and I have now the
honour to report on the matter as follows:—

L—Choracter of the Chinda Minerals.
The only colliery at work in the district is, I understand, that at
Warora. )
An average sample, analyzed by Mr. E. Riley, of the Warora coal sent
to England by the steam ship * Barmese ” was found to contain—

Moistare, driven off at 212° Fabr., .. . . .. 1100
Volatile carbonaceous matter, . . . .. 81.64
Fixed carbon, .. . .. . . . .. 4843
Alh, . .o .. .o X LX) e . 1394

100-00

—

Solphur, per cent., .. . . . . .. L15
Or, in other words, when heated in a close vessel, the undried coal
Yielded 57-36 per cent. of coke, containing—

Carbon, .. . . .o . . . . 157
Ash, .. .. e ai ee e e ea %8

1000

sud driod coal would yield 644 per cent. of the same.
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The ash consisted of—
Silica, . . .. 0793
Titanic acid, . .. 080
Alumina, .. . .. 22,74
Peroxide of iron, .. «s 871 = Metallic iron, 6-10 per cent.
Lime, . . .. 604
Magnesis, .. .. .. 129
Potash, .. . . 094
Phosphoric acid, .. . 006
Sulphuric acid, .. . 051

99.02

The above analysis of Warora coal corresponds with those given of
this wnd of other coals of the district in the Memoir by Mr. T. W. H.
Hughes on the Wardha Valley Coalfield, pages 99 to 103, (Memoirs of
the Geological Burvey of India, Vol. XIIL., Part 1).

The sulphur contained in the coal is present chiefly in the form of
pyrites, which occurs in part in large pieces that may be picked out, in
part in nests, and in part spangles the surface of occasional blocks of
coal.

In an experiment made to test the extent to which it would be possible
to remove the sulphur, by washing, a sample of coal, in coarse powder,
which contained by analysis 1187 per cent. of sulphur, was washed, with
the result that the washed coal contained 0-86 per cent. of sulphur, and
the residue 5-23 per cent. By powdering the coal more finely, sud by
classifying and washing it with care, a larger proportion of the sulphur
that it contains may no doubt be removed, but it is very questionsbls
whether the whole or nearly the whole can be got out by any practicable
process.

The relatively small amount of fized carbon that is contained in these
coals, and the large percentage of water that they retain, even after they
have been siored under cover for months, indicate that they are moré
closely allied to lignites than to ordinary coals; and this view is confirmed
by their behaviour when coked, and by the ultimate analysis given of 0o
of the varieties of Sdsti cosl, on pages 102 and 103 of Mr, Hughee's
Memoir,

Lignite dried in the air retains generally 15 to 20 per cent. of water,of
more, which may be driven off by exposure to a temperature of 217’
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Fahr. Warora coal that had been stored under cover, in London, for
more than a year retained, by Mr. Riley’s analysis, 11 per cent.

Dr. Percy gives the following as the relative composition of wood and
peat, of dry lignite, and of coal; the proportion of carbon being taken
in each case a8 ejual to 100 (Metallargy, French edition, 1864, Vol. I,

e 127).

g ) Hydrogen
. Carbon Hydrogen Oxygen in excess

‘Wood (mean of 26 analyses), .. 100 1218 83.07 1.80

Peat, .. . . o . 100 985 5567 2.89

Lignite (average of 15 varieties), .. 100  8-37 4242 38.07

10-yard conl (South Staffordshire), 100 612 21.33 847

Tyne steam coal,.. .. e .. 100 591 1832 862

South Wales coal (Pentrefelin col-

Lery), o»  es oo +. 100 475 528 409

The “hydrogen in excess” is that available as a source of heat; that
is, the quantity in excess of the amount required to form water with the
oxygen present. ‘

The composition of the Bésti coal is as follows :—

Oxygen and

Carbon Hydrogen Nitrogen

A. 8haft, good coal (average), .. .. 6361 340  20.98

B. ,, (best samples),.. o o 7407 490 9.92

C. , .. . .o .e .« 7483 460 12-16

Taking the proportion of carbon as equal to 100, as in the table above,
this is equivalent to—

Carbon  Hydrogen Wipogen 15 excom

A. 8haft, .. . . 100 585 82.98 1.28

B. 5 ¢ o . 100 661 1339 494
C s ee  ee  ee 100 619 16-35 415

In estimating the proportion of hydrogen in excess, the nitrogen con-
tained in the coal is calculated as oxygen, but as the amount of this, in
coals and lignites, rarely exceeds 2 per cent., the error is unimportant.

Comparing the compositions of the three varieties of Sdsti coal with
those of different fuels, as given above, it will be seen that while the coals
from the B and C shafts contain an exceptionally large amount of hy-
drogen, in excess of that required to form water with the oxygen present,
and are thus fuels of considerable heating power, and resemble in com-
position the true coals of Europe ; that obtained from the A shaft, which,
from its' lower percentage of carbon, is probably more similar in char-
acter to Warora coal, contains even less available hydrogen than is com-
monly found in wood.
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The solidity and hardness of the coal are little, if at all, affected by
drying it, so as to expel the contained water, but when it is heated to
redness, in a close vessel, to drive off the volatile portions, it decrepitates
to a considerable extent, and does not cake in the least ; nor does it swell
up like South Staffordshire non-caking coal, but shrinks together, as
wood and lignite do when charred, and the coke left, consisting of the
fixed carbon and the ash, is small in quantity (57-86 per cent. from the
undried coal, according to Mr. Riley’s analysis), much broken up, friable,
and somewhat similar in appearance to wood charcoal. It weighs, in bulk,
about 35 Ms. per cubic foot.

A lamp of the coal, about a pound in weight, imbedded in sand, in &
large crucible, and coked slowly for several hours, was found on tarning
it out, when cold, to be split to pieces.

Trials were made, without success, to produce a hard coke from the
coal, by coking mixtures of it, in powder, with different proportions of
caking coal and of pitch. The caking coal used was from Llyndu col-
liery, near Bridgend.

The following are the particulars of the experiments : —

‘Warora Caking

No Coal Coal Pitch Results

T .. 100 . 5 . Did not coke.

2 .. 100 . 5 .. (Moistened and pressed). Did notcoks.

8 .. 100 . 10 .. Did not coke,

4 .. 100 . 20 .o Did not coke,

5 .. 100 o 80 .. Coked slightly.

6 .. 100 o 40 .. Better than No. 5, but when pressed
with the fingers, it crumbled to
powder.

7 .. 100 30 «« oo Coked slightly.

8 .. 100 40 e« o« Better than No. 7.

9 .. 100 50 oo oo Tolerable coke, but not fit to besr s

great weight in a blast furance,

The iron ores from the Ch&nda district, sent by the steam ship ¢ Bur-
mese” to be tested in England, are from Lohars and Pipulgaon. The
following are Mr. Riley's analyses :—
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Lohara Pipulgeon

Qilics, «c e ee ee ee . 081 12:59
Peroxide of iron, . .o . .. 8888 71-84
Protoxide of iron, . . . 0o 812 1024
Oxide of manganese, . . . . 027 Trace.
Alomina, .. . . . .e . 094 808
Lime, . (1) .o .o .o .o Nil Trace.
Magnesia, .. . o . . . 055 0.28
Phosphoric acid, .. . . . . 004 Nil,
Salphur, .. . . . . . Nil. Trace.
Combined water, .. . v . .o 0-88 212
Moistare, .. . . . . . 019 020
Copper, .. e . . . . Nil. Nil.
Titanic acid, ve . . . . Nil Nil,

100-30 “100-30

Metallic iron, per eent., oo .. .. .. 6853 “58.25

In each case, the sample for analysis was taken from a lot of 4 cwt.
of the ore, of average quality, crushed and mixed.

The ores are hard and compact mixtures of peroxide of iron with some
magnetic oxide, and are exceptionally free from deleterious impurities;
but from their hardness and compact texture they are reduced with diffi-
colty, and will require more fuel, if smelted in a blast furnace, than
if they were porous and readily reduced, as the gas passing through the
farnace must contain a larger proportion of carbonic oxide. In reducing
the ore, with coal and with charcoal, in closed crucibles, I found that it
was acted on with comparative slowness, and Mr. Ireland mentions in a
letter to me, that whereas ordinary Lancashire hematite is reduced to
gpongy iron in the Blair furnace in six hours, the Lohara and Pipulgaon
ores took 10 hours. :

The late Mr. David Forbes gives the following analyses of samples of
ores from the same neighbourhood, examined by him some years ago for
Major Lucie Smith. (Journal of the Iron and Steel Institute, 1872,
page 183).

Lohara Dewnlgaon Goonjwai
Iron, metallic, .. .. .. 69208 70006 °©  70.134
Oxygen in combioation, o 29376 28670 28789
Sesquioxide of mangancse, ..  0-090 0084 0-108
Silica, .. .. . . 0823 0813 0-645
Alnmin., .. .o e 0432 0387 0:396
Lime, .o .o . . 0054 0026 0055
M&gnﬁliﬂ, . oo .o Trace. Trace, Trace.
Sulphar, . . .e 0012 0018 0020

Phosphorus, .. . e _0-006 0001 0-003
100000 100-000 100-000
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According to these analyses, the specimens of ore examined contained
more magnetic oxide than the samples analyzed by Mr. Riley; and Mr.
Forbes remarks that they were all % compact admixtures of the natire
magnetic oxide of iron, with more or less specular oxide, (or crystallised
hematite,) and equal in quality to the finest Swedish iron ores, so that
there can be no question as to their suitability for producing the very
finest iron or steel, when smelted with charcoal or with coke, provided
the coal of the Chénda basin is of sufficiently good quality.”

The limestone sent to England with the coal and ore is a dark grey,
hard, compact stone, and contains, by Mr. Riley’s analysis of an average
ssmple—

Silica, . . . . 1875

Alumina, .. . . e 882

Protoxide of irox, .. . o 179

Peroxide of iron, .. . e« Traces.

Oxide of manganese, .o . 015

Lime, .o . . «« 4817 equivalent to 7708 per cent of
Magnesia, .. . . «« 080 carbonate of lime.

Carbonic acid, o . . 8320

Phosphoric acid, .. . o 009

Sulpharic acid, .. . e 008

Combined water, .. . .. 091
Moi‘tm, .. X e ' 026
9972

This is not at all a rich limestone, and contains rather more phos-
phoric acid than is desirable in stone to be used as a flux for such
high class ores as those of the Chdnda district; but it is probable thst
stone richer in lime, and containing at the same time less phosphoric
acid, may be found in the neighbourhood; as, according to Mr. Hughes
(page 112), Vindhyan limestone, which is of good quality and uniform
in composition, occurs within six miles of Warora, near the line of the
proposed railway from Hinganghat. This contains—

Carbonates of lime and magnesia, . . . o 968
Alumina and oxide of iron, . . . . . 12
Phosphoric acid, .. o . . . . +« Trace.
Insoluble, .. . . . . . . . 20

1000
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Mr. Ness writes, in a letter to you, dated the 25th SBeptember 1878,
that rich manganese ore has been found, in any quantity, and with an
outcrop 10 feet thick, at Munsir, about 12 miles north by east of
Kamptee, and Mr. Riley's analysis of a sample of it is as follows :—

Silica, . .. . . 776

Peroxide of manganese, .. e 48-42} = Metallic manganese, 5602
Protoxide of manganese, .. . 8280 per cent.

Peroxide of iron, .. . . 660 =—Metallic iron, 4'62 per cent.
Alumina, .. . . . 058

Baryta, o . o - se 059

-

Lime, . . . es Trace.
Magnesia, .. . o . 048
Phosphoric acid, .. . .e 0-18
Oxides of unickel and cobal . 080
Combined water, .. . . 1:50
Moi'tm, o Y oo e 058

9973

II.—Blast Furnace Ezperiments at Warora.

Two attempts to smelt the Ch4nda iron ores with Warora coal, in s
blast furnace, were made by Mr. Ness, at Warora, in August and Sep-
tember 1875.

The farnace used was 24 feet high, 2 feet in diameter at the bottom of
the hearth, 2 feet 6 inches at the top of the hearth, 6 feet 6 inches at
the top of the boshes, and 3 feet 10 inches at the throat, and the hearth
was 3 feet 9 inches deep. Its capacity was thus 426 cubic feet.

It was blown with three tuyeres, 24 inches in diameter at the nozzle,
and the blast was warmed to the temperature of 150° Fahr. The air at
the time of the experiment was saturated with moisture, the monsoon not
being over.—(Hughes, op. cit., page 1438.)

The ores employed were Lohara ore, already described, and brown ore
from Ratndpir, containing (page 111) about 50 per cent. of metal and
25 per cent. of earthy matter, insoluble in acids.

In both cases the experiments were conducted in the same manner ; but
on the first occasion the giving way of one of the tuyeres, two days after
the furnace had been lighted, allowed water to get into the hearth, and
cooled this to such an extent that the experiment had to be stopped.

Mr. Ness thus describes the second trial, in a report dated 12th Octo-
"ber 1875, (Public Works Department Proceedings for May 1876) :—
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_ “The furnace, after being thoronghly dried, was filled for about three-
fourths of its capacity with rough dry timber, and set fire to; on the top
of this a few, feet of charcoal was placed, and then regular charges of iron
ore and coal, &c., were made, consisting of 1 cwt. coal to § cwt. of Lobars
iron ore, } cwt. Ratndptir iron ore, 20 Ibs. limestone, and an occasional
blank charge of coal or charcoal, this course being continued till the far-
nace was full; in 24 hours after lighting the furnace, the molten slag
began to come down into the hearth, then blast was let on quietly, and in
three hours thereafter the slag made its-appearance at the cinder notch.
Tho pressure was increased to about 14 Ibs. per square inch on the second
day. During this time the sleg formed and came off in larger quantities,
and the hearth quickly filled with spongy iron, which would not liquify.
Seeing this, I increased the blast, and added more blank charges of coal,
and kept on increasing the temperature of the hearth, till I fused the
firebricks, the tymp plate, and even the bottom of the hearth, still, the
iron that had settled down was so mixed with the ashes of the coal that it
would not liquify, and only kept accumulating, till the iron reached the
top of the tuyeres, and then a stop was put to all further proceedings, till
the mass was dug out, which is over a ton in weight.”

In another account of the experiment, in & letter to the South Stafford-
shire Mill and Forge Managers’ Association, Mr. Ness gives the weight
of the mass of malleable iron that gathered in the hearth of the furnace
ag over 30 cwt., and states that towards the end of the trial the pressare
of blast was increased to a little over 3 bs. to the square inch, and its
volume to about 500 cubic feet per minute.~—(Hughes, page 143).

Further on, in the report above quoted (paragraph 5), Mr. Neas com-
ments on the result of the experiment as follows :—

¢« My reason for taking the course I have just described being, general
ly, that in the aggregate the amount of foreign matter in many of the
mixtures used in blast furnaces at home is not much less than is found in
the mixture I expected to succeed with here; for example, it is not un-
usual, in England and elsewhere, to find 5 per cent. of ash in the coal
and 15 per cent. of silicates in the iron ores; when the quantities requir-
ed of these two to make a ton of iron are taken, we have a total of 10
per cent. from coal 4 22} from iron ore, total 324 per cent., whereas
at Warora we have 30 per cent. from the coal, and abount 5 per cent.
from the iron ore, or a total of 85 per cent. of foreign matter, besides
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what is found in the limestone used for a flux, which is similar in quanti-
ty in both cases. This excess of 24 per cent. I fully expected to be
overcome by part of the ash in the coal acting as a flux, but in prac-
tice it has not, and what has added much to the non-success of the
experiment is the tendency the coal has, on entering the furnace, to
decrepitate, and when it reaches the neighbourhood of the tuyeres, im-
poverished, to retain part of its fixed carbon, and in this semi-carbonized
state is imbedded amongst the iron in the hearth, although there is
evidence of an excessive heat in the hearth, from the firebricks (which
are of the best quality) being melted for 6 inchesin the thickness of the
lining.” :

It is quite true, as Mr. Ness states, that in many of the mixtares com-
monly worked in blast furnaces, the proportion of earthy matter to the
metallic iron contained in the charge is as great as in the mixture he used
here ; indeed, it is often much greater.

Thus, in the charge tried at Warora, the amounts of slag-forming
materials and of iron are approximately as follows :—

inndt! Bl;lg-formll'ng Iron
Cwt,

Cwt. Cwt,
From the coal, . .. .. 100 0-139 0008
From the Lohara iron ore,.. .. 025 0008 0171

From the Ratuépar iron ore, o 025 0063 0125
From the limestone,.. . . 0178 0116

Totals, .. .. 0-326 0-304

Or, assuming that 0-304 cwt. of iron, contained by analysis in the
charge, would correspond, in practice, to about 0-816 cwt. of pig iron, the
amount of slag produced for 1 ewt. of pig would be about 1-08 cwt.

In the blast furnaces of the Cleveland district, the average amount of
slag produced is about 1'5 to 1:6 cwt. of pig iron made.

The proportion of slag-forming materials contained in the charge has,
however, comparatively little effect on the working of a blast furnace ; but,
in the case of the Warora experiment, several other conditions were
present, which fully account for the failure to produce pig iron, whatever
were the characters of the coal and ore used.

It was a mistake, in the first place, to attempt to smelt altogether with
raw coal, without an admixture of coke or charcoal, in using cold or near-
ly cold blast; for damp air, heated to only 150° Fahr, was practically
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equivalent to cold blast. In England and Scotland the use of raw coal
has been found to be practicable only since hot blast, heated to from 300°
to 800° Fabr. or more, has been used. At the Clyde Iron Works, for
instance, before 1830, when using cold blast, coke only was employed in
the blast farnaces, and in South Staffordshire and many other districts,
even with the help of hot blast, and in working with a coal that does not
contain nearly 80 much volatile matter as undried Warora coal, raw cosl
is not used without an admixture of coke ; as, if employed alone, it woald
cool the farnace too much.

Thus, in Staffordshire, in one instance, in 1871, the proportions nsed

per ton of pig iron produced were—
Cwt

Coal, oo 4. et e e e ee . 3587
CoKE, +o v e ee e e e e 1140

4727

and in Austria and Italy, where lignite is used in several places, in blast
furnaces, it is always employed in admixture with wood charcoal.

The furnace tried at Warora was also much too low, only 24 feet high.
I do not know that a blast furnace so low as this is in successful work
anywhere, even for smelting porous and readily reduced ores with wood
charcoal. Charcoal blast furnaces, as now constructed,ivary from 26 up
to 50 or 55 feet in height, and furnaces in which hard coke is the fuel nsed
are much higher, particularly when the ore also is hard, and is reduced
with comparative difficulty. Where this is the case, as in Cleveland, the
blast furnaces employed are generally from 70 to 80 feet high, and fur-
naces varying from 90 to 100 or 105 feet in height are not mncommon.
The increase of height, up to a limit of between 70 and 80 feet, is found
to be attended by a marked saving in fuel.

This great height is needed to admit of the complete redaction of the
ore by the ascending current of gases, and the carburetting of the reduced
metal before it reaches the zone of fusion near the tuyeres; to enable the
gases, as they ascend, to act on the ore as fully as possible, so that, when
they pass off, they may contain the greatest possible proportion of car-
bonic acid; and to cool them, by contact with the materials charged.

When charcoal or soft coke is the fuel used, or when the ores smelted
are friable, the practicable height of the furnace is limited by the strength
of the charge to resist crushing; and in the case of charcoal furnaces,
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especially, the diameter is often kept small (between one-fifih and one-
gixth only of the height), in many cases because a larger furnace is not
needed, but also to ensure a more uniform distribution of the ascending
gaseous current through the charge, and to partly support this, by
friction against the sides, 80 a8 to admit of making the furnace high enough
to ensure economical working, without bringing too great a crushing
pressure upon the lower part of its contents.

When raw non-caking coal is used, great height in the furnace is
even more advantageous than in other cases, as the ascending current of
gas has not only to reduce the oreand to heat the charge, but also to drive
off the volatile portion of the conl. The softness of the coke of such coal
limits, however, the height of the furnaces, as they are ordinarily con-
structed, to between 50 and 60 feet ; though Mr. Ferrie, of the Monkland
Iron Works, near Glasgow, has lately succeeded in working, with raw
coal, a furnace 83 feet high, by building it with the upper part divided
by vertical cross walls into four sections, by friction against the sides of
which the charge is partly supported, and is thus kept from crushing
together too heavily.

By this alteration, aided to some extent by the heating of the upper
part of the charge, by means of flues in the cross walls and in the corre-
sponding part of the ring wall, the consumption of coal, per ton of pig
iron, has been reduced from 51 cwt., the rate in ordinary Lanarkshire
farnaces, 52 feet high, to about 84 cwt. This is an equal saving in fuel
to that effected in the Cleveland blast furnaces, smelting Cleveland iron
ore with Dorham coke, by increasing the height from 48 feet to 75 or 80
feet. In this case, the effect of the increased height has been to reduce
the consumption of coke, per ton of pig made, from 30 cwt. to about
22 cwt.

I am not aware that, even with the aid of hot blast, pig iron is made
anywhere with raw coal as fuel, in furnaces less than 40 feet high, and
it is I think questionable whether it could be made, with even the best
South Staffordshire or Scotch coal, in a furnace only 24 feet high.

A third cause of failure was that the proportion of coal used was too
small.

The only portion of the fuel that is of any use in a blast furnace is the
fized carbon, as the volatile part is carried away unburned in the ascend-
ing current of gases, and while it enriches these, and increases their
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heating power when burned outside the furnace, with a farther sopply of
air, it only cools this, by the heat absorbed in driving it off.

In the trial at Warora, 1 cwt. of coal, containing only 0434 cwt. of
fixed carbon, was used with each charge of } cwt. of ore, which would
yield, under suitable conditions, as above estimated, 0-316 cwt. of pig
iron, This would be equal to about 27:5 cwt. of fixed carbon, in the
fuel, per ton of pig, a much smaller proportion than pig iron was ever
made with, in using coke and cold blast, except in farnaces 60 or 70
feet high, an absurdly small amount for so low a furnace, and actually
less than is now used in smelting with raw coal, even with blast heated
to about 800° Fahr., and in furnaces more than 50 feet high.

At the Clyde Iron Works, when working with cold blast, the coke
from 8} tons of coal, or about four tons of fixed carbon, was the quantity
used per ton of pig iron made ; in modern Lanarkshire furnaces, employ-
ing hot blast, 51 cwt. of coal, containing about 60 per cent. of fixed car-
bon or over 30 cwt. of carbon, is the proportion per ton of pig; and in
South Staffordshire the amount used, in good modern practice, with hot
blast, and in a furnace 54 feet high, was in one case, as already mention-
ed, 859 cwt. of coal and 114 cwt. of coke per ton of pig, or together
more than 82 cwt. of fixed carbon.

In the height of the furnace employed, and the whole conduct of the
experiment, the attempt to smelt the Chdnda ores that was made st
Warora resembled rather the mode of working formerly in use in the
German stiickofen and the Swedish Osmund furnace, before the blast
furnace, as it is now known, had been invented.

These furnaces were from 10 to 16 feet in height, and were worked
with charcoal and cold blast. After lighting the fire and partly filliog
the furnace with charcoal, alternate charges of fuel and ore were put in,
and the blast kept on until the reduced metal had accumulated to &
sufficient extent, as a malleable mass, in the hearth. The blast was
then shut off, part of the furnace breast taken down, and the lump of
metal removed and hammered into blooms or bars.

When the furnace was made higher, or more charcoal was used in
proportion to the ore, the reduced metal was more or less carburetted,
or sometimes liquid cast-iron gathered in the hearth, instead of a mall-
able ball, '

As charcoal was the fuel used in the stiickofen, the bloom of reducsd
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iron obtained was not mixed with much ash, and could be forged at
once into merchantable bars. Where coal or coke is the fuel with which
the furnace is worked, this is not practicable, as the earthy ash that these
leave, when burned, remains mixed with the iron, and keeps it from
sticking together. In this case, a successful result is to be attained only
by conducting the process in such a way as to produce liquid cast-iron
snd a liquid cinder, instead of a ball of solid metal, mixed with part of
the ash left from the fuel.

In a modern blast furnace, the aim is always to obtain liquid cast-iron,
instead of malleable metal, in the hearth, and with this object the furnace
is made much higher than the stiickofen, and care is taken, in working
it, to keep the product of the required character, by reducing the pro-
portion of ore if a sufficiently carburetted liquid product is not obtained.

Thus, in lighting a blast furnace, the practice is to put in comparative-
ly little ore, in proportion to the fuel charged, until the farnace is fully
hot, and pig iron of the required character has appeared at the hearth,
and then to increase gradually the ratio of ore to fuel, as the furnace is
found to bear it, until the maximum proportion is reached that will yield
metal of the required quality.

The same watchfulness is required, so long as the furnace is at work,
to keep it on a uniform quality of product; the proportion of ore to fuel,
and the “rate of driving,” that is the amount of blast supplied, Leing
increased or diminished from day to day, according as the furnace, from
changes in the weather or from other accidental causes, is found to be
working better or worse and producing more or less grey metal.

When a blast furnace is driven too fast, so that the ore comes too quickly
down into the hearth, before it has been sufficiently reduced and carburet-
ted, the quality of the metal at once falls off, and either the rate of driving
must be reduced or a larger proportion of fuel must be charged. The
rate of driving that a furnace will bear is known only by trial.

This tentative mode of working, though always adopted in regular
blast farnace management, is especially necessary where, as at Warora,
all the conditions are strange, and it is difficult to predict what proportion
of fuel to ore will be required.

If the furnace at Warora had been started with 4 or 5 cwt. of coal to
each charge of } cwt. of ore, though it is questionable whether pig iron
of any value would have been obtained in so low a furnace, with cold
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blast, and in using raw coal, yet the result would have been better than
it was, and liquid white cast-iron, instead of a malleable ball, might very
probable have been obtained.

The attempt made to melt down the mass of metal, in the hearth of
the furnace, after it had collected there, necessarily failed, as malleable
iron is in itself almost infusible, the cast-iron that it was sought to ob-
tain being a fusible carburet of the metal, containing 2 to 4 per cent. of
carbon and some silicon, and not the metal itself. Since the flame pear
the tuyeres is more or less oxidizing, its action would be rather to bum
out from the metal any carbon that it might contain than to put morein.

In the normal working of a blast furnace, the carburation of the reduced
iron takes place at some distance above the tuyeres, and the only
action close to them is the combustion of the remaining carbon of the
fuel and the melting of the already carburetted metal and of the materials
forming the slag.

As the experiment at Warora was so conducted that a successful result
could not have been obtained from it, whatever qualities of coal and ore
had been used, its failure is not to be regarded as a proof that the pro-
duction of pig iron from the minerals of the Wardha Valley is imprac-
ticable. Indeed, so far as the trial went, though it was economically
failure, its results, when analyzed, are very encouraging.

It showed that the coal, though it decrepitates when thrown into &
blast furnace, does not do so to such an extent as to check the passsge
of the blast; that up a height of stack of 24 feet, at least, the cokein
the lower part supports the weight of the mass above it very well, sod
does not become so crushed together as to check the blast; that sufficient
fired carbon remains in the fuel, when it comes down to the tuyeres, to
produce an intense heat in the hearth; and that in a height of 24 feet
only, at the rate of working sdopted, the ore is thoroughly reduced and
the greater part of the work of making it into pig iron is done.

I1L.—Working of the Minerals in a Blast Furnace.

The difficulty in the way of working the Chénda ores with Warors
coal in a blast furnace is not that the coal contains only a small percent-
age of fixed carbon, in proportion to the volatile matter, together with
a large amount of ash; if this were all, it would necessitate merely the
use of more coal in proportion to the ore charged, or the use of coked
coal, or of a mixture of coked and raw, instead of all raw coal. Nor is

198



REPORT ON IRON ORE AND COAL. 15

it that the ores are dense and diffienlt of reduction; they are not more
dense than the well known magnetic ores of Sweden, which are smelted
readily, and 'the trial made at Warcra showed that they could be reduced
to spongy metal with moderate ease.

The real difficulty, a difficulty that may possibly prove an insaperable
bar to the practical working of & blast furnace with this coal, is that the
coke which it yields is soft and friable, so friable that it may be broken
to pieces with the fingers, and that, though it worked well in the experi-
mental farnace, it would crush to such an extent in a blast furnace of the
tize and form of those in which raw coal is commonly used, as to prevent
the passage of the blast.

The trials made to produce coke from mixtares of crushed Warora
coal with caking coal or with pitch, show also that a good blast furnace
fuel cannot be made from it, practically, in this way.

I have endeavoured to determine, approximately, the relative resist-
ance to crushing of the coke from South Staffordshire non-caking blast
furnace coal, of the coke from Warora coal, and of wood charcoal, as
affording some indication of the greatest dimensions of the blast fur-
nace in which it would be advisable to attempt to use the coal.

The Staffordshire coal was kindly supplied by Messrs. Cochrane & Co.,
‘Woodside Iron Works, near Dudley, and is a sample of what they use
regularly in their farnaces. These are 54 feet 6 inches high by 15 feet
diamoter of bosh; and, from the working of the coal in them, Messrs.
Cochrane & Co. consider that it might be used, without difficulty, in
farnaces 60 feet high,

As field-burned charcoal could not be readily obtained, that made in
retorts, and used in South Wales in making ¢ charcoal ” tin-plate bars,
was employed instead, but before being used in the experiments it was
sgain heated to redness, in closed crucibles, in order to ensure that it was
thoroughly charred, and to drive off any water that it might have absorbed.
It was allowed to cool in the crucibles, and was turned out when cold.

The coal was in pieces that would go through a screen with meshes
2} inches square, but not through one with meshes 2 inches square. It
was thoroughly dried before weighing, and was coked in crucibles, in two
cases at a low heat, and in two at a high heat.

The comparative resistance to crushing of eacl sample of coke and
charcoal was tested by putting it, together with a heavy ball, into a hol-
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low drum fixed on a horizontal axis, giving it in each case 50 turns,
and noting to what extent it was crushed.

The whole contents of each crucible were put together into the drum,
80 that the proportion of small contained in the coke, after crushing, in-
cluded that due to the decrepitation of the coal when coked. The drum
was 24 inches in diameter by 6 inches wide, inside, and the ball used for
crushing was a round stone not quite 3 Ibs. in weight. Each sample
was crushed at a uniform speed of 10 turns per minute, and it was then
classified, by sifiing it successively through sieves of 2,1, 4, $ and }
inch mesh, and the part retained by each sieve was weighed,

The following are the results of the experiments :—

Warora Coal.
Coked at Low Heat  Coked at High Hoat

" Grains " Graing -
Weight charged into crucible, .. 85.000 85.000
Weight out, ., . . e 22410 23,450
Woeights retained (after crashing)— Per cent. Per osst.
By 2-in. sieve, .. . .. Nome. ' ., None, .

w1l . e . .. 3000 135 5510 238
w2 ee  e. .. 10820 486 8750 813
wd g ee e .. 8580 161 4060 174
w b w e e ee 1620 72 1,500 - 64
Fine, .. .. .. .. 320 146 8530 151

22,270 1000 23,350 1000
Loss, .. . 140 100

22,410 23,450
Staffordshire Coal.

Coked at Low Heat Coked at High Hest
A A

S Grains o fGrnﬂm b
Weight charged into cracible, . 85,000 85,00
Weight out, . . s 22,350 21,690
Weights retained (after crushing)— Per cent. Per cent,
By 2-in sieve, .. . .e 820 88 None .
w1 ” .. . . 4350 197 1,230 5.7
w 3 we  es .0 12290 558 14760 688
w i » . . .. 1,380 68 2,490 116
w & » . . .. 1,080 4.9 830 89

Fine, .. .0 .. .. 2100 95 2190 103
22,020 1000 21,520 1000

—— cm—

Loss, .. . 830 170

— ——

22,850 21,690

— . —
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Wood Charcoal.
Heated to Low Heat  Heated to High Heat

“ Grains 7 Grains >

Weight charged into cracible, .. 10,500 10,500
Weightont, «. oo oo .. 7,470 7,460

Weights retained (after crushing)— Per cent. Per oemt.
By 2-in. sieve, .. .o «« Nome. .. None. ..

wl 5 e . . 1,200 156 1,360 184

w & .o . . 4,600 588 8,860 521

w i w e ee . LIT0 152 1450 196

I ev ee .. 20 84 230 81

Fine, .. ee e .. BSO 75 500 68

7,710 1000 7400 1000
Error (excess).. . 240 Loss 60

——

7,470 7,469

C—

The sums of the percentages of each fuel that were retained, after
crushing, by the 2-inch, 1-inch, and §-inch sieves, taken together, are :—
Low Heat High Heat Mean
Warora coke, .. . . . 6211 6)-1 616
South Staffordshirecoke, .. .. 798 748 768
‘Wood charcoal, . .. .. 739 708 722

If the percentage of each fuel that was retained by the }-inch sieve is
included in the calculation, the charcoal takes a still higher position, but
Warora coke remains the most friable of the three.

Thus, the sums of the percentages of the fuels that were retained
by the 2-inch, 1-inch, -inch, and }-inch sieves, taken together, are as
follow :—

Tow Heat High Heat  Mean
‘Warors coke, . . . 1782 785 7885
8outh Staffordshire coke, .. o 856 859 85-75
‘Wood charcoal, . . i 891 90-1 896

The coke from South Staffordshire coal and wood charcoal are thus
much on an equslity, in their resistance to crushing, as tested in the
revolving drum. The coke made, on the one hand, a larger percentage
of fine, that would pass through a 3-inch sieve, than the charcoal; 9-85
per cent., on the average, against 7-15 per cent.; but it yielded, on the
other, a greater proportion of pieces of the larger sizes.

The greater percentage of large that the coke yields, when crushed by
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an equal weight, gives it an advantage in the blast fornace; and if they
were of the same density it would admit of the farnaces being higher
for South Staffordshire coal than for charcoal.

The greater lightness, however, of charcoal than of coke renders the
pressure of a colamn of mixed charcoal and ore less than that of an
equally high column of coke and ore, and to a great extent redresses the
inequality ; so that, in practice, coal furnaces and charcoal furnaces work
well when of nearly equal maximum height.

Blast furnaces, working coal, are generally 50 to 55 feet high by 12
to 15 feet in diameter of bosh, and the largest charcoal furnaces are of
equal height, and about 10 feet in diameter at the boshes.

A farnace using Warora coal, and more than 25 or 30 feet high, would
probably choke up, from the crushing together of the fael, if it were
made as wide as coal furnaces generally are; and since 40 feet is about
the least height of a farnace that will work satisfactorily, burning coke
or coal, the ordinary Scotch or Staffordshire form of furnace cannot
be nsed.

A farnace similar to that built by Mr. Ferrie, and already referred
to, may, however, be found snitable, and it is in this direction that any
further blast furnace experiments with Warora coal should be made.

Mr. Ferrie, using the same coal and ore as those ordinarily smelted,
in the Glasgow district, in furnaces 62 foet high and 15 to 18 feet in
diameter at the boshes, and that cannot be worked in higher farnaces, of
the common form, on account of the crushing of the charge, has snoceed-
ed in smelting in a furnace 83 feet high, by dividing 80 feet of the upper
part of the shaft, by vertical cross walls, into four sections, by friction
against the sides of which the weight of the charge is partly supported.
Mr. Forrie makes flues, also, in these cross walls and in the correspond-
ing outside walls of the farnace, in which part of the escaping gss is
burned; and by the two srrangements jointly, the saving effected
amounts to 19 cwt. of coal per ton of pig iron made.—(I. L. Bell, Chen-
ical Phenomena of Iron Smelting, page 309.) I send with this s copy
of the Journal of the Iron and Steel Institute, for May 1871, in which
Mr. Ferrie's farnace is described.

Ferrie's furnace seems to have been introduced more successfally in
the United States of America than at home. At the works of the
Etna Iron Company, at Ironton, Ohio, U. 8. A., there are two of these
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farnaces, 87 feet 6 inches high, working with blast heated in Whitwell’s
firebrick hot blast stoveg. An account of the blowing in of the first
furnace is contained in * Iron” for 1st April 1876, page 427, and no-
tices of their working are given in the Foreign Reports to the Iron and
Steel Institute, No. 1, 1876, page 247, and No. 2, 1877, page 7.

They appear to work well, but according to the late Mr. Whitwell
(Journal of the Iron and Steel Institute, 1878, page 208), the coal used is
found to be too soft to stand the crushing action of so high & column of
materials, and a small proportion of coke is used with it, to keep the
farnace open. In Staffordshire, as Mr. Whitwell states (loc. cit.) a
farnace of this type is also worked, but the heating flues in the walls are
not used.

For working with Warora coal, a furnace so high as that built by Mr.
Ferrie, at Monkland, would, of course, be unsuitable, but it is possible
that this fuel may be found to work, satisfactorily, in a much lower
furnace of similar form. Even in a furnace 40 feet high, the working -
will be economical only if very hot blast is used, and it will be a matter
for trial whether or not the coal should be partly or wholly coked before
it is charged.

The experiment may be tried, with least expense, by altering the
existing furnace at Warora, increasing its height to 40 feet and reducing”
its greatest diameter to 5 feet. In the Ferrie furnace, at the Monkland
‘Works, the mean cross section of each retort is about 2825 square feet,
and its mean circamference is 21-4 feet; the samo ratio of circumfersnce
to ares as in a circle 528 feet in diameter.

The depth of the hearth, below the tuyeres, may also, I think, be made
6 or 9 inches less, with advantage, in 50 small a furnace. I add a tracing,
showing the alterations I would suggest.

‘With the altered farnace, and using the same blowing and blast warm-
ing apparatus as before, the iron smelting experiment should then be
repeated, under the charge of an experienced farnace manager, one used,
if possible, to smelting with raw coal; and if liquid pig iron of any kind
is obtained, and the furnace works regularly, the experiment may be con-
sidered successful.

Trials should be made both with raw coal, as before, and with coked
coal, coked in heaps on the Staffordshire plan. This mode of coking is
desoribed and illustrated in the first volume of Dr. Percy’s Metallurgy.
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It is simple, and involves little outlay for plant. The coke should be
screened, before use, and only so much as is retained by a 1-inch or
1§-inch riddle should be charged into the furnace.

The iron produced will probably be white, full of sulphur, and useless
for any purpose, and it will be made only at the cost of an enormous ex-
penditure of coal; but if it can be made at all, if the coke is sufficiently
hard to render the working of the furnace possible, the use of a larger
furnace, on Ferrie’s plan, divided by internal cross walls, so as to offer as
much resistance, from friction, to the descent of the charge as is afforded
in the experimental farnace, and the use of highly heated blast, will re-
duce the consumption of fuel to a reasonable amount, and will make the
metal good and serviceable.

Mr. Bell has pointed out that the effect of hot blast, in promoting
economy of fuel in a blast furnace, is precisely the same as that of in-
creasing the height of the farnace, Thus, at Lilleshall, by increasing
the height of the cold blast farnaces from 53 to 71 feet, the consump-
tion of coke, in smelting 43 per cent. ores, has been reduced from 40 cwi.
to 27 or 28 cwt. per ton of pig iron made; as small a quantity of coke
as would have been required in the old furnaces, 53 feet high, if they had
been blown with air heated to between 800° and 900° Fabr. (Chemical
Phenomena of Iron Smelting, page 356.) _

While highly heated blast may replace height of furnace, without
affecting the consumption of fuel, the economy that may be attained by
these two agencies, jointly, is limited by the greater or less facility with
which the ore is reduced, so that, while very hot blast is of doubtful ad-
vantage in furnaces 8o high as those of the Cleveland district, it effects
s remarkable economy and a great improvement in the metal produced,
in the case of furnaces which, owing to the softness of the fuel ar the
ore, cannot be made very high, and for such furnaces the blast canmot be
too hot. Thus, at Warora, if it is foond that by adopting Mcr. Ferrie's
plan, a furnace, 40 feet high can be worked, it will be advantageons to
use blast heated to the highest possible temperature. The heating of
the blast is effected, without cost, by the combustion of the waste gases
from the top of the furnace.

The hottest blast is that produced by Cowper’s or Whitwell’s firebrick
stoves. Of thege the Cowper stove is theoretically the best, and it is
the less costly of the two, aud occupies less ground space. It was not,
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however, easily cleaned from dust, as it was first designed, and Whitwell’s
modification was introduced to overcome the difficulty; but it is claimed
that, by recent improvements in their construction, Cowper's stoves may
now be cleaned with ease, so that Whitwell’s form has no longer any ad-
vantage. I enclose & pamphlet descriptive of Cowper’s stoves, and some
other papers relating to them.

Messrs. Cochrane & Co., smelting 8 refractory mixture of ores, in
their furnace 54 feet 6 inches high, and with blast heated to between
1,400° and 1,500° Fahr. by these stoves, use—

Staffordshire coal, .. . . . . . 19} cwt.
Coke from ditto., . . o . . .o 4 ,

per ton of pig iron made. Assuming that the coke contains 90 per cent.
and the coal aboat 60 per cent. of fixed carbon, this is equal to 24-3 cwt.
of carbon per ton of pig. In 1871, when the blast was heated in cast-
iron stoves, to about 800° Fahr. only, the consumption of fuel, per ton
of pig iron made, was—

Staffordshire coal, .. .o . .o . o 8587 cwt.

Coke from ditto., . . e . . .« 1140

equal to about 818 cwt. of carbon per ton.

The principal difficulty in the way of producing good pig iron, for
steel making, with Warora coal as fuel, if blast furnaces can be worked,
will be that the coal contains rather a high percentage of sulphur, and
that the pig iron will be liable to take up sulphur from it.

This may be prevented in several ways, and I do not anticipate that it
will be a cause of any serious trouble.

The use of the very hot blast already advocated, and working the
furnace with sufficient fuel to make No. 1 or No. 2 grey pig iron, will be
one safeguard. It is well known, that in any blast furnace in which
sulphur is contained in the charge, it may be kept to a great extent out
of the iron by working the furnace hot and making the metal very
grey. If, from any cause, such as greater dampness of the air or of the
materials, the furnace happena to make less grey or white iron, the metal
is much more contaminated with sulphur, and the less grey it is the
mors sulphur it contains. White iron, from the same furnace and the
same charge, contains often more than 20 times as much sulphur as No.
1 grey iron.

Another precantion that should be adopted, to keep- the metal free
from sulphur, is to add as much limestone to the charge as is consistent
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with keeping the slag sufficiently lignid. To admit of working with a
very basic and therefore a comparatively refractory slag, blast as hot as
possible is again advantageous, as it keeps the hearth of the furnace at
a higher heat.

It is difficult to estimate, exactly, how much Warora coal will be
needed in the blast furnace, if it can be worked, but assuming that 85
owt. of fixed carbon, or 806 cwt. of coal, will be required per ton of
No. 1 or No. 2 grey pig iron made, and that the ores used will be, as in
the former trial, equal parts of Lohara and of Ratndpir ore, the ratio
of silica to alumina, in the earthy matter of the charge, will be as 100
to 415, and with this proportion of alumins, a slag containing 48-5 per
cent. of lime will be sufficiently fluid to run from a hot-blast farnace.
To make such a slag, if the pure Vindhyan limestone is used, of which
Mr, Hughes gives an analysis, 25'1 cwt. of it will be required, and the

materials to be used per ton of pig iron made will be—
Cwt.

Coal, . . . . . e . .« 808
Lobara iron ore, .. . . o . . .. 162
RatnépGr iron ore, .. . . e e . o 1632
Vindhyan limestone, . . . . 25.1
With these proportions, the slag per ton of pig mll be sbont 288 cwt.,

or rather less than in average Cleveland practice. In the experimental
cold-blast furnace, little more than half this amount of limestone should
be used, in proportion to the coal, or the slag will not be sufficiently
liquid.

Some of the rich manganese ore that has been found near Kampteo
may also be added to the charge, with advantage, if the metal produced
is found to contain too much sulphur. Bpiegel-eisen, a pig iron contain-
ing from 5 to 20 per cent. of manganese, though smelted with coke,
contains no sulphur; the addition of sufficient manganiferous ore to a
blast farnace charge to put 2 per cent. of manganese into the metal re-
duces the sulphur contained in it from 0-2 or 0-3 per cent. to 0-05 oz
0-08 per cent.; and pig iron containing 3 per cent. of manganese never
cuataing more thun a trace of sulphur,

If pig iron containing less than 0-1 per cent. of sulphur ean be pro-
duced, the making of it into steel will present no difficulty. It may be
treated by either the Bessemer or the open hearth process. I send with
this a copy of a paper on steel making that I read some time ago before
the Institution of Civil Engineers, in which both are deacribed.
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The Bessemer process is preferable, in working from pig iron, for mak-
ing steel suitable for rails, tyres, and plates, where the production requir-
ed is large; but it cannot be carried out on a small scale; and thus, for
s small output, the plant required is expensive, and the open hearth or
Siemens’ process involves less outlay. The Siemens’ process is also the
better fitted for making steel of the higher qualities, The cost, in Eng-
land, of the open hearth plant required to convert 100 tons of pig iron
into steel ingots, per week, would be, including building and all acces-
sories, about £5,000.

In making steel by either the Bessomer or the open hearth process,
from 0-6 to 1 per cent. of manganese, in the form of spiegel-sisen or
ferro-manganese, must be added to the metal. If steel making becomes
established at Warora, this manganeso alloy may be made, in a blast
farnace or cupola, on the spot, but at the first it had better be imported
from Europe, and rich ferro-manganese, containing 50 or 60 per cent. of
the metal, may be found the most advantageous, on account of the ex-
pense of carriage, as a small quantity only, 2 or 3 per cent. of the steel
made, will be required.

IV.—Working of the Minerals by Direct Processes.

Mr. Ness, in his Report of the 12th October 1875, after giving
the account above quoted of the trial he had made to smelt the Ch4nda
ores with Warora coal in a blast furnace, a trial which he regarded as
proving, conclusively, that it would be impracticable to work these ma-
terials in that way, mentions the Blair process of reducing rich iron ores
to spongy metallic iron, and subsequently treating this for the production
of steel, without making pig iron at all, and suggests that this mode of
working may be found suitable for the treatment of the Wardha Valley
minerals.

In consequence of this report, samples of Lohara and Pipulgaon iron
ores, of Warora coal, and of limestone, were sent to England, for trial
by different modes of direct treatment.

Mr. Ness superintended the experiments, and gives an account of them
in another Report, dated Glasgow, 5th January 1878. In this, he ex-
presses a decided opinion in favour of the Blair process, and advises the
erection, at Warors, of a reducing or sponge making furnace on this
plan, and of a crucible steel-melting furnace, for the melting of the
sponge into ingots of tool steel.
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The Blair process is, certainly, one of the most promising of the many
that have been suggested for the production of malleable iron or steel
from the ore, without first making pig iron; but, like nearly all such
processes, nearly all of them, at least, in which coal can be used as fael,
it has the serious drawback that, so far as I have been able to leam, it
i8 nowhere practically and commercially at work.

Mr. Blair carried it on, for some time, in works near Pittsburg, Pen-
nsylvania, U. 8. A., but these were closed three years ago, and since
then it has not, I believe, been worked anywhere, except on an experi-
mental scale by Mr. J. Ireland, of Manchester, who is joint patentee,
with Mr. Blair, of some modifications of the process and forms of the
apparatus,

The Chenot process is the only direct mode of treating iron ores, in
which coal may be the fuel employed, that is known to be in practical use.
This method was first brought before the public in 1851, and a grest
futare was expected for it, but it has not in most cases been found fo
compete advantageously with the methods of manufacture in common
use, and it is now in operation in two works only, at Baracaldo, near
Bilbao, in Spain, and at Clichy-la-Garenne, near Paris.

The process is described, at considerable length, in Dr. Percy’s Me-
tallurgy, and an account of it, as practised at Clichy, is given in the
st Révuo Hebdomadaire de Chimie Scientifique” for September 7th, 1871.
It consists, essentially, in exposing the ore, in pieces of about two cubic
inches in volume and mixed with a fifth of its weight of wood charcoal,
to a red heat in vertical retorts. The retoris used, in one instance, of
which particulars are given by Percy, were 28 feet high, and 6 feet 7
inches long by 20 inches wide, Each held a charge of 2 tons of ore, with
s corresponding amount of charcoal, and the reduction to sponge requir-
ed an exposure of the mass to heat for three days. In some instances,
where charcoal was abundant, the reduction was eftected by the direct ac-
tion of a current of hot carbonie oxide, driven through the mass of ore,
and at once heating aad reducing it, instead of by heat transmitted to
the mixed ore and charcoal through the walls of a retort.

Mr. Sandberg studied the process, very fully, in 1862, and reported on
it to the Swedish Board of Ironmasters, at Stockholm. He states that
the reduction of the ore was never uniform or complete, and that it was
necessary, in all cases, to pick over the sponge, separating the imperfect-
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ly reduced portions, to be treated again. The reduced sponge was gene-
rally “sunk” into balls in a charcoal fire, and then hammered or rolled
into bars. 1-6 ton of sponge, containing 93:6 per cent. of iron, yielded
1 ton of finished bars, with a consumption of 0:86 ton of charcoal in
making the blooms, and 1 ton of coal in reheating these before forming
them into bars. At Baracaldo, in 1862, bar iron was made in three
different ways,—by the Chenot process, by puddling charcoal pig iron,
and by puddling coke pig iron, and the costs of the three qualities were
respectively 500, 450, and 400 francs per ton.

_The difference between Mr. Blair’s process and that of Chenot is in
the mode of heating the mixture of ore and carbon charged into the
retorts. Mr. Blair claims to have discovered that the irregular and slow
reduction of such mixtures is due simply to their low conducting power
for heat, and that if the mass is once heated up, throughout, to uniform
redness, and merely kept from cooling, reduction will take place regular-
ly through it, without any absorption of heat, so that no additional sup~
ply of heat will be required. This is contrary to the view of most metal-
lurgists, who consider that in the reduction of iron ore by solid carbon &
constant absorption of and demand for heat go on, but the results obtained
by Mr. Blair and Mr. Ireland seem to establish it beyond question, and
the Blair process may be regarded as a substantial advance on that of
Chenot, so far as the production of reduced spongy iron is concerned.

In Mr. Blair's first form of furnace, patented in England in 1872 (No.
1,795), the initial heating of the ore and carbon was effected by intro-
ducing the charge into the retort through an annular space, heated inside
aud outside, in which no part of the charge was more than three inches
distant from the heating surface. ¢ Each reducing furnace consisted of
a group of three vertical retorts, each retort being 3 feet in internal
dismeter, and about 28 feet high, surrounded by an outer casing of
brickwork, leaving & combustion chamber between the inside of the brick-
work and the outside of the retorts. The retorts and outside brickwork
stood upon a cast-iron entablature, supported on columns 12 feet from
the ground ; below the entablature, and forming a continuation of each
retort, were wrought-iron cylinders, each surrounded with a water jacket,
for more quickly cooling the iron sponge, and having at the lower ex-
tremity a sliding sleeve for discharging it. 1In the top of each retort a
cast-iron pipe or thimble, 2 feet in diameter, and about 6 feet long, was
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inserted, leaving an annulus of 6 inches between it and the inside of the
retort.

¢ The retorts were heated externally, by gas jets, the air for com-
bustion being supplied through apertures immediately above each jet.
When the retorts were thoroughly heated, and all in working order, the
gas generated from the ore under reduction ascended up the inside of
the pipe inserted in the top of the retort, and on meeting with air flamed,
and so heated the pipe. The ore and carbonaceous matter were fed into
the retort down the 6-inch annulus, between the retort and pipe, and
forming a narrow column heated on both sides, were thoronghly Leated
up before reaching the wide retort below.” (J. Ireland, ¢ On the Manu-
factare of Iron Sponge by the Blair process,” Journal of the Iron and
Steel Institute, 1878, page 47).

This form of furnace seems to be referred to in paragraph 9 of Mr.
Ness’s Report of the 5th January 1878, but nothing like it is shown in
the accompanying drawings.

In it, the reduction of the ore to spongy metal was effected in about
80 hours.

Subsequently Mr. Blair found that, by the addition to the charge of
about five per cent. of lime, or of any alkali, the reduction was so much
quickened that an ore which formerly required 80 hours to bring it to
the metallic state could be perfectly reduced in 6 hours.

To take full advantage, however, of this possibility of more rapid re-
duction, it was necessary to devise some means of heating up the charge
more quickly ; and this Mr. Blair proposes to do, where fuel sufficiently
free from sulphur is to be had, by forcing a current of hot carbonic oxide
through the mass, much in the same way as in the Chenot direct hestiog
arrangement, except that Mr. Blair adds carbon and lime to the charge of
ore, instead of using ore alone. Such a furnace, according to Mr. Treland
(op. cit., page 50), with a retort 5 feet in diameter in the upper and 6
feet 6 inches in the lower part, by 16 feet high, will reduce 200 tons o
ore to the metallic state weekly.

As charcoal is not to be had as fuel at Warora, and the Warora coal
contains a good deal of sulphar, a furnace such as that just mentioned
would not be suitable there, and ¢ therefore,” as Mr. Ireland writes in
the paper already quoted (page 51), *the old form of farnace must be
used, in which the heat is transmitted through the retort; but hert,
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again, some different arrangement must be made to heat up the ore more
quickly. The writer ultimately concluded to abandon the inserted pipe
or thimble, and divide this part of the retort into a number of smaller
ones, 80 a8 to present as small a column of materials to the action of
the heat as possible. A small farnace, some 21 feet in height over all,
was erected on this principle, with a redacing retort about 18 inches dia-
meter and 10 feet 6 inches high, and a cast-iron pipe on the top, 8}
inches diameter, to heat up the ore. This furnace works well, and has
been in constant operation since September last. Some 20 tons of the
Indian ore have been operated on, and iron sponge of uniform and ex-
cellent quality produced, part of which has been since made into first-
class tool steel, and some of it melted in a cupola into pig metal..........
Various other ores have been reduced in this furnace with the same uni-
form result.

¢ Though of small dimensions, this reducing furnace is on the prin-
ciple proposed for working with transmitted heat, and, in furnaces of
larger diameter, the number of small heating retorts, placed on the top
of the larger or reducing one, will be increased, as the diameter of the
latter increases; thus, a reducing furnace of 3 feet diameter will have
four small retorts above it, and 5 feet diameter will have seven. The
top of the large retort is arched over, against a circular key-brick, hav-
ing a hole through its centre, one of the small retorts standing on the
top of it. The remainder are placed round, each resting on two of the
arches, so that the ore, &c., when heated, falls down between the arches
into the large retort below. The spaces between the arches being almost
square, and the small retorts round, a space is left at each corner,
through which the gas generated from the ore under reduction can
escape into the combustion chamber round the small retorts, thus help-
ing to heat them. To cool the iron sponge, as quickly as possible,
after reduction, it is split into three or more columns (according to the
gize of the furnace) in the wrought-iron cylinders below, each cylinder
being surrounded by a water jacket, through which a slow current of
cold water is passed, and on being discharged from the mouth pieces, is
sufficiently cool that oxidation does not take place. A reducing furnace
of this description, 5 feet diameter and 40 feet high, will reduce 60 to -
70 tons of ore to a metallic state weekly, and the cost is about £600,”

No mention is made of this construction in Mr. Ness’s Report; but it,
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or something like it,—some arrangement in which the ore and the gases
from the fuel are kept apart, while, at the same time, a rapid and thorough
initial heating of the charge is provided for,—will probably be the best
adapted for treating the materials of the district, if the Blair process is
employed.

The density of a sample sent to me, from the India Stores, of iron
sponge reduced by the Blair process from Lohara and Pipulgaon ores,
is 102 or 103 Ibs. per cubic foot.

In the production of metallic sponge, by Mr. Ireland, from these ores,
Warora coal was the reducing agent used, and the redaced metal con-
tained in consequence a very sensible amount of sulphur. As it would
be difficult to obtain an average sample of the sponge, for analysis, on
account of its toughness, the proportion of sulphur that it contains may
be assumed to be the same as that in two samples of steel made by melt-
ing it, in crucibles, with wood charcoal.

These were marked, respectively, F and G (se¢ Mr. Ness’s Report, of
5th January 1878, paragraphs 22 and 29), and contained the following
amounte of sulphur:—

Per oent.

In the sample F, . . . . . .. 0827
” » G . .o . . N .. 0133

Mean, .. .. 0230

This is a proportion which, thongh admissible in tool steel, would ren-
der larger ingots of soft steel, such as that for rails, tyres, plates, &c,
unforgeable, and if the sulphur cannot in some way be kept out, it will
be necessary either to abandon the hope of being able to make rail or plste
steel by the Blair process from these materials, or to use wood charcosl,
with the ore, in the reducing retorts.

Bome experiments that I have made in the matter lead me, however,
to believe that by the use of lime, mixed with the ore, in the retorts, in
rather larger quantity than Mr. Blair recommends, the proportion of
sulphur that the reduced metal takes up may be kept so small as to b
harmless.

Thus, when Lohara ore was reduced in a crucible, with an excess of
Warora coal, and without any addition of lime, the resulting spongy
metal contained in one trial 0-611, and in a second 0-65, per cent. of
sulphur.

When 10 per cent. of slacked lime was added to the ore, the reduced
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metal, brushed clean from adhering dust, contained only 0-082 per cent.
of sulphur in one experiment, and 0:10 per cent. in a second, or on the
average 0:091 per cent., an almost harmless amount, as rail steel con-
taining even 0-15 per cent. of sulphur is forgeable, if it contains also 0-8
or 1 per cent. of manganese.

In another trial, with the lime in small pieces, about the size of must-
ard seed, and free from dust, in using 10 per cent. of lime, the reduced
metal contained 0-109 per cent. of sulphur, and with 15 per cent. of lime
it contained only 0:054 per cent.

‘When Lohara ore was reduced with wood charcoal, the sponge contain-
ed only traces of sulphar.

These results correspond well with the analyses, above quoted, of steel
melted from sponge made by the Blair process, with the addition of 5 per
cent. of lime to the ore. This contained 0-23 per cent. of sulphur. I
found that the ore reduced by Warora coal, without lime, contained more
than 0-6 per cent. of sulphur, that with 10 per cent. of lime it contained
about 0-1 per cent., and that with 15 per cent. of lime it contained only
0:054 per cent.

In practice, the ore would be mixed with coal and with the necessary
proportion of lime, 10 or 15 per cent. in powder, or in very small pieces,
and passed through the reducing retort, and then, as the lime, after re-"
duction, will contain nearly all the sulphur that was present in the coal,
it should be separated, as completely as possible, by passing the spongy
metal through a revolving screen, in which the friction of the pieces
against each other will knock off the greater part of it. Even if some
lime containing sulphur is left in the sponge, the sulphur will probably
pass, in the subsequent treatment, with the lime into the slag, and will
not affect the metal.

It may be assumed, from the above, that good iron sponge can be made
practically and cheaply at Warora, from the Chéinda ores; but, even
granting this, the treatment of it, for the production of merchantable
iron or steel, remains still a matter of difficulty.

Chenot’s method of * sinking” the sponge into balls, in a charcoal fire
is inapplicable, as charcoal is not to be had at a sufficiently low price, and,
as Mr. Ness found, (Report, 12th October 1875, para. 5), the use of coal
instead of charcoal, in admixture with the ore, is impracticable, on account
of the large amount of ash that it contains.
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It is possible that compressed blocks of sponge from the richer ores,
alone or mixed with suitable fluxes, may be heated in a welding furnacs,
and worked into blooms sufficiently clean to make merchant iron; or the
sponge may be balled up in a bath of melted oxide of iron, or ona cinder
bottom, in a puddling furnace, and so worked into blooms and bars. Mr.
Blair employed this latter plan, to some extent, at Pittsburg. He balled
up the sponge, in some cases, in an auxiliary furnace, before charging it
into the melting furnace, and states that when the balling is done ins
gas furnace, very little of the sponge is oxidized.

The quality of the metal obtained, and the amount of waste, in these
modes of working, must be determined by trial, and, in the event of the
failure of all such plans, the sponge may still be made into steel.

By Chenot’s mode of working, steel is made from the sponge by fusion
in crucibles. The sponge is crushed, mixed with charcoal or other car-
buretting materials, compressed into little cylindrical blocks, and melted
in the ordinary way.

Fusion in erucibles is also the mode of treating the sponge proposed by
Mr. Ness for adoption at Warora. In the experiments mentioned in his
Report, the sponge, as it came from the reducing retort, and without
compression, was charged into the crucibles, together with a little charcoal,
and melted down.

This is an expensive mode of working, more especially as the sponge,
even when compressed, is more bulky than cut up bar iron or broken
blister steel, so that while the expenses of crucibles, fuel, and labour are
much the same as in melting compact metal, the outturn of the furnace
is less. It is a process, also, that is adapted only for making small ingots
of hard steel, such as is used for tools. When softer steel is made, the
expenses of working are much increased, owing to the higher temperatare
that is required to melt it, and the consequent increase in the consumption
of fuel, increased wear of the furnace and the pots, and decreascd output;
and the collection into one or two large ingots of the small quantities of
metal melted in a number of pots is also troublesome and expensive.

Mr. Blair, in his works at Pittsburg, adopted the open hearth or
Siemens-Martin method of melting the sponge into ingots. This is the
only practicable mode of making from it the softer and cheaper qualities
of steel, such as those used for bridge work, and for rails, tyres, plates, &c.,
but, as it was carried out by him, it has the disadvantage that a consid-
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erable proportion of pig iron is required, together with the sponge, and
that the waste from oxidation is great.

Mr. Blair used pig iron to form the initial bath, and the sponge was
thrown into it, either cold, in loose pieces as it csme from the reducing
furnace, compressed into blooms 6 inches in diameter by 12 to 18 inches
long, pressed into blooms or “tar plugs™ with 8 per cent. of coal tar,
or finally heated to welding on the cinder bottom of a puddling furnace,
balled up, and charged into the melting furnace in s form like that of
unhammered puddled balls.

The tar plugs and most of the blooms were heated to redness in an
auxiliary furnace, and charged hot into the melting furnace; the loose
sponge was thrown in cold.

The tar plugs were used to carburet the bath, and reduce the propor-
tion of pig iron needed, and it was Mr. Blair’s object to dispense in this
way with pig iron, if possible, altogether, but I am not aware that he -
succeeded in doing so.

. Mr. L L. Bell, in the account he gave, in a paper read before the Iron
and Steel Institute, of his visit to the United States, in 1874, commented
on the Blair process somewhat unfairly, as those interested in it thought,
remarking more especially on the amount of waste incurred in melting
the sponge, and the correspondence that ensued contains some of the
most reliable information that has been published as to its working.

In one series of eleven casts, at Mr. Blair's works, the materials used
were :—

. Lbs. Lbe. Per cent.

Pig iron, . . . 23,816 808
Scrap steel, .. . . 14,161 188
Tar plugs, .. . 13,255 171
Hot sponge, .. . 10,500} 81,871 412 { 136
Cold sponge, .. .. 8116 105
Spiegel-eisen, .. e . 7,681 97

77,879 1000

— —

Deducting 8 per cent. for tar from the 13,255 Ibs. of tar plugs, say
1,060 bs., leaves for the gross quantity of sponge 30,811 ibs.; and again
deducting one-eighth from this, for earthy matter (silica, alumina, &e.,)
say 3,852 Ibs., the actual metallic constituents of the 11 charges stand
as follows :—
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Percentage of Percentage of
Lbe, charge yleld

Pig iron (as before), e .. 23816 829 385
Scrap steel, .. . . . 14,161 195 229
Iron in sponge, . . o 26,959 87-3 436
Spiegel-eisen, . . . 71,581 104 123

72467 1000
Steel produced (ingots and scrap),.. 61,870

Loes, .. e« 10,697 eqn:}lto 14-6 per cent. of the

In two charges of sponge, made by the Blair pr;rcizs by Mr. Ireland,”
that were melted to steel for rails at the Panteg Steel Works, Monmouth-
shire, in May 1875, the results were very similar. The sponge was
thrown lobse into the bath of pig iron, without any preliminary treat-
ment. I am indebted for the particulars of these to the Managing Di-
rector of the Company. They are as follows, the weights being reduced,
as in the American example, to pounds :—

Number of nic. s C,

o Charge Lbs. Lbe,
No. 8, Hematite pig, v . 2,779 9,264
Sponge, . . . . 8,062 9,824
Bpiegel-eisen, . . . . .. 418 1,708
Total charge, .. 6,247 20,781

Steel produced (ingots and scrap),.. 4,349 Mhs. 16,087 Ms.
Carbon, o . . e« 036 per cent. 057 per cent.

Assuming, as before, that the sponge contained one-eighth of its weight
of earthy matter, the corrected weights and percentages will be as under:—

Percentage of Percentage of
Charge, 117 C. Lbe, charge yieid
Pig im,- LYY .o oo .. 3779 474 639
Iron in sponge, .. .o . 2,610 45'6 6l4
Spiegel-eisen, . . . 416 71 96
Total metallic charge, . 5865 1000
Yield, . . . . 4,349
Loss, .« .. 1,518 equal to 25'8 per cent. of the
of
8 0. Peroen
Charge, 11 Lbs. tage of Plnyz:ﬂ
Pig iron, . . .o 9,254 478 877
Iron in sponge, . . .. 8,96 490 536
Spiegel-eisen, o . e 1,708 87 106
Total metallic charge, .. 19,658 1000
Yield, . . . .. 16,087
Ioss, .. .. 8516 equal to 180 per cent of the
’ == charge.
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In Mr. Blair's practics, 50-7 tons of pig iron and epiegel-eisen, to-
gether, were used, in addition to sponge, for each 100 tons of steel
ingots and scrap made, or estimating the yield of merchantable steel at
80 per cent. of the ingots, about 65 tons of pig and spiegel-eisen would
be needed, for every 100 tons of finished steel produced.

The results at Panteg were still worse, the proportion of pig iron and
spiegel-eisen used there having been about 70 tons, for 100 tons of ingots
‘made, or nearly a ton of pig iron for each ton of merchantable steel turn-
ed out.

These proportions of pig iron used to steel turned out are not, it is
true, the lowest that can be counted on, as, in the charges at Mr. Blair's
works, part only of the sponge nsed was in the form of tar plugs, and
part was charged cold and without compression. The melting furnace
used was also defective in design, and inferior in working to those now
employed. At Panteg, also, the sponge was all thrown loose and cold
into the bath, and it had, I believe, been in stock for some time, and may
have become partly oxidized. .

Still it is evident that the success at Warora of the open hearth Blair
process, as it was worked at Pittsbarg, is very uncertain, as it can be em-
ployed there only if pig iron of suitable quality can be made on the spot,
or if the use of it can be altogether or almost altogether dispensed with.

Mr. Ireland proposes to melt the sponge first, in a cupols, to white
cast-iron, with coked Warors coal, and to charge this into the open
hearth furnace in a liquid state, and if this can be done, it will obviate
the difficulties of the process most satisfactorily. I fesr, however, that
unlees charcoal ean be used in the cupola, the plan, as proposed, will be
found impracticable.

The avidity with which melted steel or melted white cast-iron takes up
sulphar is so great that, if coke is the fuel used, the metal will be so con-
taminated with sulphur as to be useless.

White pig iron, from a blast furnace in which coke is nsed, contains,
as already mentioned, a much greater proportion of sulphur than grey
iron from the same farnace; in melting grey pig in & capola, for the open
hearth steel process, with coke, if the tuyeres are adjusted so as to burn
out some of the carbon and silicon from the metal, and make it white, it
at once takes up between 0-2 and 0'3 per cent. of sulphur; and in cruci-
‘'ble steel-melting, with coke, in which, when a pot bursts, the steel runs
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through the fire into the ashpit below, the runnings, in their momentary
passage through the fuel, take up so much sulphur as to render them
almost worthless.

A trial of the plan, carried out at Woolwich Arsenal, and described in
paragraphs 80, 81, and 32 of Mr. Ness’s Report of 5th January 1878,
shows the same result. Sponge, reduced from the Chinda ores, was
melted in a foundry cupola with English coke, and tapped out as white
cast-iron. Steel made from a portion of this metal was quite unforge-
sble, and Mr. Riley, on analyzing some of it, found that it contained, as
s mesn of two determinations, 2:58 per cent. of sulphur. In another
sample, supposed to be part of the same charge, Mr. Riley found only
0-844 per cent. of sulphur; but this, though still more than twice as
much as is admissible, under any circumstances, in mild steel, is so much
less than I should have expected, and so much less than was found in
the former sample, that I cannot but think that there has been an error
in the sampling or in the marking.

It is possible that, by using very hot blast in the cupols, instead of
cold air, and by charging as much lime with the sponge as is found to be
consistent with retaining the slag of such a composition as to be suffici-
ently liquid, or by charging manganese ore with it, the sulphur may be
kept out of the metal, and this is a direction in which further experiments
may be made with a fair prospect of success,

The cupola in which the sponge was melted at Woolwich was only 13
feet high, and the blast farnace trial at Warora showed that the coal, or
the coke made from it, might be worked in a furnace of nearly twice thst
height, if not in one still higher.

‘Where good coal or coke is to be had, it would be needless to divide
the blast farnace process into two stages, making reduced spongy iron in
one operation, and melting this in a cupols in a second, but as, from the
softness of Warora coke, it is doubtful whether a blast furnace sufficient-
ly high to be economical can be worked with it, this mode of treating the
ore may prove to be the cheapest and best, if only by the methods of
working suggested the metal obtained can be kept sufficiently free from
sulphar.

The trials made by Mr. Ness to produce malleable iron from the Chénda
minerals, by heating together mixtures of powdered ore and coal, were
not encouraging, the yields being irregular and small, and the metal, in
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most instances, very red-short. It contained little sulphur, two samples
of iron reduced thus in Dr. Siemens’ rotating furnace, at Towcester, con-
taining respectively, by Mr. Riley’s analyses, 0-021 and 0-028 per cent.
of sulphur, and a third, made in a Siemens’ puddling furnace, at Holy-
town, near Glasgow, containing only 0015 per cent. Its bad quality
was thus due rather to the quantity of earthy matter, probably ash from
the coal, that it contained than to sulphur, and it is possible that, by
adding suitsble proportions of lime and of manganese ore to the charge,
as fluxes, this earthy matter may be removed, and good iron obtained.

It is not likely, however, that this mode of working will be able to
compets with the reduction of the oro, in the first instance, to sponge,
and the welding of this together and balling of it up, in a puddling far-
nace.

The output of a farnace working raw ore will be less, the waste of iron
in the slag will be greater, and the metal will be mixed with mach more
earthy matter, and will be less easily obtained sound and free from red-
shortness,

V.—Conclusion.

In conclusion, I am of opinion—

1. That iron and steel making in the Chinda district must be re-
garded as still wholly experimental, and that, if furnaces or
other apparatus are put up, they should be all on a small scale.

2. That the iron ores of the district are of remarkable richness and
purity, and that good limestone for smelting is to be obtained,
but that the softness of the Warora coal, when charred, renders
the successful working of a blast farnace with it very doubtful,
and if a furnace can be worked, the low percentage of fixed
carbon that the coal contains, together with the refractory cha-
racter of the ores, will render a large consumption of coal need-
ful per ton of pig iron made.

3. That if any coal can be found in the district that yields & harder
coke, it may be worked in a blast furnace without difficulty, and
that if a coal can be found that contains more fixed carbon, it
will be more economical than Warora coal in the furnace, and
less of it, in proportion to the pig iron made, will be required.

" The relative hardness of the cokes of different coals may be compared
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by testing them, under similar conditions, in a revolving drum, like that
used in the experiments described above. Cast-iron or leaden balls will
be more suitable than s stone for crushing the coke.

4. That the only form of blast furnace that is at all likely to work
well, with Warora coal or coke, will be a low furnace, about 40
feet high, with the shaft divided into compartments by vertical
cross walls, on Mr. Ferrie’s plan, so as to partly support the
charge, by friction against the brickwork, and keep it from
crushing together too heavily in the lower part of the furnace.

5. That even with s furnace 40 feet high, the blast should be very
hot, heated to 1,400° or 1,500° Fahr. by fire-brick stoves, pre-
ferably by stoves on Mr. Cowper’s plan.

6. That the question whether a blast furnace, 40 feet high, can be
worked with Warors coal may be determined, very simply, by
sltering the experimental farnace at Warora, increasing its
height to 40 feet, and reducing its diameter to 5 feet, and work-
ing it with the same blowing and blast warming arrangements
as before; and trying whether, in such a furnace, pig iron can
be produced with this coal.

If it can, there need be no hesitation in going to the expense of put-

ting up a larger furnace and hot blast stoves.

7. That spongy iron, of good quality, may be made at Warors by
the Blair process, and that there will be no difficulty in making
the sponge into steel, by fusion in crucibles, but that this mode of
working is expensive, particularly in melting a material of such
low density as the metallic sponge, and that it is suited only for
making small ingots of hard steel, while, as considerable skill
is required to make the steel of regular hardness, suited to vari-
ous purposes, this process, too, must be regarded as experimental
at the first.

8. That the open hearth mode of working is the only plan fitted for
producing steel cheaply, and on & large scale, from iron sponge,
but that, as it was carried out by Mr. Blair, it required the use of
so much pig iron, in addition to the sponge, as to be unfitted for
adoption at Warora, unless pig iron of suitable quality can bs
made on the spot ; and that Mr. Ireland’s proposed modificstion
of it will also be inapplicable, unless means can bs found to
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keep the metal produced by melting down spongy iron with
Warora coke, in a cupola, nearly free from sulphar.

9. That the problem how to keep sulphur out of the metal thus ob-
tained has an important bearing on the prospects of making
steel cheaply, and in quantity, in the Chdnda district, and that
experiments to determine whether it can be solved are very
desirable.

These may be made in England, and with English foundry coke, as,
if metal nearly free from snlphur is obtained with such coke, equally
good results may be reached with Warora coke, as this contains no ex-
ceptionally large proportion of sulphur, and the trial at Warora proved
that it can be worked in a furnace at least 24 feet high. The experi-
ments should consist of melting spongy iron from the Ch4nda ores, in a
cupola, with manganese ore, and with the greatest possible proportion of
lime, together and separately, and determining in each case the propor-
tion of sulphur in the metal tapped out. Cold blast may be used, first,
and if a sufficiently good result is not obtained with this, very hot blast,
hested by Cowper's stoves, should be tried. Mr. Cowper may be able to
arrange for the carrying out of the experiments with hot blast at one of
the works where his stoves are in use.

10. That the sponge from the richer ores may possibly be balled up
into lumps pure enough to be made into bars of merchant iron,
but that this is a matter to be determined by trial.

Meantime, a small Blair reducing furnace, such as Mr. Ireland pro-
poses, and a 6 or 12 pot crucible steel-melting furnace may be prudently.
put up at Warora, as there is no doubt that good spongy iron and excel-
lent tool steel can be made from the materials of the district.

I have no practical knowledge of the Bicheroux steel-melting furnace
which Mr. Ness recommends, and cannot give any opinion a8 to its work-
ing.

I have confined myself, in this report, to the consideration of some of
the technical questions bearing on the prospects of iron and steel making
in the Chénda district, and have not attempted to make any estimates of
the costs of production.

CLyrEA Park Roap, Nxwrorr, ’ W. H.
16th February, 1879. }
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-

INTER-OCEANIC CANAL PROJECTS.
[ Vide Plate.]

Eprror’s Norr.—In last quarterly number I published a paper about
the Inter-Oceanic Canal by Mr. Menocal, imagining it was a plain state-
ment of the advantages of the various routes. The discussions on the
paper in the two following numbers of the Transactions of the American
Society of Engineers show very decidedly that this view is not accepted
generally by the members, no less than twelve gentlemen having ¢ offered
remarks ” of considerable length. As these Transactions are not in
general circulation, I reprint the first ¢ discussion” by Mr. Walton
W. Evans, as the most complete view of the through sea level advocates,
and at all events it will be allowed to be amusing reading. Of the other
members some are for one some for the other. The general opinion
seems to be that Mr. Menocal’s estimate is much too low for the
Nicaraguan route, and one member, Mr. Edward P. North, states
that none of the estimates give the total cost, he writes—¢ It is well
known that in addition to the engineers’ or absolute cost of any work,
there are other expenses—some perfectly legitimate—which depend so
largely on the honesty and discretion of the board of direction on the
one hand, and on the confidence of the public in the scheme on the other,
that it is almost impossible to correctly estimate them.

 An analysis of the cost of the Suez shows that the two items were
in round numbers—

Absolute cost, .. .o . . . «o $48,000,000
Expenses of administration, .. . . «» 50,000,000

Total, .. .. $98,000,000
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“As in the present case there are rival projects in the field, and no
route is now known that does not present complications, which though
doubtless surmountable, will tend to alarm timid investors, and as the
work is much further from the accumulated capital and low rate of in-
terest of Europe, it may be assumed that even under Count de Lesseps
experienced guidance, these administrative expenses will amount to st
least 115 per cent. in place of the 104 per cent. of the Suez Canal.

‘ As a careful location has been made only on one route, and that is now
generally admitted to require revision in the matter of carves, locks, &,
no estimate of the absolute cost can be advanced as more than a rough
approximation, but the general impression seems to be that it will be in
the neighbourhood of $120,000,000; if to this $138,000,000 (115 per
cent.) be added for administrative expenses, we will have the cost at
completion $258,000,000.

“It can hardly be expected that on the completion of this canal the
routes of commerce will immediately change, and even if that were prob-
able, the investors must wait for an increase born of the facilities afforded
by the canal before they can hope to receive a satisfactory income from
their expenditare.

“ As even a small railroad enterprise, shortly after completion, passes
through the various phases of floating debts and ingeniously-named
mortgages—if happily it escapes the hands of receivers, this canal, if
ever built, must probably see its immense capital nearly if not quite
doubled before its dividends can equal 154 millions or 6 per cent. on the
cost at completion.”

The point noticed uwbove that the surveys and data for any of the
estimates are most incomplete is insisted on by most of the other
members. A

Mr. Julins W. Adams takes an entirely different view from all, snd
advocates a canal through the Isthmus of Tehuantepec, vide Plate-
His argument is that the canal should be first for America, and should
be entirely in the hands of America—‘no European co-partnership.’
“ The desire to make the Gulf of Mexico a closed American sea is 83
natural to us as a similar policy to other powers in regard to the Bluk
8Ses, the Caspian, the Zuyder Zee, and others.” ¢ There is no more
reason why foreign nations should be allowed to guarantee the neatrality
of an American thoroughfare than that the United States shoald bes
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party to defend the British Channel, the Straits of Gibraltar or the Isth-
mus of Suez.” ¢ A canal terminating in the Gulf of Mexico would be
easily protected in time of war, and by making, in case of need, the Gulf
a closed ses, our merchant marine would be safe from all attack, and our
relations with the Pacific could be sustained without any interruption.”
But while starting on this basis as the most important point, he gives
tables of routes, results of which are somewhat shown in the Plate, to
show that independently of this, the upper is the better route. He
states there is ample material and excellent climate on the upper route,
but says there are no surveys on which to base an estimate. Comparing
however by length and lift with Mr. Menocal’s estimate for the Nicara-
guan at the same rates, he runs out a rough estimate of 58 million dol-
lars, against the Nicaragnan 66 millions. He allows that the transit will
be 67 hours against Mr. Menocal’s 38}, and he concludes as follows: —

‘ Whatever may be the advantage in point of time of a transit at Pan-
ama over that at Nicaragua, as we are dealing with the latter entirely in
this comparison, we have to state that the passage of the Tehuantepec
Canal will require one day more than the canal at Nicaragusa, or, at the
outside, two days. .As regards the objections to locks—whatever route
be adopted, even the through cut, so called, if it can be built, will require
a tide-lock, at least, on the Pacific. In admitting that mean tide on either
side would be at the same time the rise on one side of 20 odd feet, and on
the other of 1§ feet, would require a tide-lock for adjustment of current.
The fact that the Red Sea level was traditionally some 30 feet above the
Mediterranean, and results demonstrated in a canal of 90 miles in length,
connecting the two, that the difference was really inappreciable, has no
bearing whatever upon this question.

“The route which, as we have seen, while giving all proper facility to
Earopean commerce through American water-ways, still from its geo-
graphical position gives a proper preponderance to our domestic com-
merce, requires the use of lift-locks. Shall 24 or 48 hours additional
time for its passage, and the bugbear of the danger of such transit, which
differs bat in degree, and not in kind, from the most favorable route
which European interests can point out, deter American enterprise from
carrying out what the interests of her growing domestic commerce calls
for, and leave her to gather such crumbs as older nations have deter-
mined shall be her share ?
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¢ Publio opinion is beginning to express itself, in & manner not to be
mistaken, adverse to any foreign occupancy among the small States of
Central America, where a question of the infringement of the rights of
such occupants by the local government could so easily be made the
pretext for the interference of a foreign power, ostensibly for the pro-
tection of the rights of its own citizens, but virtaslly to deprive this
Government of the control of her own domestic trade. This feeling bas
been aroused by the late movements of a French company at Panams
Bat, indeed, either at Panama or at Nicaragua, if a ship canal shoald be
built under circamstances of control nominally favorable to this country,
and in accord with the spirit of the Monroe doctrine, as we construe it,
yet its location, although endorsed by high officials, would, as we have
seen, be so much more favorable to foreign than to American commerce
that the legitimate growth of the latter would be completely crippled;
and to prevent such a consummation we must go still farther, and refuse
countenance or support, in any way, to the construction of a ship cansl
Jocated at any point south of the Peninsula of Yucatan; or, in other
words, south of the Isthmus of Tehuantepec. And the importance of
enlightening our people as to the national bearing of this question of
the location of a ship canal cannot be over-estimated. It is no longer

who shall build it, nor Aow, but where it shall be built, that interests us
as American citizens.”

Discussion by Warrox W. Evaxs.

1 beg to offer a few remarks in discussion of Mr. Menocal's paper cn
the much-vexed project of the Inter-Oceanic Canal. I wish to give,
first, my reasons for venturing an opinion : i

1st. I have served for seven years as an engineer in the constraction
of canals, ’

2nd. 1have had an experience in the construction of publis works of
over forty-two years.

8rd. I have crossed the Isthmus many times—partly by foot, by mule,
by canal, and by rail.

4th. 1 have been detained on the Isthmus for weeks—by rains, revo-
lutions, and want of transportation—before the railway was built.

5th. I have witnessed the heavens open their flood-gates, and sees
the terrible washings the railway was subjected to.
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6¢th. I have lived in earthquake countries for eleven years, and have
witnessed the convulsions of Nature on the Isthmus as well as in Peru
and Chile.

7th. 1 bave, for over thirty years, made a study of this most interest-
ing problem of cutting a canal for the largest ships through the narrow
sirip that divides North from South America.

" 8th. And I have read with care most of the public documents pub-
lished in reference to it, and am clearly of the opinion that the * San
Blas ” route for a sea-level canal is far preferable to the Nicaragua route,
with Jocks, or any other route ever reported on.

I beg to present some axioms in reference to thie great problem :

1st. A canal thirty miles long is preferable to one a hundred and
eighty-one and one-quarter miles long.

2ad. A canal without locks is preferable to one with locks.

8rd. A canal that has good harbours at its termini is preferable to one
with no harbour at either end.

4th. A canal built in a healthy region is preferable to one it an un-
healthly region.

6th. A canal that can be navigated in ten hours is better than one
requiring ons hundred hours.

6th. A canal that will call for very small repairs is preferable to one
requiring immense repairs.

7th. A canal that has a small “water-shed,” but a sure supply of
water, is preferable to a canal having a great ‘ water-shed.”

8th. A canal that is not on a line of drainage is preferable to one on
a line of drainage.

9th. A canal that can pass a ship of any length is preferable to one
that limits the length to far below that of many existing ships.

10th. A canal that is virtually a straight line is preferable to one
with many curves, some of them very objectionable.

1 have read with care Mr. Menocal’s clever paper, and beg to take
issue with him on some points. He starts off with the assertion
that the matter is narrowed down to two routes—the Panama and the
Nicarsgua. I should have been better satisfied if he had said the San
Blas and the Nicaragua, for I look on the Panama route for a sea-level
canal as simply ridiculous. I intimated the same, but with less
forcible words, to Count Ferdinand de Lesseps, in Paris. After many
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years of study of this matter, and after for a time believing in the
Nicaragus route as the proper one, I came to the conclusion that
the San Blas route had many features in its favor that placed it far
in advance of all others. I refer to the foregoing axioms for those fes-
tures. I beg to say a word in defence of Count Lesseps. I have an
impression that he is thoroughly honest, and find that is the opinion of
all my friends in Paris who know him well. I think he was, in the
conducting of the Congress, influenced by men who hoped to grow rich
through the use of his name. He will soon see the error he has made
when he reaches the Isthmus, and is made acquainted with the terrible
destruction of the late floode. He said to me in Paris: ¢ There is one
point in this matter we must observe : wherever the canal is built it must
be a sea level canal.” In this I fally agree with him; and I will add
one more important engineering feature: it must not be built on any line
of drainage, or across any line of drainage. What we require—what
the world requires—is a perfectly reliable canal, that cannot by any accident
run itself dry; thatis perfectly secare against the accidents that can
occur and do occur to all canals depending on dams and locks as working
festares, no matter how well and costly they may be built ; if we cannot
give the trade of the world sach a canal we had better give it none.

I would not propose to run the San Blas canal into the Rio Bayano,
but tarn that river off into the Bay of Panama by a cut made expressly
for it; this could not be done for the Chagres River, except at an expense
of many millions. It it proposed to build the Nicaragua Canal in the
Valley of the San Juan, and in close contact with the river for many
miles. I would suggest to the advocates of that route, and to the cepi-
talists who I am told stand ready and eager to put their money in it, %o
first visit the Valley of the Lehigh, in Pennsylvania, and view the ruins
of what was, within my recollection, a canal that received the praise and
admiration of everybody; it was built by skilled engineers; the money
farnished by the most careful and long-headed Quakers of Philadelphis;
it had locks of thirty feet lift, the greatest ever put on a canal; the
water-shed of the Lehigh is very insignificant; all the owners slept, n0
doubt, quietly in the possession of what they supposed to be a very safe
investment; but a storm came—a flood was the result; this little lamb-
like river became s great, fierce tiger, bent on destruction; a weak poist
was found in the upper dam, the tiger poked his nose in it, a little lesk
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was started, and away went the whole structure; with it went every dam
and lock on the whole river, and hardly left a wreck behind; no one ever
had the coursge to rebuild that canal. There are many among us that
recollect the destruction of the Croton River Dam ; placed at the initial
point of the Croton Aquednct, it was built under the plans and direction of
that Nestor in American engineering, John B, Jervis ; he was an old and
skilled canal engineer. Who have we at the present day who is his
superior ? That dem was built on rock, where the best of materials and
skilled workmen were to be had in profusion; but it went—carrying
bavoe in its course—and destroyed every bridge, dam, mill, factory, and
building it could reach down to the Hudson River. I well remember this
rirer above the dam, and its lamb-like character in summer, for I built a
railway on its banke, and have many times crossed it on stepping-stones
without wetting my boots. The European news of the past two days
tells us of floods in Hungary, and that many dams have been carried
away on branches of the Danube. I for one would rather trust to a
tunnel than a dam. I have had a good deal to do with dams, and I feel
towards them as Robert Stephenson once told me he felt toward railways,
that he was afraid of them.

There are other things that I would be afraid of in the construction
of a canal with elevated reaches on the side of a valley where such rains
occur as are frejuent in the San Juan region, I mean the melting and
running of the embankments. Once on arriving at Panama on my way
home I was told I could not cross the Isthmus, as there was a wash-out a
fow miles from Panama. I took a hand-car, went to see it, and found
Col. Totten there making an embankment of sleepers. This same em-
bankment had been washed out three times before, and every time it had
been, when rebuilt, reinforced by a row of piles, close together, on
the down-hill side. Col. Totten said to me, ¢ You see this embankment
could ot go out down hill this time, so it has gone up hill.” It had
actually squashed out on the up-hill side, and had run very much as
molasses would run; a horse or man going into it would soon have gone
ont of sight. To know the Isthmus and its rains, and what rains can do
in the way of msking running mud out of embankments, it is necessary
to go there and see it, for no one can imagine it from any pensketch. I
have an impression that all the arguments that can be urged against
the Panama route will hold good against the Nicaragua, while the Panama
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route, adapted to have locks, has the advantage over the Nicaragua in the
matter of length and harbours at the termini,

Mr. Menocal’s estimate of cost appears to be made as many other
estimates of cost of public works have been before his time, by dealing
in too small figures, and making omissions, His estimate for drains
(I suppose this covers aqueduacts over side rivers, calverts over stresms,
changes of channels, waste-weirs, sluices, &c., &o.) is magnificently
deficient, and I see no items for protection walls, inside and outside,
puddle walls, lining to prevent leaks, gravel facings, &e., &c. Also
draw bridges over the canal, light-houses, machine-shops, and whole
villages of buildings for residences, &c., store-houses, &c., &e. I sup-
pose these are all in the twenty-five per cent. for contingencies. I have
found in practice that after estimating every item I could think of, the
twenty-five per cent. for contingencies came in a8 a most comforiable
assistant at the end. Captain Young, who built the Utica Railway,
used to say that the only safe way to make an estimate, was to take
the largest quantities you could get from the profiles, carry them out
with the largest prices you ever heard of, add twenty per cent., and then
double the whole. When the first estimate of the Hudson River Rail-
way was made, there were many argnments offered to show that it could
be built for sbout ‘“half of nothing,” the engineer gave the size and
number of every arch and culvert required on the whole 145 miles, for
each division. I, having a love of statistics, counted them, and found
there were about sixteen or eighteen in all. Now, this same engineer had
just before built the Croton Aqueduct over forty miles of the same rounte,
and close to it, and had forgotten that he had built over three hundred
culverts, arches, and bridges, on that forty miles. The protection walls
for this railway, amounting to over 400,000 cubic yards, were estimated
to cost fifty cents per cubic yard, and it was forgotten that the protection
walls of the Croton Aqueduct (now nearly all, inside of forty years,
replaced by better walls) cost $1:75 per cubic yard. I mention these
things to show how errors creep into engineers’ estimates, even among
the most conscientious—their zeal, their desire, their anxiety to see
their project go down the throats of somebody, overrides their judgment
and stores away in oblivion for a time all their hard-earned experience,
making true at this day the old Roman motto, “ Men try to believe what

. they wish to be true.”
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The Nicaragua route calls for the construction of artificial harbours at
each terminus. This is a most unfortunate feature of this route. Such
things have to be approached with fear and trembling, and a pocket full
of money, and after they are built and handed over as something to be
prond of, they, or their parts, very often go on excursions up and down
the coast, through the alluring enticements of the wind and the sea.
Some have their usefulness nipped in the bud by a failure to find funds
for their completion, as was the cage with the Dover Harbour, in England.
I had occasion to examine those works in 1858, and then came to the
conclusion that although “ John Bull’s” purse was long and large and
full, that he had better leave that work alone, and since then he has left
it severely alone. The one long wall which I saw in 1858, I was again
on in June of this year, and found it had neither grown higher, longer,
nor more complete, and its partner had never been attempted. In March
of this year I walked, or rather clambered, ont for a short distance on
the concrete breakwater for the harbour of Port Said, at the northern
terminus of the Suez Canal, found that it was far from finished, and an-
less finished would in a few years be knocked to pieces and rendered use-
less. In November of 1878 I had a chance to examine the concrete works
of the harbonr at Algiers, built by the French, evidently at great cost.
The waters of the Mediterranean had quietly or unquietly, as'the case
may be, just knocked a considerable part of it into a ¢ cocked hat,” and
the Algerines were, in their faith, no doubt, praying to ¢ Allah” to knock
the “cocked hat” into ¢ pi.”

Artificial harbours are contrivances to be avoided, if possible: they are
apt to give engineers sleepless nights, to deplete plethoric pockets, and
vanish when called on by the winds and the waves.

1 have some experience in sleepless nights produced by things of this
kind, for I built out into the Pacific Ocean the first pier ever built on the
whole coast of South America, that a big ship could haul alongside of.
The ¢ Brave south-west winds ** as Maury called them, were my friends
for thirty days out of thirty-one, then ¢ Aolus” sent “ Boreas” down to
make things lively with his “big guns,” and at the same time make an
engineer's heart sink into his boots. During construction I often saw
the northers rolling in the waters, which went over my pier from 20 to 30
feet high, and bid fair at times to carry the whole structure, with its
80,000 tons of stone, on to the beach.
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Mr. Menocal estimates the locks between gates to be 400 feet long;
a lock of this length will pass a vessel of only 860 feet. Thirty years
ago vessels of 860 feet long were scarce articles ; we have now lots of
vessels of 450 feet, and vessels of over 500 feet are being built. Who
can say what will be the length of vessels in another thirty years ? The
locks of the Erie Canal of 1825 could not pase boats of half the size
that are now locked through.

The locks of the Delaware and Raritan Oanal had not been in use
thirty years before they had to be doubled in length. I came through
the Suez Canal in March in a Peninsular and Orientsl Royal Mail
steamer from Hong Kong and Bombay, that was over 400 feet long;
other steamers of that line are over 450 feet long. I saw a number of
steamers in the canal, and judge that most, if not all of them, were
over 400 feet long ; it would be a sorry mistake to build a canal with
locks that cost over $300,000 each, and find that they could not pass
these giant oraft, for they are the cream of the business a canal com-
pany would seek.

The Suez Canal is virtually a straight line, When I arrived at Lake
Timsah we found a hage steamer stuck in the mud in the lake, and a
crowd of Arabs unloading her; the canal ahead was blocked ; I tooks
-steam pilot-boat, went ahead to see the difficulty, and found that a pas-
ing steamer had run into and sunk one of their large dredging machines;
this once clear, the next day our Leviathan attempted the passage to
Port Said, but we had hardly run in the canal a mile before our vessel
run her bows into the right bank, her stern slewed around and went
into the left bank; there we stuck for two hours, and in two hours more
our craft was laid along side for the night, that being her second day in
the canal; this steamer entered the canal at 4 p. x., March 22nd, snd
arrived at Port Said at 10 a.x., on the 24th, taking 42 hours to run just
100 miles in a sea-level canal, virtually one straight line. The very
next mail steamer of the P. & O. line that came through after I did, ran
into the bank, her stern swung into the opposite bank, and broke off two
of the blades of her propeller. Accidents like this, of running into the
banks, being apparently common on straight lines, it would be well to
examine carefully into the manner of working these long steamers around
the sharp curves of the proposed Nicaragua Canal.

We in America know that the English locomotives have a very un-
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mannerly habit of jumping the track at sharp curves, which habit we in
America have almost entirely eradicated from their vicious propensity by
rendering them subservient to the ameliorating influences of a ‘ Bogie,"”
& mechanical persuader which accomplishes the object in a most satie-
factory manner; if this admirable invention counld be applied to a ship,
we might overcome the difficulty ; as yet I see no manner of making the
application, but the Yankee brain is prolific, and some genius may work
out the conditions of thisimportant problem. Old canal men and sailors
sccustomed to handling these huge vessels will look with a smile on the
estimate of 384 hours to pass through a canal 1814 miles long, with
many sharp curves and 22 locks; also the estimate of 20 minutes to a
lock ; to fill or empty & lock in 12 or 14 minutes would not be a difficulty,
but that is only a small part of the time required to pass a lock ; it must
be recollected that a vessel has to be ¢ slowed down” long before she
reaches a lock, and in most cases come to a dead stop before she enters
the lock, then to be hauled in slowly and with care, for if a large steamer,
weighing with cargo 8,000 or 9,000 tons, enters or approaches a lock
with any amount of headway on her, she will probably walk through
the lock withouat asking permission, and in much less than 20 minutes.

If any such trade as would certainly be offered to a sea-level canal were
offered to a canal with locks, there would, most undoubtedly, be great

detention at the locks, by oue vessel finding another vessel in the lock,

other vessels ahead of her, gates shut, lock empty, &c., &e. If any one

thinks these large vessels can be started and stopped, and turned like

children’s toys, let him go down to the piers in New York and see one of

these large steamers arrive and get berthed. I arrived in July in the

Britannic, and we were full one hour from the time we touched the dock

until the ship was hauled into her berth. Taking my trip on the Suez

Canal as a base for calculation, I would make the time of passing the

Nicaragua Canal as follows :—the speed was a mile in 25-2 minutes ;

181-25 miles at 25-2 minutes per mile, 76 hours; 22 locks at 14 hours

a lock, 33 hours; total 109 hours; or, say 4} days, and this may be put

in opposition to one single day of ten hours in passing the clear, straight,

unobstracted 80 miles of the San Blas route.

Mr. Menocal estimates the cost of the Nicaragua Canal at 66 millions
dollars. Men with experience and analytical brains have eriticised this
estimate and found it deficient. I agree with them, and farther believe
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that the dimensions estimated are not such as a world’s Canal calls forand
should have, particularly in available width and depth, and more par-
ticularly when carelessly handled ships are to be encountered. In going
out of Marseilles harbour just one year ago in a straight channel of double
the width of the canal proposed, our French captain had all his yards
squared ; he met an incoming brig, his vessel did not touch the brig by
fifteen feet, but his main-yard struck the foremast of the brig and
snapped in the middle, broke the fore-top mast of the brig, and down it
came with all its spars close to the spot where I was standing with
some ladies.

In pushing and preaching the merits of the Nicaragus route, thers
appears to be a fixed intention to ignore the San Blas route entirely,
and * pooh-pooh ” it out of sight; they may knock it down, bat it wil
come up again ; they may throw cold water on it, but it will come out of
the fire brighter than ever; they may build the Nicaragua Capal, but
the Ban Blas will be built too, and then it will require no very wise
man to tell which will be the one used, In the papers and estimates
made out to compare the different routes, I see nothing said of compan-
tive cost of repairs and. maintenance ; leaving the Panama route out &
an absurdity, the lengths of the San Blas and the Nicaragua are as 1
to 6, but when it is considered that one is a sea-level canal, with good
harbours and without locks, cut for a large part of its length through
solid rock, the southern half in an open ¢ savanna’ country, the whole
easily made safe from the ravages of floods and drains; while the other
route is on and paraliel to a tremendous drain, where floods occur that
may and probably would sweep the whole works to destruction in a few
hours; where earthquakes may and probably would twist the locks e
that the gates could be neither shut or opened ; where side streams, with
their floods, must oross the canal to get into the main drain ; where the
time of transit compared to the San Blas is as 5 to 1; where there are
no good harbours at either terminus, and where one terminus is a notori-
ously unhealthy place. I think any careful and critical mind would pat
the ratio of conservation of the two routes not as 1 to 6, but as 1 to 20
or 30, or more.

A five-inch rain falling in twelve hours is a thing not unknown in
the Nicaragua lake region; as the water-shed of the San Juan River
is 12,500 square miles, a five-inch rain is represented by over 4,000
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millions of tons of water, a greater part of which has to find its way to
the sea by the San Juan river, and not take a great length of time
either ; it was undoubtedly after one of these great rainfalls that the
San Jusn River, rising above its banks, overflowed, and cut the Colorado
River into the territorpof Costa Rica. Those who are curious in the
matter, might calculate the foot~pounds of energy or force developed by
4,000 millions of tons of water falling 107 feet, and its power for doing
mischief.

Apparently the only objection to the San Blas route is its cost growing
out of a long tunnel, and the inability to say what kind of material would
be found in the tonnel. Let us examine this great bugbear, the tunnel,
and compare it with other works,

The * Desaguadero” in Mexico, cut by the Spaniards, as a matter of
precaution against floods, two hundred years ago, required about three
times as many cubic yards of rock to beremoved as would be required to
cut a ship-tonnel 8 miles long, 180 feet high, and 80 feet wide. Now, if
the Spaniards could do that two hundred years ago, should we, who have
steam drills and wonderful explosive compounds, shrink in fright from a
work of only one-third the size?

The Bt. Gothard Railway, now nearly completed in Switzerland, to
connect the northern railway system of Europe with that of the Bouth,
is » work that involves immense difficulties. It has on its line forty-six
tunnels, one of them at the summit being over nine and one-fourth miles
long; one of them the engineer pointed out to me as being cut to secure
the railway line from being buried by avalanches. Seven of these tunnels
in complete circles of 1,000 metres diameter, are cat merely to get distance,
and keep the gradient down to their fixed standard of 1 in 40 (132 feet
per mile), and this tremendous work is being built for the very limited
business of a railway. With this example staring us in the face, are we
Americans, who boast ourselves of doing things with a bigger ¢ auger ”
than our neighbours use, to turn tail and run away from a tunnel that
would, if built, command the trade of the world, give us a grip on the
trade of the whole Orient, allow us to manafacture all our own cotton
and find a market for it in China, connect our Pacific possessions by a less
expensive route than any railway can supply, consolidate our Union in
stronger bonde, and lead in time to our becoming the most central and
most powerful people in the world.
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It has been objected to this tunnel, and reiterated by Mr. Menoal,
that the rock found in it may be too soft, or of a character not fitted to
support its sides and roof. This is all “ moonshine.” We know from
mines and cuttings over all that country, and from surface rock that crops
out everywhere, just what we may expect; there is but one material
existing that we may be afraid of, and even that was successfully
overcome in the Box-tunnel of the Great Western Railway of Eug-
land—I mean quicksand, and that we konow we will not find under
the rocks of the Isthmus. Mr. Menocal thinks we have not the data
by which we can calculate the cost of the San Blas Canal as fixed and
clear as they have for the Nicaragua Canal. If they have not these dsta
it is their fault; they should have got them; but I contend that we hare
all the data required, and more reliable than any data ever can be, on s
line parallel to and close to & line of drainage, that Domine Sampeon
might call with truth, ¢ prodigions:” we have the length of the whole
route: we know what is tunnel and what open cutting; we know to 3
certainty that we can turn off all the streams and the one river, the Chepo
or Bayano, and render them harmless to do evil. We know that we
have good harbours on this route; we know that we have rock to contend
with in fixed quantities, and by estimsting it as granite, we know that
the estimated cost cannot be far wrong. It bas been intimated that
earthquakes might make a tunnel unsafe and dangerous; in answer, I
would say that we have sixty-two tunnels on the line of the Oroys
Railway in Peru, that many of them are completed and have been run
through for years, and to this day I have never heard of any injury done
to a tannel on that line from earthquakes, which are much more frequent
there than on the San Blas route.

'We need not be afraid of striking a great vein of gold or silver, for it
a cane of that kind, unless the tunnelers become demoralized, such a veir
might be coaxed into paying all or a part of the expense of the tannel
This is not a specalation, unprecedented in facts, for my old friend, Geal.
O'Brien, when forced by San Martin, the Liberator, to accept the
Saloedo mine, in Peru (the richest mine at that time that had ever beet
worked), for his services in the wars of independence in Buenos Ayreé
Chile, and Peru, struck a rich vein of eilver in catting an adit level from
Lake Titicaca that paid all the expenses of cutting the tunnel for a loog
time. If some of the Bonanza kings of California could be induced ¥
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saspect another Comstock Lode on the line of the S8an Blas tunnel, they
would cat the tunnel for the fun of the thing, and thank you for the
chance. But if we throw out the silver speculation and return to the
“hard-pan” of a hard-hearted contractor’s prices we may have the
following estimate to stare in the face :—

14 millions of cubic yards of rock in the tunnel above the
sea level (the tunnel being 8 miles long, 160 feet high
above the sea, and 80 feet wide), at say, $3 per cubic
yard, . .. .o . . .o $42,000,000
4 millions of cabie yardu of work in tunnel below the
level of the sea (this part being 80 feet wide and 80 feet
deep), at say, §8 per cubic yard, . . o 82,000,000
22 miles of open (earth and rock cutting) canal at the
same price Mr. Menocal estimates his line from Del
Medio to Brito, where it is all rock, at, say, one million
per mile, .. . . . o . oo 22,000,000
Diversion of the Rio Bayano, say six times as much as
Mr. Menocal estimates for the diversion of the San
Carlos, $283,578 x 6, .. . e . 1,700,000
2,400 acres of grubbing and clearing, at 8100 an acre, the
same a8 Mr, Menocal estimates an acre at, this gives a
width of 875 feet for 22 miles, say, .. . .o 240,000
Diversion of other streams, all small ones, say, .. . 1,000,000
Light-houses, piers, store-houses, buildings of all kindl,
88Y, ¢o .e .o .. . .o .o se 1,000,000
Total, .. $109,940,000
Say, . . «s 110,000,000
Add for contingencies 25 per eent., o 27,600,000

S——— ————

Grand Total, .. $187,500,000

The above estimate is considerably above the estimate of Mr. Menocal
for the Nicaragua route, but I will here venture to predict that it is very
much nearer the trath of what the Nicaragua Canal will cost, if ever
built, than Mr. Menocal's estimate. We may as well stare the truth in
the face now as at any other time; it is the most honest way.

The people of the United Btates have had too much to do at home to
look with much enthusiasm on works in distant countries or study with
care the vast interests wrapped up in foreign trade; but the day is fast
coming when they will be forced to know and value this matter, and.
then they will cut a canal through the Ishmus on the shortest route
that can be found, no matter if there is a Nicaragua Canal ornot. I am
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glad to find that all of the old canal engineers that have ever vigited the
Isthmus, and made a study of this problem, join me in the opinion that
the San Blas route is the best for a sea-level canal, and the proper one
to construct. And Mr. Kelley, who has spent his life and a fortane in
surveys and stody of this matter, and who has as clear an understand-
ing of the whole subject as any man living, also most enthusiastically
gives his adherence and support to that route as the only one that can
satisfy the coming demands of trade, which is doubling up on us much
faster than any one but those who study statistics could imagine.

As T feel convinced that the indirect benefit to the nation to be reaped
from this canal is far greater than any direct benefit to any company,
I would propose that the canal be cut, not on the line that is found to
be the cheapest in first cost, but on the line that can be worked the
easiest and quickest, and in the most reliable manner as regards live,
level, repairs, and freedom from accident, even if it cost double the
amount of the cheap and unreliable line. And in view of this end, I
would, if I were the Government, offer to any company thet would
undertake this great enterprise, to give them one-half of the entire cost,
and let them enjoy the rights, immunities, and profits of the whole
thing, free of interest, for one hundred years; but reserving to the
Government the right to take the whole at the end of one hundred years
by paying one-half the original cost. It may not be out of place in this
discussion to bring to the notice of the people of this day the prophetic
writings of some who have preceded our time. Gouverneur Morris, the
statesman, in a long letter, written in January 1801, to John Parish, in
Europe, says :

¢ As yot, my friend, we only crawl along the outer shell of our coun-
try. The interior excels the part we inhabit in soeil, in climate, in every-
thing. 'The proudest empire in Europe is but a bsuble compared with
what America will be, must be, in the course of two centuries, perhsps
in one.”

Robert Stephenson, the engineer, in writing to his brother-in-law (it
London), when he was here in 1853, after spesking in the most entbe-
sisstic terms of the progress and developrent of this country, says:

« Considering these circumstances, and looking at the boandless rich
territories which are being opened and extended daily, I confess I am
entirely at a loss to figure to myself the part which the United Blales
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are destined to play in the world’s theatre; their influence must daily
increase, and when her inhabitants resch the coast of the Pacific their
power must become predominant as a commercisl nation.” * . .
% Coal which has hitherto given England her commercial superiority, is
possessed by the States in almost incredible quantities; it has as yet
scarcely been touched, because other sources of profit have presented
themselves; but the day must arrive when, like England, the Americans
will become a powerful manufacturing nation. If this be anything like
the truth, how strangely must the relations between the civilized nations
of the earth be changed—and then arises the question, so full of interest
to an Englishman: Will England still maintain a good position in the
struggle of countries, or will she, like other empires that have dropped
into the past, begin to decline, and in her infirmity, like an aged parent,
be obliged to look to her trans-Atlantic children for aid and support ?"

We are fast arriving at the point predicted by Mr. Stephenson. We
must have outlets for our products. In what direction can we turn for
a market for our manufactured goods but to the shores washed by the
Pacific and the islands of that great ocean? China and Japan, Australia
and New Zealand, invite us to a close intimacy, The Spanish republics
of the South American West coast offer us many tempting chances for
trade enjoyed at present almost solely by England. The Orient and
Occident of our own country wish to shake hands over a cheaper route
of transport than any railway can supply. Let us mingle the waters of
the Atlantic with those of the Pacific on the best, shortest, and most
reliable route that Nature has furnished, or let us leave it entirely undone,
for others of greater courage to accomplish.

I find in some of the discussions on this important problem that the
San Blas route is called impracticable, but in no case is an attempt made
to demonstrate the impracticability. Surely it cannot be becanse it is so
short, so straight, so free from floods, locks, dams, and aqueducts, or can
it be that it is rejected on account of its having good harbours, and in a
healthy region, free from swamps and lagoons. What can the claim of
impracticability spring out of that blinds the Nicaragua promoters to the
many points of merit of the San Blas route unsurpassed and unsurpassable
by any other route; there is but one point on this route that the objectors
can fix their harpoons into, with any shadow of a chance of bringing it home
to the minds of men as a'dead fish. Itis the tunnel; thatis the bugbear, the

289 2k




18 INTER-OCEANIO CANAL PROJEOTS.

stumbling block, that narrow minds and anprofessional minds cannot climb
over, creep under, or swallow whole. Iam inclined to think that the tannel
is one of the best features of the whole route; it will cost, no doubt, s rousing
big sum, but the amount will be a mere bagatelle to its value and import-
ance, and when built it will be the surest and safest portion of the whole
route; it will be throagh solid rock, and remain for ever intact, requir-
ing little or no repairs. The heading, a very insignificant part of the
whole, would cost as much per ¢ubic yard as any railway tunnel, but the
balance down to the sea.water level could, in that region, be done cheaper
and quicker than an open cut of the same dimensions, where the average
haul was the same, for the reasons that the men can work continuounsly
without being driven off by the great raing that are 80 common on the
Isthmus, and they can work, as in all tunnels, night and day. This
tunnel can be cut cheaper per cubic yard than any railway tunnel could
be in the same region, and for the reasons that the great width of
the tunnel allows the men abundance of room to work in, and use all
classes of labor-saving machinery; the force of the explosive compounds
can be utilized to a greater extent, as there is more room for expansfon.
Any contractor can afford, and will afford, to take such an immense work
at much less per cubic yard than he would think of asking for s small
tunnel, such as are built for railways, for he can afford to procure and
use the most perfect, extensive and efficient machinery ever used on any
tunnel ever cut. I was shown at the St. Gothard Tunnel steam drills
that by slow motion and high pressures would walk into granite as a
knife would into cheese; there was nothing used on the Mount Cenis
Tunnel to approach them in efficiency. I was shown air compressors
that kept their great reservoirs night and day under pressures of 110
pounds to the square inch, and without difficulty ; it was with difficulty
and uncertainty that the air compressors of the Mount Cenis Tunnel
coald keep the pressure up to 60 pounds to the square inch. We
are clearly a progressive race, and it would be a wise brain that coald
predict with certainty what advance may be made by some live Yankee
in tunneling machinery when we come to cut a ship tunnel. I have copies
of the entire maps and profiles of the 8t. Gothard Railway, and I have
no hesitation in saying that they show the most complete and perfeet sur-
veys yet made for any public work ever attempted by man., There wers
400 engineers and their assistants employed on ‘these survéys, many of
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them highly educated and experienced men ; their estimate of the cost
of this great work, 109 miles long, was 187,000,000 of francs; that was
the sum placed before the public at the time the International treaty (of
Germany, Italy and Switzerland) was signed, and a company formed to
build the works, but they were only started when it was discovered, that,
as usual, the works had been under-estimated, and the cost was going to
be swelled to 289,000,000 of francs, showing an error in the first
estimate of 102,000,000 of francs. 'Where was this tremendous error
made—in the great tunnel? No, for the estimate of that was 70,000,000
of francs. Monsieur Favre took the comtract to build it at 50,000,000
francs, and if he had lived would have completed it in the coming year,
without asking favors or assistance. There is an inference to be drawn
from this statement of smounts, regarding estimates and costs of work
in tunnels, and general work, which the intelligent reader will quickly
see. Mr. Menocal estimates his great canal, 181} miles long, at
$66,000,000; the Bt. Gothard Railway is to cost, for 109 miles, about
$58,000,000; now, if the canal costs only as much per mile as this rail-
way, it will cost about $37,000,000. The railway costs about $582,000 a
mile, while Mr. Menocal estimates this great canal, with artificial harbours,
great locks, but not large enough for great ships, great excavations of
rock under water, great aqueducts and great dams, all liable to be swept
out by the first great flood, and great embankments (sustaining s
hydraulic head of 26 to 30 feet) perched upon side hills, all of which may
be washed out through the never ending labors of rats and roots in bor~
ing holes, all complete and ready to accommodate the trade of the world,
at $846,000 a mile.

It may be claimed that the rock excavation under sea-water level is
the impracticable point. If so, are not the excavations under water on
the Nicaragus route equally or more impracticable. Let us stare some
of the facts of this matter in the faca. Nearly all of the excavation of
rock under sea level on the San Blas route will be in still water, not
affected by currents or winds or tide, while the same class of excavations
on the Nicaragua route, in the beds of the Ban Juan and Rio del
Medio, and in the bed of the lake, will be severely affected by currests
in the river and waves and winds in the lake. To excavate rock in a
swift current, such as is to be seen in the San Juan, is a species of
fon engineers do not much covet. Gemeral Newton preferred to burrew
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under rather than attack the current at Hell Gate. Then, as to the
work to be done ont in the lake, I have an impression that this feature
has been very much under-estimated. Suppose we subject this to a few
figures, from known dats, at one point. It is to be regretted that there
is no good hydrographic survey of this lake, so we must be content with
such data as we can pick up. The history of this lake and river show
that, some years ago, a certain Captain SBheppard took his schooner from
the gulf up into the lake during & flood. He did this with great labor, by
taking off his false keel and taking out his cargo, reducing the draft
to about three feet. Once in the lake, he put on the keel, and, with
the vessel loaded—drawing seven feet—he could not, in the dry season,
- got within two miles of San Carloe, at the upper end of the San Jusn
River. Now, taking this little piece of history to calculate by, and
knowing the material to be rock, I make it that a canal only 100 feet
wide (I call it 100 feet wide, not becanse that is enough, by three or
four times, for the passage of a ship subject to the buffetings of winds and
waves in a great lake and the canal out of sight, but because 100 feet is
sufficient for the demonstration I wish to make), cut from the mouth of
the river out into the lake, 80 as to have 23 feet of water all the way to
deep water, will call for the excavation of about 1,100,000 cubic yards,
which, at $8 a yard, will come to $8,800,000; but, for the sakeof being
generous and accommodating, suppose we call it the half of the above
som, and then it is six times as much as Mr. Menocal estimates as the
cost of all the work to be done in the lake dlvision, including mud and
gravel, which, it is admitted, has to be dredged, and also the rock under
water at the western end. Heaven only knowe how much is required to
be cut for a channel to get into the mouth.of the Rio del Medio.

Let us retarn for a moment to the San Blas route, and take a fair,
square look at the rock to be excavated there below the sea level. In
the tunnel, where the great mass will be found, it may be dry, and it msy
not. Take it on the side of the * may not,” and allow it to be as wet 88
ever was seen, is it supposable that any engineer in his senses, with but
a smattering knowledge of hydrostatics, would attack it under water,
when he can 0 easily build bulkheads, pump out the water, and work oat
the rock just as he did above the level of the sea. With this system of
working kept fairly in view, I have a fancy that any intelligent man can
see that this rock in the tunnel will come out more quickly and chesply
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than will the rock in the bed of the lake, when the winds and the waves
will be playing “hob” with the drilling machinery, and at times driving
the men from their work. But suppose the work finished—who can esti-
mate the distress of mind of a captain when he finds his ship in a great
1ake with a wave-swell of 8 to 10 feet and only 2 feet of water under his
keel ; and that, too, only in a canal out of sight.

In my estimate of cost I dealt in big figures, and estimated for a depth
of 80 feet of water. To bring this to the 26 feet of Mr, Menocal’s
section, there should be deducted over $4,000,000. Then again the tan-
nel, on more accurate surveys being made, may be reduced to six miles
instead of eight. This would reduce my estimate again by $15,000,000,
and then the 25 per cent. for contingencies would come down some
$5,000,000, making in all some $24,000,000 of reductions. But I
prefer to let it stand as I bad it, at $187,500,000, and time will show who
comes nearest to the truth, for it is in my eyes a sure thing that & great
world's canal will some day be cut on the S8an Blas route.

As the trangit of any of these canals will have to be suspended
during the night, and as the San Blas route is so short that it can be
navigated from end to end in ten hours, or less, and as one passing place
(at south end of tunnel) only is required, the whole of the rest of the canal
can be made, and should be made, much narrower than would be allow-
able and required on the Nicaragua route, where passing places must be
frequent and provided between all the locks.

Ag sailing vessels are destined to form a great feature in the traffic of
this Isthmus Canal—a feature that the Buez Canal is entirely deprived
of—I beg to refute the claim made by the Nicaragua projectors, that the
Bay of Panama is difficult to get in or out of on account of calms. I
have been at Panama for weeks—I have been a guest on board of a
United States war vessel for two weeks in that bay—and I never saw a
day when a vessel was detained there, or prevented from coming in by
either calms or storms.

New Yorkers would feel very indignant if told that their port should
be shunned on account of its being difficult to get in or out of, and yet,
I suppose, they all know that sailing vessels have often been for days
outside, afraid to come in, and for days, in the lower bay, afraid to go
out, during times of storm and fog—two hygrometric and meteorological
features naver met with in Panama Bay. Let us place the ‘calm” claim
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alongside of the “impracticable” claim, and send them both to the safe
keeping of croakers. Intelligent mem of this age are not going to take
much stock in those two articles of Nicaraguan faith.

It getting from our shores to China and Japan, the great objectire
points, we as a growing commercial nation should look with much respect
and admiration on the pacific character of the Pacific Ocean. The
Spaniards of old used to say that all a “sgkipper” had to do on leaving
Panama for the Phillippine Islands was to set his course, tie his radder
fast, go to sleep, and not wake up until he reached the end of his voysge.
Bhips going from Panama to China can take a trade wind going and
a trade wind returning. When the canal is cut, and we have a new
highway to the East, this featuare will play an important part in assisting

* us to the largest share of the trade and traffic of the Orientals—a trade
which for centuries heaped wealth into the coffers of the Greeks the
Jews, and the Armenians of the Mediterranean—a trade that England
seized and grew her wealth and power out of, when Vasco de Gams
showed her a new way to the East by the Cape of Good Hope, four
hundred years ago—a trade that is destined to fall into our hands and
give us wealth and power such as no nation ever held, as soon as we can
muster courage enough to cut an Isthmus Canal on the shortest route
that can be found, and throw it open for all the world to enjoy as best
they may.

It may not be inopportune to mention in connection with this discassion
that a late commanding officer of the United States Navy, now living in
Washington—a gentleman well acquainted with Nicaragua, Pansms,
aud the Pacific Ocean—once said tome: ¢ I should be very loath to allow
any ship I commanded to be run in a canal and locked up & hundred feet
above the ocean. I should be afraid of never getting down again.”

"In connection with the risks run by placing a big body of water on
the side-hill slopes of a river valley (in a region of great rains)ins
prism made of cuts and embankments, crossing spurs of hills and ravines,
and also to show the fallibilty of man’s estimates, I beg to mention a little
incident that occurred on the line of the Oroya Railway in Peru, in the
Valley of the Rimac. The final location had been made, and for some
time the construction of this railway had been going on in a region
almost rainless. At s point in the valley where the line crossed the
month of a ravine we had left an opening to be filled by a bridge of 100
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feet span. At the head of this ravine some poor peons had been cultiva-
ting the soil on the top and side of the mountain by bringing the water of
melted snow from other and higher mountains for irrigating the land, as
water in many parts of Peru is valued like gold. The peons, with great
labor, puddled and protected the edges of their * chacras ™ so as to pre-
vent loss by waste. The water sunk into the s0il, and permeated down
deep through stratas of alluvium, gravel, clay, and loose rocks. This
was close to and on the side hills leading down to the Valley of the
Rimae, This gradual permeation of rock and gravel, clay and sand, with
water had, no doubt, been going on for a long time. The water was
trying to find its lowest level. The rocks and the earth were only waiting
to be released from the bonds of cohesion that had held them on the
mountain side for ages to show what attraction of gravitation could do.
Day by day this insinuating element, water, was doing it work, in the
dark and in the night. Ceaseless, unopposed, all powerful, it was
cutting and severing the bonds of cohesion. The people in the valley in
front of the ravine rested in quiet content. The peons of the mountain
imagined no eril genius underlying their crops, but in & moment when
no one suspected danger the whole mountain side started for a race to
the valley. Five millions of cubic metres (about ten millions of tons)
of rock and earth, gravel, mud, and water came rushing into the valley,
crossed its whole width of 1,400 feet, surged up against the opposite
side, rolled over and crushed out of sight all the houses in its annihilat-
ing course, and filled the valley with a dam 1,600 feet wide on the bottom
and 108 feet deep. The average vertical fall of this vast body of earth
was aboat 1,500 feet, and the horizontal movement over 5,000 feet. Surely
water has power, and we are entitled to place it with its sister element,
fire, 88 good servants.but dreadful masters. Gouverneur Morris, the
projector of the Erie Canal, proposed that it should be built without
locks, and on a line that would give it a uniform descent per mile from
Lake Erie to the Hudson River. What a magnificent idea. It was too
magnificent for the time. A line of this kind would carry the canal to
the south of Cayuga and Senecs Lakes. With fifteen millions of tons
of surplus grain in the far West seeking a market on the Atlantic sea-
board, it would soon make New York the imperial city of the world, if
it could find its way by water lines, without one check or hindrance,
from the great grain fields to the great city.
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A canal built as Morris proposed would not have a greater descent per
mile than is now existing in the Ganges Canal in India, which has a fall
of fifteen inches to the mile, and is navigated in either direction with
facility and certainty. I mention this canal and its gradient to show that
even a guard-lock is not a necessity at, the south end of the San Blas
route to provide for the current that would be created in the canal at
extremes of high and low tide of the Pacific, but a guard-lock there
. would be a convenience and an economy.

Since the above wag set up, another number of the Transactions has
come to hand, containing an account of the special meeting to welcome
M. Ferdinand de Lesseps. M. Lesseps, it will be observed, states that he
went out to examine the route selected at the Paris Conference, i. ¢., the
Panama, but he is equally strong in his condemnation of either lift locks
as on the Nicaraguan or Tehuantepec routes, or tunnels as on the Ban
Blas route. I think, however, I shall not err in printing the Proceedings
in extenso, and it therefore follows here. I may remark also that M.
Lesseps’ estimate is 120 million dollars, but little under the figure pre-

“dioted by Mr. Evans. : .

Introduction by O. Craxure.

Vice-President O. Chanute was in the chair, and after calling the
meeting to order, said :

This is a special adjourned meeting of the American Bociety of Ciril
Engineers, held for the purpose of welcoming to the United States the
distinguished Engineers who have just arrived from Central Americs,
and of hearing what they wish to say concerning the Americsn In-
ter-Oceanic Canal. We ghall first be addressed by M. de Lesseps.
As, much to his regret, he does not speak English, his coramunication
will be made in French, and, at his request, a synopsis of each portion
of it will be made in English by Mr. N. Appleton. M. de Lesseps will
also answer any questions which may be asked. After he has termi-
nated, we shall have an account of the works proposed, by Mr. J. Dirks,
Chief Engineer of the canal from Amsterdam to the sea.

The American Society of Civil Engineers has heretofore endesvoured
to contribute its share toward the understanding of the subject of tbe
Inter-Oceanic Canal, by gathering information concerning the vatious
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routes, the plans proposed for the canal, their probable cost, and the
commercial bearings of the project.

This it has done, not with a view to revising the plans of what is,
after all, a private enterprise, nor to pass judgment upon them, for the
Society commits itself, as a body, to no views, and neither for nor agsinst
any project, but rather to collect the data required, that its individual
members might form an intelligent opinion concerning the merits and
probable results of an important undertakieg, in which the American
public is to be invited to take & share.

Beginning in November last, with the reading of a paper upon ¢ Inter-
Oceanic Canal Projects,” by Mr. Menocal, member of the Society, and one
of the delegates to the Paria Congress, the discussion has been participa-
ted in by many prominent members of the Society, as well as by several
gentlemen who promote particular routes, and we have been fully informed
concerning the Ban Blas, the Nicaragus, and the Tehuantepeo routes.

But little has yet been said in those discussions eoncerning the Panama
route; it being generally felt, that pending the proposed revision of tha
location and of the plans for the canal, by the very able engineera who
had the matter in charge, it was desirable, before any opinions were ex-
pressed, to await the announcement, of the results.

‘We are now able ta learn these results, as well as the facts and plans
upon which they are based, in the most direct, certain, and satisfactory
manner; for we have among us to-night, as a guest, the ehief mansger
and promoter of the enterprise; a gentleman of world-wide fame, as
the builder of the Sues Canal, who, having already accomplished labors
which to other men would be the work of a lifetime, having comnected
in the face of the most strenuous difficnities, two great seas across the
trackless sand of the desert, now proposes to perform the still greater
feat of cleaving the American Isthmus ssunder, to connect the two great
ocesns of the world. Gentlemen, I have the honor to introduce to you
M. Ferdinand de Lesseps.

Discussion by M. FErpINaAND DR Lessnrs.

Mr. President and Members of the American Society of Civil Engi-
neers, Ladies and Gentlemen: I am very happy to be here this evening,
not only because it gives me an opportunity to set forth my views on the
great project which I have so much at heart, and which I think when

247 2L



26 INTER-OCEANIC CANAL PROJECTS.

completed will be so great a blessing to mankind, but also at finding my-
self immediately upon my arrival in America, the much honored guest
of this Society of Civil Engineers, before which, above all others, I con-
sider it proper that I should first address myself. I am not an engineer
by education, having been for so many years in the profession of a diplo-
matist, yet I am happy to be received as an engineer, and I am happy
on that account as well as for the personal honors which have been paid
me and the many opportunities afforded me for seeing in the short time
I have already spent on shore what were to me most interesting and in-
structive illustrations of American engineering, skill and science.

I desire to begin at the beginning. In 1870, soon after the comple-
tion of the Suez Canal, and after that work had begun to be put into
regular use, I began to think seriously upon the question of an inter-
oceanio canal across the narrow land separating the two oceans in the
Western Hemisphere, The first difficulty was the supposed difference in
the levels of the two seas. An impression that there was such a differ-
ence had gone out and in many quarters was seriously believed, though
for what reason I could not find out. Upon a careful exsmination it
was discovered that this difference of sea-level was a myth, and that the
only basis of the myth was the ebb and flow of the tide, which differed
on the two sides of the Isthmus, but which would make no difficalty in
the construction of a sea-level canal—for that from the first was the
sort of a canal on which I had set my heart, and which I will baild or
abandon the project. I will not take up the various steps throngh which
we passed in the consideration of this problem, for I can assure you that
there were much study and many investigations during the years intervez-
ing between my first determination on the subject and the present time.

I determined not to occupy myself with political opinions, but from
the moment I began the enterprise to devote myself to the practical part
of the undertaking. I looked at the subject from a commercial view.

I am convinced and persuaded that the enterprise will be not only for
the great advantage of commerce, affording an easy route to the Asian
continent or India or Japan, but will produce results which will develop
the shipping interests of the United States to the place they oocupied
twenty-five years ago. '

I had the honor of the acquaintance of Senator Sumner when be
visited France, and he gave me many valuable figures on the state of
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American shipping at that time. He stated that the tonnage of American
commerce at that time was about 5,500,000 tons. England at the same
period had about 5,000,000 tons. All the commerce of the earth could
have been divided into three sections, America owning one, England
another, and all other nations together baving an amount about equal
to that possessed by each of these. Bince that time America has fallen
away as regards maritime commerce, and especially since the opening of
the Suez Canal. Its commerce is very low, much more so than it should
be for a people so great and powerful as the Americans. But I reflected
that this was not to remain so; it cannot remain so with the Panama
Canal open to encourage American shipping, as it certainly will do.

The Suez Canal has had the effect of changing the commerce of the
whole world, and improved its shipping to an extent altogether unantic-
ipated. It has caused the building of large steam vessels, which have
supplanted the sailing ships. You will see that a similar metamorpho-
sis will follow the opening of a Panama Cansl. American shipping has
fallen off since the war, and the mercantile marine, I am informed, is
now in a deplorable condition. The opening of such a canal would give
a fresh impetus to the building of American shipping and assist you in
regaining the position that you have lost. To-day I say to the Ameri-
can people, prepare yourselves in six or seven years to see your commerce
extended from the North Pole to the South. When you shall have
comprehended the importance of the canal, you will see that your com-
merce will be benefited according to your large population, and that no
other country will have pre-eminence over you when the cansl is opened.
I work not for selfish motives, but for the interests of humanity. Should
you not, therefore, concur in the project as other countries have done ?

I will compare the Suez Canal with that proposed at Panams, and
show, as I hope, that the one across the Isthmus would be an easier
matter than that joining the Red Hea and the Mediterranean. In the
first place, there was no precedent for the Suez Canal in modern times.
The ground had been a battlefield of nations since the commencement of
historic times. In the time of the Pharaohs, there were fresh water
canals in Egypt, in the construction of which the natural watercourses
were often utilized.

The first canal proposed for crossing the Isthmus of Suez was in the
time of Phillip II. He at first acquiesced in the idea, but being a very
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jealons monarch, and afraid that other nations might profit by the canal,
he afterwards insisted that the project should be abandoned. An edict
was issued declaring all men impious who ehould propose such a canal.
Kven if they spoke about it they were to be put to death, This was his
order, and as they knew he had the power to carry it out, the subject of
the canal was quickly dropped. I hope the exsmple of Philip IIL. will
not be followed in America. It would be very inconvenient for some of
us to have such an edict in force.

Binve the time of Colambus thers have not been wanting those who
thought that the American Isthmus conld be traversed. It was first
thought feasible by using the matural ports, lakes and rivers. The re-
gular study of the question of the inter-oceanic canal began in 1875.
There was then at Paris @ universal geographioal congress, and there I
talked with Profeesor Nourse, from your Government offices in Wash-
ington, and I discovered how much interest was felt in the canal in
America. I was charged ¢o preside over the inter-ooesnic wection, and I
obtained from Washington all the plans of proposed routes. Of all
countries the most ooncerned was America. Some said that America
did not want the canal, but I replied,  You decsive yourselves, Americn
wants to develop commerce in the entire world.” To prove that America
wanted the canal, perhaps I exaggerated a little, but I ssid that she had
spent already sbout $1,000,000 in exploration and in the attempts to
find out how ¢o start right in this great work. I said at the Conference
that America having built a line of railroad across the Isthmus, it was
s good srgument in favor of crossing it at that point. The American
engineers chose this route thirty years ago, snd built their railroad there.

A new congress was proposed, to which that special question of the
canal was to be referred. I wrote a number of letters to leading engi-
neers in Kurope and America, inviting them to come to Paris to discoss
the scheme. Every ome came at his own expense, and the first engineers
of Europe were there. Orver one hundred persons were present, the
dlite of the entire engineering world. We were divided up into sections,
one on engineering, one on navigation, one om statistics, one en the
movement of commerce, and one on finances. Each committes com-
menced its work without wasting-any time. I said we should go to work
« PAmericaine. “ How is that?” they asked. ¢ Quickly,” I said. And
after what I saw yesterday, I can say that I never before knew fully

250




INTER-OCEANIC CANAL PROJECTS. 29

what it was to speak of anything being a U Americaine. Now I know
what it is when I see your bold street elevated road and your magnificent
bridge and your other works of freedom in science.

At it we went for fifteen days, night and day. All our deliberations
were afterward printed. I remember that in connection with the Con-
gress something was said to the effect that the American delegation was
not treated with due consideration. This was an erroneous ides. Ad-
miral Ammen was made First Vice-President. I do not think any dis-
cussion was started that the Americans were not in courtesy first called
upon to speak upon it, and when it came to the final vote, every man
could vote as he pleased, and also give in writing his reasons for the
vote. There was not only no disfavor shown the Americans, but I was
even charged with showing partiality to them, and this charge will be
found in the printed report of the proceedings. At the final vote, 78
voted for the Panama route and 8 against, 12 deolining to vote. I did
not expect until the last day to occupy the place I now do at the head
of this gigantic work, but when I heard the exclamations of the Con-
gress, and saw there before me, as I see it now, the face of my wife, I
felt that I ought to put myself at the head of this work, and the com-
pletion of the circumnavigation of the globe.

I thought, moreover, I had not the right, after having gone so far, to
refuse to see the work throngh. It would have been cowardice not to
ocontinue, 80 I advanced in spite of the opinion of Mme. de Lesseps. It
bas brought now the pleasure of a visit to Americs, and the enjoyment
of the hospitalities which are now showering upon me, and which I should
not otherwise have enjoyed.

The first thing after this was to get the concessions from the Compag-
nie Civile, which that body had secured from the State of Colombia.
My plan was to offer the company $1,000,000 in cash when the sub-
seription for our undertaking should be taken up, and $1,000,000 in the
stock of the new company. This new company has not succeeded, partly
on account of the opposition of the press, and the press is a great power
and deserves to direct publio opinion when it is managed by honest men.
The sabacription was not a success, and I paid back the money to all
who had subscribed, Thereupon some of my friends came together,
and placed $400,000 in my hands to enable me to verify the surveys, and
to pay the deposit required by the Colombian Government. I could not
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have done this with my own means, I am not sshamed to say thatl
have no fortune. I have passed twenty years in diplomacy and thirty
years in engineering, but I did not profit by any of the enterprises which
I began. It is not my trade; I make it a principle not to gain anything
from others. I have only the shares which I pay for myself. Those
who invested their money in the enterprise have taken a great risk and
have a fair right to the fruits of success. Now my work has commenced
of executing the enterprise. It is a work of the entire world, not only
for other nations, but especially for America.

Let us talk of the technical part, Determined to make a verification
of former surveys upon which I had based my scheme, I repaired to
Panama with a party of ten well-known engineers. The expedition to
the country has been safely accomplished, notwithstanding the dangers
forboded to us. Much has been said against the climate of Panama;
but we did not suffer from it at all. The climate of Suez is infinitely
worse. The heat at Panama is from 23° to 33° Centigrade; at Saez 30°
to 85°. Woe all came back in safety. The country was not dangerous
at all, and was much more favorable to such an undertaking than that
surrounding the Suez Canal, which I will now tell you of. The most
celebrated engineers of France and England did not expect such a grest
success. I was treated as a fool because I simply desired to cut away
the earth, whereas they had expected I would make a canal with the
asgistance of the Nile. I took engineers there and we occupied the ter-
ritory. There was no water near, no houses, and it was nothing but &
great plain of sand, containing nothing that could be of use to vs. We
used camels, and our laborers were divided in companies, some going in
gearch of water while the others worked. There are no rains at Sues;
it never rains there. The difficulties were almost insurmountable. There
were battles with workmen, water had to be carried sixty leagues, we
had fierce storms to encounter, and for the first two or three years we
scarcely got a foothold. The sand did not frighten me as it did the
public. It did not take much trouble to remove it, of course, and most
of it was done by hand, before we had machines. But the taking out of
clay was & more serious undertaking ; in some respects it was more diffi-
cult to deal with than stone, because it could not be blasted or removed
in blocks. Buez was far worse than Panama can be. We remember
how we were told most solemnly that Suez could not be built, bot
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we went, I shall say again, a I’ Americaine, and did it, and now we pro-
pose to do it again. I have shown you the difficulties at Suez; at
Panama there are no such difficalties.

Now (referring to a model in relief, of the proposed line of the Pana-
ma Canal), I will briefly sketch the route for the canal : 1t begins on the
Atlantic side, at Colon (Aspinwall), and joins the valley of the River
Chagres, a little south of the bay of Limon. The River Chagres how-
ever, does not empty into the Bay of Limon, but into the sea at the old
town of Chagres. The canal follows the valley of this river to a point
near Matachin, where the river has a sharp turn towards the north-east,
and runs between two mountains. Here the canal leaves this valley, and
it is proposed to construct a dam between these two mountains to pro-
vide for the storage of the flood waters of the river. This dam will be
forty metres in height, and will retain about one thousand millions cubic
metres of water. There are at least three dams in the world, which are
of equal magnitude with this, and which have stood for many years ;
one in Spain is higher, and has endured three centuries.

The canal, leaving the valley of the Chagres, cuts through the moun-
tains at Culebra, where the extreme depth of cutting will be about 270
feet, almost exactly the same as that of the towers of your great Brook-
lyn bridge, which you have just kindly shown us. Thence the canal will
follow the valley of the Rio Grande to the Pacific, which it enters near
the City of Panama. :

Another advantage possessed by the Isthmus of Panama over that
of Buez is its fertility, being a perfect paradise; there is no botanical
garden in the world which could surpass it in beauty. The stations on
the American railroad are surrounded by villages, and there is plenty of
game in the mountains. I leave to the engineers with me the explana-
tion of the details of the proposed plan, who will report as to the country
which they have passed through, and after they have finished I will be
at the disposal of the public to respond to all questions which any one
may choose to ask.

Now, I beg to present this model to the Bociety of Civil Engineers,
and to thank them for this opportunity of addressing you.

Discussion by J. Dirgs.*
In the first place I beg to call your attention to the fact that neither
* Chief Engineer of the Canal from Amaterdam to the Soa.
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the English nor the French is my native language. For this resson I
invoke your kindness in overlooking any mistake as regards pronuncia-
tion; also grammatical errors. M. de Lesseps, the great mind who
pulled down the Suez barrier, and therefore deserved, as well as eamed,
the thanks of mankind in general—came to America with the object of
removing a second barrier, in joining together both oceans by a grest
ship canal through the American Isthmus. Allow me, ladies and gentle-
men, to explain, in a few words, why M. de Lesseps deemed it convenient
to invite me to join, not alone the Paris Congress of May last, but the
scientific and technical survey of the canal line between Colon (Aspin-
well) and Panams, which took place during the last few weeks. I have
the advantage of being the engineer of the ship canal going from Amster-
dam to the sea, which canal is fully described by your esteemed comntry-
man, General Barnard, and was visited as well by himself as by other
engineers of this great country, among them COaptain Eads, the renowned
builder of the St. Lounis Bridge and of the wonderfal works at the mouth
of the Mississippi. When the general plan of the Amsterdam Canal was
proposed, about 1860, only very few engineers believed in its feasibility,
and the majority of scientific men were of opinion that a ses harbour in
the shifting sands of the broad and shallow beach at the North Ses, 28
well as the dredging of a canal in the very soft mud of the lake through
which it ran, were to be considered as quite impossible. Belonging to
the small minority who were convinced that the Amsterdam Canal eould
be made and would fully answer the purpose, I was charged with the exe-
cution of the whole, in conjunction with Bir John Hawkshaw, from
London, who acted as consulting engineer. )

It is a great eatisfaction to me that the Amsterdam Canal has been
constructed ; that the dark forebodings of a large majority never were
realized ; that the canal, at a cost of abent $16,000,000, is a complete
success, and that the largest vessels, even to a draught of twenty-four
feet, easily enter and leave the new North Sea Harbour and get to Amster-
dam within tour or five hours. If not for the results of this proportionally
smaller, but nevertheless very important scheme, M. de Lesseps would
very likely never have known even my name. I have to thank him here
for his kind opinion regarding the little experience in canal matters that
I may have got, and I beg to state at the same time, as recorded abore,
that I was not alone in my quality of acting chief engineer, bat that the
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great mind of my friend, John Hawkshaw, was there also, in order to
svoid or to put aside many difficulties of planning and construction. As
regards the technical possibility of a level shipcanal between both oeeans
st Panama, I am happy to say again what I told a few days ago to some
very competent men, namely, that I would like to write down my very
favorable opinion in very large characters and put st stake my reputation
as an engineer that the difficulties of this enormous work will be not
greator—perhaps even less important—than those of the Suez Canal and
of 8o many other great works completed with fall success in America and
in Earope. I want to state that the making of a deep catting is just a8
possible at Panama as in the United States; that the blowing up of
rocks may be done there even with greater facility than at Hell Gate,
near this city, and, finally, that the only serious technical question to be
solved is that of the floods of the River Chagres, through the alluvial
and present bed of which a great part of the ship canal will have to be
led. But even that difficulty can be surmounted. The result of the
rtudies of Colonel Totten and Mr. Daunzats, who went into the question
with the utmost care, was set forth in the international report recently
published, and known, as I presume, to the members of this scientific
body. 1 may therefore confine myself to the renewed expression of my
heartfelt thanks to the chairman and the members of the American So-
ciety of Civil Engineers, as well as to many other citizens of this great
city. They show their regards and kind sympsthy not only for the en-
gineer but also for the Dutchman. They talk feelingly about the old ties
between my country and the United States. The same old blood is run-
ning through the veins of many on both sides of the Atlantic, and what
happened in past times may lead toward what may occur in the future,
the relations between both peoples and the other nations will be progress-
ing for ever, and each barrier pulled down on the broad way of commerce
and industry will largely contribute toward such a blessed prospect.

0. OraxuTE.—M. de Lesseps is now prepared to answer questions, and
I will begin by asking him, what are the estimates of the probable cost
of the undertaking, and the probable returns ?

M. pe Lresseps.—One hundred and sixty-eight millions of dollars.
Of this $20,000,000 are for the large dam to keep the waters of the River
Chagres in. It would not be necessary to have the work entirely com-
pleted before vessels could be sent through. I am satisfied, too, that the
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final operations will show a considerable reduction, This is the resson
that induces me to fix the capital at 600,000,000f. or $120,000,000. But
shoald my hopes in this direction not be fulfilled, the difference neces-
sary to make np the estimate can be supplied by bonds or otherwise.

According to the returns of the Congress at Paris, it was calculated
by M. Levasseur, the Chairman of the Committee on Statistics, that
6,000,000 tons would pass through the canal in a year, and that within
ten years they would rise to 7,250,000. At Suez the tariff was 10 francs
or $2 per ton, but at Panama it conld be raised to $3, which would give
& gross yearly revenue of $18,000,000, which would be a very large re-
tarn for a capital of $200,000,000, which is much more than the canal
is estimated to cost, including the running expenses and the interest on
the money. And as this tonnage is greater than that which was estims-
ted to pass throngh the Suez Canal, the canal on this contineat would
be & better investment than the other, and the stock and bonds of the
Suez Canal are very much above par.

O. Craxure.—What proportion of the necessary capital will be raised
. in Europe, and how much do you propose to raise in this country?

M. pe Lzssers.—The original capital will be $120,000,000. One-
quarter has to be paid up before a company can be formed under the
French law. One-half of the capital stock will be allotted to the United
States, and the other half to Europe. But in case it is not taken up by
the United States I will try and have the sixty millions taken up in
some other way. But I wish to have it understood that one-half the stock
may be subscribed for in the United States, as the United States havean
interest in the enterprise equal to all the rest of the world put together.

Hogatio ALLEN.—Past President of the Society :—I would like to
ask a question, so that we may have a little clearer conception of the
subject. I understand that the length of the canal from ocean to ocean
will be forty-five miles; that a certain portion of that canal will bea
deep cut, and that a certain other portion will be ordinary canal work.
I would like to ask how many miles are to be cut through, and how many
will be a deep cut? ~

V. Davzars.—The deep cutting extends for about six and a half or
sevenmiles. The deepest excavation will be about ninety metres; sad
for this distance of seven miles the cutting may average about 180 feet.
In other parts of the canal the cutting will not be of very great depth.
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HoraTtio ALLEN.~I8 the deep cutting entirely in rock ?

V. Davzars.—Not entirely in the rock. There is earth over the rock.
Col. Totten thinks that the earth may be twenty feet in depth, but in
order to be safe the estimate was based on a depth of earth of twelve
feet and the remainder rock.

Q. A. GiLuore.—Will you give some details as to the proposed dam
for the Chagres River?

J. Dirgs.—The height will be 40 metres and the length 1,600 metres.
It will form a reservoir capable of holding more water than the greatest
flood known on the river. Before a second flood arrives the reservoir
could be emptied by the main and the secondary canals. The dam can
be sufficiently well built to make it perfectly safe.

Asnser WeLon.—Why go to the enormous expense of making a sea
level canal across the Isthmus when a canal with two or three locks on
each side of the deep cut could be made so much more cheaply ?

M. oz Lzsseps.—If the Commission of Engineers which had gone
down to Panama had reported in favor of a canal with locks I should
have put on my hat and left the whole project and would have had noth-
ing to do with it. - That plan may do for small ships, but when we have
vessels now afloat 500 feet long and others on the stocks 600 feet long, it
is impossible to say for what you would have fo build the locks. Single
locks wonld be.alow, and double locks though quicker would be very
expensive and require constant repairs. At Nicaragua they intended the
use of locks, and with the earthquakes which prevail there the repairs
would be ruinously expensive, and even at Panams, where earthquakes
do not exist, they would be fatal by reason of the loss of time. I would
not have anything to do with a locked canal except for little ships. It
is not the proper idea for a grand inter-ocesnic canal.

C. Burren asked why the San Blas route has not been examined.

M. pr Lessers.—The object of the Commission was to examine the
line accepted by the International Congress ; but in reference to the route
referred to by the gentleman, I would say, that although the port on the
Atlantic side is very good, that on the Pacific side is not. This line
would make necessary a tunnel of, say, seven miles in length, and as the
Commission had aiready rejected a route in which there would be a tunnel
of three or four miles, why adopt one having a tunnel so much greater in

length?
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No. CCCXXIX.

JAMES CLEMINSON’S “FLEXIBLE WHEEL-BASE” OR
RADIATING AXLES.
[ Vide Plate].

As carriages are now being fitted on this principle on the 8cinde, Pun-
jab and Delhi Railway, the following extract from the Engincer, Febru-
ary 15th, 1878, may be interesting. The plan seems to have been
extensively tried in England, America and the Continent of Europe,
during the last three years, and to have met with very general approval,
and to work practically perfectly ap to curves of 70 feet radius.

It is not clear from the description or figares how *the central axle
is at liberty to slide under the main frame” of the carriage, but this
is & matter of detail. The main frame probably rests and slides on the
corner plates shown on each minor axle frame, and the only other connec-
tion is the two swivel pins of the end frames.

“Though the desirability of using some arrangement of the under
carriages of railway rolling stock, by which the axles would be free to
depart from rigid parallelism when traversing curves, has been felt for
many years, it is only recently that much has been done in this direc-
tion as regards passenger coaches in this country. Previously all the
stock, and even now on most of our lines practically all was, and is,
fitted with wheels whose axles are rigidly parallel, a condition which
could not have been allowed to exist so long had it not been possible
to obtain the requisite engine power and strength of the parts of the
vehicles and permanent way which such a system of construction entails.
On a straight line a vehicle with parallel axles may be considered to
need very little guidance by the flanges or rails; the tendency of such
a vehicle in motion is to pursue obstinately a straight course, and from
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it is only caused to depart by side pressure on flanges and rails. The
intensity of that pressure may be imagined when the amount of skid-
ding on any curve is remembered. For instance, a train psssing round
90° of a curve of, say, 10 chains radius, is actually skidded through
not less than 60 or 70 feet; the actual amount of skidding depend-
ing to some extent upon the length of the vehicles. The Americans first
endeavoured in a practical manner to remove this defect by the application
of the bogie, but even that very useful invention only partly removes it,
as each bogie is in itself & vehicle with parallel axles, but with a short
wheel-bage. It is only recently, however, that even a bogie has been
much used in this country, though it has for several years been known
that long carriages run much more steadily than those of the ordinary
length, and the proportion of dead weight, or non-paying load, may be
made to decréase with increase of length. Carriages of increased length
have been built, most of them running on six wheels with parallel axles,
a certain amount of transverse play being allowed in the central sxle.
Even with this, however, the position of the wheels on & sharp carve is
a8 illustrated in diagram, F¥g, 4, from which the tendency of the wheels
to mount the rails, and the increased power necessary on a curve s
compared with a straight line, to pull such a carriage along, may be
estimated. By the use of the bogie the strongest objections to long
carriages have been overcome, but others have been imported by which
the object of using long carriages has been partly defeated. The bogie
car being supported only at or near the ends, its motion is little better
than an ordinary short carriage, while the distance between the supports
involves the use of very strong and heavy framing, and the bogies of
themselves are of such weight that the paying proportion of the losd,
instead of increasing with the increased length, has in most instances
decreased. The parallel axles of the bogies have, moreover, the objec-
tions which are attached to short carriages with such axles, so that,
slthough it, as far as itself is concerned, permits the construction of
long carriages, the grinding and waste of power on curves is as great 8
with ordinary short carriages, for the direction of pull of the long carrisge
on a curve causes a thrust on the inner rail at the foremost end ard oo
the outer rail at the rear end.

* Qur object here is to place before our readers a system of construction
invented by Mr. James Cleminson, of Westminster, which overcomes
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these difficultios in a satisfactory manner, its chief recommendation
being that while secaring other advantages it provides the means of

passing roand the sharpest curves with the axles always normal and
radial thereto, whatever its radius, as shown in Fig. 5.

¢¢ This result is achieved by so attaching the axles to the carriages and
to each other as to permit them to adapt themselves antomatically and with
pexfect truth to the varying conformations of & railroad. This is effected
as follows :—The axles, with their axle-boxes, guards, and springs, are
mounted in frames BCD, Figs. 1¢ and 2, separate from the main under-
frame E. The end frames B and D have central pivots H, around which
they swivel freely, whilst the middle frame C is at liberty to slide trans-
wersely to the main underframe E through a range equal to the versed sine
LM of an arc NLO, the chord of which equals the wheel-base NMO—asee
Fig. 6—and finally the framee are connected to each other by the articu-
lated radiating gear IK. The action of the combination is simply
thus—When a vehicle enters a curve, the middle axle and frame C move
transversely through the versed sine of the wheel-base arc, and, in doing
80, cause the end axles and frames B and D to swivel around their pivots
H, so that all the axles assume positions of radii of the curve.

“ There 1is, it will be noticed, nothing of a special natare, beyond the
axle-frames, required in the application of the invention, either in build-
ing new carriages, or converting old stock, these frames entailing very
little extra cost, for as the main underframe E is relieved of the strains
ordinarily due to curves, it is said that it may be reduced in strength to
such an extent as to compensate for the cost of the axle-frames. All
standard fittings, such as axle-boxes, guards, and bearing springs, are
retained without alteration.

Tt will be seen that the system permits the construction of vehicles
of any length, and secures the unattained objects of the bogie with the
advantage of support throughout the length of the carriage. In very
long carriages, say 80 feet, eight wheels would be employed, with a
modification of the arrangement illustratod.

¢ The carriage illustrated by Fig. 1* is the new Royal Saloon carriage
constructed by the South Western Railway Company, and was briefly
described in the Engineer of the 30th of November last. Buief reference
to the steadiness and ease with which the carrisge passes round sharp

* Not reproduced.
261



4 FLEXIBLE WHEEL-BASE OR RADIATING AXLES,

curves was made on page 75 of the current volume, Carisges on the
system described have been runmning for about a year on the L.ondon,
Chatham, and Dover Railway, and any passenger travelling from Chatham
to London will be able to make the journey in the old and new carriages,

and prove for himself the great difference in the comfort of the two

systems, especially when travelling by the boat express from Chatham

to Herne-hill, The line is notoriously crooked, but it is on such lines

that the new carriages show their great superiority in steadiness and

smoothness in running.

« Besides being in use on the lines referred to, a number of pairs of
short Metropolitan carriages are being converted into single long earri-
ages on the new system by splicing, and a large quantity of stock is
running on the Campanhia Paulista Railway of South Americs. Several
English companies are making up whole trains, and a somewhat re-
markable example of the application of the system is its use on the
North Wales Narrow Gauge Railway. The gauge is 1 foot 114 inches,
and an official trial of a whole new train was recently made at a speed
of twenty miles per hour, which, on a line which may be almost consi-
dered as a continuous set of curves of two chains radius, would be
attended with the greatest danger with any other stock. The stock
has hitherto been of the bogie class, the carriages being 25 feet in
length, carrying 80 passengers, and weighing 5} tons. The new car-
riages are 80 feet long, carry 42 passengers, and weigh 4} tons each.
The latter have thus 83 per cent. more accommodation and weigh 20 per
cent. less than the former. The bogie carriages rock very much in
passing round the two chain curves, but this is not the case with the
new carriages, which have a wheel base of 23 feet, or more than one-

sixth the radius of the sharpest curve. The economy in weight in this
instance is, it will be seen, very great, and is illustrative, for thongh
on the stock of full size railways the gain is not so much, it is very
large in all cases. In proof of the merits of the system, we may point
out that it is being regarded with much favour by many locomotive
and carriage superintendents, who are necessarily not the least easily
satisfied. The facts that the carriage is so thoroughly supported
throughout its breadth and length, and that the existing frames, springs,
hornplates, &c., are all applicable, as well as the general simplicity of
the arrangement, very strongly recommend it.”
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No. CCCXXX.

CLIP CALLIPER FOR LIFTING WASTE WEIR
PLANKING.

[ Vide Plate.]

By A. Haves, Esq., Assistant Engincer, Cossye Division.

Tas accompanying drawing represents a clip calliper for lifting waste
weir planking, designed by Mr. E. Raynean, Sub-Overseer, Cossye Di-
vision, formerly Dehree Training School Apprentice. During irrigation
season, when it is necessary for the regulation of the supply to the
various reaches to the pretty constantly raising and lowering the planks
on the canal calingulahs, it has hitherto been necessary to send a khal-
lasy down into the water to attach the loops of the lifting ropes to the
wooden pins, driven for this pufpose through each end of the planks, and
this has been always rather a hazardous proceeding.

The present arrangement obviates any such necessity, for two khal-
lasies standing on the one bridge each with a calliper, can grip the planks
and raise or lower them as may be desirable.

The following description of their action, in addition to the plan,
will clearly explain the method of working the calliper.

Raising.—The two jaws of the calliper weighted at the upper ex-
tremities with two cylindrical weights when opened out for the purpose
of gripping a plank, are retained in position by a bent hook catch A.
The calliper is provided with two sockets BB, in order to allow of its
being attached to, and sliding on, a guide rod. 'When used in still water
the guide rod is not required, and the calliper can be lowered fairly on
to the plank, attached to a rope, but in an overfall of 2 to 4 feet or

263 20



2 OLIP CALLIPER FOR LIFTING WASTE WEIR PLANKING.

more, the use of the guide rod is indispensable. The guide rod is pro-
vided at its lower end with an elbow iron point, which, as the rod is car-
ried down by the stream, catches on the face of the planking, and allows
of the rod being brought to a vertical position in the current.

The rod being dropped well ahead of the planking and brought ver-
tical (Fig. 1), the calliper with jaws open and set, and the upper catch
inverted, is lowered by a line down the rod until the convex portion of
the bent hook A, coming in contact with the planking the catch is freed,
and the jaws close in an immoveable grip, the calliper assuming the po-
sition of the dotted lines. Both rod and calliper can now be hauled
up with the plank or the rod detached, and the ealliper and plank raised.

Lowering.~—~When it is desired to lower a plank, the plank is gripped
as per Fig. 2, and the calliper lowered, the upper catch C being slipped
up above its notch. On the plank reaching its place, the lowering rope
is slackened, and the upper extremities of the jaws opening the upper
catch C falls down into its notch, retaining the jaws open and the plank
is freed, the calliper assuming the position of the dotted lines. It is
generally found in & current that an additional blow or two with a ram-
mer from above is necessary to overcome the friction of the plank
against the grooves and drive it fairly ‘down.

The main dimension and weight of a calliper is as follows :—

Weight.
Jaws, flat iron (over all) 1' 6" x 14" X }”
Sockets, pins and other parts, ... o . ee e 88,
2 Leaden weights, ... . eee e aee s s T om

Total weight of calliper, 15 ,
Rod 15'X 1§” X 14
The dimensions of the calingulah planks are 5’ x 1’ x 2}". The
head lock stop planks to prevent silt getting into the lock in flood time,
dimensions 20 X 6" X 4" are also lifted with a pair of callipers. The
planking should be slightly notched to enable calliper jaws to obtsin
secarer hold.

AH

Epiror’s Nore.—Practice with a simpler tool, see Fig. A, produces 8
fair result. The Dadupur dam, West Jamna Canal, over the branch of
the Jamna, has 60 openings of 10 feet breadth, 4 to 6} feet deep, closed
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by about 290 planks. On approach of flood, about 230 of these are taken
out and carried to banks by 45 men in two hours. The carrying is of
course the heavy work requiring the number. Only 8 men are employed
in lifting planks. The lower planks are of course lifted under 4 to 6
feet head and rush of water. Two hours is the night time, one and a
half is sufficient in day light. This is rather smart practice, and I enter

Detail of end of plank at A.

.j *
T s
NI

TRod atobft m{:)

YAS

=3
U L A———

3%
it here more as a bit of information as to what can be done, than to
detract from the invention alongside. This is useful in cases of very
deep water where a rod would be long and unwieldy, but the fact that
the catch on the plank is in the groove in the pier makes it easy to find.
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No. CCCXXXI.

ELECTRICAL INTER-COMMUNICATION IN TRAINS,.
[ Vide Plate].

Br G. K. WintER, Esq.,, F.R.A.8,, M.S.T.E,, Telegrapk Engincer,
Madras Railway.

Axoxast the numerous applications of Electricity, the rapid communi-
cation of intelligence from one place to another is that which has
received the greatest development, and it is certainly the use to which
this wonderful agent appears to be most specially adapted. In the early
days of its employment for this purpose it was thought uncertain and
capricious, but as time went on, difficulties one after another disappeared ;
ita action, before uncertain, became more and more under control, and
its very caprices have been found subject to law, and have been converted
into some of the most useful of its attributes.

Inter-communication in trains, or the communication of intelligence
from one part of a train to another, has received a large amount of
attention, and much ingenuity has been devoted to the solution of the
problem. The fact, however, that no system has been universally adopt-
ed would tend to show that no system hitherto brought forward is practi-
cally perfect. Captain Tyler has said that electricity offers the best
promise of success, and in this view most men acquainted with the present
state of electrical science would probably concar.

In looking carefully into the question of the merits and demerits of
the various existing electrical methods, with a view of discovering the
best system for adoption on the Madras Railway, I found that the use
of the wheels and rails as an “ earth ™ or return circuit, and the use of
special electrical couplings, were nearly universal. A few experiments
were sufficient to convince me that in India, at least, we could not make
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2 ELECTRICAL INTER-COMMUNICATION IN TRAINS.

this use of the wheels and rails, for even supposing the electrical contact
between the framework and the axles to be perfect, that between Tail
and rail could not be relied on, especially in dry weather; and with
regard to the special electrical coupling, a little consideration was suffi-
cient to show that any system which involved any extra labor or attention
in' forming or shunting trains, was unsuitable to our mixed and ever-
changing traffic. There seems also to be little doubt that sny difficulties
which have been found to attend the application of the electrical systems
hitherto proposed have been due to negligence or forgetfulness in forming
the extra coupling, or to the imperfect earth formed by the wheels and
rails; a coating of snow for instance over the rail would destroy commu-
nication even in England. The motion and consequent vibration of a trais,
on the contrary, presents no difficulty which cannot be easily over-
come,

My endeavours have therefore been directed to the adaptation of the
existing couplings fo the purposes of communication, and to doing away
with the necessity of using the wheels and rails as an earth. The resnit
is a system which has been well tried on the Madras Railway, and has,
I believe, given satisfaction to all who have seen it. It is impossible for
any mistake to be made by the porters in forming or shunting a train,
for they haye only to do the work they have been always accustomed to,
and it is impossible for any quantity of dust, tar, dirt, or grease on the
surfaces of the hooks to damage in the slightest degree the integrity of
the circuit, for the hooks are self-cleansing, and the weight of the chains
. is sufficient to insure the perfection of the contact.

Having abandoned the use of the wheels and rails as an earth, we
require two conductors, insulated from each other, ranning from one end
of the train to the other, This is simple enough as far as the carrisges
themselves are econcerned, but the most difficult as well as the moet im-
portant point is the mode of connecting electrically the conductors of 0o
carriage, with the corresponding conductors of the next. This coaneo-
tion I accomplish by means of the side or safety chains in the following
way :—

A strong and flexible cable is passed through the links of the chain;
the conductors of this cable form a continuation of one of the insulated
conductors of the carriage, and are fastened electrically to the hook st
the end of the chain.
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The cables are made by winding gslvanized iron binding wire, weigh-
ing about 100 s. to the mile, helically round 14 inch tarred hemp rope,
in the grooves between the strande. The end of this cable, which is to
be attached to the hook at the end of the chain, is close bound with the
same binding wire for a length of about 8 inches, and the ends of the
wires projecting beyond the hemp rope are twisted together into a wire
rope.

Two holes are drilled through the shank of the hook about 1} inches
apart, and into these holes tinned iron eye bolts are soldered. The ring
of the eye bolt nearest the end of hook is only large enough to admit the
wire rope projecting beyond the cable, while the other is large enough to
admit the cable together with the extra binding. The bound end of the
cable is passed through the large eye bolt and carried as far as the small
one, through which the wire rope is passed, and to which it is firmly
soldered ; the rope is then unwound and spread radially over the ring of
the bolt, and again firmly soldered on to its surface, the ends of the wire
being cut off if too long. The lower end of the cable being thus firmly
fastened to the shank of the hook, the cable is passed through the links
of the chain in the most convenient manner, and finally passed through
a hole in the buffer plank of the carriage, the wires of the cable are then
soldered to the end of one of the wires running underneath the vehicle.
The chain and cable are well coated with tar, except on the inner surface
of the hook.

The next point to be considered is the best mode of securing good
electrical contact between the hook of one chain and that of the next
carriage, when they are coupled. On the electrical condition of this con-
tact depends the success or failure of the system, I have therefore spared
no pains to ensare its perfection. The shape of the hook is first altered
from the ordinary form shown in Fig. 1 to that shown in Fig. 2. To
secnre uniformity and correctness of figure, a steel or iron die is made of
the shape shown in Fig. 8. The hooks are made red-hot, and are easily
altered into the required shape by first driving the die between the jaws
of the hook, and then completing the alteration by means of the hammer,
keeping the die in its place during the operation. The bearing surface
of the hook is then coated with a piece of sheet copper which is brazed
on, and finally a small rib of gun-metal of semicircular section is soldered
on to the inside of the outer jaw of the hook. Fig. 4 is a drawing of
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8 complete chain with cable, &c., and F¥g. 5 is an enlarged drawing of
the hook with its copper lining, and gun-metal rib.

It has been found that with hooks prepared as above, neither grease,
tar, nor dust, are able to impare the contact of hook with hook, and the
small stones, which are oocasionally thrown upon the chains from the
ballast, are unable to insinuate themselves between the acting sur-
faces.

The method of working adopted on the Madras Railway is very simple,
and might be still farther simplified could a battery be conveniently
placed on the engine.

A battery is placed in each brake van, and all batteries are so con-
nected that they always tend to eend a current in the same direction. The
circuit is always open except when closed by pressing a planger in *he act
of signalling. The disposition of the apparatus in s train will be urder-
stood from Fig. 6. -

All that is necessary is to have a brake van between the passengn
carriages and the engine, and even this rule would be rendered unneces-
sary, if we could place the battery on the engine, instead of in the
vans, This system has been working exceedingly well on the Madras
Railway, since the 1st January 1879, the daily train mileage worked
being about 1,776 miles. The fitting of the whole stock of the Railway
is being rapidly proceeded with, and at an early date the whole of the
trains running on the Railway will be provided with an efficient means
of communication between the Guards and Passengers and the Driver.
The arrangements are tested on leaving or passing through each station,
by the Guard in the rear van giving an all right signal to the Driver,
" and sy failure or irregularity in the working of the apparatus is entered
in the Guard’s and Driver’s Journals, and is reported to the Heads of
their respective Departments, so that the letters that have been given me
by the Traffic Manager and Locomotive Superintendent are written with
full knowledge of the manner in which the system has worked.

It has not been thought necessary hitherto to apply a break-awsy
signal to the system on the Madras Railway, and the author does not re-
commend its adoption, owing to the complication necessarily involved :
it can however be applied in several ways, of which the following
arrangement is probably the cheapest, simplest, and most easily ap-
plied.
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The closed circuit is used, and signals are made by breaking or open-
ing the circuit, so that if a train parts a signal is given automatically in
consequence of the break in the circuit, caused by the parting of the
train. The difficalty which has hitherto prevented this system from
being adopted is that during shunting, or when the engine is separated
from the train, the engine bell would be continually ringing, unless
some act were performed to stop the ringing; and, in this case, there is
always the danger of the apparatus not being re-adjusted for ringing,
when the train is made up again. This difficulty I propose to overcome
in the following simple manner.

A relay is used on the engine to complete the eireuit of & local bat-
tery through the bell. This relay has two contacts, the armature making
contact with the one when the train circuit is complete (that is when the
constant current is flowing through the coils of the relay), and with the
other when the train circuit is broken (that is when no current is flowing
through the relay coils). A switch attached to the apparatus is arrang-
ed to join one contact with the battery and bell, when the switch handle
is in one position, and the other contact with the battery and bell, when
the handle is in its other position. Thus, suppose when the train is
joined up, and the train circuit closed, the bell is silent when the switch
handle is at A, and that it rings when the handle is at B; then, when
the train is divided, and the train circuit broken, the bell will be silent
when the handle is at B, and it will ring when the handle is at A. Thus
on arriving at & station at which shunting is to be performed, directly
the train is divided the bell will ring, and will continue to ring until
the Driver tums the handle to B. Again, when the shunting is com- -
pleted, and the train joined up again, the bell will ring until the Driver
tarns the handle back to A. Bo that, whether the train is being form-
ed or broken, the Driver is reminded of the change to be made in the
position of his switch handle, by the ringing of the bell, and there is
consequently no chance of the proper adjustment being forgotten. The
arrangement is shown in Fig. 7.

It will be seen that signals may be given to the Driver by simply divid-
ing the circuit in any part of the train, and keys arranged to do this
may be fixed in any or all of the vehicles. Also should any part of the
train become separated, the act of separation will break the train circuit,
and cause the bell to ring.
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No.C 7804

A& M,
Fron—H. E. Ceurcr, Esq., Trafic Manager, Madras Railway
Company.
To—G. K. WintEr, Esq., Arconum.
: Madras, %¢h October, 1879.
In reply to your enquiry as to our experience of the practical working
of your electrical communication in trains, I have much pleasure in in-
forming you that since its introduction, on the 1st January last, in the
mail trains, it- has worked most satisfactorily, and the comparatively few
interruptions we have experienced have been found on enquiry to be due
to carelessness on the part of the Train or Station stuff, and not to any
defect in the system.
The communication has been made use of by the public on more than
one occasion, when a spark from the engine had set fire to clothes, or
bedding, and there can be no doubt that it is much appreciated by the

Train staff.
» . » » » » » .
3224
No. Z526
From—F. H. Taevitaior, Esq., Locomotive Superintendent, Madras
Railway.

To—G. K. Wixrer, Esq., Telegraph Engineer, Arconum.

Perambore Works, 27th November, 1879,

In compliance with yoar request that I should express an opinion

o upon the working of your electric inter-communication apparatus, I have
much pleasure in testifying to the success with which it has been worked
during the last 11 months on this Railway.

The apparatus is now fitted to nearly all the engines on this line; it
has done good service to passengers on the occasions when it has been
needed by them, and as far as I know, has not once failed from any de-
fect in the apparatus.

The bell on the engine always rings, and so clear and strong in
answer to the Guard’s touch on the key in his van, that it has ofter oc-
curred to me that the use of the apparatus onght to be extended by
the adoption of some simple Code, so as to enable the Guards to com-
municate much more than an order to stop, or a signal that sll is right
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behind. It would be most useful as a starting signal, especially for long
goods trains on dark and stormy nights.

As there is no machinery to get out of order; as it requires mo
special couplings between the vehicles, and admits of easy application
to foreign stock mixed up in the trains, and as, above all, it has now
stood quite succeasfully the practical test of a year's working, I have no
hesitation in asserting it to be the best inter-communication scheme yet
brought out. )

Extract from a letter from the Agent and Manager, to the Secretary,
Madras Railway Company, No. 1888, dated the 18th of October, 1879,

From the 1st of January last the mail trains have been provided
with electrical inter-communication between Guards and Passengers and
the Drivers, and since the 1st of February the 7 a.m. and 6-15 a.x.
passenger trains havo also been similarly provided, the working of which
in all cases has been satisfactory.

G K. W,
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No. CCCXXXIL

ALFRED NOBEL’S DYNAMITE.
[ Vide Plates I, IL, and ITL]

Bx Majsor J. L. L. MoranT, R.E., Erecutive Engincer.

Tae supremacy of gunpowder as the only safe and economical blasting
agent has for some time been & thing of the past. The advantage
offered by explosives more violent in character has become widely known
and utilized. Of all these explosives, those in which nitro-glycerine is
the chief constituent have received the widest application. And of these
latter, dynamite is the one which seems best adapted for India. It is
now, and has for some years been, very largely employed all over Europe ;
and in some places has, for blasting purposes, entirely superseded powder,
notwithstanding the greater care now bestowed upon the manufacture,
and the improvements introduced into the nature and form, of powder.
Its increasing consumption.—In Europe, America and Aus-
tralia its annual consumption is now considerably over 5,000 tons: and
this consumption has been increasing since its introduction as follows:—

Year,

Tons,
In 1867, ... w11
» 1868, ... . 18
w 1869, . w. 185
» 1870, .. w43
» 1871, ... w785
» 1872, ... . 1,850
» 1873, ... o 2,060
w 1874, .. 3,120
» 1875, ... . 4,000
» 1876, . e 5,000

* have not been able to obtain the figures since 1876.
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2 ALFRED NOBEL'S DYNAMITE.

Gelatine Dynamite.—Nor has the ultima Thule in dynsmite been
yet reached : M. Nobel is now introducing a gelatine dynamite which
has already, to an important extent, sapplanted the Kieselgurh dynamite
on the Continent of Europe. He has now discovered that a compars-
tively small quantity of a nitrated cellulose, prepared from cotton ina
peculiar manner, has the property of transforming liquid nitro-glycerine
into a gelatinous mass highly suitable as an explosive, possessing twice
the destructive force of dynamite No. 1, at only 60 per cent. greater
cost in the explosive. Gelatine dynamite is composed of—

Nitro-glycerine, vee we 8640 parts.

Soluble gan-cotton, ... e .. [ 960 ,,

Camphor, ... e e 400 ,,
1¢000 ,,

It possesses the following extraordinary qualities :—

(i), It may be preserved intact for an indefinite time under water,
go that it is even proposed to store it by keeping it immersed in water
till required for use ; (ii), it never gives off its nitrc-glycerine even under
extreme pressure ; (iii), it is unaffected by violent shocks or vibrations
and even by explosions which may occur close beside it, and (iv), it is
not affected dangerously by fire.

Nobel's Dynamite, No. 1.—The blasting gelatine is not, however,
in some respects, so suitable for Indian Engineering as the Kieselgarh
dynamite, or Nobel's Dynamite No. 1, as it is called by the Trade.
The following remarks will refer almost solely to the Kieselgurh mix-
ture. They will be followed in & succeeding number by a record of
certain special experiments carried out in India on the effective use of
dynamite in rock blasting.

Advantages of Dynamite.—Dynamite offers the following advan-
tages : —

1. Its explosive effect is much more violent than that of powder, and
it requires fewer bore holes than powder does, hence saving in labour,
tools, explosive, and fuze.

2. Not only is a much larger quantity of powder than of dynamite
required to produce eimilar results; but it is often impossible to perform
the same operations even with exorbitantly large charges of powder : this
is especially the case in the breaking up of masses of hard rock or metal
by the super-position or simple insertion into cavities of the dynamite.
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It is hence invaluable on field service, or wherever work has to be in-
stantaneously done (as in the case of a mountain road suddenly blocked
against traffic by a storm), or wherever time is of greater importance
than a larger expenditure of the explosive.

8. In hard rock the shattering and splitting effect of dynamite is
much greater than with powder; and the rock is broken up to the
bottom and sometimes beyond: it hence cheapens the after removal of
the sbhattered rock, and is peculiarly advantageous in obtaining broken
stone for roads.

4. Its density being nearly double that of powder, and ils power
very much greater, its bore holes can be made smaller than those for
powder. '

5. To a certain extent, and for limited periods, dynamite is unaffect-
ed by dampness : there is therefore no necessity to dry the holes as when
powder is used, and it is also without ditficulty usuable in water bleeding
rucks.

6. The explosion of dynamite being instantaneous, almost any kind
of tamping suffices ; or, at least, tamping is not nearly so important in
employing dynamite as it is in using powder. Water is often used as
tamping ; and in case of a miss fire this is extremely convenient, for the
primer and fuze have simply to be withdrawn and another primer and
fuze inserted.

7. Dynamite cannot be exploded by simple ignition : it must be ex-
ploded by violent detonation. Hence its great safety as an explosive.
Even if its store be on fire, it will burn for a considerable time before it
can explode. And though it can be exploded by ‘s shock, this shock
must be of such a character as it is very unlikely to meet with in prac-
tice. 'There is hence less danger in the transport of dynamite than in
that of powder.

8. Dynamite possesses the advantage over gunpowder of producing,
when fully and properly exploded, but little smoke; but if a hole be
overcharged, or if the explosion be imperfect, then the vapours evolved
from dynamite are more objectionable than gunpowder smoke.

9. The manufacture of dynamite is conducted with greater safety
than that of gunpowder : though several thousands of tons of the former
have been made in England not a single life has been lost among the
numerous workers employed.
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10. The few precautions required in using dynamite are perfectly
simple, easily understood, and easily carried out.

11. English dynaﬁnite is not liable to explode spontaneously: no
instance has ever occurred of its so doing. The following Table will
make readers assured of this :—

The undermentioned articles give off an inflamable gas which forms
an explosive mixture with the air at the following temperatures :—

Tahrenheit.
Ether, ... s e v 88°*
Parrafin oil, ee [ST R s +es 120°t0 150°
Naptha, ... oe s eee .. 150°
Alcohol, Brandy, Whiskey, &c., e s em 170°
Beml. .o e oe oon eee vee oon 176°
Turpentine, e wse  sse  ase  ase  ses 820°

‘Whilst the undermentioned articles explode spontaneonsly at the follow-
ing heats :=m
Fahrenbeit,
Dynamite, aee s "o e e e 400° to 420°
Gunpowder, see  see  ses  aee BOOP to 600°

12. In store the risk of an explosion of dynamite is almost nil.

Its only drawback.—There is one drawbsck in the use of dynamits,
and that is that it freezes at a temperature 14° (Fahr.) warmer than
the freezing point of water, and when frozen it thaws very slowly, and
can only be exploded with difficulty. This, its only weakness, is one that
will not have to be tested in most parts of India.

Sun’s action on Dynamite.—A more important point in this
country is the action upon it of sun-light and heat. Professor James
Dewar experimented in midsummer upon dynamite in the following
way :—Having placed some dynamite in an exhausted tube, it was hesat-
ed for several hours on successive days by a current of steam, the tube
beiug at the same time freely exposed to the action of light. This treat-

. ment gave no trace of any permanent gas or acid, and the substance
showed no trace of any decomposition. At the same time it is very sd-
visable that dynamite be mever long exposed to the direct rays of the
sun. At 158° Fahr. several grammes of nitro-glycerine will disappear
from dynamite in a few days if exposed in thin layers in watch glasses.
Bat from experiments on the Continent of Europe, in 5 years a sample
of 1871 lost only 2-2 per cent., an(; ;181 4 years a samplo of 1872 lost only
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1-5 per cent. of its nitro-glycerine. Dynamite freely exposed to the air,
however, must in course of years lose an important percentage of its ac-
tive principle.

Dynamite how discovered.—Nitro-glycerine, discovered by a
young Italian Chemist, Sobrero, at Paris in 1847, is formed by the ac-
tion of nitric acid on glycerine—

Nitric Acid.  Glycerine. Nitro-glycerine, Water,

8 (HNO,) 4 C,H,0, = C,H,0, 8 (NO,) 4+ 8 H,0
Concentrated sulphuric acid is added to remove the water formed, the
heat evolved being artificially kept down to prevent the decomposition
of the nitro-glycerine. Being only capable of partial explosion by ordi-
nary methods, nitro-glycerine continued useless till the Swodish Engineer,
Alfred Nobel, discovered the method of its complete and certain explo-
sion by a detonator of fulminate of mercury. But the catastrophes result-
ing from its accidental explosion led to its abandonment. Nobel, how-
ever, in 1864 discovered that by mixing with the nitro-glycerine a porous
infusorial eiliceons earth, known in Germany as Kieselgurh (or any other
absorbent substance), it not only retained its blasting powers, but that
the readiness and certainty with which the nitro-glycerine exploded was
somewhat favored by the mixtare. Hence the introduction to the public
of dynamite in 1867.

T'wo classes of Dynamite.—Dynamite is made of various strengths
in two classes: one class in which the absorbent material is inert, serving
only as a carrier for the oil; the other class which contains an active
base—itself an explosive. Of these two classes the first is by far the
amost powerful, the second is little better than gunpowder. In the firat
class it is not only necessary that the mixture be complete, but that the
oil be entirely absorbed, so that no separation can after mixture be pos-
sible either from movement in transport or from long storage. The
complete admixture of its two ingredients is of great importance, and is
effected by means of sieves and heating to 160° Fahr.

Characteristics of Dynamite,—All reliable dynamites possess
the following characteristics :—

In appearance they are greasy and plastic like putty; when uncon-
gealed, flesh colored, and when frozen, white; their density is 1-6, that of
powder being 1:00; they burn quietly when exposed to a flame without

producing any explosion, but when heated to 420° Fahr. they explode;
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they can only be practically exploded by a cap or detonator, and when
confined, the force of the explosion varies with the strength of the
envelope; they are unaffected by exposure to damp, and in some kinds
even by immersion in water; they freeze at a temperature 14° (Fabr.)
warmer than the freezing point of water, and in this state are less readily
exploded; their perfect explosion generates no mnoxious gases, though
their burning does, but though the fumes are poisonous, habitual contact
diminishes their hurtful effects; and, lastly, moderate shocks do not
affect dynamite at all.

Dynamite Cartridges.—English dynamite has been manufactured
under strict Government supervigion since 1878 at Ardeer near Stevens-
ton in Ayrshire by Nobels Explosives Company ; Indian Agents, Messrs.
Macaulay and Company, Bombay; Indian Instructor, Mr. John Harris.
Nobel’s Dynamite No. 1 is sold in cylindrical cartridges with a wrapper
of parchment, which is thick, untearable, and impermeable to nitro-
glycerine, though not to water, so that should the oil separate it cannot
pass to the outside.  These cartridges are consolidated by pressure,
whereby any excess of nitro-glycerine, which the porons earth will not
hold absorbed, is expelled. Each cartridge is §-inch in diameter, 3}
inches long, and weighs 2 ounces : eight cartridges therefore go to the Ib.
The cartridges are made up in 5 Ib. packages (with 87 cartridges snd 9
primers, latter weighing each § oz.) covered by a wrapper of oil skin
which is waterproof, but not nitro-glycerine proof. Ten of these packsges
are packed in each wooden case, containing therefore 50 1bs. of dynsmite.
A ton of dynamite, like gunpowder, weighs 2,000 lbs.

Prices of Dynamite.—The prices of Nobel's Dynamite No. 1 with
its appurtenances at any Indian Sea Port are as follows : —

PRICES.
Rs As.P.
Dynamite No. 1, per 1b., ose .. 180
Treble Detonators, per box of 100, - e w 2 20
Nippers for futenmg detonators to fuze, each, ... w 060
Improved nippers for ditto, each, - .. 300
Gutta-percha (tape) safety fuze, (Bxckford's) for blntmg in
wet places and for submarine work, per coil of 24 feet, ... 1 3 0
Red tape safety fuze, per coil of 24 feet,... w 070
White hpe fm, ”» s oo we 0 80
Electric fuzes 44 feet long, e.ch . 200

Large India-rabber lined bags for extra heavy bluu are snpphed to order.
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Detonating Caps.—In practice, dynamite is exploded by means of
heavily charged percussion caps, of which Fg. 1 is a full size section.

The amount of charge in a detonating cap affords no indication of its
strength, since it may vary in chemical composition. Some caps with a
charge of 15 grains failed to explode a frozen primer, while other caps
containing only 4} grains succeeded.

This is caused by (i), impurity of the fulminate of mercury; (ii), the
chlorate of potash with which it is mixed may be in excess ; or (iii), the
quantity of gum used to bind the charge and to protect it from moisture
may be too great. The proper proportions in the fulminate giving the
best results are : —

Fulminate of Mercary, .. .. . =« 77-66 per cent.
Chlorate of Potash, ... e e e 22:34

10000

To ensure the detonation of dynamite under all conditions, the detonator
used must be capable of rupturing an iron plate ‘08 inch thick when tied
to it by a string. . To illustrate the force of these detonators, it may be
mentioned that a school boy at Halifax lost the fingers and thumb of
his left hand by a detonator exploding in it. Two years previously
a man had bought some detonators for exploding dynamite, but having
no use for some of them, he soaked them in water to render them as he
thought harmless, and threw them into the street, where one was picked
up by the school boy, who seeing a white substance at the end of the
tube, tried to extract it with a pin, when the detonator exploded.

Puze fastened to detonator.—These detonating caps are laid in
small tin boxes in sawdust ; before using the caps, the sawdust must be
blown out with a dry blow of the mouth: they must never be scraped.
Bickford’s fuze is used, cut to the requisite lengths with square ends, one
of which is inserted in the cap until it touches the fulminate : the cap is
then compressed with pincers near the open end, so as to bind and hold
the fuze tightly.

Fig. 2 shows the detail, W being the compressed portion. Fig. 2A
also further illustrates this.

Pliers used by wire workers are the most convenient, the cutting edges
heing first blunted : care must be taken that the pressure used is not too

great, lest the fuze be separated from the fulminate, and the circulation
of the flame be impeded. In wet or even damp places the junction is
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made water-tight with grease, white lead or tar smeared well over the
whole portion of cap and fuze near W, Fig, 2.

Primers,—The fuze and cap being ready, a primer (weighing § oz)is
opened at one end, and the cap is gently pushed into the dynamite, so that
a part of it is still visible; or if desired, a slender piece of box wood,
termed a “regulator,” with a shoulder to fix the depth up to which the
cap can be inserted, is first pressed into the dynamite to form the hole
for the receipt of the detonating cap. Care must be taken not to push
the cap overhead into the primer, or the fuze will set it on fire and bum
and waste the dynamite; or the flame of the fuze may ignite the dyus-
mite, and the cap explode out of contact, when there would be no explo-
sion of the dynamite. The cap inserted, the paper of the primer is then
closed up, and bound round the fuze with a wire or piece of twine ss
shown in Figs. 8 and 8A, B being the binder.

The connection ought to be very securely made, 8o as to prevent the
displacement of the cap.

Loading and Firing.—In making a blast, one cartridge is fint
placed in the bore hole and pressed or squeezed, not rammed, down with
a wooden, never an iron or metal, rod in such a way that it forms s close
contact with the sides of the rock : this process is repeated with s
second, third or more cartridges according to the magnitude of the
blast. Finally the primer, furnished with the cap and fuze, is lowered
or pushed gently, but never rammed, into the bore hole until it rests on
the charge. However heavy the charge may be, it is always advisableto
employ a small exploding cartridge or primer. The space for aboat 8
inches above the charge is then gently filled with sand, clay or soi, aud
the rest of the tamping is formed of any more resisting material that
may be at hand, gently packed with the wooden rammer. [Damp ssnd
lightly packed forms an excellent tamping. Or water may be simply
poured into the hole]. After this is done the fuze may be lighted. Sez
Fig. 4.

When a blast has failed, the charge should not be withdrawn, unless
water tamping has been used : such an operation would be attended with
great danger. A fresh charge should be placed in a hole made nesr the
former, and the explosion of this will generally insure that of the other;
or about half the tamping may be removed, and a heavily eapped car-
tridge introduced.
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Froszen Dynamite.—Dynamite becomes frozen at 46° Fahr., but
thaws slowly and resumes its pasty condition when warmed. Thoroughly
congealed dynamite appears no longer flesh colored but white. To secure
its full explosive effect, dynamite must be in the pasty state when used.
1t should not, as a rule, be applied in any way for blasting in a hard or
frozen state. It is not dangerous when frozen, in which state it can
be carried rather more safely than when unfrozen: but when frozen it
can only be exploded with difficulty, and, by not fitting into the bore hole,
it loses some of its explosive effect : it also thaws so slowly as to make
the bringing it to a plastic condition a tedious matter: most of the
accidents which have occurred in its use have arisen from attempts to
thaw it quickly. Where circumstances do not readily admit of the
charge of dynamite being thawed, the primer cartridge must at least be
first thawed by placing it in the trowsers pocket: the primer thus used
will explode the frozen dynamite.

It has been proved on a large scale that dynamite can be carried
abont, shaken, or even broken with impunity when in a frozen state. The
following experiments among others, were made before Dr. James Thom-
son and Mr. J. T. Bottomley, Professor of Engineering and Lecturer on
Science respectively, in the University of Glasgow. 8everal cartridges
of dynamite in a frozen state were thrown, one by one, with great force

against an iron plate : the cartridges were partly squeezed into lumps
sticking to the plate, and partly were smashed to fragments which flew
round about ; but there was no explosion. A block of iron 400 Ibs. weight
was allowed to fall from a height of 20 feet on a light wooden box con-
taining 20 Ms. of dynamite in a frozen state : the box was smashed, the
cartridges crushed flat and pounded together, but no explosion. The
orushed frozen cartridges wore next made up into two heaps to be explod-
ed. A small unfrozen cartridge or ¢ primer” of dynamite, with
detonator and fuze, was ingerted in each frozen mass, and fixed succes-
sively, the two heaps of frozen dynamite being only a few yards apart.
The explosion of the first, though very violent, did not set the other off.
The second, however, made a very violent explosion when ignited by the
unfrozen primer and detonator.

The freezing point of nitro-glycerine varies between 39° and 58° 6"
Fahr., owing to differences in manufacture. Samples from Nobel’s factory
at Zamky on the Continent, remained liquid under from 32° to 17° ¢’
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Fahr. Dr. Gladstone has noticed that nitro-glycerine when subjected to
cold will become only thick or glutinons without freesing. Other
experiments have shown that in nitro-glycerine exposed for several days
to 50° and 32° Fahr. some crystals became detached and floated on the
oil which did not congeal. Contact with silicious substances, such a8
silicious marl, hastens the freezing at temperatures below 53° Fahr.
With dynamites composed of absorbent matters having a combastible
tendency, the diminution in liability to explode was rather lessened whea
frozen. Boft silicious dynamite would not explode when fired at and
struck with a bullet at 2,600 paces; at 2,000 combustion was produesd.
Frozen dynamite, however, wounld not explode even at 60 paces. The
following are the results of trials by striking dynamite samples with &
steel hammer : —

Untrozen dynamite, Dynamite betwess fromsn and liquid.

Fall 197 inches .. .. explosiop. | Fall 19-7 inches .. .. explosion.

» 157 » ee oo ” » 15 » LI ¥ »

» 118 ” ee oo ”» » 118 » se e »

p TB e e ” w 19 e e

» 59 » O Y » ”» 59 ”» oe oo »

w 89 45 . ..noexplosion) , 89 , .. .. noexplosim

” 89 » 2 blows ”» ”» 89 » 2 b) explaiu.

w 89 , 38blows » w 30 , .« .. poexplosin
» 30 , 3blows, explosion

w 10 4 e oo noexplosion.
s 14 , Sblows
”» 16 2 8 blows »

The sensibility of frozen nitro-glycerine to mechanical shocks is shown
by the above experiments to be less than that of non-frozen nitro-glycer-
ine, but in the transition state this sensibility is still farther increased.

Frozen Dynamite how thawed.—To bring the dynamite from s
frozen to a plastic condition, the most convenient arrangement is a double
box, the inner one containing the cartridges, and the space ontside it
being packed with fresh manure. In this manner dynamite ean slways
be preserved in a proper condition. In smaller quantities the apparatas
shown in section in Fig. 5 is employed.

It consists of two concentric vessels, the inmer one containing the
eartridges, and the outer one hot, not doiling, water.
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Bilasting under water.—If the blast is made under water, it is abse-
lately necessary that water be prevented from touching the esp. A
simple method has been already described. Another special arrangement
is seen in Figs. 6 and 7. Here an outer envelope or zinc box is psck-
ed with grease and wax in the space W left above the top of the
cartridge.

Velocity of Dynamite,—Groups of mines may be exploded simul-
taneously by joining them with dynamite trains about 1 inch thick,
which are made of rubber or zinc tubes filled with the explosive. To
insure sucoess, it is necessary to place a heavily charged cap at the end
of each train.

Mr. Abel has exploded s cartridge of dymamite weighing 2 ounces
at one end of a wrought-iron tube 5 feet long and 1-22 inch internal dia-
meter, by exploding a similar cartridge at the other end. The veloeity
of transmission along a continuons train of dynamite is about 20,000
feet per second; but it is reduced to 6,200 feet when the oylinders of
dynamite are placed half an inch apart; and from various experiments it
appears that the transmission of explosion from one charge of dynamite
to a separate one varies with the distance between them, with the amount
of the initial charge, and with the nature of the packing of the recipient
charge. .

Safety in transport and store.—Major Majendie, R.A., the Gov-
ernment Inspector of Nobel’s English Factory, reports that : ¢ Dynamite
of the specified composition and quality is safer to transport than gun-
powder packed in barrels.” Some of the grounds for this asserlion may
be here given. Boxes filled with dynamite have been thrown from a
great height with a great shock without exploding. They have been
placed on an open fire when the dynamite burned slowly away without
exploding. Dynamite has been in railway collisions, and, though the
van and boxes ‘containing it were smashed, no explosion took place. In
Bombay, piece of iron weighing 250 ls. was dropped 40 feet on a box
of 50 Dbs. of dynamite ; box broken, dynamite scattered but not exploded.
At Bombay one th. of gunpowder scattered over 5 Ibs. package of dy-
namite and exploded: no explosion of dynamite. Again, an iron plate
was placed on 20 bs. of powder, and on the plate 10 Ws. of dynamite:
explosion of powder sent iron plate quarter of a mile into the air; frag-
ments of parchment, with unexploded dynamite adbering, found lying
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on the ground. There are 14 dynamite factories in various parts of the
world, and since the opening of the first factory in 1866, not s singls
accident has ever taken place with dynamite, either during carriage o
storage. Experience has proved down to the present time that the
danger of dynamite in its carriage by rail, ship, or cart becomes absolutely
nil 50 long as the detonators by which it is exploded do not travel with it
in the same carriage.

Dynamite how used.—Absolute instructions for the use of dyns-
mite cannot be laid down any more than for the use of powder: every-
thing depends on the nature of the rocks and the character of the work.
Exactly parallel experiments are extremely difficult to obtain. Com-
parative experiments with explosives on masses of concrete would sesm
to promise fairer resnlts than when tried on rocks, the homogensity,
nature and condition of which vary even in the same species of rock, sad
are next to impossible to predicate,

The following general principles, however, may be obeerved. The mods
of proceeding is the same as for powder, only the holes should be farther
apart, of less depth and of smaller diameter, so as to obtain a more
slender charge.

Bore holes for Dynamite.—The following are the diameters of the
drills usually employed for different depths :-—

Diameter.
mswbs M L (l1] (1] cee lm
w6 o 1l , . e 1} to 8 inches.
w il . 15§ o . e 302 o,

The depth of the bore hole should be not less than equal to the length
of the line of least resistance, and in no case should the bottom of the
hole descend below the level of the face of the rock.

Calculations of charges.—When therock is very compact, the length
of the charge is made about } the depth of the hole, in more favorsble
cases it may be } or even . The following formule may be employed
in calculating the charges to be nsed.

W=5 LI or= g « TLE eoneeemmsssssrens (1)
Where W = the weight of the charge in Bs., Avoirdupois,
L.L.R. = Line of Least Resistance in feet,

and C s coefficient to be determined by experiment, according to the natare
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of the ground and the class of dynamite employed. In No. 1 dynamite
the following values have served as data:— .

Very solid masonry, o s C =088
Hard “mc, ore LYY ves sar C =033
Soft limestone, [ e .o [T C =018

Non-ecompact rock, ... . e C=013
Bpeaking generally of dynamite if—
E = the quantity of the dynamite charge in ibs., and L.L.R. as
before,

then E == O. LT, where C = from ‘003 t0 *006,.........(2).
In framing estimates, it is generally reckoned that } b. of dynamite
is required for every 10 cubic feot of hard rock.

Dynamite how used in practice.—In soft grounds, clay, marl, &o.,
dynamite is employed in the following manner : a hole is made of 1 or
1'5 inches in diameter, and 8 or 12 feet in depth, one dynamite cartridge
(2 oz.) is dropped to the bottom of this hole and exploded, when it forms
s spheroidal chamber; this chamber is enlarged by means of other car-
tridges until it can hold 4}, 11, or 22 Is. of dynamite, according to
need, and it is then filled with the No. 8 explosive, The firing of alarge
charge of No, 8 dynamite should always be done by means of a car-
tridge of dynamite No. 1 furnished with a strong cap.

‘When it is-desired to shatter 8 body by means of dynamite, it is first
of all necessary to insure between the dynamite and that body a close
oonnection, and also to multiply as much as possible the points of con-
tact. The effect will always be greatly increased by placing on the op-
posite side of the substance to be shattered a resisting force, as for
instance masges of stone or timber-struta.

Dynamite and powder compared.—In using dynamite, a deduo-
tion may be made as compared with powder as follows ;—

Per Cent,
For galleries in hard schist, o " 18
s cuttings in syenite of mediam lmdna-, 85
” ” ” “r’ M oo .0 (L1 “
” ” 11) es .o e “

It may be assumed that hand hbor is diminighed from 40 to 50 per cent.,
which represents in time a diminution of one-half.
The following table, obtained from actual experiments, will show at &
glance the relative values of gunpowder and dynamite.
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Volumeof gas |
ve. Composition. Heat evolved produced per & Produet tofiea-

i e e Sy e
Gunpowder, ... |Potassium nitrate, 74:70
Sulphur, ... .. 1245 1
Charcoal, ... ..._1315 I 1,008 a6l W
: 10000 |
Dynamite No, 1, |Nitro-glycerine, ... 75 |1
ISilics, coe  car  ee 25} 1,780 856 15,388
100

Ezamples—1. Driving a railwsy tunnel under Clifton Downs, Eog-
land, the bore holes being drilled by machinery of the same size ad
depth.

No, of Weighta of

Distance | bore holes | Total No | Xpiosires o
Brplosives used. m}:_ on;a:: mu ':':’ff ‘t..w &_
ward | Bvora, yards for-
ward.

d |8 sd
_Guopowder, .. .. 8 81 4656 14173 | 5 ([ 107

s,
Dyuamite,.. oo .. | 18 17 | 256 | 165 | & [16100

IL. In the Pribram mines on the Continent of Enrope, where dyns-
mite is much used, there is & saving in using dynamite over gunpowder
with electric blasting of 23 per cent. in the price per yard, 28 per cent. in
wages, aud 88 per cent. in time. When safety faze and detonating caps
were used, the corresponding figures were 9, 11 and 25 per cent. respec-
tively.

Dynamite on Wood —If it be required to shatter a piece of wood
or a tree, by surrounding them simply with the cartridges, it will be ne-
cessary to employ the following charges of Dynamite No 1:—

Ouposs, In In. 1n.
85 fora block of 4 X 4 or a tree of 4 in diameter.
875 n »n 8%X 8 5, 4 8 45 »
8800 , ., l12x18 , , 12 ,
10500 » » 16x18 , , 18 , ,
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A large saving in the charge will be made by drilling the substance
for half its thickness, and filling the hole for one-half its length. In-
stead of having one hole, several can be made, converging in such a way
that the whole of the charges explode simultaneously by the action of
one cap. Then the following charges only will be necessary :—

85 ounces for a diameter of 8 inches.
818 » " 13
245

”
» ” 16 ,

Ezamples—

I. In 13 minutes altogether, dead tree, 24 feet diameter, 40 feet high,
blown 2 feet into air and all rvots dislodged with 1 Ib. of dynamite.

II. With large tree (living), skin bark all round at root for 2 inches,
encircle it with a half inch tabe of dynamite, insert detonating cap and

fage, cover well with clay and explode. Tree will be severed at root with
only 6 inches of wood destroyed.

Dynamite on Iron.—In order to break a rectangular piece of iron,
the charge is placed on the wider side so as to occupy the whole of the

width. This charge ineresses with the thickness in the following man-
ner :—

For s width of 40 inches,
525 os. with the thickness, we ‘3 inch,
182 b, » » s 4 ”
Ne 1
: 528 s ” "o 76
Dynamite.) o300 ,, . . o 200 toehes,
18200 ,, o, . v 400
Egamples—

1. An ordinary double-headed iron rail can be cut by 8 ounces of
dynamite placed against it (Fig. 8) and detonated.

II. Four ounces of dynamite with primer (§ 0z.) sufficed to break
cast-iron girder as shown (Fig. 9).

IIL Hollow cast-iron road roller, 2 feet 104 inches diameter and
§-inch thick, weighing 478 Ihs., emashed into 80 pieces with 8 ounces
of dynamite.

IV. A cylindrical block of wrought-iron, 11} inches diameter, 124
inches long, and bored through the centre with a one inch hole, had. its
hole filled with 8 ounees of dynamite and exploded. One-half was blown
80 feet in one direction, the other half 50 feet in another, and stopped by
banks. On examining the iron after explosion, the bore hole was found
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16 ALFRED NOBEL'S DYNANITE,

to be enlarged to 1§ inch at the centre, tapering to the original dismeter
at 8 inches from the ends. The bore was not plugged. The explanstion
of the enlargement probably was that, the explosion, although practially
instantaneous, commenced at one end where a portion of the charge was
exposed to the resistance of the atmosphere only, its intensity gradually
increasing as it neared the centre where it reached its maximum, and s
gradually declining towards the other end of the bore which was open to
_ the atmosphere. The area of metal thus torn was 120 square inches.

Dynamite on Walls,—To destroy a wall, the best method is t
place the charge at the foot to a depth equal to half its thickness, snd
to pack the space above tightly with stones.

Ezxamples.—1. 18 inch brick walls can be cut by 1} 1ba. of dynamite
per foot run placed against them without any tamping.

IL.  Demolition of part of the Vienna Ezhibition.—~The building wms
of stone concrete and had stood 4 years. In first experiment wall choses
was 2'8 feet thick, and 21 feet long. Along the foot of this wall was
laid a charge of 55 ibs. of dynamite in rolls, or nearly 8 . per rmo-
ning yard, and covered with 8 feet of earth. The effect of the blast was
to bring down the wall, together with a portion of another standing 8
feet away with the arches resting upon the latter, and the débris was
carried a distance of 200 paces: the charge therefore appeared excessive.
In the second experiment the charge was reduced to less than one-half,
the effect being the complete destruction of the wall. In the thid ex-
periment the charge was again reduced from 26 lbs. to 18 Bs., which
proved amply sufficient. Taking the last charge and substitating in the
formula

L = mwd,ccerrannconintincnnnancensisscanns (%)
Wherein L = charge in Is. per lineal foot,
m = coefficient to be found by experiment,
w = thickness of wall in feet,

we obtain,
“86=m Ts’: m x 529
Therefore m (the cosficient required) = 5o = 168
= 1 nourly.
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Dynamite on Rock.— Ezamples— .

L. The 8t. John Del Rey Bilver Mining Company used dynamite, and
found it more offective and economical than gunpowder. Formerly the
Company made its own powder and thus saved freight, duty, and inland
carriage of one of its component parts, charcoal. Now they send out the
dynamite at a greater first cost, and pay the freight, duty and carriage
on the whole bulk, yet have saved £2,000 a year by its use. As regards
its transport, the Company had no difficulty in obtaining ships to carry
it at the same freight of gunpowder, or in inland 300 miles by rail as
far as tho railroad goes, then by waggons, and lastly on mules backs,
and without a single accident during the seven years the Company has
used it.

II. Large piece of hard gneissic rock 8}’ X 2° X 2’ shattered to
bits by 8 ounces of dynamite placed on top and covered with clay, and
exploded with fuze and detonator.

Dynamite in earth is not so effective as gunpowder.

Dynamite on rock under water.— Ezamples—

At the Lydney Harbour Works, England, in 1873, both gunpowder
and dynamite were tried. The following were the objections to pow-
der :—

(i). It was requisite to bore 18 inches below the required depth in
order to effect the displacement of the rock.

(ii). The rock when broken came away in large pieces difficult to
lay hold of with the dredger,

(iii). The miss-fires amounted to 15 per cent., and a miss-fire always
involved moving the raft from which the holes were bore
slightly, and of boring another hole near the unexploded
one.

(iv). The process was slow.

The advantages in using dynamite were—(i), it was not necessary
tobore the holes so deep ; (ii), very little tamping was required, the 12
feet head of water being nearly sufficient of itself ; (iii), the explosion was
sharper and more radiating, shattering the rock, instead of breaking
it into large pieces, thus enabling the dredger to pick it up with ease;
(iv), there were no miss-fires, and (v), the process was quick.

The relative cost of removing 10 cubic yards of rock and placing it
on shore was—
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With With Dysamiie.
4 o d | &
Drilling holes, cc.  occ  wec . we | O 11 8 | 0 T 6
Powder cartridges with foze, ... .. . ... 1 0 O oo
Dynamite with detonators and wire, ... . ... . 0 1811
Miss-fires, 15 percent,cec e e ses | O 4 8 s
Dredging 10 cubic yards, .. ... oee 015 0 0150
Interest on dredger and plant, &C., «es 0o 0o 8 ¢4 0o 3 ¢
2 14 8 1199
or or
:bg. ’ﬁ 4o, 1;:‘. enbic

Dynamite on river obstructions,—Ezamples—

Blasting old piles, snags, &c., in Danube near Vienna.

L Two heavy 18 inch piles of old bridge, 15 feet apart, 100 feet from
centre line of existing bridge, and 400 feet from left bank, mean depth of
water round them 10 feoet, their heads just above mean water level,
current .very violent, and bed of river washed out 5 feet deep on dows-
stream gide. Cartridge with 22 Bbe. of dynamite made up with primer
and wires in tin case, case coated with gutta-percha composition, wires
being allowed to project, and secured to long wooden pole which was
pushed down on the np-stream side of the pile close to the ground sad
fastened to the pile. Wires were also covered with gutta-percha. The
electric battery was on shore. On explosion, column of water sent up
25 feet into the air, and both piles broken off flush with the ground.

IL Two heavy osk logs were found embedded in the Danube Canal,
first 25 feet long with large roots, and mean thickness of 5 feet, it was
lying crosswise deeply imbedded in the gravelly bed, and as usual there
was & deep hole on the down-stream side and & bank up-stream. Depth
of water over log 5 feet. Two tin cases filled with 18 s, of dynsmite
a8 before; these cases were attached to lower ends of 2 poles, which were
driven into the ground on up-stream side of oak log, and 6 feet from
each end : the tin cartridge cases were thus brought into close contact
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with the log, and were about 13 feet apart. Firing as before. But ex-
plosion much more violent, water, gravel and débris being thrown up
83 feet. From soundings immediately taken, it was found that, not
only had the logs been completely destroyed and removed, but that the
bed of the Canal had been equalized, the depth of the water being now
10 feet throughout. Hecond log, 7 feet long and 3 feet 4 inches diameter ;
depth of water over root 4 feet. Dynamite charge 8 Ibs. Destruotion
immediate and entire. Both the logs removed in 84 hours at a trifling
cost.

ExpPeriMENTS WITH DYNAMITE.

To—The Supdg. Engineer, 2nd Circls, Coimbatore.

. Dated Ootacamund, 6th July 1880.

Order to conduct experiments.— With reference to Public Works
Q. O. No. 2686 W., dated 24th October, 1879, I have the honor to submit
my Report with Plans and Tables of the results of a * careful series of
experiments made to elucidate the best method of employing dynamite
and its economical value as compared with gunpowder in all the ordinary
operations of the Department, e. g., removing rock with good or bad
faces in the constructions of ghaut roads, breaking up and removal of
boulders from road surfaces or elsewhere, ‘getting’ rock for the manu.
facture of road metal, &ec.”

Experiments how carried out.—The experiments, to be reliable,
required considerable intelligence in the person prosecuting them, and
very accurate plans and sections of the demolished rocks both before and
after the explosion. For this purpose I placed Sub-Engineer and Con-
ductor Mr. A. Milne in charge of the experiments, and gave him full
and detailed written instructions as to the manner in which they were to
be carried ont, and the points of enquiry to which his attention was
to be directed. Mr. Milne came to me from the Wynaad, and was at
Metapolliem from January till April doing nothing else but carrying out
these experiments. I visited him eight times, and Mr. John Harris,
Indian Mining Instructor of Nobel’s Explosives Company, visited him
twice, remaining with him several days each time. Colonel Sankey, C.B.,
and yourself also kindly witnessed some of the experiments in April last.
Specimens of all the rocks experimented upon were sent to Burgeon
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20 EXPERIMENTS WITH DYNAMITS,

Major George Bidie, M.B., F.L.8., of the Madras Musenm, to be clasified
and described ; and their specific gravities were also accurately ascertain-
ed. A careful record has also been kept of the cost of boring and of
removing the exploded rocks. No effort has in short been spared to
obtain, by measured sketches made on the spot, by plans, sections and
figured records, the actual facts. Nothing has been left to guessing or
even to approximation. The dynamite used was Nobel's No. 1. The
powder was obtained from the Government Factory at Madras, and is
well known as being the very best of its kind, peculiarly well suited for
blasting rocks. The jumpers used for boring were each 1, 1}and 14
inches in diameter.

Extont of experiments.—To show the extent of the experiments,
I may note that eight different descriptions of rock were demolished,}
500 tbs. of dynamite, 100 bs. of gunpowder, and 800 running yards of
fuze were used, 1,200 bore holes, requiring 1,000 lineal yards of boring,
were made, and 4,300 tons of rock were operated upon, at a total cost
of Rs. 4,082,

Experiments how recorded.—The experiments on dynamite re-
cently conducted near Metapolliem are all recorded in the accompanying
twenty-two plans and in the Record Book.* The plans and sections are
drawn to a scale of 4 feet to the inch, or ;5. The sections are not dis-
torted, the horizontal and vertical scales being the same, and the entries
in the Record Book are numbered consecutively for easier reference.
Nearly all the experiments have been abstracted into the Tabular State-
ment No, I, which is attached to this Report, and which contains all
the results arrived at under every heading and in every form that was
thought likely to be of use. This Table I trust needs no explanation,
but speaks for itsclf.

* Editor’s Note.—The Author sent the Record Book of the 1180 charges for pabli-
cation, bat as that was too volnminous, a short Note seems necessary. Table No.L
is Author's abstract of the Record Book, and the first five columns have been added
here to show clearly the number and nature of the charges fired, from which the
totals in the abstracts have been deduced. It will be seen that the great majority
of the charges are small, they were all apparently in vertical bors holes, and in the
case of the larger charges, the dynamite filled up two-thirds of the bore holes, so that
the line of least resistance was greater than the tamping. The specimen plan pab-
lished shows the nature of the faces operated on. The bore holes were slightly

fulmmmnm:mtonpplyw“dmndnnot"m“gmlng"nckhrhﬁdlum
oes page 36.—(ED). -
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in exvess length of the line of least resistance. The dynamite experiments recorded
in Table 1. were 884 : from 885 to 1086, or 152, were charges of gunpowder for sake
of comparison, shown as cases No. 21 and 22 in Table L; and from 1087 to 1180, or

144, were dynamite charges on detached rocks or boulders, of which the results are
abstracted in Table 1L

Dynamite and gunpowder compared.—Taking the experimenta

altogether, we obtain the following results with dynamite and with gun-
powder :—
With With
Dynamite, Gunpowder.
Weight of explosive used per ton of rock blasted, 013 lbs. 04
Lineal feet of holes bored » » » 084 feet 196
Number of men moving rock ,, » » 048 men 09
Lineal feet of fuze used » » » 070  feet 1.56

The proportion of weight of rock loosened to the weight of explosive
employed is—

In Dynamite, o e e e 18488to1
In Gunpowder, v . e we bd64tol

Rankine says in gunpowder from 7,000 to 14,000 to 1 in small blasts,
and from 4,500 to 13,000 to 1 in great blasts. But he probably refers
to sedimentary rocks and easy rocks like chalk as well as to granites, &o.
Rankine also states that in gunpowder from 4 to § of a 1. of powder
is generally required for each ton of rock removed ; our powder exper-
iments give 6'7 oz., or 2 of a . per ton. In dynamite we see that
# of a . sufficed: and in No. 644 of the experiment books, the charge
was only {5 of a . per ton. Hurst gives 8 1bs. of powder to every
100 cubic feet of rock blasted: our experiments in dynamite give 1 th.
of dynamite for the same.

In the Metapolliem experiments, No. 14 of dynamite and No. 21 of
gunpowder in Table No. I. are the most similar and comparable. From
these two experiments we learn that, by using gunpowder and dynaumite,
the following relative proportions resulted in producing equal effects,
the price of powder being 10 annas, and that of dynamite Rs. 1-8 per th.:—

Gun- to Dyne
mite.

powder
Explosive charge in weight per ton of rock removed,... 1 : 0%
Bm hole‘ » ” ) » ”» Ll l : 0.8
Labor for removing rock after blasting » ww 1 3 086
Fm ” ” ” ” 1 : 0'5
E?ﬁm cost ” ” ” »” w 1 07
Tme ) » », ) 1 . 0‘5

Or, in other words, to produce the same effect

on amass of rock, dyna-
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22 BXPERIMENTS WITH DYNAMITE.

‘mite requires only one-half the quantity of the explosive and of the
fuze, one-third the number of bore holes, three-fifths of the labor for
removing the rock after blasting, that powder does; at a saving of
three-tenths in the entire cost, notwithstanding the price of dynamits
being 24 times the price of powder; and it enables its work to be done
in one-half the time.

In blasting, dynamite shatters the rock much more completely than
powder does: powder tears it out in bulky masses; dynamite in slaty
glices or splinters. The effect of the explosive force of dynamite alio
frequently extends very far beyond the seat of the charge, thus assisting
succeeding blasts, (see No. 1118 of the Record Book.) Dynamite does
not generally throw the rock out so far as powder, but it cracks ad
splits it into more numerous and thinner portions than powder does,
thus lightening the labor of disentangling the pieces; and it leaves the
rock generally so disintegrated, and with such sharp angles, as to greatly
facilitate its after removal with the sledge hammer and crowbar. This
is illustrated by the following figures which were obtained from the ex-
periments at Metapolliem :— e Om

. mite. powder.
1n_gmy o0 (P 7, i od

; . 86
f::fm ¢ i°f Rock thrown out a moderate distance, ... 31 48

Rock thrown out a considerable distance, 1 1

100 100
and
In every 100 .
cnbic Mdskoekwhchlmlbbe re-blasted,... .. 5 0
rock distarbed { Rock removable by hand, we «. . 63 920

:L:“ first {Roek removable by crowbars, ... ...88 60
%

The peculiar percussive effect of dynamite is well illustrated ir No.
1114 of the Record Book, where the upper portion A was knocked off
as it might have been by a hammer.

Dynamite does not act in the line of least resistance as powder does;
its bore holes can, therefore, be made shallower and further spart than
those required by powder.

Dynamite how best employed.—Regarding the best methods of

employing dynamite, the experiments show that the bore holes should
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not, as a rale, be more than b feet deep. Dynamite used in deeper holes
loosens larger rocks, which generally have to be re-bored and blasted,
unless they are situated at a height and are blown by the explosion across
the roadway which it may be intended to open to traffic : in road-making,
however, it is often economical to retain stone not immediately wanted,
but which snbsequently is nsed up in culverts and walls.

The depth of the bore holes should, as a rule, be equal to the length of
the line of least resistance, and their distances apart from 1§ to 2 times
their depth. Exceptions may arise, as in section, Hg. 10, Plate 11., where
if the piece ACBhad to be removed, and BO = d 4, and AC = d 6 feet,
then a 6 feet hole should be bored, and exploded with a charge for a 4
foet line of least resistance.

Oracks snd fissures in the rock blasted are of great importance, and
should be studied in order to enable the blaster to decide on the position
of the bore holes. The charge of dynamite should always be laid in a
sound piece of rock, not nearer to a crack if practicable than one foot.
The plan and section, Figs. 11, 12, Plate II., will illustrate this point.
The lipes in both show the cracks and clearage in therocks. The best
position for the bore hole to contain the charge of dynamite is A, AtBor
C the charge would have to be dounbled, or even quadrupled, and then the
effect might be comparatively feeble. If the cracks between the face of the
rock and A (the back) are open, leaving cavities, the effest of an explo-
sion of dynamite in the bore hole at A would remove less rock than if
the rock were quite sound : but, if the cracks are very close, as is not
seldom the case, then the results of the explosion will be better than in
perfectly sound rock.

In unsing dynamite a large number of bore holes placed in a group,
or laid in line, if not farther apart than 9 inches, can all be exploded
almost simultaneously by the direct ignition of only one of the charges,
see Nos. 1118, 1114, 1109, 1108, 1060, 1061, 1062, 644, in the Record
Book.

‘When it is desired to shatter rocks by means of dynamite, it is abso-
lutely essential to insure detween the dynamite and the rocks operated on a
close connection, and also to multiply as much as possible the points of contact.
These are conditions of the first importance, and should always be borne
in mind when using dynamite. For this reason several bore holes of
moderate dismeters are preferable to one hole of a larger diameter, no
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account being taken of the greater convenience and often of economy
algo in working a smaller jumper. To illustrate this point, let us take
four holes of any length, each one inch in diameter, and each loaded to
s depth of 4 inches. There will thus be in all a length of 16 inches of
bore hole, loaded saltogether with 11-72 ounces of dynamite. To hold
that quantity of dynamite, a two inch hole must be filled to a depth
of 4-87 inches. Now in the case of the four one-inch holes, each loaded
4 inches deep, the equare surface of contact between the dynamite
and the rock will be 50-27 square inches, Whereas in the case of the
one two-inch hole loaded with the same quantity of dynamite to s depth
of 487 inches, the surface of contact will be only 27-45 square inches, or
little more than one-half the surface in the former case. It is thus clear
that, speaking generally, a number of bore holes moderately small sre
preferable to a single hole of a larger diameter.

In the case of a gently sloping rock with no face, dynamite should
be used very much as powder is in such a case, only with shallower and
fewer bore holes. As the line of least resistance is mot so important
in dynamite as in powder, the necessity for sloping the holes is not so
great. Nos. 1157 to 1178 of the Record Book show how faces can be
formed on sheet rock with gentle slopes. But, if a face be reqniredon s
flat rock, sloping holes must be resorted to. Attempts to form a face
by numerous shallow holes with small charges, and by deep holes near to-
gether with heavy charges failed. See Nos. 1150 to 1156, 1144 to 1147,
1124 to 1182, 1119, 1120, of the Record Book which illustrate this point.

Where a well may have to be sunk through rock, a face may be ob-
tained by drilling three holes, 9 inches apart, in the form of an egnilateral
triangle, and not more than 4 feet deep; and loading each of them with
heavy charges of dynamite. The firing of any one charge will explode
the other two. See Nos. 1087 to 1069 inclusive of Record Book for rock
blasting in a well; and Nos. 1053 to 1056, 1060 to 1062, and 1067 to
1069 to illustrate the method of blasting several holes together. This
method of firing may also sometimes be adopted with advantage in break-
ing up very large boulders.

Dynamite in “getting” road-metal.—Owing to the shattering
and splitting effect of dynamite on rock, this explosive is peculiarly well
fitted for affording assistance in obtaining road metal. The rock, whether

in the solid or in boulders, is first blasted in the usual manner, and thea
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such pieces as are too big to be sledge-hammered are bored with fresh
holes, one-third the vertical height of the blocks in depth, and charged
with one ounce of dynamite to every 4 square feet of least vertical section.
The rock is thus shattered into pieces, small enough to be readily broken
into road metal. All rock on which dynamite is used as an explosive
becomes so disintegrated, as to make the obtaining from it of road metal
& very easy and cheap process. The saving in cost is 40 per cent.

Hasty demolitions with Dynamite,—Hasty demolition of rocks.
Dynamite, unlike gunpowder, enables this to be done by the mere super-
position of the explosive on the rock to be broken without using any
bore hole. This method answers but feebly on eolid gently sloping sheet
rocks with no face. In such cases this method cannot be advocated ; it is
both cheaper and guicker to bore holes. Examples of obtaining a face
on sloping rocks will be found in Nos. 1149, 1157 and 1172 of the Re-
cord Book. But, where boulders or partly decomposed fissured rocks
have to be very rapidly removed, the dynamite can be merely laid on
the surface of the rock without any bore hole, covered up and exploded
with the desired effect. The only objection to this method is that a
much larger quantity of the explosive must be used than if a hole or
two, however shallow, be first bored and filled with the dynamite and
then exploded. In fact it can only be justified where time is of much
greater importance than a wasteful expenditure of the explosive. Ses
Nos. 1086, 1087, 1088 and 1089 of the Record Book.

If an hour or two can be secured, the best plan is to bore close to-
gether several shallow holes (made as deep as the time allows), to fill
them with dynamite, connect the charges with other cartridges of dyna-
mite pressed close against the rock, to fix the primer, detonators and
fuze in the centre of all the holes, to cover up with moist clay, flat heavy
stones, &o., and to fire the charge. The depth of the bore holes, if there
be time, should be about one-fifth the vertical height of the rock or
boulder, and about 3 feet apart according to circumstances, The charges
should be calculated at one ounce to every square foot of vertical section.
Ses Nos, 1108, 1109, 1118 and 1114 of the Record Book.

Holes of various shapes (oblong, square, crosswise) were chiselled
into the surface of large boulders, filled with dynamite, covered with
clay and exploded. But the results they gave were not so good as with
inch bore holes four times deeper than the rectangular holes : chiselling
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- the rock is more expensive and takes a longer time than boring, while the
explosive effect is not incressed. See Nos. 1115 and 1116, and compare
them with Nos. 1108 and 1118 of the Record Book.

‘Where time does not admit of any holes being made, the rock should
be first carefully examined to discover some crevice or hollow place mear
its centre in which the dynamite can be laid. This spot should be first
washed elean of all dirt, dust and rock débris, the dynamite should be
removed from its parchment wrapper, and be pressed down with the
fingers, protected by a glove, into the seat of the charge, advantage being
taken of any weak lines in the rock, along which it should be laid. The
charge should not be heaped up higher than the depth of two cartridges
(2 inches). The primer, detonator and fuze being inserted, the whole
charge should be well covered up to as grest a depth as poesible with
moist clay, earth, flat heavy stones, &c., and then exploded.

From numerous experiments it was foand that two ounces of dyna-
mite to every square foot of least vertical section sufficed to break mp
boulders of gnefse rock in this way. The manner of laying the dyns-
mite on the rock, and the nature of the rock itself of course affect this
proportion. If, for example, the rock is firm, but has s tendency to bresk
up into regular solids, as quartz and trap often do, or if a hole in the
rock favors the placing of the charge, then the dynamite may be reduced.
~ Bat circumstances may necessitate the dynamite being exploded oa
the rock without any covering at all. In this case it must also be sp-
plied exactly as above described, but the charge must be increased to 3
or 4 ounces per square foot of least vertical section.

Dynamite on Field Bervice.—Hasty demolition of gates, ée.
The explosion of dynamite is almost instantaneous, and to a ceriain
extent snd nunder certain conditions so local, that, when not confined, its
effect, though extraordinarily severe, acts only on one single part of the
object against which it is placed. This festure of dynamite is well illus-
trated by ‘an experiment made by Mr. John Harris at Beypore. Two
vertical hollow cast iron colamns (supporting the besm of an engine), each
one inch thick, 9 inches in dismeter, and 4 feet apart, were experimented
on with dynamite in the following way :—13} Ibs. of dynamite was tied to
one side of each column in a bunch, and these two charges were con-
nected by a chain of dynamite cartridges and exploded. Four holes,
two in each, were simply knocked throvgh the two hollow columns ac-
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cording to Figs. 13 and 14, Plats IL just asif a cannon ball had passed
gompletely throngh both of them, but otherwise the columns were abso-
lately uninjured and remained standing unmeoved. Thusa § . packet of
dynamite laid against the gate of a fortress and exploded would simply
kanock out s ourvilineal hole about 2 or 8 feet square. Bat if the same
quantity of dynamite was laid against the middle of the gate in flat
bags, say of tin or cloth, eo that the thickness of the charge did not ex-
ceed one inch, the gate would probably be shattered from top to bottem.

Dynamite tamping.—Different materials were tried in tamping
the bore holes with the following results : v~

Clay was found to be the best material for tamping in all sixed holes.
It was used quite dry and in a fine powder. The first 6 inches of the
tamping next the charge were gently pressed with a wooden rod, and
the remainder was poured into the bore hole with the hand in & small
styeam and sharply punned with the rod.

Sand was used in tamping the bore holes in precisely the same way
o8 elay was used. With deep holes it was not found to be inferior, bat in
smaller holes it was decidedly inferior to clay, and in very small holes
{aboat s foot deep) it sppeared to have no effect at all.

Waiter as tamping appeared to be as good as any other in small bore
holes up to about 2 feet, but in deeper holes it was inferior to day spd
gand. Water is very convenient in miss-fires, as the fuze and primer can
be essily removed, and a fresh fure and primer re-inserted. But miss-
fires occur 8o seldom when Bickford’s fuze is employed, that this advan-
tage is hardly folt. Dauring the whole of our experiments there was only
one miss-fire. Water tamping, moreover, is more expensive, and takes
up more time than dry tamping: the fuze used with water tamping costs
double tha ordinary fuze; and after the detonator is secured to the fuze
the junction mpst be made watertight with grease or wax. It cannot
be nsed in holes that are cracked. Water tamping should only be used
in wet places, or when the explosion is effected by an electrio battery.
When a battery ia used 3 miss-fira is more likely to occur than when
Bickford's fuzs is employed, and thus water tamping allows of the fuze
being easily removed and a fresh one heing pat in,

When no tamping was used the results were scareely inferior to those
obtsined with tamping. When the holes are very shallow (9 inches to
12 inches deep) tamping is unnecessary.
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On the whole it matters little whether clay, fine sand, or dast (such ss
worn down road materials) is used for tamping : at all events it is not
necessary to go to much trouble to procure clay.

Speaking generally, the tamping is a weak point in shallow holes. In
holes of 1 and 1} inch dismeter, a depth of 2} feet of tamping is quite
sufficient. A greater depth of tamping does not augment the effective
power of the explosive, while a less depth caused a loss of power through
the bore hole,

Miss-fires.—When a miss-fire oocurs with water tamping, it is only
necessary to remove the fuze and primer from the hole and put in a fresh
one, bat when any stiff tamping is employed, in case of a miss-fire, the
tamping must on no account be removed; this would involve great
danger. A fresh hole must be bored not nearer than 6 inches to the old
one, and be loaded and exploded in the ordinary way. The explosion of
the charge in the new hole will most likely explode the first charge.
But shonld the first hole be one of considerable depth, it will only be
necessary to make the new hole 6 inches lower than the top of the charge
of dynamite in the old hole.

Where the rock is vertically stratified, or is likely to crack in onedirec-
tion more than in another, the new hole should be bored on this weakest
line. In the sketch plan (Fig. 15, Plate IL.) the lines show the direction
in which the rock most readily splits. C is then the proper position for
the new bore hole with respect to A the old hole. If C were bored at
D, the chances of its exploding A would be considerably diminished.

Explosive charges of Dynamite.—Formula for calculating charges
of dynamite~—In Treatises on rock blasting, the usual direction is tht
the charge should vary with the line of least resistance L.L.R.,
or in other words with the rough contents of the msss of rock to be
blasted. Bnt where the charges and the lines of least resistance are
comparatively small, this rule does not hold good, at least so faras
dynamite is concerned, and probably in the case of gunpowder also. We
discovered this fact in this way. We took, say, a 3 feet line of least
resistance, and loaded numerous corresponding bore holes with varions
charges until ons was found which exactly answered. With the co-effi-
cient on the L.L.R. thus obtained, we calculated other charges for
holes with lines of least resistance both less and greater that 3 feet.
We always found that where the lines of least resistance were less than
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3 feet, the charges thus ealonlated were too low, while with ¥ines of least
resistance greater than § foet they were too high. From these results,
which were tested over and over again, it seems clear that the explosive
charges, or, which is the same thing, the resistances to the charges do
not vary as the m' or as the mass of rock operated upon taken
alone. An investigation of the problem seems to show that the square
surfaces of the rock from which the mass is torn LI.R. should also
be considered, and that these affect the result much more than the mass.

I will now endeavour to solve this problem.

Let us take the most common case of rock blasting with two clear faces,
and assume the depth of the bore hole to be 1} times the line of least
reeistance, or L.L.R., and that the rock will fracture evenly on the three
surfaces DE, FG, GH, (plan and section, Figs. 16 and 17, Plate IL.))
shown by the dotted lines. The explosive will therefore fracture the rock
on these three surfaces, and also push along the mass C on DE, i.e., over-
come the friction of the mass C on DE, (see section, Fig. 17). To put
this into & formuls, let us call the whole explosive Force P, the fractur-

ing Force R*, and the Frictional Force R’,

Thml P = R‘ + Rr,o.o---cnnna-oooooo.o.o-nnooao-n(l)o
Applying this formula to the above figures we find—
Area of 3 surfaces

R* = 65 X LLR. X ) erveerereersesensennes (2),
where r is the resistance offered by one square foot, and
R = W % cos 85° (angle of friction)
Maas C.
=2 x 1 x 1} LLR. w X ‘82
= 25 nearly LR, X teesceeserasens .- (3),
where w is the weight of one cubis foot of the rock blasted.
Substituting (2) and (8) in (1) .
P=65LLR. .r + 25 LIR. .v
or P=25 LLR. x {26 X r + (LLR) w0}, ccvvereee e (4),
and the formuls will take this form wherever the direction of the frac-
tures may be, and whatever angle of friction msy be sssumed.
Taking w = 180 Ibs. Avoirdupois,
and r = 482,000 tbs. Avoirdupois,
and substitating
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P =25 TLR. x {26 (432,000) + 180 (LLR)}
Tearing Foves Frictional Fores

or P =540 LLE. X §6240 4 (LLEB)}, cecereeeresnces (B
Now the explosive charge is obviously proportional to the disruptirs
force P.
Taking therefors L.L.R. from 1 to 10 feet, and omitting the com-
mon factor 540 LR, from equation (5), we obtain
LLZ. it Forssame  Foredss Poros om

Charge for 1 variesas 6240 4+ 1, ores 1 4 0018
» 2 o 6240 4 3, » 1 4+ 0033
ot 3 . 6240 + 8, 5 1 4 -0048
» 4 6340 + 4, » 1 4 0084

o0 &c- e “ (X} eP oo e

and chargefor 10 5 6240 % 10, , 1 % -oie
TR 00 5 604 1200, . 1 4 I8

thus agreeing with what was discovered experimentally, vig., thal the
area offers the greatest proportionate resistance in small, while the mass
does so in large, blasts. It is not for s moment supposed that the above
wm.baolmlyoormot.orthst they give the correct proportions
of the influence on the charge of the forces due to ares LLE. md te
contents GI.B. But it is belioved that they sccurately indicats, in
caloulating the required explosive charge, the preponderating inflosacs

of the former element.
That the ares may the most affect one problem while the contents
affects another is shown by the following case.

A boulder quite free at the bottom with a vertical bore hole down its
centre can only resist fracture by means of its cohesion, and here the
charge to explode it must vary as the area LLEK' Bat if the bore
hole were drilled Aorizontally into the boulder, then the charge might be
affected more by the weight LLE. than by the ares, and if the mms
is very large, the resistance due to the weight or LLE would greatly
preponderate, ‘

Or we may take s ease in which the contents of the rock faclitates
the blasting of it, and aets inversely on the calenlation for the explosire
charge. For ezample, (¥Fig. 18, Plate 11.) supgposing AE to be a piese of
rock projecting from the main mags AH, and that OF is required to be
blasted off ; the requisite charge would hers be obviously less than if DE

were supported, because CE would by its weight L.T.R. assist theex-
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plosive in fracturing the rock at C@. Again, it the piece to be blasted
exteuded to F (FBEK), then the explosive charge required would be less
than that necessary for only CBEQ@, becanse the mass assisting the fracture
would be greater,while the sectional area remained verymuch thesame. And
in the example given in Fig, 18, Plats I1., the explosive charge diminishes
until a point is reached (say at DM) when the weight of the mass ME
causes & rapture at MD by its own weight alone without any explosive.

With the above considerations, in calculating explosive charges of
dynamite for rock under varions conditions, the equation ovght, therefore,
to assume the following form :—

W=ALLE B+ LLE, .ccoreerrercarsorsens (6%,
W being the weight of the charge in ounces Avoudupms, and A and

co-efficients to be determined by experiment.
In a case Like that shown in Fig, 18, the eqnmon would take this form,

W=ALLR. -BLL E vesesssssessscsaesees(T)y
but this is not at all common in practice.

We have taken formula (6), and by numerous direct experiments
bave applied it to four common cases of rock blasting usually met with
in practios. The values of the co-efficients A and B have been found by
experiment on the gneies rocks which were blasted near Metapolliem ;
and the results have been embodied in Table II. In other kinds of
rocks a few experimental trials must be first made, and a similar table
can then be constructed for them.

At the end of Table IL will be found explosive charges for gneiss
boulders exploded with deep and shallow bore holes, with no holes at all,
and with dynamite laid upon them with no covering. Table II. has been
tested over and over again during the experiments at Metapolliem, and
is believed to be very accurate.

Of course in practice the simple conditions, to meet which the charges
in Table II. have been calculated, are seldom exactly met with. The
rocks generally present a combination of those conditions. In such
cages the charges must be taken as a mean between the given conditions;
and judgment must be exercised. No more exact a Table is possible.
Moreover, it is seldom that, in any charge, less than a cartridge or than
a primer is used. A cartridge weighs 2 or 2§ ounces, and a primer § of
an ounce. Thus where in the Table a charge of 19-4 ounces is entered,
20 ounces, or 9 or 10 cartridges, would of course be put into the hole: or
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where 04 ounces is entered, a primer ‘67 ounce wounld be used. A Table
to suit the cartridges might be formed in this way. Taking the commen-
est case of one clear faco and the two sized eartridges supplied, we
obtain the following :—

NUMBEB OF DYRANITE CARTRIDGES.
Explosive charges
mn” = I“::"' Ahvotmo“:u. ’“i".i?{."n‘.‘.‘." o e T
3 oss = ] cartridge, 2§ oms. = | cartridge,
Lineal feet. Ounoss, No. of Cartridges. No. of Cartridges.

1 3 Primer. Primer.
1} 1} 2 Primers. 2 Primers.
2 8 1 Cartridge -4~ Primer. 1C4 P
24 5} 3 Cartridges + P. 2 4+P
3 44 P 8 4P
8} 1 64 P 8 4P
4 17} 94 P 8 4P
44 282 124 P 10 4-P
b l‘!(l)z 186 4-P 14 4P
5) 20 4P 17 4P
(] 51 25 4+ P 23 4P
6} 684 82 4P 28 4P
7 78 894+ P 84 +P
74 94 474 P 40 4P
8 113 56 + P 48 4+ P
8} 188 674 P 57 4P
9 156 84P 67 4P

In Table II. two columns have been provided, ore giving the explosire
charge in decimals of & 1b., and the other the fraction of the LIE'
resulting from that charge. It will be seen that in shallow bore holes
the fraction is much larger than in deeper holes. To compare these
charges with those of gunpowder as recorded in various works of refer-
ence, I may here add that—Colonel Schun, R.E., in Ceylon, blasted
cracked gneiss with gunpowder, using small holes 18 inches deep, and his
charges were in lbs.

_ H;‘E ()

In closely packed limestone near Attock, with powder made by the
officer in charge of the work, the lines of least resistance being 20 feet
and downwards, the charges in lbs, were—

EEOE .nd m‘ gococe 000ss000s000c000s00n u‘"(g)'
the former too violent the latter too weak.

At Cuxton, near Chatham, in chalk rocks rather more than
806




EXPRERIMENTS WITH DYNAMITE. 33

—2 —3
L’!%E_L and LER e (10)

20
were the charges used in 1bs.
Rankine gives in lbs. the charge for powder

—3 —_—3
LLR. 4, LL
Bl to _8_2&, RPN 6 § ) %

In Table No. 1L for dynamite, the charge in Ibs. varies from

3 ———
L‘:;E to EiIiE_R-, X ¢t}

Nobel's No. 1 dynamite cartridges are from  to 1 inch in diameter, 8}
inches long, and each weighs 2 ozs. and 2} ozs. respectively : they are
intended to be used in 1 inch holes. Where holes of larger bore are
drilled, the dynamite should be taken out of its parchment wrapper,
dropped into the hole and squeezed with the wooden rod so as to com-
pletely f£ill the hole.

The following Table will, it is hoped, be useful in employing dynamite.

e e P | DT ot nate, o | DTG ot o (T e o6 By st
Inches. Avoirdupols. Avoirdupols, Inches.
Ba.  ozs. Bs. oz
1 0 0670 0 8040 23-880
14 0 1507 1 2084 10617
2 0 2682 2 0184 5968
24 0 4189 3 2268 8820
8 0 6032 4 83884 2652

Firing by Electricity.—The method of exploding charges of dy-
namite by means of electricity should generally be adopted except in
isolated small holes: it should gemerally be used when the holes are
from 4 to 6 feet deep, as then the quantity of material blasted will be
congidersable, because the loosening of the whole rock will be more com-
plete than if each bore hole were fired separately ; thus the whole cost
of removing the blasted material will be considerably reduced. It re-
quires more intelligence than is usually possessed by & maistry to fire
charges by electrioity, and the fuzes ueed with the battery are expensive,
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costing Rs. 5 per dozen. Bat any Overseer ought to be easily able to
use a battery.

Holes to be fired simultaneounsly should be so sitnated as to cut into
one another when exploded, thus assisting each other in doing the work.
One advantage of simultaneous firing is that it matters little if one hole
is undercharged and another overcharged, because all the holes may be
oonsidered a8 acting together, and generating one explosion: the hole
that may be overcharged thus assists that which is undercharged.

The full lines in the sketch in Fig. 19 show the probable line of
fractare with simultaneous firing, and the dotted lines show the lines
of fracture when the holes are exploded separately. It will be seen that
each charge has much more work to do when fired independently than
when 3, 4 or 5 holes are exploded simultaneounsly, and that the blasting
of the rock is not so complete, leaving the portions shaded without
throwing them out. Since the charges of dynamite have not so much
work to do when fired simultaneously as they have when separately fired,
they may be somewhat less than when fired independently, thus saving
in dynamite.

Miss-fires being more likely to happen with electricity than with Bick-
ford’s fuze, water tamping should always be used when firing by electri-
city, to enable the fuze to be removed from the bore hole in the case of
a failure to explode. 8hould any bole miss-fire, the electric faze should
not be removed until after another trial has been made to explode it
with the battery; the second trial will, as a rule, be found to suoceed, as
miss-fires are more often due to a weak current and imperfect insulation
than to any other cause.

The simultaneous exploding of holes will often be very useful in sink-
ing and deepening wells, because the material is so much tied in, that it
can only be got out by firing a number of holes at one time. Even when
the holes are sloping, good results can beat be obtained by simultaneous
explosions.

Nobel’s Company supply magnetic exploders to fire 6 holes at once st
a cost of Rs. 200 each.

Dynamite should supersede Powder.—In conclusion, it appears
clear, from the experiments herein recorded, that dynamite ought every-
where in India to supersede gunpowder in all such operations as those
for which powder is usually now employed, and which are indicated in the
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first paragraph of this Report. But, in quarrying for stone for building,
gunpowder seema preferable, owing to the shattering and splitting effect
of dynamite, which, if used for such a purpose, would probably injure
more stone than it threw out in a sound state.

Mr. Milne's services acknowledged.—I cannot conclude this Re-
port without very cordially acknowledging the great assistance cheerfally
afforded me by Conductor and Sub-Engineer Mr, A. Milne. His sptitude
in Surveying and Levelling, and skill in Drawing have been of the great~
est use; and he has zealously and intelligently conducted the experiments
to my entire satisfaction,

J. L. L. M.
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Proceedings of the Madras Government, Public Works
READ the following :—

From the Supdg. Engineer, 2nd Circle, No. 187, dated 26th Jaly, 1880.

Memo. by the Chief Engineer, P, W. Department, dated 12th August, 1830.
Order thereon, 28rd August 1880, No. w.

Tae Government are satisfied from the foregoing report that the
with which the assignment of Rs. 1,000 was made, in G. O. of
October, 1879, No. 2686 W, has been attained, and has demonstra
superiority of dynamite as an explosive agent, well adapted for mo
the operations, in which gunpowder has hitherto been employed, in
execution of Public Works.

2, The report will be communicated to the Military Department
the question of employing this material as part of the fatare equip!
of Sapper and Miner Companies and Engineer Field and Siege Pa
may be considered.

8. The Judicial Department and the Railway Branch of the P.
Department will be asked to consider the propriety of allowing dyn
to be carried by Steamers and Railways with letter mails on the
footing as gnnpowder.

4. The thanks of Government are due to Major Morant for his v
able and exhaustive report, as also to Conductor Milne for the part
by him in conducting the experiments.

5. A sufficient namber of copies of the report* will be priunted f

* Withouttheplans use of the P. W. Department, and for circulatio
:e:;f‘ﬂ of experi- ¢, the several Governments named in the margin,

t* * * * with 50 added for the general public purposes
Government. : .

(True Extract).
(8d.) R. H.SANKEY, CoL., R.E,
Secy. to Govt., P. W. D.
To the Supdg. Engineer, 2nd Circle, for early communication to
Major Morant, Royal Engineers. 824
No. WG
Communicated to Major Morant.
(8d.) W.R.MEAD, Majog, R.E,
Dated 24th August, 1880. Supdg. Engineer, 2nd Cércle.
(True Copy).
(8d.) J. L. L. MORANT, Majos, R.E.
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No. CCCXXXIII.

REPORT ON THE ULSOOR WATER WORKS.
[ Vide Plates I.—VL]

By Lizur. F. J. Romiwy, R.E., Eree, Ungincer.

Dated Bangalore, JKA September 1879,
Tas ¢ Ulsoor Water Works” is the system by which the barracks
occupied by the European troops stationed at Bangalore are supplied
with water for all domestic purposes. Commenced about 18 years ago
the system is now complete, (with the exception of a few minor details,)
but during the progress of the work the original arrangements have
been subject to many modifications, and in reporting upon the works, it
is purposed to give as brief a history as possible of the project from its
commencement, describing the modifications or additions to the scheme
in order as they occurred.

The Ulsoor rock project, which is the basis upon which the existing
scheme has been constructed, was drawn np by Lieat. H. Tulloch, R.E.,
(Madras) in 1862. The idea of the project seems to have been suggested
by Colonel Green when discussing the Nundidroog scheme, who suggestod
supplying the Cavalry barracks from the Ulsoor tank, by raising water
from it in four lifts of from 8 to 10 feet each, and in Lieut. Tulloch’s
project the Ulsoor tank was proposed as a source of water supply to
the garrison. It may here be observed that a scheme for constructing
s masonry sewer to carry the drainage of the Cantonment Bazaar, which
up to this time had discharged into the Ulsoor tank, under and away
from the tank was approaching completion, so that contamination of the
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2 REPORT ON THE ULSOOR WATER WORKS,

tank water by sewage matter, one of Colonel Sir A. Cotton’s objections
to this tank as a source of water supply, was no longer to be apprehend-
ed. The sewer was completed in 1864.

The objects which the project proposed to carry out were as follows :—

(1). To supply water pure and fit for all purposes to all the barracks
occupied by European troops at Bangalore.

(2). To supply it in unlimited quantities.

(8). To bring the supply within reach of every soldier.

(4). To carry the water supply inside every lavatory, bath-room and
cook-room, and arrange for its being there drawn for use by
simply turning on a tap.

(5). To provide for the storage of one month’s supply at every barrack,
to be kept ready for use in the event of any emergency.

Source of Supply.—Before proceeding further, it will be as well to
describe the Ulsoor tank, the source of supply from which the project
takes its name.

The Ulsoor tank is sitnated at the north-east end of the Canton-
ment of Bangalore, and is supplied by two feeders which enter the tank
at its north and west extremities, the latter feeder being also the main
drainage channel of the Cantonment Bazaar. The legitimate gathering
ground of the tank amounts to about 8,700 acres (say 5 square miles),
but about Y;th of this, or 870 acres, is intercepted by feeders construct-
ed to convey the drainage into reservoirs constructed by the Mysore
Government during 1863-66, and situated at the western end of the
valley of the western feeder. These reservoirs are intended to supply
the Mysore establishments and population of the town, and form part of 8
project in course of execution by the Mysore Government. The gathering
ground of the tank consists of red soil or deoomposing feldapdhic rock
exceedingly porous and friable.

The following statistics regarding the effect of mnfall upon the tank
and gathering ground are interesting. In 1871, 29 inches of rain fell in
82 weeks, but in 13 weeks only was there any perceptible rise in the
tank noted (nothing under 025 inch being recorded).

The total rises amoanted to 50-25 inches, or as about 24 inches were
taken out for the troops during the year, say 74:25 inches for a total
rainfall of 29 inches, equivalent to an average rise of 2:56 inches per
inch of rainfall,
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Out of the total rainfall of 29 inches, 12 inches falling in showers
had individually no effect on the tank.

Flive inches falling in heavy showers raised the tank 5 inches in sepa-
rately appreciable quantities.

Twelve inches falling in heavy connected showers gave the tank 33
inches of rise, or 21 inches from the gathering ground, and 12 inches by
direct rainfall.

The tank being taken at 124 acres, and the gathering ground at 5 square
miles, the 12 inches of rain would only give 8 inch of rain as collected
from the surface and as reaching the tank.

In August 1878 a rainfall of 575 inches in 24 hours raised the tank
2 feet 85 inches in the same time, equivalent to *9 inch on the catch-
ment. Evaporation during rainy weather is at the rate of 1-2 inch per
week.

The waste weir of the tank is placed at the south extremity, where
the contour of the margin forms a deep triangnlar bay. It consists of &
body wall of dressed stone with piers at 10 feet clear interval form-
ing a bridge of 9 vents, by which the road along the eastern margin

of the tank is carried over the surplus channel. The total available
waterway of the weir is 90 running feet. Until 1877 the weir was
provided with upright stones and shutters, by which water could, if desired,
be held up to 2 feet above the (then) Cody (or Calingula crest) level.
These shutters were last used in 1872. In 1877 the upright stones
were taken out and laid flat on the weir crest, thus raising it 9 inches,
and increasing the capacity of the .tank by 21 million gallons, and also
slightly increasing the waterway of the weir. The weir has a clear
overfall, and the maximnm head on the weir recorded is 2 feet, and the
discharge with such -a head would be 805 cubic feet per inch, or
68,552,000 cubic feet in 24 hours. The maximum recorded rainfall at
Bangalore is under 6 inches in 24 hours, which would give 69,696,000
over the gathering ground of 5 square miles. Suppose half of this to
reach the tank, which from the statistics given above is in excess of what
may be expected, the weir could discharge it in less than 24 hours.

A prominent natural feature connected with the tank is the *rock,”
a collection of large boulders of stratified rock rising abruptly out of
the tank with a steep ¢ strike” in the middle of the eastern bund, about
400 yards north of the waste weir. The summit of the rock is about
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48 feet above the crest of the weir, and on the top is a small pegods
about 10" X 10’ and 12 feet high.

In August 1862, when the report on the proposed project was sabmit-
ted to Government, it was stated that the area of the tank was 490,000
square yards, and in some parts 80 feet deep, while when water stood at
its usual level the depth was nowhere under 8 feet. Assuming this as
the average depth, the capacity was calculated to be 490,000 x 27 x 6} =
82,687,100 gallons. In 1872 the tank was surveyed, and soundings taken
on six sections, when it was found that the deepest part was 10:98 feet
only below waste weir level. On 20th November, 1876 there was only 2
feet 2§ inches of water at the deepest part, and the water level at that
time being 7 feet 13 inches below cody level, the bed of the tank at its
deepest part was only 9 feet 4} inches below the crest of the weir., Sap-
posing all these figures to be correct, they show that between the yesrs
1862-1872 the deepest part of the tank had silted up 19-02 feet, and
1:56 feet between the years 1872-1876. 1t seems impossible, however,
that the bed could have silted up 19 feet in 10 years, and it is more prob-
able that the depth of 80 feet assigned to the deepest part in 1462 was
overstated by mistake. In the early part of 1877 when the tank was
quite dry, numerous and carefnl measurements were taken, when the fol-
lowing data were dednced :—

Area of tank = 124 acres.
Average depth = 768 feet.

Greatest ,, = 11-85 feet.

Cubical content = 41,501,008 cubio feet,

Capacity = 259,381,302 gallons.
= 260 million gallons say.

When these messurements were made the weir crest had been raised
as stated above, 8o that the capacity of the tank with the original crest
level would be 239 million gallons, nearly thres fimes as much as whai
was assumed in the report of 1863.

During the late famine in 1876-77 when the tank was quite dry,
advantage was taken to remove the silt and improve the tank, A road
bund already existed along the south-east and north margins, and the
bed was deepened, and & road bund formed along the western margin
also.

With a view to check the deposit of silt brought down by the feeders,
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it was proposed that the north portion of the tank at the tail of the
north feeder traversed by the north bund or roadway should be converted
into a silt trap or settling basin, and that the new bund on the west
should be s0 aligned near the western corner of the tank as to form
a second settling basin at the tail of the westernfeeder. Both proposals
were carried oat, but the former one was still further developed. It was
asecertained that the capacity of the tank could not be increased by
further raising the waste weir, as a portion of the cantonment immedi-
ately above the waterspread of the tank would thereby be flooded. It
was accordingly determined to supplement its supply by constructing a
subsidiary reservoir across its northern feeder, (in other words by
increasing the cspacity of the settling basin mentioned above,) in which
drainage could be impounded after the Ulsoor tank had been flled, and
used subsequently to replenish the tank. This reservoir was constrncted
as a famine relief work. A bund has been thrown up along the north side
of the road traversing the north end of the tank, provided with a waste
weir 623 feet long of dressed stone with an ogee apron, and fitted with
a vent at one end 18” x 24" closed by a shutter for passing water to the
tank when necessary. The crest of this weir is 5 feet 4 inches above the
erest of the Ulsoor weir. The valley above the new tank has an area of
1,180 acres, from which a run off of 6 inches in the year may be calculated
on giving a supply of 85,000,000 cubic feet. The capacity of this sub-
sidiary reservoir is 10,000,000 cubic feet, or 62,500,000 gallons, very
nearly one-quarter the capacity of the Ulsoor tank.

The bunds of the tank are of good section throughout, the north-east
and south banks being metalled, forming part of the Cantonment roads.
The south and a portion of the east road bunds are low, and should be
raised, water standing 2 feet on the weir crest would probably wash over
them. The east bund from the escape to the rock and 800 yards
beyond it is revetted with a rough stone wall and parapet on the tank
side. .

In 1862, when the Ulsoor rock project was being worked out, samples
of the tank water were compared before and after filtration with the
Madras waters of Egmore and the seven wells, a comparison that was
favourable to the Ulsoor water, and showed that its principal impurities
Were iron and silica, the latter being almost, if not altogether, insoluble,
aud giving the water a muddy appearance. The presence of iron would
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render the water beneficial on sanitary grounds, and the silicates are the
very portions that would be removed by mechanical filtration. This was
proved by filtering the water through 6 inches sand, 6 inches charooal,
and 6 inches gravel, when it came out perfectly clear. The total residus,
organic and inorganic, was 80'2 grains per gallon as compared with 41
grains, and 984 grains per gallon in the Egmore and seven wells waters
respectively. In 1863 a sample of the water was sent to Assistant
8urgeon Nicholson, R.A., at Calicut, for analysis, who found that the
water contained chlorides of sodium, carbonates of lime, magnesis, silica,
and alumina, with a little iron and organic matter. It may here be noted
that at the time that Assistant Surgeon Nicholson made this analysis,
he was not aware of the source whence the sample of water sent to him
for examination was taken. i

About 1868 the tank water seems to have obtained a bad reputation,
and in & G. O., dated 12th December, 1870, it is stated that «the
water of the Ulsoor tank even after filtration is unfit for drinking or
culinary purposes.” This change of opinion regarding the fitness of the
tank water for supply to the troops would seem to be the result of s
report by the Chemical Examiner upon some samples of the Ulsoor tank
water bottled by the President of the Municipality, and sent to Madras
for examination. The bottles arrived with their contents in an advanced
state of decomposition and stinking abominably, so that the Examiner
came to the conclusion that the tank water contained feecal matter.
This report caused a complete revolution in the execution of the water
supply project then in progress, which will be described farther on.

In 1871 and 1872 by the orders of Government, a very careful and
complete analysis of the Ulsoor tank water was conducted by Assistant
Surgeon Nicholson, R.A., at Bangalore, whose investigations and reports
were further verified and commented upon by the Chemical Examiner
and Sanitary Commissioner. The conclusions arrived at were that the
tank water contained no facal matter, and after filiration was perfectly
wholesome and fit for drinking purposes. The water was found to deposit
on standing the small quantity of very fine clay and sand which renders
it opalescent. The small amount of chlorine, the total absenoce of nitrie
and nitrous acids and ammonis showed the water to be free from
mineral remains, which wonld evidence any former sewage contamination,
and the amount of organic matter present was found to be very small
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The suspended matter, besides the sand and clay noticed above, consisted
also of conferval vegetation, which, when ripe, agglomerates into a green
scum, and which when blown into corners of the tank is liable to fer-
ment and evolve the disagreeable smell peculiar to sea and fresh water
algee. It was the presence probably of some of this green scam in the
samples of tank water sent to the Chemical Examiner for analysis about
1868 that led to the idea of facal contamination of the lake water.
The conferva being a highly nitrogenized substance, would, in decompos-
ing, resemble in colour and smell decomposing sewage matter, and in the
absence of additional evidence, would very naturally be mistaken for
such. It is worthy of note that the analysis of the tank water made by
Dr. Nicholson in 1871, compared with his analysis of the same water in
1863, showed that the water had improved since the first examination
was made. His analysis in 1871 showed greater freedom from chlorides
and organic matter, probably due to the working of the main sewer
which had been constructed in the interval, and to greater care in the
srrangements for diverting suspicious drainage from the tank. The
comparative freedom from organic matter speaks well for the conservancy
Cantonment Bazaar, the surface drainage of which passes into the tank
by the western feeder. The mineral characteristics of the water were
the same as observed in 1863. The living organisms found in the water
were trifling, some water fleas and infusorial animalcules.

The Ulsoor Rock Water Supply Project.—The details of the project
may be stated briefly thus—

The source of supply was to be the Ulsoor tank, the rock was se-
lected for the site of the head works.

The water was to be drawn from the surface of the tank at its deepest
part, which is immediately opposite the rock, by a steam engine erected
on the rock, at about 10 or 12 feet above high water level. The tank
water was first to be pumped into four settling beds, each capable of hold-
ing three days’ supply for the troops, so that 12 days would elapse before
clear water was drawn off from any one settling bed. From the settling
beds clear water was to be pumped up by the same engine to a large
filter erected on the top of the rock, capable of filtering three days' sup-
ply in 24 hours. From this filter the water was to be conveyed by gra-
vitation by earthenware mains to service cisterns, each capable of hold-
ing a month’s supply for the barracks at which they were severally
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erected. From these cisterns the water was to be conveyed by distribut-
ing pipes to each lavatory, bath-room and cook-house, and all other
places where it might be desirable. Drainage pipes were to be laid
down to carry off refuse water into existing drains. It may be observed
that the suocessful working of this scheme depends upon the summit of
the rock having & command of about 10 feet above the planes of site of
the various barracks. ‘
The European force stationed at Bangalore being as follows :—

1 Regiment-of Cavalry......A,
1 ” Infantry...... B,

1 Battery Horse Artillery C,

2 Batteries Field w D,
the number of souls (including women and children) and horses to be
supplied would be for
1,200 souls and 800 horses.
1,200 ,, Nil

400 ,, and 800 horses.
200 , and 150

vapp

Total, ... 5,000 , and 1,350 ,

The daily demand was fixed at 10 gallons per head and 8 gallons per
horse, and the daily consumption at the several barracks would be by the

Gallons.
Cavalry, v me e e s e 18,400
Inf‘n&y, cor .e soe s oo oo l’,m

Horse Afﬁn“’. s oee oo oo e 8,200
m ” L 1] LL11] L. 1) L11] .o ’m

Total, ... 40,000
Allowing 50 per cent. for waste, the daily supply to be allowed was fixed
at 60,000 gallons, which required a monthly supply of 180,000, and s
yearly sapply of 21,600,000 gallons.

This estimate showed that the source of supply was practically unlim-
ited, the capacity of the tank being shown in page 4 to be 260,000,000,
equivalent to more than 10 years’ supply on the above demand. Itis
noted in the above dats that the requirements of the native followers
of the troops were not taken into account.
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The estimated cost of this project was Rs. 72,000, but the estimate
included amounts for the construction of plunge baths and lavatories,
which are only indirectly connected with the project for water supply.
Neglecting these items, the actual estimated cost of the works necessary
to collect and supply water to the European troops was as follows :—

Rs.

1 Main ﬁlhl', [y et e [ 12,000
4 Settling beds, oo s ue e 6,000
4 Service cishrnl, soe .o (11 [ 19,000
1 Engine and pumps, ™ o e we 9,000
1 Ellgillﬂ hom, e .o one os 5,000
Earthenware mains, s oee e e 5,000

» delivery pipes, ... e e .. 1,000
Cocks, s e 1,000
Snndriu, s oo see ooe o 2,000

Total Rs, 60,000

The Engine.—A 12 horse-power (nominal) engine with pumps had
been indented for in August 1859 for raising water from the fort
ditch at Madras, and had been shipped from England in May 1861.
As it was not likely to be required for some time at Madras, it was
assumed that it would be immediately available for the Ulsoor water
works.

The force pump of the engine was to be placed one foot above the
high water level of the tank, and in a most unfavourable season it was
assumed that the water might fall 12 feet below this. The top of rock
being 44 feet above high water level, and the bed of the filter being
placed 5 feet above this again, and the depth of water to be maintained in
the filter being 6 feet, the total lift would be 12 4 44 4 5 + § = 64 feet.

The capacity of the filter as elsewhere stated was to be 160,000 gallons,
which would have to be pumped up daily. In anticipation that contin-
gencies might arise to increase the demand, such as an addition to the
Military force at Bangalore, or future extension of the works to supply
the town, it was assumed that the engine might be called upon to pump
up as much as 200,000 gallons daily. Supposing the engine to work
eight hours a day, and the unit of horse-power to be 88,000 foot lbs. per
minute, and one gallon of water to weigh 10 1bs., the horse-power required

is W e= 8:08 horse-power. Allowing 25 per cent. for loss
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of power in pumps owing to inferior power in fael, imperfect superinten-
dence, &c., about 10 horse-power would be required. The 12 horse-power
engine proposed to be used was, therefore, ample for the requirements of
the project or for possible future requirements.

The Filter.—The filter was to be placed on the top of the rock. Ia
order to keep the cisterns at the barracks constantly fall, and to provide
against leakage, evaporation, waste, the principal filter would have to be
capable of supplying three or four times the estimated daily consump-
tion. Experience at the Howrah Water Works in Bengal showed that
80 feet super of filtering media will filter 1,000 gallons in 24 hours. The
filter was designed with an area of 4,800 square feet, and was to have
a depth of 6 feet when full. This would hold 4,800 X 6 x 6} = 180,000

gallons, and filter daily “°2° X 1,000 = 160,000 gallons, providing there-

fore an ample supply of pure water. To adapt the filter to the form
of the summit of the rock, it was designed in the shape of an irregular
pentagon, divided into two parts by a cross wall, so that either part could
be cleaned or repaired without interrupting the daily supply, each part
being capable of holding 80,000 gallons. The following is a brief des-
cription of its proposed construction.

The walls were to be built of brick in hydraulic mortar throughout,
the inner faces vertical, the outer faces with & uniform batter to the bottom
of the foundations, the latter being built without offsets.  After the
walls were constructed, stiff clay was to be thrown in and well puddled to
bring the surface of the rock enclosed to the level of the highest point
of the rock. Above the clay a layer of concrete one foot thick, next s
flooring of best pottery clay bricks on edge without mortar supporting
another layer of bricks laid flat. Above these 6 inches of coarse stone
and gravel, and 6 inches of fine stone and gravel. Next 12 inches of
animal and vegetable charcoal, and finally 12 inches of fine sand covered
with a thin layer of clay to prevent the sand being disturbed by the water
passing into the filter. The total thickness of filtering media was 3 feet.
To allow of the escape of air, an accumaulation of which below the filter-
ing media has sometimes been known to hamper the action of a filter,
it was proposed to erect bamboo air shafts at intervals.

The Cisterns.—There was to be a cistern at each barrack, four in all,
each capable of holding one month’s supply, and each divided into two
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compartments by a cross wall to allow of repairs being carried out with-
out entirely stopping the supply. There are none of the original plans
in the office for me to refer to, but it would appear that they were design-
ed by Lieat. Tulloch with walls and foundations of brick in hydraulic
mortar, with a flooring of brick 6 inches thick over a layer of concrete 12
inches thick. The chief feature in them was an arrangement for promot-
ing a current in the water, and preventing stagnation, by cross walls at
intervals of 25 feet with arched openings at the alternate ends, so that
water entering the cisterns at one end would have to flow in a zig-zag
course to pass to the outlet pipe at the other end. The cisterns were not
provided with roofs.

The Mains.—These were to be 8 inches earthenware socket pipes,
placed 3 feet below the surface of the ground. It was calculated that
the greater part of the pipes would not be subjected to a pressure of
more than 15 feet head of water. About 600 yards would have to bear
a pressure of about 50 feet. This was considered well within the limits
of what earthenware pipes could bear, pipes of this material having been
used in France with a head of 150 feet, and ascertained in England to
burst only under a pressure due to 1,500 feet. The joints were to be
packed with asphalte, or cement of 5 tbs. of cast-iron filings to 2 ounces
of sal ammoniac.

In working out the project, it was found that the site of the old Dra-
goon barracks (now occupied by the European Infantry) was higher than
the top of the Ulsoor rock. To obtain the required command, it was
proposed to utilize the small pagoda on the top of the rock, situated
within the site for the main filter, and to convert it into a small auxiliary
reservoir on a higher level, into which the filtered water required for
these particular barracks could be pumped by the engine, and gravitate
to the barracks. The pagoda it was understood was no longer considered
sacred or resorted to by the natives.

Sanction of the Project and commencement of the work.—The above
project was sanctioned by Government on 12th February, 1863, and work
in connection with the scheme commenced in April of the same year.

The cisterns at the Royal Horse Artillery and Royal Artillery barracks
and new Cavalry barracks during 1863-65, but in carrying out the work
considerable modifications seem to have been made on the original designs
prepared by Lieat. Tulloch, viz., by the omission of the cross walls to
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ensure a free circulation of water, the use of ordinary in place of hydraulic
lime, and the substitution of stone for brick in the foundations and base-
ments. These deviations appear to have been sanctioned by the Superin-
tending Engineer on the propesals of the Executive Engineer in charge
of the work. The substitution of stone in the foundations was suggested,
owing to a difficulty in obtaining good table moulded bricks readily.

In March 1865 Lieut. Tulloch, R.E., who assumed charge of the
Division, called attention to these deviations from his original design.
He pointed out that stone is seldom used in the walls of reservoirs, s
cement does not bind properly with it, and as this material was introdue-
ed at the bottom of the wall, where the pressure is greatest, he expressed
his opinion that the cisterns when filled would leak.

First revision of the Project.—Up to the end of August 1864 the
total expenditure on the original project was Rs. 28,738, and in September
of that year a revised estimate was submitted by Lieut. Pennycuiek, R.E,
smounting to Rs. 1,46,300, or more than double the original estimate.
The main idea of the revised project was identical with that of Lieat.
Tulloch’s original scheme, viz., to supply the barracks with water drawn
from the Ulsoor tank, and pumped into & filter on the top of the rock,
to descend thence by gravitation to the cisterns at the barracks, but the
following modifications on the original estimate were introduced :—

(1). Cast-iron piping was substituted for earthenware in the mains,
and a 9-inch main was provided instead of an 8}-inch, on ac-
count of the sizes of castings in the market.

(2). Lead piping was substituted for earthenware for minor distri-
bution, and this was farther extended to detailed house service
in married qnarters in lien of the stand eocks proposed by
Lieut. Tulloch.

(8). Alteration in the arrangements of the cistern at the old Dragoon
barracks, which needs description.

It had been found that not only would the floor of the proposed cis-
tern here be 8:86 feet below the floor of the filter at the rock, bat that it
would be in some cases as much as 8 or 9 feet below the floors of lava-
tories in the barracks which it was to supply. Lient. Tualloch, it wil
be remembered, foresaw this difficulty, and proposed to meet it by means
of an auxiliary cistern on the pagoda on the Ulsoor rock. The ides,
howaever, would not seem to have deern regularly worked out in detail in
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the original project, and it was found subsequently that not only was the
pagoda far too small to allow of a reservoir of suitable capacity being
erected on it, but also that the natives did regard it with veneration, and
objected to its being meddled with.

Lieut. Pennycuvick proposed to overcome the difficulty by having a
double cietern at the Infantry (old Dragoon) barracks, one with its floor
6 feet below the ground, to be filled by gravitation from the filter on the
rock, and a second one of similar capacity elose by with its floor raised
10 feet above the ground level, 8o as to command the barrack buildings,
and to be filled from the lower cistern by a local wind engine, Lieat.
Pennycuick also called attention to the flooring of the cisterns already
built, and which appear to have been comstructed of comerete, coversd
with a layer of earthenware slabs 6 inches thick. He expressed his
opinion that this flooring was too slight, and provided for granite stone
flooring set in asphalte in the cisterns designed by him, and suggested its
adoption in the other cisterns also.

A slight alteration was introduced in the nature of the filtering
material. In the original project it was specified that animal charcoal
was to be used as well as vegetable. The contractor who provided the
material mixed human Lones with the bones collected for obtaining char-
coal. This was condemned by a Medical Committee assembled to con-
sider the subject, and to prevent the recurrence of such an evil, the use of
vegeotable charcoal exclusively was decided upon.

As previously stated, the revised estimate amounted to more than
double the original scheme as first proposed by Lieut. Talloch. The
excess was due mainly to the substitution of cast-iron and lead for
earthenware piping, the greater extent of minor piping owing to the more
elaborate minor distribution, and the alteration in the arrangements to
the cisterns at the Parade (Dragoon) barracks.

At the time that the revised estimate was submitted, the following was
the condition of the work :——

The engine house was nearly complete, its progress had been delayed
by difficult blasting. The engine driver’s quarters were complete. The
brickwork of the filter on the top of the rock was complete to floor level.
The brickwork of the Royal Horse Artillery and Royal Acrtillery cisterns
were complete, the flooring remaining to be done. The foundation and
basement of the Race Course barracks cistern was complete.
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Second revision of the Project.—I am unable to trace from the records
in the office what orders were passed upon this revised estimate snbmitted
by Lieut. Pennycuick, but it would appear that it was partly carried
out, as in April 1865 the flooring of the filter on the rock was completed,
and the cistern below ground level at the old Dragoon barracks built.
As regards the difficulty of obtaining a proper command over the build-
ings in the Parade barracks by means of the filter on the top of the
Ulsoor rock, the suggestion for overcoming this difficulty by the double
cistern and wind engine at the Parude barracks proposed by Lieut. Penny-
cuick was not approved by Government, and the whole scheme was re-
cast and took its present shape.

The filter on the top of the rock was abandoned, and it was determined
to pump the water from the tank into a filter at the foot of the rock, to
pass from thence by gravitation to a pure water basin close to the filter
and at the edge of the tank, whence the same engine was to pump the
pure water up to a stand pipe on the top of the rock, of sufficient height to
command all the buildings to be served, and from which it would flow to the
cisterns already built. The settling beds were omitted from the arrange-
ments. These arrangements have been carried out, and are now in force.
The necessary works appear to have been commenced before the plans
and estimates for them were completed.

During 1865-66 the engine and pumps were set up, and the engine
house built, the filters and pure water basins were commenced, and com-
pleted in the following year, when the pipes, valves, &c., were received
from England.

Thelaying of the pipes to the cisterns on the old race course was com-
pleted by May 1868, but on testing them they were found to leak at the
joints tosuch an extent that it was necessary to take them up and relay them.
Inrelaying them the following precautions were adopted to ensure the
joints being water-tight. The pipes were laid in lengths of about 100
yards at a time, the joints being left uncovered, and each length tested
by closing the free end of the piping, and then pumping in water until s
Jet of water appeared at the top of the stand pipe. The joints were
carefully examined during the test, and any found to leak replaced before
another length of piping was laid and similarly tested.

Failure of Cisterns and Filters.—In November 1868 the cisterns st
the Royal Horse Artillery and Cavalry barracks were filled, but at the
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first attempt to deliver the water, although all the piping was found to
be water-tight, the cisterns themselves showed signs of giving way, and
pumping had to be stopped. The Superintending Engineer in reporting
upon this failure expressed his opinion that the thickness of the cistern
walls and the depth of the foundations was insufficient, but as the cis-
terns began to leak before they were half full, the immediate cause
of failure was to be attributed to bad work in the flooring.

To remedy this defect it was proposed to remove part of the flooring,
and to excavate a trench 12 inches broad, carried down to 12 inches below
the toe of the walls inside, and to fill this with concrete, to cover the
existing floor with 12 inches of masonry (brick or tile) set in partially
hydraulic lime, the ends of the new floor to be curved up at the junction
with the walls, to carry this masonry up to the top of the walls for a
thickness of 9 inches, and to plaster the whole with Portland cement.

The filter at the foot of the rock was also found to leak, and similar
remedies were proposed to be carried out to repair it.

The cost of these repairs was estimated at Rs. 84,000, and an addi-
tional height to the walls of 18 iuches was given to make up for the
diminution of their capacity by the interior lining and extra thickness
of floor. It was proposed to carry out the repairs first to half of the
cistern at the Royal Horse Artillery barracks. This cistern was selected
for trial, as its southern half rested on a basement 44 feet, so that any
insufficiency in the proposed method would be more likely to become
apparent from the failure of the flooring on the deep filling in of the
basement. The repairs to this half cistern were completed, and the cis-
tern filled on 7th May, 1870, when no leakage was apparent.

The measures proposed having met with success in this case, the same
method was sanctioned for the remaining cisterns and the filter, and with
the following results. With the second half of the Royal Horse Artil-
lery cistern, as with the first, they were successful, and also in the case of
one-half of the cistern at the Cavalry barracks and half of the filter.
In the case of the second half of the Cavalry cistern and the filter the
repairs failed utterly. The work of the new flooring was found to be of
excellent quality, the cement being so hard that it turned the point of
the pick used in cutting out the masonry to examine the cause of
failure, and the failure was attributed entirely to the excessively bad
quality of the old flooring, which gave way under the weight of the water
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pumped into the cistern and filter, together with the unsuitsble natare
of the earth used in filling in the basement.

The old flooring of the Cavalry cistern was composed of 6 inches of
concrete laid upon the made earth with which the basement of the cistern
was filled in. On the concrete was laid a flooring of stone set in mortar,
and pointed with asphalte. On examination it was fouand that the new
floor of two course of brick-on-edge laid in cement diagonally and plaster-
ed had sunk in several places, owing to the subsidence of the made earth
under pressure. The water passing through the cracks in the new floor
at these places had increased the evil, by reducing the earth in the base-
ment to a state of pulp.

The same description applied to the floor of the filter where the sinking
took place at the point where there was the greatest depth of made earth..
It may be observed that the filter is built on the bund of the tank, which
circumstance doubtlees added to the possibility of failure. Upon the re-
port of this failure Government decided that the capacity for storsge
was not required to be so great as when the cisterns were first designed,
and that the second half of the Race Course barracks cistern should be
left as it was, but that measures must be taken to repair the filter.

Third revision of Project— Dhobies’ Wells.—Up to 81st March, 1869,
the total expenditare on the project was Rs. 1,55,665, and in May of
that year a revised estimate was submitted by Captain Wood, R.E., for
Rs. 2,65,000 for completing the scheme on the modified arrangements
already noted, and with a farther modification on Lieat. Pennycaick's
project by the substitution of stand-cocks at convenient positions for
house supply in place of the detailed distribution to individual quarters.
This estimate provided for a supply of water from the Ulsoor Tank for
ablutionary and non-culinary purposes only, as in July 1868 it had been
decided that even after filtration the water from the Ulsoor tank was
unfit for drinking.

At the time when this revised estimate was submitted, the condition
of the work was as follows :—

Engine erected, filters, fresh water basin and cisterns complete, except
that for the Parade barracks. Main lines of piping lsid to cisterns and

east gate of European Infantry barracks, and distributing pipes to Royal
Horse Artillery and Race Course barracks. To complete the work,
it was required to add verandah to engine house, enlarge quarters, com-
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plete main to Parade barrack cisterns, and to complete the distributing
arrangements.

With this estimate were also forwarded designs for floating covers to
the cisterns and pure water basin. This was considered necessary to
preserve the water from pollution by bones and impurities dropped in by
vultures and other birds, as well as to preserve it from vegetable growths
induced by exposure to the direct action of the sun. These covers con-
sisted of ocorrugated iron sheeting carried on timber purlins 4”7 x 4% at
5 feet interval, supported on square buoys 2’ X 2° X 2’ of 1 sheet iron,
strengthened and put together with angle irons, and placed at 9 feet
central interval. They, however, were not sanctioned.

Owing to the unfavourable reports upon the tank water in July 1868,
Government purchased the Dhobies’ wells for the purpose of supplying
the troops with pure water for drinking and culinary purposes, and di-
rected the preparation of estimates for a scheme for pumping water from
these wells to the barracks.

To the east of the tank, about 800 yards north of the rock and 80
yards in rear of the bund, were a number of wells, originally seven, situ-
ated in what was called the new Dhobies’ ground.

These wells appeared to be fed by percolation from the tank through
the bund, which takes place more or less along the whole line of bank
on the south-east from the waste weir towards the north. The percola-
tion is moderate towards the south-west part, where the soil is clay or dis-
aggregated gneiss, but abundant at the north-east end, where a triangular

bed of ferruginous gravel about 200 yards wide allows the water to filter
very freely. The line of demarcation of this gravel bed is well defined.
It extends well into the new Dhobies’ ground, and the water in the wells
stands at 5 or 10 feet from the surface according to the ground in which
they are sunk being within or without the gravel bed.

All over this gravelly patch of ground water stands at a level of about
6 feet below the surface of the water in the tank, falling regularly with it.

Observations for 18 weeks, from 1st January to 29th April 1871,
showed that the fall of water in the wells was nearly always identical
with the amount of fall in the tank, the fall in the wells being, as a rule,
about one inch more, and the difference never more than two inches.

The water derived from these wells was excellent, but on this point
more will be said hereafter, and it is sufficient now to state that at this
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period of the work it was eomnderod to be fit for drinking and culinary
purposes.

In June 1869 plans and estimates were submitted for three projects
for supplying the troops with water from these wells for drinking and
culinary purposes.

In place of a single reservoir in the water-bearing stratum from which
to draw the sapply, it was decided to increase the area of the wells by
sinking & number of separate wells, and connecting them by masonry
driftways, by which a number of small reservoirs would be obtained, which
could at a moderate cost be covered in, 80 as to preserve the water from
the action of the rays of the sun.

The estimates provided for increasing the number of wells to 16.

In Project A it was proposed to draw the water from the wells, and
pump it up to a stand pipe on the Ulsoor rock, whence it wonld descead
to the cisterns at the barracks.

In Project B it was proposed to pump the water into an iron cistern
oconstructed on the top of the rock, capable of containing the whole supply
for the barracks.

In Project C it was proposed to pump the water into a stand pipe at
the site of the Dhobies’ wells, and thence to cisterns at the barracks.

The object of this scheme was, as before stated, solely to supply the
troops with drinking water, and it was to be kept entirely distinct from
the Ulsoor rock arrangements.

The demand for culinary purposes was estimated at 5 gallons per hesd
per diem, and the namber of souls to be supplied was estimated at—

Cavalry and Artillery at Race Course bn.rneh, s 1,200
Royal Horse Artlllery, e e s 250
Infantry, .. e s e o 1,300

Total, ... 2&60

" requiring for drinking a daily supply of 13,250, or say 100,000 gallons
per week, which would be distributed to the barracks in the proportion
45,000 gallons. to the Cavalry and Infantry barracks, and 10,000 to the
Royal Horse Artillery. This required a discharge of 90 gallons per
minute at the latter barracks.

The dimensions of the pipes were calculated by Neville’s formuls, snd
assuming the stand pipes to be constructed so as to give a head of 20
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feet above the highest point to be supplied, viz., the Infantry barracks
cistern, it was found that a 4}-inch pipe was required in all cases except
for the Royal Horse Artillery cisterns, where a 2}-inch pipe was sufficient
in projects A and 0. In project B 8” X 13 piping was found sufficient.

The cisterns were to be of wrought-iron, those at barracks being raised

20 feet above the ground on cast-iron pillars, and the single cistern at
the rock to be 42 feet above the top of the rock. The objection to the
project of the single cistern at the top of the rock in place of separate
service cisterns at the barracks was, that the whole of the water would
have to be raised 40 feet above the rock, while it was only necessary that
the quantity required by the European Infantry, viz., 45,000 gallons,
should be 8o raised. The advantage of this arrangement would have
been the poesibility of a more economical distribution of the water, as the
amount to be delivered could have been regulated carefully and waste
checked.

In projects A and C stand pipes were provided, in the former case on
the rock, in the latter case at the Dhobies’ wells. With a stand pipe at
the rock, which would have to be 42 feet high, there would be loss of
power, water having to be delivered at the stand pipe at the distance of
1,800 feet from the engine house at the Dhobies’ wells. A stand pipe
at the Dhobies’ wells would have to be at least 100 feet high to obtain
the required command, and the difficalty of erecting and maintaining such
a pipe would probably be of greater consequence than the loss of power
experienced in the other case.

The minor distribution in all three projects was practically the same,
viz., by stand cocks or water houses at suitable points in the barracks.

The cost of the three projects was nearly the same, viz.—

Rs,
For A, ... - e 1,384,700
w B, e - v 1,838,000

nw G e - - v 1,36,500
No provision was made for supply to the old Foot Artillery cistern,

as the old Foot Artillery barracks were abandoned about this time, and
a supply there not required.

The work in connection with the Ulsoor rock project was sufficiently
advanced to allow of the Royal Horse Artillery and Race Course bar-
racks being supplied from them with water for ablutionary and non-
culinary purposes from January 1871.
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The projects when first received by Government were laid aside

consequence of the magnitude of the estimates, and the state of the
Imperial finances. An engine and pumps were, however, despatched to
Bangalore, and an entry made in the Budget, and sccordingly 16 new
wells were sunk and connected, and the engine house and chimney bailt.
The work being so far advanced, in G. O. 1278 of 18th May, 1870, Gov-
ernment directed that the work should be carried out as simply =
possible, to provide for a supply for two days consumption of drinking
water.
In September 1870 the Superintending Engineer proposed to consect
the Dhobies’ wells with the existing piping of the Ulsoor rock project,
and to pump into the cisterns to test the yield of the wells. Govern-
ment objected to any arrangement by which the water from the wells
could be exposed to contamination with that from the tank, and in De-
cember 1870 as ordered, a revised scheme, differing only in minor details
of distribution and in fixing the supply at 3 gallons per head from that
sent in June 1869, was submitted. It provided for carrying out the ar
rangements for completing the supply of water for non-culinary purposes
from the Ulsoor rock scheme, and for a separate service for drinking
water from the Dhobies’ wells.

Result of working of Ulsoor Project.—During the period that the
water from the Ulsoor project had been in use, it was found that an aver-
age of 80,000 gallons per day had been used by

we  wes s e e eee T80

Horses, ove
Troops and families, see  sea  ees  eee  ese  eee 1,800
Native followers, e e o e see  see  eee 2,150

4,230

being an average of about 7 gallons per head. But assuming 12 gallons
per day expended on each horse, there remained about 21,000 gallons
left as expended by the troops and their followers, and supposing the
latter to use 1 gallon & day, the consumption by the troops would be 14
gallons per head. ’

The cistern at the Infantry barracks was designed on this data to
contain about 7 days' supply. Owing to the unsuitability of the levels
of the ground, the cistern had to be built in the Bakery square st the
western end of the Parade barracks, which involved an extra expense
of Rs. 6,950 for piping, which would otherwise have been spared.
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Amalgamation of the two schemes.—The two schemes were now amalga-
mated under one head, and the total cost of the combined scheme came
to Rs. 3,07,400, for which the troops and horses were to be supplied
with 14 gallons per head for non-culinary purposes from the Ulsoor
tank, and 8 gallons per head for drinking from the Dhobies’ wells. The
latter allowance could be increased if the wells were found equal to the
strain.

Suggestions by Sanitary Commissioner—~In May 1871 the Sanitary
Commissioner, after visiting Bangalore and inspecting the water sapply,
suggested the possibility of the Dhobies’ wells being able to meet the
demand for all requirements both for ablutionary and non-culinary pur-
poses. Should this prove to be the case, he further suggested the
probability of Government being able to dispose of the water works and
plant of the Ulsoor project to the Municipality.

Ezperiments on capacitly of Dhobies’ Wells.—Acting on this sugges-
tion in May 1871, the yield of the wells was ordered to be tested, and
pumping experiments were carried out from 20th to 26th May. - It had
been ascertained that not more than 85,000 gallons daily is used by
the troops, and the actual amount pumped out during the six days
was 830,000 gallons, or about 116,000 gallons in excess of what the
troops would have consumed in the same time. At the end of the sixth
day, however, the wells were nearly drained dry, only 2§ feet of water
remaining in them. It was found during the experiment that a consider-
able quantity of water filtered into the wells while pumping was going on.
The experiment showed conclusively that the capacity of the present
nomber of wells was amply in excess of the requirements for culinary
purposes only. Also the least amount filtered in daily during pumping
was 17,000 gallons, and during the night 8,000, a total of 25,000 gallons
per day, or 10,000 gallons less than the assumed expenditure of 35,000
gsallons, The wet perimeter of the 16 wells was about 500 feet, and there-
fore to allow of 85,000 gallons being filtered in daily, the perimeter should

be 5,000 x ;’% =1,000 about, or the namber of wells should be doubled.

A table of the detail of the experiment is attached, which will explain
the results better than any description.

By G 0. 1933, dated 22nd July, 1879, Government directed the submis-

sion of two estimates, one for the completion of the supply from the tank,
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and one for completing arrangements for supply entirely from Dhobies’
wells, to include 16 additional wells and new steam engine and pumps.

Conclusions arrived at after carcful analysis of the tank and well
water.—The analysis of the tank water made in 1871 has slready beea
referred to in page 6. The result of the comparison then made between
the waters of the tank and wells may now be given.

The water from the Dhobies’ wells is almost identical with the tank
water after filtration. It differs only by having a little less calcium
carbonate and organic matter, and a little more silica and magnesia. The
fact of its containing less organic matter renders it preferable for drinking
purposes. The waters of the Ulsoor tank (filtered) and of the Dhobies'
wells were compared with the standards laid down by Dr. Parkes, 1st,
for pure and wholesome ; 2nd, for usable drinking water. It was found
that the tank water after filtration was equal to the second standard in
every respect, and to the highest standard in all but three points. Whea
farther subjected to domestic filtration, the water from the Dhobies’ wells
comes up to the highest standard, and the Ulsoor tank water fails only
in one point, viz., the larger amount of oxygen consuming organic matter,
8 defect common to all tank waters. Both waters exoeed the highest
standard on several important points, so that the sources of supply are
exceptionally good.

In G. O. 528 of 26th February, 1872, the opinion of the Sanitary Com-
missioner upon the data deduced from the analysis is that, although under
ordinary circumstances the water of the Ulsoor tank when filtered is per-
fectly pure and wholesome, and may be safely issned for the usne of the
troops, that the Dhobies’' well water, owing to its freedom from all
organic matter, is the safest and best.

Acocordingly Government sanctioned the completion of both schemes,
in order that they might mutually assist each other, the water from either
source being transmitted by the same lines of piping to the same re-
servoirs.

The final revised scheme—~In anticipation of the same line of piping
being available for either source, estimates for completing the two schemes
had been submitted in November 1871 as ordered in the G. O. of June
1871.

To complete the Ulsoor project, all that was required was to eontinue
the main to the east gate of the Infantry barracks to the cistern in the
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Commissariat square, and carrying ount the minor distribution which would
practically complete the original scheme submitted in May 1869.

A farther modification on this scheme was made by the provision of
iron cisterns in the upper stories of the male and female hospital at the
Agram barracks, so as to furnish the hospitals with a distinet house
service.

It was at first intended that the iron cisterns in these hospitals were
to be filled by a moveable steam engine at the hospitals. This, however,
was found not to be required, a8 a sufficient command was obtained by
the stand pipe on the rock.  The cisterns were supported on cast-iron
pillars resting directly on the ground, the weight being in no way carried
by the walls of the building. The ocisterns in the male hospital are
each 22° x 14’ X 2}', those in the female hospital 10' x 10’ x 2},

To complete the Dhobies’ wells scheme in addition to the above works,
18 more wells had to be sunk, and a main laid on from the engine house
to the sweet water basin at the rock. The Dhobies’ wells scheme was the
costlier by Rs. 22,400.

No provision was made for repairing the ruptured filter at the rock,
and the useless half cistern at the Agram barracks.

The total amount required to complete the two projects was Rs. 8,01,698.

In the project provision was made for 15 gallons per head per day, or
. 86,000 gallons, but the Executive Engineer expressed his opinion, from
the average consumption observed that, 10 gallons per head, and 8 gallons
per horse per day, was probably enough.

In April 1872 the Government of India sanctioned the above estimates,
remarking at the same time that either project singly would have sufficed
for the supply of the Oantonment, but both projects being eo far advanced,
both must be completed.

As a spare filter was evidently required, tho repair of the ruptured
filter was also strongly urged by the Government of India.

Progress of the combined scheme.—As soon as sanction was obtained
the extra wells were commenced. The wells were 20 feet deep, with &
lower diameter of 9} feet, and upper of 10 feet each, for a height of 10
feet, lined with a loose stone backing of small stone, the mouths being
closed by & granite slab square of 15 feet, with an opening of 8 feet
left with a stone cover supported on two granite stones 15" X 1’ X 14",

The wells were connected with each other, and with the old wells by
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horizontal driftways formed of stone. The floors were 4 inches above
the bottoms of the wells, the side stones 24 feet high and 1} feet thick,
floors of slabstones 4’ X 1’ X }", and covered by slab stones 4’ X 1" %}’
(see Plate 1.)

In carrying out the work, the excavation for the wells was carried down
to the full depth before the lining was commenced.

In addition to the extra 18 wells sanctioned, it was at one time proposed
to sink 5 additional wells, and these were actually begun. They were,
however, objected to by the Local authorities on the grounds that ‘they
endangered the safety of the bund, as they were sunk close to the rear
slope. They were ultimately abandoned and filled in.

In 1874-75 the works connected with Ulsoor Water Work Project
were completed.

Action taken with regard to the filter at the rock.—In September 1872
an estimate amounting to Rs. 8,490 was propared for repairing the
filter, which provided for picking up the flooring all round inside the
walls for a width of 10 feet, excavating for a depth of 74 feet, filling
in with & concrete lining backed by puddled clay, and replacing the
flooring carefully by two courses of brick in cement. Before this
was carried out, the condition of the cistern became worse, and it was
decided to take up the whole of the flooring, and relay it with brick
in cement 9 inches over concrete, 9 inches above s well rammed lsyer,
18 inches deep of laterite gravel. An estimate for such repairs was
accordingly submitted, and repairs on this plan executed in May 1873.

Provious to the work being sanctioned, excavation had been carried
inside and along the walls for the concrete lining, which was, however,
not put in, puddled clay beirg used to fill in the excavation.

The new floor was laid as above detailed, and in addition an inside
lining wall of brick in mud was constructed along the walls and plastered
with cement, and the filtering material placed on the floor.

The filter was then filled, but it was found to leak as badly as ever.
The wall near the road yielded, and was thrown slightly outwards, more
8o at the corner abutting on the road and farthest from the tank. Here
too the side wall was ruptured, showing that there had been subsidence
at this corner, which had torn the masonry awsy from the other portion.
There are no working plans in existence showing the dimensions of the

walls as actually constructed,
384




REPORT ON THE ULSOOR WATER WORKS. 25

The excavations behind the walls revealed the fact that the lower
courses of the masonry in the foundations were set in mud not mortar.

It was considered that leakage was due not to subsidence of the floor
but to failure in the lower wall, and it was decided to be necessary to
rebuild the walls in a thoroughly sound manner. Before proceeding to
estimate for the entire re-construction of the walls, a very thorough exa-
mination of the site was made, the nature of which will be understood by
a reference to plan of filter, Plate IV. Excavations were carried down
at A, B, C, D and E, and in the first two cases rock was met with at a
depth of 8 feet 5 inches and 2 feet 8 inches respectively below the floor,
but at C, D, Eno rock was found at depths of 264, 28% and 263. A
shaft was then sunk at E, and below floor level the wall was found to con-
sist of 1§ feet brick in chunam, 8§ feet stone in chunam, and below this
again 4} feet of rock in earth, altogether the wall was 10 feet high below
floor level. At the bottom of this shaft an iron rod was forced down
for a further depth of 15 feet, bat no rock was met with.

A portion of the floor was next removed just inside the wall, and after
excavating for a depth of 154 feet, an iron rod was forced down for a
further depth of 5} feet without rock being reached. Thus along the
whole length of the wall by the roadside, rock cannot be found at depths
varying from 25} to 28% below the floor, and a section of the filter and
road embankment show that the floor is 18:43 feet above the ground,
and 26-67 feet above the excavation made for the embankment at the
time of forming the road. See Fig. 6.

The following information was also obtained regarding the condition
of the site previous to the comstruction of the filter.

The original bund of the tank passed between the present filter and
the pure water basin to the rock. Some little time before the filters were
built, the road round the rock was formed ; its crest being about 18} feet
above the ground, and previous to this the ground between the old bund
and the new road embankment was a marsh full of reeds. Shortly after
the road was formed, the space between the two banks was selected as a
suitable site for the filter. A good deal of rock had to be blasted on the
site of the upper filter, and this débris, together with rock obtained from
the surface of the rock, was used to fill in the marsh on the site of the
lower filter. When this made earth, rock, &c., was brought up to what
was considered a sufficient level, boulders in clay were built on it as a
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foundation for the wall, on this stone in chunam, and above this brick in
chunam to the level of the floor.

This being the method of preparing the site and building the wall, it is
not surprising that the work failed. It is also probable tbat the site
being built upon so soon after the construction of the road embankmest,
settlement occurred in the latter, and affected the site with the resalt
of the failure of the walls.

The masonry found in the walls was of fair quality, and the failure can-
not be attributed to bad workmanship, but to a mistaken design.

Under the circumstances thus brought to light, it was evident that the
work required to re-construct the wall of the filter upon a solid founds-
tion would be very costly, in fact it was roughly estimated to fall not far
short of Rs. 40,000. Accordingly in January 1876 Government decided
that the repair of this portion of the filter must be abandoned, but as it
was necessary that a second filter should be provided to allow of the one
then existing to be cleaned or the filtering material changed, it was deter-
mined to build a second filter on a fresh site.

No ground was available near the original filter on the rock, bat a site
was selected near the engine house attached to the Dhobies’ wells. The
ground here being below the level of the water in the Ulsoor tank,s
supply could be drawn thence by a syphon, and led on to the filter whea
required, and pumped thence by the Dhobies’ wells engine to the pare
water hasin at the Ulsoor rock for distribution to the barracks.

- Estimates for these works wera acccordingly framed and sanctioned
in 1877-78.

Working of the Ulsoor filter.—Previous to designing a new filter,
the action of the one already working at the Ulsoor rock was tested.
The surface area of the filter at the rock is 5,842 square feet. The depth
and composition of the filtering material is as follows : —On the bottom of
the filter are placed stone slabs 3 iuches thick of different sizes varying from
2 to 4 square feet, placed so as to form conduits thus, the stone is then
brought up to a depth of 1

TE\—IE ; 1 K E 1 - FA o T ','l, 4 1 foot by small slab stones.

On this is a large stone jelly

1 foot in depth, capable of being passed throngh a 2} inch ring, abore this

8 inches of small quarry sweepings covered by 4 inches of charcoal (vege-

table), on which rests a layer of 24 feet of rather fine Bangalore sand.
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The water from the tank is pumped into & trough running along the
top of one wall for the whole width of the filter,
which allows the water to pass quietly over a smooth
curved edge into the filter as shown in sketch. Verti-
cal iron pipes are erected to allow the air from below
to escape, and prevent its distarbing the sand while
it is being filled.

The following is the method of collecting the water
and conveying it to the pure water basin after it has
passed through the filtering material. The floor of the filter slopes gently
to the corner whence it is to be discharged. The water falls through the
filtering strata to the stone conduits placed on the floor, and from thence
passes to an arched brick conduit, built along that side of the filter which
contains the outlet to the pure water basin. The maximum head of water
on the filtering material is 8 to 8§ feet. The quantity of water filtered
was carefully gauged from 7 a.u, September 15th 1875, t0o 7 o.x. on 16th
idem, when it was found that 48,000 gallons had been filtered in 24
hours. The filtration took place under most favoursble circumstances, as
the day before trial the sand was scraped and dug up to a depth of 18
inches, and moreover the filter having been in use for some time, the depth
of the layer of sand had been reduced some 7 inches by repeated scrapings.
During the trial the head of water varied from 8 feet 7 inches to 2 feet
8 inches. Thus under the most favourable circamstances the filter cannot

purify more than 4%2%3 = 8:216 gallons per square foot in 24 hours.

Directly the discharge into the pure water basin shows signs of imper-
fect filtration it is checked by a valve.

Additions to the Ulsoor Water Works.—In 1876-77 the old engine at
the Dhiobies’ wells was remaved, and replaced by a new compound horizon-
tal engine of 10 horse-power, pumping on an average 13,400 gallons per
hour = 223 gallons per minute.

In 1877-78 an estimate of Rs. 66,598 was sanctioned for additions
to the Ulsoor water works, which provided for iron roofs to the cisterns
snd pure water basin, fixing the new engine and pumps at the Dhobies’
filter, and providing the additional filter. These works, together with a
pure water basin, have been completed, and nothing further remains to
be done to the work except to roof two of the cisterns.
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The filter and pure water basin at the Dhobies’ wells.—When the plans
for the new filter with the arrangements for distributing the water in con-
nection with it were first drawn up, it was intended that the filtered water
from the filter should be conducted to the pumping well direct, and thence
pumped to the pure water basin at the rock.

This plan was objected to by Major A.D. C. Scott, R.E., the Deputy
Chief Engineer for Irrigation, on the grounds that as the pump well is
connected with the system of wells, if the filtered water were allowed to
pass into it, it would diffuse itself through the system of wells without
materially raising the level of the water in the pump well in which the
suction pipe works.

He directed that a small pure water tank of about one-quarter the
capacity of the filter should be constructed near it, to which the filtered
water should pass, and that when using Ulsoor tank filtered water the
engiue should pump direct from this pure water tank and not from the
pump well. The yield of the filter being 40,000 gallons, or one day’s
supply, that of the pure water tank was to be 10,000 gallons.

The Engineer in charge of the works believed that this diffasion would
not take place to 8o large an extent, as the laterite strata in which the
wells are sunk is surrounded by a bed of stiff clay, and the pumps would
draw from the whole bed of water.

The pure water tank being of so small a capacity, would be emptied by
the pumps in about half an hour, and the engine would then have to
stop working or draw from the wells until the pure water tank filled
again. The Engineer contends that this spasmodic mode of working the
engine would be costly and injurious to the machinery. Colonel Moberly
R.E., lately in charge of the Division, proposed to overcome the diffi-
culty by having a double branch from the suction pipe in the pumping
well provided with valves, so that upon the tank becoming empty, the
engine could be turned on to the supply from the Dhobies’ wells with-
out stopping until the tank had filled again.

Revised plans and estimates for the filter and a pure water tank were
submitted, which can be understood by a reference to the Plates. The
arrangement and depth of filtering strata were similar to that adopted
in the filter at the rock, but the construction of the flooring was very
different, the floor consisting of 2} feet of puddled clay laid in layers 6
inches thick, next a layer of stone metal 8 inches_thick set in clay trell
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rammed, and above this 4 inches of concrete laid in furrows and ridges,
the furrows leading along the short width of the filter, In the furrows
stone drains were laid, packed with loose stone, over which was laid the
filtering strata, se¢ Plate II1.

The water flows into the filter from a trough along the top of one wall,
as in the one at the Ulsoor rock, but instead of being lead as there into
an arched chamber after filtration, the stone drains conduct it to a per-
forated iron pipe laid along the foot of the wall, which leads the water
to the outlet pipe into the pure water basin. .

The filter has not been carried out exactly according to the plan. The
concrete sloping walls were found to bulge, and they were covered with
8 casing of brick in chunam in steps.

On testing the filter it was found to leak very considerably, and the
irregularities of the faces of the inner walls were filled in with concrete,
and the whole plastered with surki and Portland cement. I regret to
say that the filter leaks still, though to not nearly the extent previously.
Leakage here is not of great consequence, as the filter is filled from the
tank by gravitation, and what water does escape probably finds its way
to the wells close by.

The scheme as complete.—The works are now complete in all their de-
tails, and it remains to enquire into their working, and their capabilities
a8 to their supply compared with the requirements of the garrison.

The existing system of water supply for the European troops at Ban-
galore may be briefly described thus—

L Source of supply.—The Ulsoor tank and Dhobies’ wells situated
about one mile from the most distant barrack to be supplied.

II. Head works.—Engine house and 12 horse-power engine and
pumps, filter, pure water basin and stand pipe, quarters for the Engineer
in charge at the Ulsoor rock; engine house, 10 horse-power engine and
pumps, 32 wells, small pure water basin and filter at the Dhobies’ wells.

IIL  Distributing arrangements.—12,208 feet of cast-iron main pipes,
of diameter ranging from 10 inches to 4 inches. Single masonry cisterns
at the Cavalry and Earopean barracks.

A double masonry cistern at the Royal Horse Artillery barracks.

Four wrought-iron cisterns in the hospitals'at the Cavalry barracks.

85,461 feet of cast-iron distributing pipes, ranging from 7 inches to 4
inch diameter.
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49 Stand cocks.
IV. Population to be supplied—

Men. | Women. | Chftaren.| Native | Forss
1 Battery Royal Horse Artillery,... 157 24 27 817 178
1 Legiment Cavalry, e e 455 56 142 567 436
2 Batteries Royal Artillery, ... 814 43 74 418 220
1 Regiment Infantry, ... .. 886 104 178 oee e

-~
Totals, ... 2,460 1,302 84
V. Demand—
14 Gallons per day per Earopean.
1 Gallon ” Native.
12 Gallons ” Horse.
Therefore—
Royal Horse Artillery require 5,493 gallons per day.
Royal Artillery » 9,078 »
Cavalry ” 14,941 ”
Infantry, » 16,853 »

Total, ... 45,864 = 46,000 gallons, say.

The supply is drawn from the Dhobies’ wells by preference, is pumped
by the engine there to the pure water basin at the rock, whence the -
gine at the rock pumps it to the cisterns at the barracks.

If the supply in the Dhobies’ wells fails, which it generally does during
the hot months when the tank is low, the supply is drawn from the task
and pumped into the filter at the rock, whence it gravitates into the
pure waler basin, to be pumped up by the engine to the stand pipe, and
thence to the cisterns at the barracks.

If the filter at the rock is out of order or requires cleaning at a time
when the full supply cannot be drawn from the Dhobies’ wells, the task
water can be allowed to flow by gravitation into the filter at the Dhobies’
wells, and on to the small pure water tank there, whenoe the Dhobies’
wells engine pumps it op to the pure water basin at the rock, to be seat
on as before by the engine there,
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The actual capacities of the several filters and reservoirs are as follows:—
Filters.—

Gallons.
Thbe filter at the rock can purify per day we  eee  see 87,971
That at the Dhobies’® wells s . " e 82,600
The pure water basin contains ... - aan . e 149,423
Royal Horse Artillery cistern containg ... e w0 .o 179,026
Cavalry barrack cistern contains e eas . 280,087
Infantry ,, » in Bakery square e 112,500

Comparing these figures with the statement of probable demand given

above, it will be seen that the capabilities of the works are as follows : —

The filters can purify ... ... 1} days’ supply for the garrison.
The pure water basin holds e 832 » »

The R H. Artillery cistern holds ... 32 6 days’ supply for the R. H. Artillery.

The Cavalry barrack cistern holds... 12-1 days’ supply for one Regiment (‘avalry
and £ Batteries Royal Artillery.

The cistern in the Bakery square,... 68 days’ supply for one Regt. Infantry.

It may be noticed that the cistern in the Bakery square has to meet
demands not only for supply to the Infantry, but also to the Bakery and
Commiseariat buildings, the requirements of which cannot be correctly
ascertained. It would not, however, be very great.

The following is a description of the engines.

The one at the rock cost £2,000 in England, and is a Watt's double
acting beam condensing low pressure engine of 12 horse-power nominal,
with a piston area of 254'5 square inches, and length of stroke of 22
inches, driving three force umps with cylinders 1 foot in diameter, and
plungers of 2 feet stroke, capable of raising 410 gallons per minute. The
average rate of pumping is 300 gallons per minute.

The engine at the Dhobies’ wells cost £1,138 in England, and is a
direct, double-acting, compound horizontal condensing engine of 10 horse-
power nominal, working under high and low pressure; area of high pres-
sare piston 58-5 square inches, and of low pressure piston 1887 square
inches, length of stroke 12 inches, driving three force pumps with cy-
linders of 10 inches diameter, and length of stroke of plungers 18 inches,
capable of raising 238 gallons per minate, the average rate being 228
gallons per minute. Both engines work expansively. The boilers
are cylindrical, thickness of plate {5-inch, that at the Ulsoor rock being
12 feet long, 4 feet 8 inches diameter, with 22} inches fire grate surface,
and that at the Dhobies’ wells being 12’ x 5’ 1” diameter, with 144 inches
of fire grate surface.
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Both engines burn wood.

The following are data deduced from observation of the working of
the two engines.

On 15th September the Ulsoor rock engine pumped up 128,565 gal-
lons from the pure water basin to the Cavalry barrack cistern in 5 hours
13 minutes, a rate of 410-75 gallons per minute, and burnt 2,355 tb.
of wood. On the same day, the same quantity was pumped up by the
Dhobies’ wells engine to the pure water basin in 9 hours, a rate of 2380
gellons per minute, with an expenditure of 8,874 tbs. of fuel.

The lifts are as follows :—

From wells to pure water basin, 86-25 feet.

From pure water basin to top of stand pipe, 78:00 feet.

The nominal horse-power to accomplish this would have been in the
410756 x 78 x 10

83,000

power, and in the wells engine m%w = 2'7, or adding 50 per

rock engine = 910, or adding 50 per cent. = 13°6 horse-

cent., 4'05 horse-power.

In the rock engine the indicated pressure was 20 ibs. per square inch,
and the number of strokes per minute 45, so that the indicated horse-
24,P.RS,

83,000 °*
inch, B = number of strokes per minute, and 8 = length of stroke in

2x 2645 x45%x22 _ .
oo x12 25-5 horse-power, or more than double the

nominal horse-power of the engine.

In the Dhobies’ wells engine the steam was working at 50 Ibs. pressure,
and the number of strokes per minate was 40, so that the actual horse-
2 x 585 % 40 x 50 x 1

383,000

The expenditure of fuel in the rock engine was 2305 Ibs. per hour,
producing an indicated horse-power of 25-5, while the indicated horse-
power in the Dhobies’ well engine being 65, the consumption of cosl
was 430 Ibs. per hour. From this it would seem that the engine at the
Dhobies’ wells is very costly as regards fuel, but the above calculations
are rough only, it is very probable that I have under-estimated the ac-
tual horse-power of the wells engine. The main from the Dhobies’ wells
to the pure water basin is small, only 5 inches diameter, and considerable
additional power is probably required to drive the water throngh this
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small piping, and, moreover, there are no indicator diagrams kept, so that
it is impossible to know exactly how the steam is working in the cylinders.

Supposing it were ever wished to pump the water from the wells
straight up to the barracks, I am inclined to think that the Dhobies’ wells
engine would be sufficiently powerful to accomplish it, but it would be
necessary to replace the small 5 inch main by a 10 inch main connected
with the main from the stand pipe at the Ulsoor rock.

The top of the stand pipe on the rock is 107 feet above the low water
mark of the wells, and the engine would have to force the water throngh
the pipes with a pressure equivalent to this lift.

Supposing the engine to pump at a slower rate of 200 gallons per
minuate, in which case it would raise 96,000 gallons, or two days’ supply
200 x 107 x 10

838,000
= 6%, or adding 50 per cent. = 9-75, or 10 horse-power the present
nominal horse-power of the engine.

Pumping with a single engine would effect a saving in fuel.

In place of a stand pipe at the Dhobies’ wells the main from the engine
is provided with a spring valve adjusted to support a pressure up to
50 Ibs. on the square inch, equivalent to a head of water of 11547 feet.

From the returns of the working of the system for the last official
year, the following is obtained : —

in 8 hours, the nominal horse-power required woald be

Quantity of water pumped up daily (average), we 48,460 gallons.
,, » fitered, v 11,865
» fuel expended daily, ... .« 8,887 Iba.
RS, A, P.
Monthly cost of fuel, ... oos w 877 0 0
n  » establishment, ... voe . 508 0 O
w  »  Topairs, .. w 12 40

Total, ... 895 4 0

Say Ra. 900.
In last official year the total quantity of water pumped up from the

wells was 14,419,800 gallons, equal to 14,4;1;,800 = 450,620 gallons per

well. The total quantity pumped up to the barracks was 15,868,858
gsllons, so that only 1,444,058 gallons had to be drawn from the Ulsoor
tank.
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It may be noted that had the 5 wells commenced and abandoned i
1876 been completed, an additional yield of 450,620 X 5 = 2,253,100
gallons might have been expected, in which case the entire supply could
have been obtained from the Dhobies’ wells. It must, however, be re-
membered that during 1878-79 the garrison was under its full strength.

Cost of the work.—1It is not possible to give a correct statement of
the cost of the project in detail. As will have been seen from what has
been already stated, a good deal of work has been done that was ultimate-
ly abandoned, and no account has been kept of the various works under
separate heads. In addition to this expenditure, an account of conser-
vancy and repairs has been mixed up with the accounts of the work,
fogether with cost of stores received from England, and after all not
required, while a good deal of the work in connection with the Dhobies’
wells scheme was carried out before the estimates were prepared.

The amount originally sanctioned in 1862-63 was Rs. 72,000. This
was several times increased, as has been already noticed, and in 1871-72
the cost of the Dhobies’ wells.scheme, which had sprung into existence in
the interval, was amalgamated with the Ulsoor rock scheme, and the
whole amount sanctioned for the completion of the two schemes was Rs.
3,01,698. Of this Rs. 2,77,347-2-1 has been spent up to 1875. I
1877-78 an estimate for Rs. 66,598 was sanctioned for additions to the
water works, which was made up as follows :—

Rs.

Iron roof to pnre water basin, ... ou . we 6,700
. » gram cistern, .. 16,520

» {a.l Horse Amllu'y cutern, ave s 10,450
cistern, eee or 4,230

Additional filter vnth iping, ... e 12,600

Fixing new engine and pump at Dhobies’ welll, e wee 16,098

—

Total, ... 66598

Of this Rs. 23,245-6-1 has been spent up to date. —
To recapitulate—

’ Rs.
Total amount sanctioned, - o s e 8,68,296
w1  Spent, .. . 800,592
. Balance unspent, ... 67,704
Remaining to complete— Rs.

Iron roof to Agram cistern, 16,520 26,970

" Royal Horse Artillery cistern,...10,450 o
Probable balance on final completion, ... B 40,784

344




REPORT ON THE ULSOOR WATER WOBRKS. 85

. From what records I can find, I estimate the cost of some portions
of the work as follows :—

Rs.
1. Cisterns at Cavalry barracks, e vee we 9,500
2 » Royal Horse Artillery, ... ver e 3,800
8 ” Royal Artillery (abandoned), . o 2,720
4. » Bakery square, «.. oo ee e 5,820
5. Two iron cisterns (small), ... e e e 2,500
6. Two » (large), ... - v 10,740
7. Pure water basin, ... . . 6351
8. New ﬂlwr, Y eoe ooe - een eon 7,768
9. Sinking and connecting the wells, ... oee s 13,800
10. Parchase of ground, .o e w 2,342
11. Engine house at wells, s e . 8,000
12, Chimney 80 feet, ... . we 2,660
18, Engine driver’s quarters, ... . oo e 2,480
14. Stand pipe, ee e o e o 845
15. Piping, ... . e s 97,637
16. (49) Stand cocks, eu:h o [ 85
17. Iron roof to pure water basin, . . 0,351
18. » cistern, Bakery square, ... o e 4,008
19. Repairs at various times, ... e s . 10,872

Beyond these items I can give no other detail of expondlture, the
above are given here as they might form a rough guide hereafter in
approximating the cost of somewhat similar schemes to be undertaken
elsewhere.

Qeneral Remarks.—It will be seen that the scheme as carried out
falls short of the objects proposed to be secured in Lieut. Tulloch’s
original project in more than one particular.

1. The supply of pure water that the two filters can yield in 24 hours
is not more than 70,471 gallons, or not two days’ supply, while as origin-
ally intended, the main filter was to have supplied three or four times
an estimated daily draft of 60,000 gallons.

2. With the exception of the Royal Horse Artillery cistern, none of
the other reservoirs are capable of storing a month’s supply, and suppos-
ing any serious accident to happen to the machinery or pure water basin,
the supply for the Infantry would probably be exhausted before the sys-
tem could be bronght into working order again.

8. Bettling beds have not been provided; to this fact, I think the slow
filtration may be attributed. The tank water contains a very large quanti-
ty of suspended matter. The appearance of the filter when empty shows
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that the surface of the sand stratum is thickly caked with clay, a cir-
cumstance that must after a time tend to retard the descent of the water
through the filtering media, besides necessitating frequent scraping and
partial removal of the sand.

It will be observed that there is only one pure water basin capable of
holding little more than three days’ supply, and that the uninterrupted
supply both from the tank and from the Dhobies’ wells is entirely depen-
dant upon the integrity of this reservoir. Great stress was laid upon
the importance of having a second filter in case one should require repair,
and it seems to me that the necessity of a reserve pure water basin is
equally important. In fact I am of opinion that this is of greater im-
portance, for whereas a filter is a link in the Ulsoor rock scheme alone,
which in no way affects the system of supply from the Dhobies’ wells,
the pure water basin forms a most important link in the two schemes,
any failure in which would paralyze the action of either system unless
arrangements are made to pump from the wells direct. A site for s
second pure water basin could be found on the north of the rock near
the boat house.

I would also notice what appears to me a serious point iu the character
of the water supply. Regarded as a system of supply to a town, it is
doubtless ample for all its present requirements, and with the enormous
capacity of the main source of supply, the Ulsoor tank could be extend-
ed to meet much larger demands. But as a Military source of supply
it is open to the serious defect of insecurity. The water works, the
fountain head of the supply, are situated at a distance from the barracks,
are in no way defended, and in the event of an outbreak, s small expen-
ditare of time and gunpowder would suffice to inflict such damage to the
machinery as would stop the water supply entirely for very many months,
while with a little skill the whole scheme might be so effectually dam-
aged as to require re-construction almost from the commencement.

It seems to me that to provide for such a contingency, improbable it is
to be hoped, but by no means impossible, the system of tanks distributed
among the barracks for catching and storing the rain water from the
roofs should be carried out, and which would render the barracks inde-
pendent for drinking water of supply from the water works should any
serious disaster happen to them.

The cisterns were constructed without the cross walls and archways to
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indace a free circulation of water. This is to be regretted, as the con-
struction of these cross walls would have added very little to the cost of
the cisterns, and had they existed, it would have been possible by their
means as intermediate supports to roof the cisterns at a comparatively
moderate cost. The corrugated iron roofs now put up over the pure
water basin and cistern in the Bakery square are supported on wrought-
iron trusses carried on heavy cast-iron shoes which have to be bolted into
the walls, and are very costly.

The failure of the filter and cisterns point I think to the advisability
of using a flooring other than stone flags on concrete over a basement
filled in with made earth. The floor of a cistern is alwaysits weak point.
When construocted of flags, unless the stones are very carefully and truly
dressed, there is always a difficulty in cementing them up properly at
the joints, and the space X may be left clear inducing leakage, which

/ \\ N once commencing may lead to grave
1\$\\«§§\\\

results. 'Where the earth beneath
iz the flooring is made earth, unless
it is well puddled and plenty of time is given to it to set, shrinkege
must ensue more or less, which by reason of the super imposed weight
of water is sure to be fullowed by subsidence and cracking of the floor.
This appears to have been the cause of failure in the cisterns. A
stronger and more reliable flooring would result by constructing it of
arches turned on cross walls in the basement, and brought to a level by
concrete and asphalte or cement. Constructed in this way, the flooring
would not be affected by any subsidence of the earth beneath, and if a
water-tight floor is obtained thus, the additional cost would fall far short
of the amount required to repair the filter, supposing “the floor to have
been constructed of flags on concrete and found to leak. The only
instances where the cisterns in connection with the Ulsoor water works
did not leak, are the pure water basin, the cistern at the Commissariat
square, and the upper filter at the rock. In each of these cases the floor
rested on firm soil or rock and not on made earth.

From the returns of the consumption of water by the troops during
the last official year, it will be seen that the average daily consumption
of the troops when the garrison was reduced by the absence of one Regi-
ment of Infantry on service has been very nearly equal to the estimated
demand for the garrison when at its full strength. Judging by the
847
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consumption of the past year, with the fall compliment of troops in Ban-
galore, the amount of water used would be not far short of 50,000 gallons
daily, or 16-38 gallons per head per European.

This is in excess of the estimated demand of 14 gallons per head, which,
to judge by the provision made in water supply systems elsewhere, is
ample, and much in excess of what was assumed as the proper demand
in the project first submitted in 1862. It also exceeds what was found
to be sufficient in 1871, as noted in page 21. This point deserves
attention ; greater economy in the consumption of the water would lesd
to economy in fuel and pumping.

No opportunity has yet occurred for testing the arrangements for
drawing water from the filter and pure water basin at the Dhobies' wells
Water has stood high in the wells all this year, and until it falls the con-
nections for pumping from the pure water well direct cannot be made, #
the pipes where the joints have to be made are 6 feet under water. As
goon as possible the connection will be made, and the working of the pla

reported on. _—
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PLATE I

Denotes Stand Cocks.
Do., Valves.

Do., Line of pipes.
A Original site for Cistern at Infantry Barracks.
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No. CCCXXXIV.
ALMORA WATER SUPPLY,
By T. W. Asunurst, Esq., Ezec. Fngineer, Kumaon Division.

Tae water is collected from springs and ravines by a lateral open chan-
nel (which can be closed at will) generally cut in rock and lined with
concrete. This channel is placed at about 2 feet below ground surface,
and is covered tightly with stone slabs, over which there is filled about
1} feet of earth. It is a continuous channel constructed throughout of*
concrete (see sketch), and is large enongh
to contain double the minimum supply.
The concrete is composed of 7 parts quart-
zite, broken to 1 inch cubes, to 2 parts
sharp river sand and 1 part lime, plastered
over with a plaster composed of 1 Portland
cement to 8 lime and 4 sand. :

During the dry weather this channel
is kept free from silt and debris by silt
trap and filter beds, and all available water is turned in from all springs,
but in heavy floods during the rains, when the springs flow cqpiously, only
one spring (that at Dhobies’ ghat) is required for the town supply, and
all others are shut off. The most distant stream is about 8} miles from
the town.

The minimum supply in the dry season was taken at 2 cubic feet per
minute, which was well under the minimum measurements taken over
several years.

The population of Almora is about 8,000, so that a supply of 2 gal-
lons per day for each person was given.

851 8¢




2 ALMORA WATER BUPPLY.

The average velocity of flow is 8 feet per second.

The filter beds have an area of 40’ x 10’, and are capable of filtering
81,150 gallons in 24 hours. The filtering medium consists of 2§ feet
fine sand, 6 inches coarse sand, 6 inches fine gravel, and 2§ feet gravel,
4-inch to §-inch diameter.

The storage reservoir is 100’ X 10’ X 10’, containing sufficient water
- for seven days’ supply.

There is an ornamental fountain in front of the School house, supplied
by a 8-inch cast-iron pipe, the overflow from which is collected in s
waste tank at a lower level, and the distribution is made by water posts
at convenient intervals and flow nozzles at the extremity in the ceatre
of the town. ’

The total cost was about Rs, 21,000.

ALMORA, T. W. A
18th February, 1880.}
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No. CCCXXXYV.

WATER SUPPLY, AHMEDABAD.
[ Vide Plates L and IL]

By Lizur. J. NeviLre, R.E., Erec. Engineer.

Ir appears that in 1849 the existing building at the head works was
built by Lieutenant Dickinson, R.E., the then Executive Engineer.
Water was at that time raised by means of four Persian wheels. The
total ocost of the building with wheels, filtering beds, air shafts, &c., was
Rs. 1,09,583, obtained from Municipal Funds, In about 1865 the
Persian wheels being found insdequate, pumping engines were obtained
from Messrs. Nicol and Co., Bombay. Fresh distribution pipes were
laid ; the funds being always supplied by the Municipality.

Up to this time the execution and maintenance of works had been in
the hands of the Executive Engineer; but about 1878, after some cor-
respondence, the works were transferred to the Municipality, and looked
after by the Municipal Secretary. Schemes of improvements were, how-
ever, reforred in some cases to the Executive Engineer.

Population and Distribution.~—An idea of the present arrangements for
distribution will be obtained from the small city plan (vids Plate 1.) which
acoompanies this report. Wateris only distributed over about one-third of
the city, and in those quarters, owing to caste, only one-half of the popula-
-tion avail themselves of it. Taking everything into consideration, 25,000
people, out of a total of 111,680 within the city walls, may be said to
benefit by the works. As the daily supply is 183,000 gallons, consumption
"may be said to be 5 gallons per head per diem.

Site.~The head works are situated to the south-west of the city at
‘the edge of the river S{barmati, which at this point flows under the walls.
The site has been strongly objected to by the Sanitary Commissioner, on
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2 WATER SUPPLY, AHMEDABAD.

the ground that this being the down-stream end of the river, all sewage
and impurities discharged higher up are carried past the pumping station,
thus polluting the sapply at its source. In consequence of this opinion,
a proposed extension of the works was abandoned. Alternative schemes
of a point of supply higher up the river, and of water supply from the
Khéri river, have been suggested.

Pumping Engines.—The pumping station is a large two-storied build-
ing, the pumping engines (horizontal) of 5 horse-power and 6 horse-
power respectively, being situated on the ground floor. The water is raised
to a height of about 52 feet by iron pipes, at the lower extremities of
which are flexible tubes terminated by perforated copper caps. The two
engines lift together 133,000 gallons in 10 hours, viz., from 6 rac to
4 A.x., less impurity being likely to be in the river in these hours.

Filtering Arrangements.—The filtering arrangements in the upper story
will be understood from Fig. 1, Plate 1I.

The water is first admitted into the settling tank, which is about 755
square feet area, and 5,574 cubio feet capacity, above lowest pipe of com-
munication with filters A and B. As, however, 133,000 gallons, or 21,380
cubic feet are pumped up in 10 hours nearly, all this must pass through
settling tank to filter, and thence to storage tank and main pipe ; during
the working of the pumps, the value of this settling tank is doubtful.
The two filtering tanks A and B have a total area of about 352 square
foet. The filtering material consists of 1 foot charcoal, 2§ feet coarse
kunkur, and 6 inches finer kunkur. The process of filtration is still mors
rapid than that of settling, and can hardly be considered adequate,

Supply Aryangements,—The main from the pumping station consists of

" two earthenware pipes 8 inches in diameter. The cast-iron pipes used

are of 2, 8 and 4 inches diameter. Air shafts, varying with the pressure
from 80 feet in height, are constructed of brick and lime masoury, at
intervals of 800 feot to 1,000 feet. Syphons called ¢ Madians ™ of brick
and lime used to be exclusively employed at points of junction of branch
Ppipes as shown in Fig. 2, Plate I1. )

To stop a branch supply with the above arrangement, a man has to
climb up and put a wooden plug in the hole A commaunieating with the
branch pipe. This antiquated system is necessitated by the use of
earthenware msins which cannot stand high pressure. With the cast-
iron piping cast-iron junction pipes are used.
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WATER SUPPLY, AHMEDABAD. 8

Water is drawn either from iron stand pipes or from covered tanks.
The latter are something of the cross section shown in Fig. 3, Plate IL.;
and 26 hib-cooks are attached to the outer face, so that several can draw
water at the same time. A man is kept in charge of each of these
tanks, but it is difficult to make the people turn off the cocks after
filling their vessels, and the waste is considerable, ‘To some of these
reservoirs open troughs for cattle are attached.

Water Rates.—Bervice pipes are laid for private snpply, and the con-
sumption is regulated by meters; the rate being 8 annas per 1,000
gallons, There are only 18 service pipes however, and the annual receipt
is Ra. 225, which is credited to the general fand. There is no water rate
other than that of the service pipes.

Cost of Maintenance.—The daily cost may be taken as follows :—
Ras. A.

Fuel (babul wood) 83 maunds, e e os o 18 O
Fahblilhmen'. ooe .00 e eee oo v 9 8

Contingencies, eee  a0s  see  ese  ese w 3 8
Total Rs,, 25 O

In 1878-79 the total cost of maintenance was Rs, 10,184, which gives
a higher daily average than this, viz., Rs. 28.
J.N.
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No. CCCXXXVL.
KARANDWAD WATER WORKS.

Cost, Res. 28,807.

Karandwad is a town of 8,000 inhabitants at the junction of the Punch-
ganga with the Krishna River, and is the capital of one of the Southern
Mardtha Country States of the same name.

It draws its water supply from the Krishna, 1 mile away on one ude,
and from the Punchganga at about the same distance on the other.

In 1866 the Chiefs of Karandwad offered the Political Agent;
Southern Mariths Country, to spend & sum not exceeding Rs. 25,000
on works for the water supply of their town. Works were accordingly
designed to fall within this limit, and to supply 5 gallons per head per
day, a small wind engine of 8 horse-power, under an assumed wind pres-
sure of 2 ths. per square foot, available on an average for 7 out of the
24 hours throughout the year, was procured from England., With this it
was calculated to raise 6,000 gallons per hour to a height of 50 feet.
This was erected over a well sunk in the bank of the Punchganga at
885 feet from the low water channel. It has 8 sails, each of 85 square
feet area, consisting of canvas stretched over a rectangular wooden frame,
with a counter-weighted feathering arrangement, adjusted so as to feather
the sails if the wind pressure exceeds what is considered safe.

The well is of 10 feet diameter and 85 feet deep, and in it the pump
(double barrelled 7-inch cylinders) is posted somewhat above low water
level of the river. The water is admitted to the well by a masonry cul-
vert (2° x 5’ in section), with plug or scraper with chains attached for
drawing it back and forwards and so clearing out the silt.

The water is pumped into a stand pipe eonsisting of a masonry tower
20 feet high, built on the bank near the well, and thence it flows by
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2 KARANDWAD WATER WORKS.

gravitation through a 6-inch pipe to the storage tank sitnated in the
highest part of the town, a distance of  mile.

Storage Tank.—The storsge tank is an old one, forming part of the
ditch of the old fort, to which nothing has been done. It has a capacity
of 2,400,000 gallons, or about two months’ supply. There is no system
of distribution, the water being drawn direct from this tank.

The works were completed in 1869, but cannot be said to have proved
a success. Owing to want of sufficient wind at other times, the wind
engine only works regularly during the monsoon, and then, when the floods
are high, it has to be stopped, as the structure is partially submerged by
water, and 1} mile from shore.

It is constantly being stopped for repairs, about which there is great
delay, partly on account of there being no skilled labour easily available.

The channel connecting the well with the river gets silted up and esa-
not be cleared until the river has somewhat subsided.

The storage tank leaks so that water cannot be aocnmuluted in it.

During some months of the cold weather the engine works for an hour
or two a day, and the inhabitants, living near the tank, draw their supply
from a small masonry Aoud built in the bottom of the old tank, and into
which the pipe discharges.
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No. CCCXXXVII.

[ Vide Plate).

WATER SUPPLY, ADEN.

By Lievr. H. Crarke, R.E., Ezec. Engineer.

Tur water-supply of Aden has always been a matter of considerable
difficulty owing to the scarceness of rainfall, vide the annexed extract

from the register of rainfall at the Civil Hospital, Aden :—

Mean
Year. 1872-78. | 187874, | 1874-75. | 1875-76, | 1876-77. | 1877-78. | 1878-79 .| 1879-80, ";:“
mensem
Month. Jelrjc|L|c.|L|C|L|C|[L|C|L|C.
April, . . [ I P PO o120 ] B[ee].. ‘16
May, ool 1 2 .. v oo |oafoefoe] en 04
Jnne’ ool e oo | o ve N EED B ED 00
July, ol Zeelecfea] el eeloa]ee]oa]eafeclos| 8 <08
A eof e | 27) Y| 58 ae| oo | 14) 00| ee)ee| 22 15 43
September, ..| . 1] 28, . oleo| 64] 2/ 78 eu]|es]..| 46 41
chber’ LA B . . e X e .o . .o .e .e oo LN KX '00
November, ..| . el 120 00] 6[eel 22 0elee)oslea]aalea]ac]ee 06
December, ..|. I e foo]ee | 18[aefes]| 1] 92 ..) 18[cc]|ee 40
January, ..|. o) 48] o loo| 1) 49 e ]ee| 1 28f 00| eefes]ee 68
February, ..|. s 42 00 | 17] oo | 81 ee | 41 oo [ os| e ]os 26
March, .o elee]ecloe] 11656 ee| T8 ca|eafos| 6fce].s 101
Total, .. 2 35] 2l osl 3| 73 2| 87| 6 46| ..| 51].. .. ..

From the above it will be seen that rainfall may be expected general-
ly in either March or September if at all: This register of course is no
criterion of the actual rainfall on the hills, but will give an idea of the

relative dryness of the years.

any respect with regard to India, becanse—

It is, moreover, useless to take any water-
supply projects which have been formed for Aden, to serve as gnides in

(1). The exceedingly scanty supply from rain, the whole annual fall
here would in most places in India be frequently exceeded in
a few hours.
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2 WATER SUPPLY, ADEX.

(2). The fact that all the projects have been designed with a first view
to the supply of Government employés without any reference to
outsiders. They are of course admitted to the benefit of any
surplus, should there be any—a rare occurrence. In describing
the supply, each source has been treated separately undera
single head, and as far as possible, independent of any others.
The relative order is as follows :—

1. Condensed Water-supply.
2. Wells.

8. Bhaik Othman Duet.

4. Tawella Tanks Supply.

5. Kussoff Valley Scheme.

Condensed Water-Supply.

In 1867 Government became at last convinced of the absolute necessity
of providing a plentiful and unfailing supply of good water for drinking
purposes; and condensers were ordered out from England.

In 1869 one was erected at the Isthmus, and afterwards one at Seersh
Island; an old river flat, the Hydrabad, was also converted into a float-
ing condenser and stationed at Steamer Point. The above are the pro-
perty of Government; bat there are beside these other condensers, the
property of private individuals and firms, which supply water to the
public and the shipping (with the exception of the P. and O. Company’s
condenser, which supplies only its own Compeny’s ships and employés).

The need of these may be imagiaed from the fact that in former dsys
the ships requiring water here have been some times compelled to pay as
much as Rs. 8 per 100 gallons for brackish water brought in skins from
Shaik Othman on camels.

Sesrah Condenser.—This condenser house is built on the west end of
the island, and is invisible from the sea-side. It was built in year 1871
at a cost of Rs. 12,900, exclusive of boilers and condensers, It holds
two boilers and three Normandy’s condensers, and the water was at first
sapplied from pipes laid in the sea. Inthe year 1874 an intake tank was
excavated in the rock to prevent the pipes being choked with silt. It
was 20 feet in diameter and 10 feet deep, and cost Rs. 900. In 1876-77
this tank was enlarged to three times its original size, to give a constant
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WATER SUPPLY, ADEN. 8

supply of water—whether the tide was in or out, and cost Rs. 3,025.
An additional boiler-house was built, and an old boiler used in Abyssinia
was fixed and connected with the condenser at a cost of Rs. 1,820.

The water was formerly taken from the condenser in carts or by donkeys,
&oc. But in 1876-77 a cast-iron tank 40’ x 40" x 8, holding 80,000
gallons of water in four compartments each 20 feet side, was erected in
the vicinity of the European barracks. This holds a fortnight or three
weeks’ supply of drinking water for the troops. It is supported on
masonry pillars, and roofed over with corrugated iron. Four-inch socket
pipes are also laid to convey the water from the condenser to this tank—a
distance of 8,200 feet. Bufficient head is given by pumping the water at
the condenser to a height of 40 feet above the sea level into a cubie tank
(iron) of 4 feet side, whence it gravitates to the condenser.

The cost of this work was Rs. 16,820.

These socket pipes had been lying at Aden since the expedition to
Abyssinia, and had saffered greatly from exposure to the climate of Aden,
which is peculiarly destructive to ironwork. They wers, in fact, nearly,
if not quite, worn out before being laid down, and have given constant
troubls owing to leakage, both from the joints and through small holes
in the pipes. New 4-inch flanged pipes are now being substituted for
them at a cost of Rs. 5,000.

The evaporation from the iron tank must be very considerable. In
testing the tank on one occasion with salt water before handing it over to
the Commisssriat Department, a fall of half an inch occurred in 24 hours,
which could only be due to this caunse.

Isthmus Condenser.—~There are two condenser houses, each containing
one boiler and condenser; they were built in 1857 and 1869 at a cost of
Ra.22,400. The water supply for condensing is obtained from a large tank
(250" x 80’ x 7°) excavated near the condenser at a cost of Rs. 2,000.
This tank is situated almost half a mile from the ses, but the salt water
percolates everywhere in the Isthmus, and is found st all depths, as will
be seen hereafter, vide Wells. Two tanks built in four compartments
each were erected in 1858 at a cost of Rs. 60,000, and are known as Nos.
1 and 2 Reserve.

Tanks~No. 1 is not altogether devoted to condensed water, part of
ite compartment being occupied by Shaik Othman water. For particulars
about size, &e., see table of Isthmus tanks on page 9. In 1876-77 pipes

861




4 WATER SBUPPLY, ADEN.

were laid from the pier of obstruction to the condenser tanks: these
pipes are of the same class as those laid from the Seerah condenser to
the large iron tank in the Crater position, and bave given like them s
good deal of trouble. They also are being re-placed by new 4-inch
flanged pipes at a cost of Rs. 5,400. They lead from s tower 20 feet
high with a masonry tank of 2 feet side at the top, into which the water
pumped through a 2-inch up pipe from the floating condenser, which
is thus enabled to perform double duty.

Floating Condenser.—The old river flat Hydrabad was converted into
a condenser and moored off the Post Office pier, Steamer Point. Op-
posite the end of this pier, tanks of stone and mud, cement plastered in-
side, are built to hold 45,700 gallons, at a cost of Rs. 4,500, and pipes
laid to them from the head of the pier. Formerly an iron tank of four
sides used to stand at the end of the pier, supported on cast-iron pipes,
and the water used to be pumped from the Hydrabad into this tank, and
thence flowed by gravitation to the tanks. In 1875-76 an addition was
made to the length of the pier by a pier-head supported on iron screw piles,
and the unsightly tank removed. The water is now raised to the hesd
required on board the Hydrabad, and then flows through a vulesnized
flexible tube into the pipes laid along the length of the pier.

The sizes of tanks are as under—

No of Tank. Oapacity.
Gallons.
1, . o . . voe w 17,400
2, . ose . . e . . oee 11,800
8, vee e o . o oo o e 17,000

Total, ... 45700

In 1876-77 the old Municipal tanks under the Assistant Resident’s
house were repaired and roofed over. They are of stone and mud ms-
sonry, cement plastered inside, and have five compartments capabls of
holding in the aggregate gallons 108,832, vis. :—

Gallons.

No. 1, wee  ese  ses  ses s ees  eee 30,964
No. 8, ser  eee  ses  ees  ses e e 22319
No. 8, e e eee e e e e 20531
No. 4, wee  aes  sss  eee  ses  wee e 21,298
No &, e  een e e ets e - 18825
Total, ... 1032883
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These tanks are connected with the other reservoirs at the Post Office
pier by means of piping. These Municipal tanks, as might have been
expected from their construction, have given frequent trouble by their
leaking, and some have been strengthened by masonry counterparts. It
would probably be found cheaper in the end to have built new stone and
lime tanks than to have expended any money on these kucha arrange-
ments.

The Hydrabad is now enabled to work both at the pier of obstruction
and the Post Office pier. As soon as the tanks are full at one place she
proceeds to the other. The above condensers are all Government property,
and supply Government employés only; they are in charge of the Com-
missariat Department. The amount of water which could be produced at
& stress is as follows :—

Per diem. Gallons,
Seerah Condenser, . e 9,000
thmas e Ggom?t{ 5600
Hydrabdad JO S | 7,000

Total ... 21,600

—

Luke Thomas &
Eduljee Maneckjee’s » .o

P. and O. Compu&’u Condenser, see
'8 o
Aden Qoal Company’s

Property. 4,000
6,600

—

9,000
Private 12,000

Total, ... 81,500

Total gallons, ... 53,100

Or a supply for 10,620 European troops at 5 gallons each per diem,

The cost of condensed water to the general public is about Rs. 8-8-0
per 100 gallons, exclusive of cost of carriage. The actual cost of produc-
tion to Government is about Re. 1-12-0 per 100 gallons. It may be as
well to add herea table of the allowance of water provided for its employés
by the Government. Officers have to pay the carriage of their water, and
also the cost of any extra water drawn by them.

Per diem,
Gallons.
Officer m‘l, see e see oee oo . 10
” wife » o oor e o e oo 10
» horse ” Y o e ooe o ey 10
» child n ees o e o e e 5
» Servant » e oor . e ] (11} 8
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Per diema.
Gallons.
For Mess (additional) each, sse  we  wee e e B
British soldier w e e s s e B
» wife ’ » .o oor .oe see 1 5
» child $§  ses  ees  aee  ase  see 5
Native soldier 9 ses  eee oo . b
» wife ” .o [ oo .o ase 8
,» child n e e e - 1
Public followers »  oee ooe e oo vee 8
Clerks B s ees  see  ees .o 5
”» wives ” s oee oo see see 3
» children o e e e e w2
The average rate of cost of conveyance of water in the various parts of
the position is as undes—

Camp, e see ses 7 annas 24 pies per 100 gallons,
Isthmos, .. e . B , 8} » »
Steamer Point, ... 9 , 8§ ” ”»

Water in addition to allowance is charged Rs. 3-8-0 per 100 gallons by
Government, exclusive of carriage. Private firms can do this cheaper.

Wells.

These may be subdivided into two classes, viz, :—
(a). Those within British limits, and
(). Those without British limits.

(a) There are about 70 wells within British limits situated chiefly in
the Biggaree and Aidroas Valleys, which are in charge of the
Commissariat Department, water from which is supplied to the
native troops and followers, cattle, &6. With very few excep-
tions the water is brackich in all of these wells. They aversge
from 120 feet to 190 feet in depth, and in the best the water
stands at a depth of about 70 feet below sea level. The sweet-
est water comes from the Banian well, situated near the old
Residency and under the Kussoff Valley, which yields a daily
average of 2,500 gallons. This is private property, the tem-
perature of the water being 102° Fabrenheit. In the opimionof
Lieatenant-General Wilkins, R.E., vide his Report, dated 13th
January, 1857, the supply of water in the wells is due to rain
and dew, and the wells are not artesian as was suggested at the
time. Many attempts were made to ensure a supply of good
water by boring, &o., sfler our first occupation, bat with very
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’,

slight results, In the Isthmus salt water was met with at a
depth of 245 feet below ground, and also in Biggaree Valley at
a height of 70 feet above sea level. In this latter case the salt
was probably due to saline deposits in the water-bearing
stratum.

(5). On the northern side of the harbour there is a piece of neutral
ground (nominally British territory) called the Huswah, where
the bed of a mountain torrent meets the sea. Sometimes,
(though very rarely) after very heavy rainfall on the neighbour-
ing hills, this torrent empties itself into the harbour; but in
general it sinks into the bed of the river several miles inland.

From wells dog in the bed of this water course, a limited supply of
water can always by obtained. It is brought over to the southern side
either in boats or else in skins by camels across the Isthmus.

Water of fair quality is also obtained by wells near the village of Shaik
Othman, and conveyed into Aden by camels. During the hot weather the
Huswah and Shaik Othman wells supply a very large portion of the
water used by the civil population, as about 8,500,000 gallons of water
pass the Barrier Gate in a year. The Huswah water was supplied to the
troops at Steamer Point for a short time this year, but has been pro-
nounced by the Government Analyser, together with the Shaik Othman
Duct water, to be utterly unfit for potable purposes, and the supply has
since ceased. It, however, constitutes the chief supply of the poorer na-
tive population at Steamer Point.

The Shaik Othman Duct.

In the year 1867, the British Government entered into an agreement
with the Saltan of Lahej, by virtue of which they gained permission to
construct an aqueduct from two of the best wells at Shaik Othman to the
British lines—a distance of between 6 and 7 miles. The British Govern-
ment were to bear the expense of construction, and half the profits, de-
ducting the working expenses, were to be handed over to the Sultan of
Lahej’s Agent.

The two wells are 10 feet in diameter and 25 feet deep, and are steined
with stone and lime masonry. The water is drawn from the wells by
Burgess and Key’s pumps, which are worked by one camel each ; and is
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- pumped directly into the duct. These pumps can each supply about 24,000
gallons per day of 24 hours, if necessary.

The duct itself is a low masonry wall on which a channel 9" x 6 is
built, and covered in with slabs et in mortar. The original intention was
to follow the line of the old Bir Mahait Aqueduct, and make use of it as
a foundation for the aqueduct; but it was found too unsafe to be used as
a foundation. The duct is carried over the creek at Khore Muxar on a
stone causeway, which does the double duty of carrying the duct and
providing a roadway into the isterior. The sides of the canseway are
pitched with dry rubble masonry. The wall or duct is covered with earth
rammed to a triangular section, and at intervals of about 1,000 feet isa
small cesspit or cistern to catch impurities and to prevent earth from
choking up the channel.

The duct terminates at the reserve tanks in the Isthmus, and the total
cost was Rs. 2,96,933.

It was originally intended to extend the work up to Dharab, 8 miles
farther inland; and there to tap the torrent (already mentioned under
the heading wells), and take advantage of the heavy rain during May,
June, July, August and September on the hills, some 20 miles farther
inland. '

There is a stone and lime masonry tank or expense reservoir at Khore
Muzxar, containing two compartments each 69’ x 8" x 2}'. Each com-
partment holds over 6,000 gallons, and water for the Aden troop is sop-
plied from here. Cost Rs. 5,000.

In the Isthmus there are four tanks of various sizes. They are built
of stone and lime masonry and vaulted. The arches are gabled over, and
the spandrils filled in with earth to keep the whole cool.

These tanks are capable of holding an aggregate of gallons 1,859,000,
and cost Rs. 95,000.

They are all connected by pipes.

An estimate has been sanctioned by Government for laying pipes to
connect the Tawella tanks with those of the Isthmus, so as to ensure a
reserve of rain water in addition to that obtained from the condenser.
This estimate amounts to Rs. 18,500, but has been put off until funds
are available.

The quality of the duct water is brackish, and it has been condemned
by the Government Analyser a8 unfit for drinking purposes.
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It is issued to the troops for ablution, &c., and a limited quantity is
sold to, and drank by, the poorer natives who get it at Re. 1 per 100
gallons. The Sultan of Lahej’s half share of the profits amounts on the
average from Rs. 1,000 to Rs. 1,200 per month, Until men are accus-
tomed to drink the water, it is apt to produce bowel complaints.

An analysis of the water from the Shaik Othmam Duot and also from
the Huswah is annexed; also a table of the Isthmus tanks and their
capacity and present occupation,

Egztract from Report of Analyst on Water.

A.—Sample of aqueduct water, 1st June 1879.

B.—Water from Huswah, 2nd June 1879. A. B.
Total solids in grains per gallon, we e 8682 4711
Chlorine in grains per gallon, .. ... .. 10010 175.70
Free ammonia in parts per million, «w¢ . 01 33

Albd, ammonia in parts per million, .. < 07 08
Sediment—
A.—Copious vegetable débris, Paramacia auguellile,
B.—Copious vegetable débris, Actenophrys sol. ewtomastraa auguellile.

Ezxtract from Sanitary Commissioner’s letter.
2, “Qf the two samples, that marked A can be used for ablation, and it might
be used for cooking. Sample B can be used for ablution, but it is not recommended
for cooking.”

8. ¢ Obviously neither sample is fit for drinking.”
List of Tanks in Isthmus.

i Size of each
a i
.} ’si
Looality. - g Helght| p 2 Remarks,
é z |B w }a
8 arch,
Victoria Bastion Reserve Tank,| 8 |10010( 8} | 891,000/ Shaik Othman water.
”» Exmm ”» » 660 8 24| 88,000 , » ”»
Near N, L. es No. 1 Reserve {Pl\’t Shaik Othman,
Tank, .. soo  eoe .| 4 | 44/42] 8} | 810,000( { and partfresh water.
Near Condenser No. 2 Reserve
Tank, oo e e | 4| 44]42] 8% | 810,000] Condensed water.
Little Isthmus No. 8, «..  ...| 4 | 44{42f 8} | 810,000 Shaik Othman water.
Khore Muxar, e  oe .. 2 eo[ sl 24| 12,000 ” »
867 3=



10 WATER SUPILLY, ADEN,

List of L'awella Tanks showing their Capacity in Gallons.

Number of Tank. Contents. Remarks.

Government Tanks, ..{ 70,944 | Coghlan Tank.

ESwmamano®~
2

1 T I—
Pérsis and 2,835,000 r
R ives, M1l No1w8f| 50000 | e Tank:

Tawella Tanks.

There is no certain record of the date of the construction of these tanks,
which were, however, probably constructed about the date of the second
Persian Invasion of Yemen, 4.p. 600. In the centre of the Peninsuls
of Aden is a range of hills, which rises almost perpendicularly to a height
of 1,760 feet, and forms the wall of the Crater of Aden. On the western
aide the hills are very precipitous, and the rain water descending from
them is carried rapidly into the sea. On the interior or eastern side,
though the hills are equally precipitous, the descent is broken by a large
table-land, which occupies about one-quarter of the superficial ares of
Aden, This plateau is intersected by numerous ravines, which converge
into one or two valleys, which thus receive the largest part of the drin-
age of the Peninsula. The steepness of the hills and the scantiness of
the soil prevent a great amount of absorption, and thus a moderats fall
of rain canses a rush of water, almost amounting to a river, befors it
reaches the sea.

To collect and store this water these tanks were constructed. They
are very fantastio in their shapes. Some being formed of a dyke built
across the gorge of a valley: in others the soil in front of & re-entering
angle on the hill has been removed, and a salient angle or curve of ms-
sonry built in front of it; while every feature of the adjacent rocks bss
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been taken advantage of, and connected by small aqueducts to ensure no
water being lost. The overflow of one tank has been conducted into the
succeeding one, and 8o a complete chain has been formed, reaching to the
town. There is a tradition that about a.p. 1500, the then Governor
had succeeded in reaching sweet water in wells dug by him, and in con-
sequence allowed these tanks to go to rnin. This they would very soon
do from action of débris washed down from the hill sides; there being
no shield bunds.

The rainfall of 1859, when the tanks were in process of restoration,
though the channel for about quarter mile had been cleared, brought down
such a mass of débris as nearly to fill No. 1 tank.

Altogether there are about 50 tanks, which, if all cleared out, would
hold an aggregate of about 80,000,000 gallons, Those actually in use
number about 18, with a capacity of 10,758,690 gallons. The restora-
tion of these works was commenced about 1854 by Captain Playfair,
Assistant to the Political Resident, and the expenses were met by the
Municipal Funds, and the money realized by the sale of water. In 1857
the charge of their restoration was handed over to the Executive En-
gineer, Aden.

In 1859 the Executive Engineer, Aden, (Major-General Faller, R.E.,)
found it necessary to add a shield bund above No. 1 tank, to prevent
the débris from the valley being washed into the tank. Experience
gained by a heavy fall of rain after this, induced him to raise this first
shield bund to a height of 35 feet instead of 15 feet as at first, and to
add a second shield bund above this (1860), and in addition at the necks
of the water-courses other bunds were constructed (all with gratings at
the bottom) to resist the rush of débris brought down from the Shum
Shum Range.

These upper bunds were all placed at narrow necks, and their sites
being tolerably level above the bunds, facilitated the removal of dedbris
to either side,~a thing which in the lower bunds would have proved a
matter of considerable difficulty, owing to the precipitous character of
the valleys. All these bunds are of stone and lime masonry, with grat-
ings in the bottom to allow water to pass when it has rained slightly,
before it can be absorbed by the rocks. The tanks sre all plastered
excavations, varying in depth from 10 feet to 60 feet. Each tank is
connected with the succeeding one by an open or covered duct, and as
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soon as one is full, the water is conducted to the next until the entire
gystem is fall; and when the last (Playfair tank) has received its sup-
ply, the surplus water is carried to the ses by a channel 60 feet wide,
the sides of which are of dry rubble (slope 1 to 1) with s masonry
coping ; across it at every 80 feet masonry bunds are run below the sur-
face to save the bed from scouring.

The plan of Playfair tank is somewhat remarkable. It is built in a
series of rings or offsets, rising about 5 feet each, and the tread being 1 foot-

There are two places where these offsets have been omitted to facili-
tate the drawing of water. Over each a pulley can be arranged for
hoisting a bucket. All the tanks are farnished with flights of small
steps, constructed where convenient or necessary, and a bridge across
Coghlan tank gives access from one side of the ravine to the other.
Ooghlan tank, the largest of the Government tanks, holds 4,645,278
gallons, and has its side cemented and floor asphalted. It is perhaps
worth noting that the No. 1 shield bund built by Major-General Fuller,
R.E., in 1859 re-paid its cost in the first heavy fall of rain by preventing
accumulation of débris in No. 1 tank.

The cost of removing this after the storm of September 1859 was
Rs. 4,509-6-6, and the cost of the bund then erected Rs. 2,285-0-6. Since
their restoration these tanks have only three times been filled, vz, in
May 1864, in May 1870, and in September 1877. The heavy rainfall of
1872-78 did not entirely fill them. During such times as there may be
water in the tanks the camp condenser is not worked.

The water collected is issued for the use of the troops, and is also
sold at Re. 1 per 100 gallons. In September 1872 a rainfall of 2:75
inches fell in one hour, and an hour afterwards all the tanks were full,
and a large quantity of water passed off into the sea.

The Playfair tank is leased by Government to some natives. It
holds 2,885,000 gallons, and its owners are bound by the terms of their
lease not to exceed the Government rates for the sale of water.

The total cost of the restoration of these tanks has been to Govern-

ment Rs. 8,60,000.
Kussof Valley Lakes.

Projects for the construction of reservoirs in the valleys overhanging
the Banian temple have been constantly brought forward since 1845.
Detailed plans and estimates were first worked out by Captain (now
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Major-General) Fuller, R.E., in 1861. On his original design the work,
a8 it now stands, has been based, though various modifications have been
frowm time to time introduced in the several revisions of the scheme, until
the ovne finally sanctioned in August 1878, which was prepared by
Major Ducat, R.E. Major-General Fuller, R.E., proposed to build three
main dams with shield bunds above them, and a tunnel in the rock
through the side of the valley to act as a waste weir. He also proposed
to build an expense reservoir near the old Residency, and to have pipes
connected with the covered reservoirs in the Isthmus position. The
subject of the thickness of the masonry in the main bund (No. 8) was
discussed at some length by Government. In consideration of the fright-
ful destruction which would ensue should this bund fail, Government
decided to have the bund made 18 feet thick at the top and 42 feet at
the bottom, with & mean thickness of half its height (i.., 80 feet) as
against the section proposed by General Fuller, R.E., which was 12 feet
top and 27 feet bottom thickness.

Captain Pym, R.E., revised the plans in accordance with orders re-
ceived from Government in June 1864, and proposed doing away with
the tunnel weir into th