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tower and the wall of the mill, which rises directly
up from the water, is 80 feet. This distance is
spanned by a heavy steel bridge carrying the track
beneath it. The elevation. of the track effectually pre-
vents it from being blocked by snow in winter, a
serious impediment always to teams or any surface
transportation.

The bags of cocoa, each weighing about 300 pounds,
are loaded on trucks in the railroad storehouse; each
truck has a capacity of 2,000 pounds, and when these
are loaded they. are pushed underneath the rail and
hooks are attached. The operator raises the trucks
several inches clear. of the floor, then starts the tel-
pher with its load of three trucks of 2,000 pounds
each, and in three-quarters of a minute the train has
passed by the precipitous cliff, on across the river, and
has landed the load of three tons of cocoa beans on
the third floor of the mill. The trucks are now un-
hooked from the machine and pushed out of the way
and three empty ones are hooked on in their stead in
less than one minute’s time and the operator is on his
way back to the storehouse, where three more loaded
trucks are awaiting him; in this way no time is lost
and the entire trip has not taken three minutes.

The telpher, or electric locomotive in this case, runs
on top of a single overhead rail and is controlled .by
an operator seated in an inclosed cab, which is sus-
pended from the telpher directly beneath the truck,
the combination really forming a little monorail sys-
tem. The operator has his controller, which is ex-
actly like an ordinary trolley car controller, at one
hand, and at the other hand is a powerful brake-wheel
which applies the brakes simultaneously to the tel-
pher as well as to all of the trailers which carry the
trucks suspended beneath them, so that the whole
train can be stopped within its own length.

The current is supplied to the telpher through
trolley wires, being taken off by a trolley pole. The
total length of the train is 30 feet and the average
speed is at the rate of about 700 feet per minute. The
weight of the machine is 4,600 pounds, and with the
three loaded trucks the total moving load on the
structure is 12,000 pounds suspended from' the over-
head rail.

This is the system that is eliminating the work of
man and beast, and which resolves the carrying of
materials, however fragile, however costly, over long
and tedious routes, and one telpherman at two dollars
per day does the work better than five men and twice
as many horses in the old way. The cost of the power
consumed, by the telpher in running back and forth
for ten hours does not amount to more than one dollar
for the day’s work.

Although this is only one of the many plants de-
signed by the Telpherage Company (there are nearly
seventy-five il ¢ Bastern States alone), it is typical
of the high o e of efficiency that has been reached
in this branch of {¢dlly-operated mechanism.
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THE COMPLETION OF THE SIMPLON TUNNEL.
BY CEARLES It. KING.

The boring of the Simplon tunnel has at last been
completed, the thin diaphragm of rock that separated
the two headings having been finally burst through on
February 24, 1905. The success of an enterprise of such
magnitude marks this as the greatest event in civil en-
gineering for several years past, during which time the
work has been progressing quietly with persevering
energy and patience, while the outside world has in the
meantime changed with greater ease in its geographical
and political bearings, suppressed nations and peoples,
and sacrificed millions of lives at the altars of con-
quest and lawful depredations, as in the remotest ages
of barbarism. But the boring of a simple tunnel could
not, even with all the wealth of a dozen empires, and
all their terrific armaments of blasting machinery, be
accomplished faster even to please the rulers of peoples.
However, the triumph here is quite different, and will
endure hundreds of years, or time sufficient for empires
and peoples to change national proprietorship several
times over.

It is already known that the Simplon tunnel is 19.729
kilometers, or 1214 miles, in length, constructed with
twin passages, each 161 feet wide, and separated by a
distance of 55.7 feet between their axes; that the tunnel
is straight throughout except for a short curve at
each of its ends, in order to join its tracks with the
outside railroad lines, which have both to follow along
narrow valleys or gorges (the Rhone valley in Switzer-
land and the Val Vedro in Italy) and with the aline-
ments of which the tunnel forms an obtuse angle. The
grade of the tunnel is, as is known, 2 per 1,000 from the
Swiss portal and 7 per 1,000 from the Italian portal.
The summit of the line, 704.3 meters (2,310 feet) alti-
tude, is reached at 9.572 kilometers (5.944 miles) from
Brig and is situated in the subsoil of Italy.

The tunnel will bring not only Geneva and southwest-
ern, or French, Switzerland into closer communication
with Milan and the Adriatic railways of Italy, but it
will shorten the distance from Calais to Milan 80 and
95 miles respectively over the other routes now pass-
ing through the Gotthard and Mont Cenis tunnels.
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The new Simplon route will eventually not only be a
still shorter way to the Adriatic coast from north
Switzerland (Basel) and from France (Paris) by
means of other connecting lines yet to be constructed,
but, most important of all, it will be an express route,
practically level, which means fast trains and cheap
freights as compared with the expensive operations of
traffic over the Gotthard inclines. Had it not been
for this, the tunnel might have been driven at a much
higher altitude and at an enormous saving in the cost
of the work. The Swiss end of the tunnel has an
altitude of 2,250 feet, and the Italian end 2,076 feet,
while the tunnel summit is 2,310 feet.

The practice of boring mountains at as low a level
as possible is likely to become general in the near fu-
ture. Already plans have been made for piercing the
Ligurian Apennines, north of Genova (Italy) with a
tunnel about 13 miles long, lying at a comparatively
short distance below the surface, merely for the purpose
of reducing existing surface gradients and thus facili-
tating traffic between this port and Milan, the indus-
trial capital of Italy. The Wildstriibel in the Bernese
Alps is, according to present plans, to be bored in or-
der to connect the great international railroad center
of Basel with the Simplon tunnel, and so effect a greai
saving of distance as compared with the detour now
made by the present Simplon line vie I.ausanne and
Lake Geneva.

In driving the Simplon tunnel, one of the great diffi-
culties encountered was the influxes of hot water that
occurred; first, on the Swiss side, and, later, on the
Italian side. The spring cut into at the southern end
of the workings could never have been dealt with from
the nortlern side.

This spring was the most formidable one encounter-
ed, and yielded 80 liters (20 gallons) of water per
second at a temperature of 46 deg. C. (114.8 deg. F.).
It is located at the southernmost fringe of that great
tract of subterranean water courses which had so much
retarded, during the previous two years, the progress
in the northern, or Swiss workings, its exact position
being at 9.14 kilometers from the southern portal at
Iselle (Italy). This irruption occurred on September
6. Previous to this event, the boring in No. 1 main tun-
nel was calculated to be finished on October 16, 1904—
had it been possible to maintain the previously-existing
average of 6 meters per day. Instead, however, all
work throughout the various constructional sections
in the main tunnel had to be suspended. To combat
this inflow, the first step was to enlarge the spring’s
orifice in the tunnel, in order to reduce the velocity of
its inrush, and then cover up the opening with thick
lagging boards to keep the water out of the heading,
these boards serving besides as non-conductors of heat.
The flow was subsequently led off through a special
drainage transverse passage between the two tunnels,
the work of boring which was rushed through, in order
to enable the hot water to be promptly diverted into
the main drain in the No. 2 secondary tunnel. This
passage, about 125 feet to the rear of the hot spring, is
the forty-fifth from Iselle (at 9.1 kilometers). The ir-
ruption of this hot-water Spring increased the general
air temperature in tunnel No. 1 to an average of
35 deg. C. (95 deg. F.) from an average temperature
previously existing of only 27.8 deg. C. (82.04 deg. F.).

The ventilating air where delivered at the heading
face previous to the inflow of this hot water was only
20.5 deg. C. (68.9 deg. F.), but afterward the temper-
ature rose to 40 and 45 deg. C. (104 and 113 deg. F.)
near the springs, though it was reduced to about 28 deg.
C. (83.48 deg. F.) by means of batteries of cooling
sprays, the water of which had a temperature oi 16 deg.
C. (60.8 deg. F.). This cooling water was pumped by
a centrifugal pump run by hydraulic turbines and by a
100-horse-power steam engine located in the tunnel,
the pumps taking their supply from a large spring of
cold water, which has been canalized in the tunnel
about three miles farther back, where it occurs in
cross passage No. 21A at 4.4 kilometers.

The spring mentioned has a temperature of 12 deg.
C. (53.6 deg. F.) and a natural pressure at the rock out-
let of 80 pounds per square inch. It is tapped by a
253-millimeter (9.96-inch) pipe surrounded with a jack-
eting of broken charcoal for keeping down its tem-
perature, and this natural head of the water for a long
time served all requirements for spraying the atmos-
phere.

Spraying heads located in each of the rearward
transverse passages of tunnel No. 1 were used for cool-
ing the air, and a special plant consisting of long per-
forated pipes, adjustable to all positions, was used as at
the Swiss end, for cooling the rock. In encounters with
new hot springs in the northern or Swiss headings,
the most efficacious method of preventing the hot water
seriously raising the temperature of the air was to pro-
ject a large volume of cold water right into the aper-
ture from which the hot water issued, thus reducing the
heat of the inflowing water from the very first. While
this was going on, the aperture was excavated as rapidly
as the conditions permitted, in order to reduce the
velocity of the inrush, which was often such as to
throw the water to @ distance of sixty feet, and sonie-
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times cause it to hurl pieces of rock that would occa-
sionally wound a miner. After enlarging the orifice,
planks were driven in vertically against the walls, and
with other planks lapping their joints, the water was
shut in and drained off into a deep channel or well.
whence it was pumped to the top of the incline into the
large channel drain of tunnel No. 2 of the north head-
ing.

'At the Swiss, or north, end of the tunnel, both head-
ings were still full of hot water up to the time the
headings were burst through. No. 1 main tunnel was
filled for a length of 253 meters (835 feet) and No. 2
auxiliary tunnel for a length of 23%% meters (77%
feet), these distances being measured from the iron
safety-gates which were finally erected across the tun-
nel in March, 1904, in view of the possible encounter
with further hot-water springs than those which had
been met in the autumn of 1903.

After this time very little advance was made in
tunnel No. 2, as it received all the water coming from
the two headings; but No. 1, notwithstanding that the
atmospheric heat had risen from 23 deg. C. to 31 deg.
C. (73.4 deg to 87.8 deg. F.) was still driven on 199
meters (656.7 feet) during the last three months of the
work and with an average sectional area of 6.1 square
meters (6514 square feet). The progress of boring the
main tunnel in the month of May was exceptionally
good, varying from 2.20 meters (7.21 feet) to as much
as b meters (16.4 feet) per day and averaging alto-
gether 3% meters (10.66 feet) daily. In the last 200
meters (660 feet) the rocks traversed were exclusively
of silicious and micaceous crystalline limestone, of gray
and gray-white color, with seams tending uniformly
north to west from 15 deg. to 20 deg., the stratifications
occurring in regular layers up to the last 90 meters,
whence they were tumbled and broken and accompanied
by secretions of calcite. Across the strata west to east
were fissures which coincided with the great infiltra-
tions of hot water. ’

Another of these was cut into at advance point
10.376 kilometers. It yielded 35 liters (9% gallons)
of water per second at a temperature of 44 deg. C.
(111.2 deg. F.). At this time (May 18) the hydraulic
power for the pumps was found incufficient to deal
any longer with all the infiltrations, including also the
large quantity of cold water forced into the heading for
indispensable cooling purposes. Hence an order was
given to shut the flood gates. In order to reduce the
pressure, discharge pipes were placed in these doors,
through which there was a considerable flow of water.
At the north portal this amounted to 146 liters (513
gallons) per second.

The chances of success at the southern side®cof the
boring were much greater, for there the whole grade of
the tunnel throughout (of 7 per 1,000) rendered drain-
age pumping unnecessary, and the lesser temperature of
the rock, which prevailed up to September 6 last in
the Italian headings, enabled the refrigerating water
to be brought to the front without the difficulty and
need for voluminous non-conducting jackets for the
pipe lines, such as were obligatory at the north end of
the tunnel for two years past, and, more recently, in
the Italian workings.

From this end the work was followed regularly with
an average advancement of about five meters per day.
Apart from the important springs met at 4.5 kilometers
from the Iselle entrance, the springs of water were small
and did not seem to form any great obstacle to work.
The 6th of September the head of the main southern
gallery was 9,110 meters from the southern entrance
at Iselle and there were only 244 meters more to be tun-
neled in order to reach the abandoned north tunnel.
At 10 A. M. there appeared in the calcareous schists
being traversed a spring supplying 100 liters (26.41
gallons) per second, and whose temperature was 45
deg, C. (113 deg. F.). The temperature of the rock
was 42.5 deg. C. (108.5 deg. F.). The work had to be
stopped, and a transverse tunnel connecting the two
tunnels was then constructed, so as to allow the hot
water tn flow out through the main tunnel by means
of a lateral canal along the walls of this tunnel. The
flow of this hot spring was then concentrated at a sin-
gle point.

In order to diminish the temperature, which
stopped the men from working, the tunnel was cooled
with jets of cold water. After the two parallel south
tunnels had been connected at this point, a delay of
three months sufficed to achieve the work of enlarge-
ment. When this was accomplished, the heading was
pushed forward with all possible speed, with the re-
sult that the juncture of the south and north tunnels
was finally accomplished on February 24, and the great
volume of water accumulated in the headings of the
north tunnels was tapped, and allowed to flow down.
through the south tunnel into the Diveria River. To
accomplish this result has taken six and one-half years
and the expenditure of $15,700,000. The best rate of ad-
vance of a single heading was 500 to 700 feet per month

. in dense granite rock. A more detailed illustrated de-

scription of how the tunnels were bored, and how the
many difficulties met were overcome, will be published
shortly in the SUPPLEMENT,
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