




SOME ENGINEERING FEATURES IN CON­
NECTION "WITH OPERATIONS

By R. C. GEMMELL

THE BINGHAM & GARFIELD RAILWAY. In order to
ensure the proper and economical handling of its ore,
the Bingham &. Garfield railway was built during 1910
and 1911 by the Utah Copper company. The road tra­
verses the eastern slope of the Oquirrh mountains from
the mines, at Bingham, to the mills and smelter, at Gar­
field; the distance on the main line from station to sta­
tion being about 20 miles. Branch lines to other indus­
trial points increase the total length of the line to 37
miles. ,Additional tracks for serving the Utah Copp€r
company and other mining companies at Bingham total
43.5 miles. This, together with about 53 miles of yard
and siding tracks, makes the total length of all tracks
133.5 miles, as shown upon the map, Fig. 1.

The Denver & Rio Grande railroad already had in
operation a road between Bingham and Garfield; this
followed a winding and circuitous route between the
mines at Bingham and the Magna plant, the distance
between these two points being 27.5 miles. During the
spring of 1908, the Utah Copper company engineers
made surveys which proved that a more direct line could
be built without encountering insurmountable difficul­
ties, and in the spring of 1910 it was decided to begin
construction. Surveys were made and lines were pro­
jected on grades varying from 2 to 2.5%, and, at first,
a maximum curvature of 12° was assumed. A maximum
grade of 2.5% was finally adopted upon the assurance
of locomotive builders that they could furnish an articu­
lated Mallet compound engine capable of hauling 40
empty cars of 60 tons capacity up such a grade at an
average speed of 12 miles per hour. It was found prac- .
ticable, except in two cases, to use nothing greater than
8° curves. These two exceptions, namely, a 10° 10-ft.
curve for the Dry Fork crossing and a 10° curve im­
mediately below, were employed in order to effect large
savings in the cost of construction.

The greater portion of the road consists of heavy cuts
and fills along the mountain slope. Just above the town
of Bingham, however, because of the danger to the build­
ings in the canyon directly below anq. because of the ex­
cessive curvature that would be required to follow the
canyon closely, it was decided to use the more costly
method of tunnels and high viaducts. Starting at the
mine, the road first crosses Carr Fork ~anyon on a steel
viaduct of the tower-and-girder type, 690 ft. long and
with a maximum height of 190 ft. See Fig. 2. From
this viaduct' the line traverses th~ Bingham assembly.
yards and crosses Markham gulch on a second steel
tower-and-girder viaduct, having a length of 640 ft.

and a maximum h~ight of 225 ft. After crossing Mark­
ham gulch, the track passes through four tunnels; the
first is on a 3° curve, with a length of 1282 ft.; the second
and third are on tangents, with lengths of 2085· and 773
ft., respectively, and the fourth is on a 6° curve, with a
length of 682 ft. The last viaduct on the line-the one
across Dry Fork-is also of the tower-and-girder tyP€,
with a length of 670 ft. and a maximum height of 188 ft.
This viaduct is on a 10° 10' curve, the curve forming
a horseshoe having a total angle of 195° 42'. The line
from Dry Fork to Magna runs thro).lgh rough country,
along a.nd across the foothills, necessitating heavy cuts
and fills, which render construction exp€nsive. See Fig.
3. The entire line from the assembly-yard at Bingham to
the Ma."ona plant has an average grade of 2.05% ; the dis­
tance being 17.2 miles, and the elevation at Bingham
6331 ft., whereas the altitude at Magna is 4457 ft. above
sea-level. .

'rhe tunnels are aU single-track, 18 ft. wide and 22 ft.
high above the top of the rails. About half of the length
of the tunnels is unlined. Where timbering was neces­
sary, the three-segmental arch, with timber-plates along
the tops of the posts, was used. The timbered sections
are rendered partly fire-proof by means of redwood
strips, inch-boards being used on the side segments and
two-inch boards on the top section. In order to econo­
mize labor and permit of more rapid progress in tun­
neling, a 'jumbo,' or loading machine, was so devised as
to permit the excavation being done on three benches
simultaneously. This 'jumbo' was so constructed as to
allow the broken rock from the two upper benches, or
headings, to run into the cars by gravity, but it was
necessary to shovel the rock fmm the lower heading.
'rhis arrangement made possible an average progress of
about five feet per day. In order to rush the work as
much as possible, air-drills only were used. Two crews,
advancing from each end of the openings, were employed
at all times. The work was so well planned and skil­
fuUy executed that it was completed on time, and with
no fatal accidents to mar the record of the achievement.
After the tunnels were completed, in order to have an
accurate record of the yardage removed and a sectional
outline of the openings, a tunnel-sectioner was devised
and used with good results.

The care of the drainage along the right-of-way in
the more mountainous portions of the road proved to be
difficult. The standard openings adopted were concrete
arches, varying in span from 3 to 10 ft. The greatest
difficulty in draining was encountered in deep steep
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FIG. 2. CARR FORK VIADUCT, WITH THE UTAH COPPER MINE IN THE BACKGROU"D

FIG. 3. DRY FORK VIADUCT
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gulches, where the greatest amount of embankment was
required. In order to complete the work on time, it was
necessary that the grading be done uninterruptedly;
therefore it was decided to provide drainage by driving
tunnels through the original ground, thus permitting the
filling of the gulches without delay. Miners were em­
ployed in driving these tunnels, and this method of dis­
posing of the drainage has proved satisfactory in every
way.

The contract for the grading and concrete work was
given to the Utah Construction Co. on March 30, 1910.
Men, teams, and equipment were in place and in oper­
ation by the early part of May. Grading was started
on April 17, 1910, and the line was completed by April
1911. During this period, the Construction company
moved 746,970 cubic yards of solid rock excavation, 618,­
222 cubic yards of loose rock excavation, and 315,070
cubic yards of earth excavation; it drove 4795 linear feet
of railway-tunnel, 818 linear feet of drain-tunnel, used
1,494,416 ft. B.M. of timber for lining ..tunnels, and
placed 11,698 cubic yards of concrete. This is considered
a remarkable record in railroad construction on such a
comparatively short piece of line.

An ingenious plan, known as the 'Swede trap,' was
used in excavating the deep cuts on the road. This
scheme involves the driving of a small tunnel along the
centre of the cut and just below the grade of the roadbed
large enough to accommodate a small dump-car. This
tunnel is then protected by timbers .loosely placed over
the centre and on the grade-line. The material to be re­
moved, after being loosened by blasting, runs onto the
boards above the cars and is allowed to fall into the cars
in the tunnel below by removing the timbering as re­
quired. In some of the larger cuts, as much as 95% of
the excavation was handled in this manner.

The contract for the steel viaducts, aggregating 3000
tons of structural steel, was giv.en to the Kansas City
Structural Steel Co. This company had the plates and
girders fabricated by the Pennsylvania St~el Co. and the
towers fabricated by the Minneapolis Steel & Machinery
Co. The actual construction was done by the Garrick
& Garrick Construction Co. The work had been so well
planned and placed in the field, and the steel so accu­
rately fabricated in the shops, that no difficulty was
encountered when the viaducts were erected. The con­
crete piers upon which the towers are constructed are 5
ft. square on the top and 9 ft. square at the largest sec­
tion. They are built with a batter of one-half inch per
foot. The height of the piers varies from 12 to 96 ft.,
depending on the distance to bedrock, upon which all
of them are founded.

The heavy-service tracks of the road are laid with 90­
lb., open-hearth, A. R. A. section, series' A' rail. All of
the other tracks are laid with 65-lb., open-hearth, A. S.
C. A. section rails. Ties of untreated Oregon fir, 7 in.
by 8 in. by 8 ft., spaced 18 ties to a 33-ft. rail and fully
equipped with tie-plates, are used. The tie-plates under

the 90-lb. rail are 8 by 8i in., whereas under the lighter
rails 8 by 8-in. plates are used. All of the heavy-service
tracks are ballasted with one foot of crushed rock below
the ties.

During the year 1918 the road handled 12,439,394
tons of freight, being an average of 34,081 tons per day.
Since nearly all this freight is handled down-grade from
the mines at Bingham to the mills and smelter at Gar­
field, it was found unsafe to operate with more than 40
ore-cars per train, using standard braking equipment,
and from actual tests made, it was determined that it
was not advisable to load these 40 cars with ore weigh­
ing to exceed 56 tons per car when using such standard
braking equipment. 'rherefore, arrangements were made
to equip the ore-cars with the empty and load brakes,
manufactured by the Westinghouse Air Brake Co. 'rhe
heavy Mallet type of locomotive had solved the problem
of moving empties up the grade at a satisfactory speed,
and this special braking equipment was required to per-
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mit the safe operation of the heavy trains down the
grade.

The empty and load brake so operates as to increase
the total braking power, giving practically uniform
braking power on car-units, whether empty or loaded,
and regardless of the service in which they are being
operated. '1'he special braking equipment is entirely
interchangeable with the standard freight-brakes, in­
cluding the well known quick-service type 'K' retarded
release and uniform re-charge freight-triple. In the
actual road-tests when using the empty and load brakes,
it was found that the cars could be loaded with 69 tons
and that a 50-car train could be handled; at the same
time maintaining a high factor of safety with a con­
sumption of less than half the air by the standard equip­
ment. Taken as a whole, this equipment has proved
very satisfactory, holding the heavy trains to a uniform
speed on the 2.5% grades.

The problems of construction and operation of the
railroad at the mines were even more varied and com­
plicated than on the main line. The mine being of the
steam-shovel, or open-cut, type, it was necessary to con­
struct railroads from the main assembly-yard at the base
of the Utah Copper mountain to the various steam-shovel
levels. There were' 23 of these levels; the one at the top
being at an elevation of about 1500 ft. above the bottom
level. In addition to the tracks necessary to bring the
ore down to the assembly-yards, long level lines were
built to permit the removal of the large volume of cap,
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or waste, from the orebody. Owing to the necessity of
continuous operations, the best way of providing facili­
ties for transporting the ore from the various levels was
by means of switchbacks, as illustrated in Fig. 4. In
order to hasten the mine operations and make them more
flexible, the various steam-shovel levels are served at
both ends by these systems of switchbacks, and the track­
age at the mine is so inter-connected that it is difficult to
conceive of an accident or set of unusual circumstances
which could seriously interrupt the output of ore.

During the average day's operations, 65,000 tons of
ore and waste are transported over the tracks at the
mine. The ~rains are handled by two types of locomo­
tive&; the smaller is a 50-ton 4-wheel saddle-tank type j

the larger is a specially designed 80-ton side-tank switch­
ing locomotive. The smaller engines haul trains of five
cars, while the heavier ones are used to serve the upper
steam-shovel levels and handle from 10 to 12 cars at a
time. Owing to the excessive steepness of the grade on
the switchbacks and the sharp curves .over which the ore­
trains must be moved, unusual care is taken in the op­
eration of the trains up and down the mountain. The
present system necessitates the use of flagmen placed at
advantageous intervals in towers, from which their view
is entirely unobstructed. It is required of the locomo­
tive engineers that they get clear right-of-way signaIs
before they are allowed to move their trains to the ~ext

level.
In addition to transporting the business of the Utah

Copper company, the tracks of the Bingham & Garfield
railroad are available to the various mines at Bingham
for freight service j in other words, the entire district
has unusually good freight-handling facilities. The road
is connected with the Denver & Rio Grande railroad at
Bingham and at Magna, and with the Los Angeles &
Salt Lake railroad and the Western Pacific railroad at
Garfield. Branch lines have been constructed to the Gar­
field f'lmelter of the American Smelting & Refining Co.
and to the B~cchus plant of the Hercules Powder Co.,
which plant manufactures practically all of the powder
consumed in Utah and the adjacent States.

DISPOSAL OF TAILING. The Utah Copper company com­
menced active operations of its mine and of its experi­
mental mill in Bingham canyon on the first day of July
1904. At that time the ore-reserves were estimated at
37,500,000 tons. The Magna plant at Garfield was
started during the month of June 1907, by which time
the ore-reserves had been doubled. By the end of the
year 1910, the reserves had been increased to 203,500,000­
tons by development and through the acquisition of the
Boston Consolidated Mining Co.'s property j and at the
close of the year 1911, they had been further increased
to 301,500,000 tons. When operations were started in
1907, the tailing from the Magna plant, owned by the
Utah Copp,er Co., and those from the Arthur plant, then
owned by the Boston Consolidated Mining Co., were dis­
charged to the nort.h of the mills and imp<)unded behind

small dikes, which had been built to protect the property
lying to the east and the Los Angeles & Salt Lake rail­
road, lying to the north.

'fhe total area of the tailing-ponds was 3000 acres, and
by the end of the year 1915 the dikes around this area
had been raised to an average height of 20 ft. By this
time the estimate of ore-reserves had been increased to
390,000,OQO tons, with a probability that much additional
ore ·would be developed in the future. An investigation
showed that in order to impound the ultimate tonnage of
tailing, it would be necessary either to raise the dike
around the 3000 acres to an aVel"age height of 80 ft., or
move the Los Angeles & Salt Lake and the Western
Pacific main tracks far enough north practically to
double the area for tailing disposal. It was estimated
that the cost of raising the existing dikes would be about
$1,680,000, and that the cost of purchasing additional
ground, moving the two railways, and building the new
north dike would be about $860,000. Therefore the lat­
ter plan was adopted. One of the reasons for making
this decision was the fact that if the Utah Copper com­
pany should store an enormous amount of tailing ad­
jacent to the railway-lines for a distance of about four
miles, with settling-ponds retained by dikes 50 to 100 ft.
high, the impounded water and tailing would prove a
continuous menace to the operation of the railways.
After considerable time spent in negotiations with the.
officials of the railroad companies, their consent was
obtained to the moving of their main-line tracks.

By this plan, the lands to be used solely for impound­
ing tailing from the concentrating plants aggregate about
6000 acres. 'fhis area was bisected in an approximately
east-west direction by the main-line tracks of the Los
Angeles & Salt Lake and Western Pa<tfic railroad com­
panies, and it was necessary to move their tracks to the
north a distance varying between 1 mile and 1t miles
for a length along the main lines of about 9 miles. The
scheme also necessitated moving and extending the main
line of the Bingham & Garfield railway near Garfield to
a new connection with the Salt Lake route. The ulti­
mate capacity of the pond will be sufficient to handle all
the tailings rejected from the Magna and Arthur plants
during the life of the property insofar as it can be esti­
mated now.

By the appended map, Fig. 1, it will be noted that
the new sites of the Los Angeles & Salt Lake and West­
ern Pacific roads are parallel to each other and 100 ft.
apart. In addition to railway construction, it was neces­
sary to build about seven miles of dike around the new
tailing-pond. The contract was given to the Uta't. Con­
struction Co. at a unit price of 25 cents per cubic yard
for all material on the railroad construction finished to a
grade-line, and at a unit price of 20 cents per cubic yard
for embankment in dikes, which it was not necessary to
finish to any specified grade. Because of the wet con­
dition of the ground, drag-line excavators were used.
Ditches were first constructed to the Great Salt lake in
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order to drain the ground as much as possible before
building the embankIilents for the two railroads. After
the railroad embankments were completed, a tailing·dike
was built, borrowing the necessary material from the
inside. In all this work, the drag-line machines handled
an average of about 22,000 cubic yards of material per
month per machine. Concrete dewatering-boxes were
constructed through the tailing-dike, and the dike was
ri~rapped on the inside with slag obtained from the
slag-dump of the Garfield smelter:

WATER-SUPPLY FOR THE PUNTS. On account of the
glreatly increased tonnage, it became apparent that more
water ought to be secured for milling operations; there­
fore, some years ago, the Utah Copper company filed on
100 cubic feet per second of the surplus water of Utah
lake. In order to deliver this water to the plants, it be­
came necessary to purchase a right-of-way through the
Utah & Salt Lake canal, and to enlarge that canal from
its intake at the Jordan narrows to the reservoir at the
Magna plant, a distance of 27.5 miles. The work was
finished on April 29, 1918. The water is delivered
through the canal at an elevation of 18 ft. below the bot­
tom of the Magna reservoir, thus effecting a large saving

in the cost of powet: over the former method of lifting
all the water 220 ft. from the lagoon at the old Magna
steam-plant.

There are times during the winter season when the
flow of water in the Utah & Salt Lake canal is blocked
by snow and ice. In order to ensure a sufficient supply
of mill-water at all times, and as a protection against
unforeseen accidents, practically a duplicate water-supply
was secured by the purchase of 1325 acres of land lying
about 9 miles east of the plants. The topography of this
land is such that it forms a natural reservoir for the
drainage from higher lands; but, nevertheless, its eleva­
tion is sufficient 80 that the storage-water can flow by
gravity to the lower pumping-plant at Magna through a
canal constructed for that purpose. The position of
these eastern lakes is shown on the map, Fig. 1, as well
as the position of the Riter drainage canal through which
the water is delivered to the pumping-plant. It is be­
lieved that the present water-supply of th~ Utah Copper
company for milling purposes is now such as to. make
practically impossible any combination of circumstances
that would necessitate the closing down of the mills, or
even any reduction in their capacity, because of water
shortage.
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