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T he c.T.c. control machine at Denver is located on the six th floor of the Denver National Bank building

C. T. C. on 128 Miles
Proje ct o n 123
miles of sin g le
t r a c k a nd 5 miles
of doubl e track
inc Iud e s automatic
control 0 f s i g n a I s
by normally-dee n­
ergized c o d e d track
c i r c u i ts w i t ho ut
t he u s e of signa l ·
con t r 0 I line wires

TH E Den ver & Salt Lake has recently
completed an installation of central­
ized traffic contro l on 122.5 miles of
single t rack and 4.7 miles of double
t rack between Denver, Colo., and
Orestod, a total of 127.2 miles. The
terr itory involved is shown in two
accompan Y1l1g maps.

T he purpose for constructing the
Denver & Salt Lake, including the
Moffat tu nnel, was to provide a dir ect
route westward fr om Denver through
the Rocky Mountain continental di­
vide to western Colorado, as well as
to points beyond . T he site of the
Moffat tunnel was chosen because of
minimum tunnel length under the di­
vide , with portals at elevations which
could be reached from Denver and

from the west. with lines on which
the ascending grade would not exceed
2 per cent, compe nsated for curva­
ture . From the west por ta l of the
Moffat tunnel, the Denver & Salt
Lake extends westward 72 miles to
Orestod and then 103 miles beyond to

Craig

Legend

- 0.& 5.L. l in es
- 0.& 5 L.,CTC. ferrifo ry
-- Rio Grande fines
-- Ofher line s

Craig. Also fro m Orestod, a single­
t rack line of the R io Grande extends
south an d west along the Colorad o
river for 39 miles to Dotsero, Colo..
where a connection is made with the
R io Grande line betwee n P ueblo,
Colo., and Salt La ke City and Ogden.

Map showing rela ­
tio nship of D .&S.L.
l ines to Rio Grande
li nes, as well as
new C.T.C. terri­
tory between Den­
ver, Colo ., a n d
Or e s t 0 d on the
Denver & Salt Lake
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East portal of 6.2-mile M offat tunnel at East Portal, Colo. Signa ls 501 and 501A are shown in the for egrou nd

of Denver & Salt Lake
Utah. T hese lines are illustrated in
the accompany ing map showing the
relationship of D. & S. L. lines to Rio
Grande lines. Thus, in addition to
trains of the D. & S. L. , the line be­
tween Denver and O restod is used
jointly by those trains of the Rio
Grande which are routed into and out
of Denver for dir ect connections to
or from western points. .

Th e operating freight district for

the R io Grande is between Burnham
(Denver) and Bond, 131.2 miles.
The Rio Grande uses the jointly op­
era ted track between Prospect, one
mile west of Denver U nion Terminal,
and Orestod, 0.6 miles east of Bond.
T he operating frei ght district for the
Denver & Salt Lake is between U tah
Junction (Denver ) and P hippsburg,
164 miles. Between Prospect and
E ndo, 1.4 miles, the line is single

track. W ithin this territory is Fox
J unction where interchange is done
between the Rio Grande, D. & S. L. ,
C. B. & Q. and the C. & S. T wo main
track s extend from E ndo to Ra lston.
a distance of 4.7 miles. .

The max imum grade westward
from Denver to East Portal is 2
per cent compensated, and is a helper
district. From O restod eastward to
the Moffa t tun nel, the eastwar d ruli ng
grade is 1 per cent, with exception
of Tabern ash to W inter Park with
the maxi mum grade of 2 per cent,
which is a helper district. T he line
rises 4,169 ft. and falls 2,539 ft . in
128.7 miles between Denver and
Orestod . Th e maximum cur vature
in the line is 12 deg., with one excep­
tion, which is a short 15-deg. curve .

Yar mory (l OBcars)
5tate Br idg e (15cars)

»: D.& R.G. W. fo Doferso
and SaH Lake Cify
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A condensed pr ofile accompani es this
article.

There are a total of 39 tunnel s,
ran ging in length fr om 40 ft . to 6.2
miles, the latter being the Moffat tun­
nel. Other than the Moffat tunnel,
29 of them are located east of the
Moffa t tunnel and 9 west . East of
the Moffa t tunnel there is an average
of one tunnel every 1.7 miles 0 f line,
and west an average of one every 7.8

RA IL W A Y ~ 1(jNAL ING

I n add ition to the handicaps of
grades, curvature and tunnels, t rain
operation in th is territory is all the
more difficult dur ing the winter
month s, with moderate snowfall, and
temperatures as low as 50 deg. below
zero. F urthermore, the topography
is such tha t, f rom a practical stand­
point, pass ing tracks can be located
only at certain places, with the result
tha t they are not equally spaced as to
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automati c block system, and it became
necessary to detour many Ri o Grande
trains via Pueblo and the Rio Grande
Royal Gorge route, shown in the ac­
compan ying map illustrating the re­
lationship of D. & S. L. lines to Rio
Grande lines.

T he increase in gross ton miles,
compared with the first year of joint
operat ion in 1935 was 44 per cent in
1936. 49 per cent in 1937, 77 per cent
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Conde nsed profile of the terri tory involve d in the c.T.c. installati on

Fig. 2-Layout at Sulphur with two power crossovers bet ween ma in line and siding

in 1940, 127 per cent in 1941, and
214 per cen t in 1942. In 1935 the
total daily train movements over the
line averaged 16.1. By 1938 this fig­
ur e incr eased to 21.6 ; by 1941, 26.4 ;
and by 1942, 33.5. During October,
1942, train movemen ts averaged 41.7
trains daily, reaching 48 in April,
1943. Between J une and September,
1945, the average number of train
movements, exclu sive of switching
engine movements, between Denver
and East Po rtal was 38 daily. Be­
tween Winter Park and Orestod the
daily average was 30, the difference
in figures being due to helper serv­
ice. T he percentage of Ri o Gra nde
car miles to the total car miles over
the line between Denver and Orestod
increased from 53.5 per cent in 1935
to 69.9 per cent in 1942.

The increased train density oc­
curred not withstanding a 52 per cent
increas e in the size of average Rio
Gran de tr ains. Loads were made
possible by a 20 per cent increase in
the size of locomotives. It was planned
to further increase loads when loco­
motive capacities could be increased.

In spite of improved motive power
and facilities in general, the adverse
effect that increased train density had
upon transportation efficiency is evi­
denced by the fact tha t since 1940
the average Rio Grande train speed
on this line had been steadily fallin g.
averaging 20 per cent less in 1942
than in 1940. The tr end of gross ton
miles per tr ain hour likewise de­
creased, averaging 17 per cent less
in 1942 than in 1940.

824 t----O

354 c---Q

0----i 823

Because of the increa sing impor­
tance of the Moffat rou te, a decision

was made a few years ago to install
A.P .B. signaling between Denver and
East Portal and between Kremmling
and Orestod . T hese installations

distance or train time . On the maxi ­
mum grade, the passenger train speed
is about 25 m.p.h. and the fre ight
train speed about 20 m.p.h.

were completed in 1940 and 1943, re­
spectively. H owever, the R io Grande
traffic over this joint line increased
each year, and far beyond the original
estimate s. T his taxed the line so that
tra ins could not be handled efficiently
by timetable, tr ain orders and the

itLW'i= ~ i" 12M, 4
38511 0-1 CX)--; 379

~38011 CX)--; 367
I I I I I

386~ ~
0-:< 379A 368A>-{)

380t---CD
Fig. I-Typical lap sid ing at Cliff, show ing locations of sign als

SULPHUR
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Oc{I'1861 854~ 'O/~~85/ ::.b~4 2 f1
I I r
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switch. T he layout between Prospect
(Denver ) and Ral ston is shown in
F ig. 3. A typical single passing track
location at Azure, and a typical single
power-operated crossover between the
main line and pass ing tra ck at
Rad ium, are shown in Fig. 6.

out at Sulphur with two power-oper ­
ated crossovers between the main line
and passing track, as well as an elec­
tric lock on a hand-thr ow main line

miles. The track is well constructed,
using 100, 112, 115 and 130-lb. rai l
and creosoted ties. Volcanic rock,
broken rock, gravel or slag is used for
ballast.

A typical lap siding at Cliff is shown
in Fig. 1. F igure 2 hows the lay-
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W estwa rd intermediate grade signal 353 and eastward signal 354 between Crescent and Cliff. Tunnel 27 is in the background.

T he increase d traffic not only
forced length ening of schedul es and
an overall reduct ion in operating effi­
ciency but also taxed the line to a
point where train movements could
not be maintained efficient ly by time ­
table operation, as attested in 1942 by
the necessity for detouring Rio
Grande t ra ins via the Royal Gorge
route. T herefore, to increase tr ack
capacity, and improve perform ance,
increas e safety, the decision was
made to install C.T .C. between Den­
ver and Orestod.

c.T.c. Savings

With bett er dispatching cont rol,
C.T.C. has made possible fewer dou­
ble and compound train meets, thu s
eliminating the need for certain addi ­
tional facilities that would have been
requ ired by timetable, train order and
automatic block operation. T wo sets
of train dispatchers were for merly
located at Denver , one to handle t rain
movements between Denver and Sul­
phur, 86.2 miles, and another set be­
tween Sulphur and Craig, 145.3 miles.
C.T .C. opera to rs are now located at
Denver and Sulphur.

This installation has resulted in a
considerable saving in tota l f reight
t rain hours daily, as well as a sub­
stantial gain in the average speed of
trains . Combining pr incipal, helper
and light engine hours, the installa­
tion has result ed in a large average
saving of engine hours daily, which
in turn has stepped up th e avai lability
of motive power. It has also res ulted
in a daily saving in car hours, in turn
releasi ng cars and increasing the ir
ava ilability for other service. Fur-

thermore, with a decrease in train
stops, a saving is being made on wear
and tear on locomotives and rolling
stock, with a saving of wate r and coal.
In addition, passenger train perform­
ance has been improved . Savings for
stat ionery form s, office ex penses
and train order form s are substan­
tial. Further economy results from
less supervision, including time to
check t ra in delays and certain dis­
patching practices. By bette r control
of train movements with C.T.C., th e
capacity of the Moffat tunne l has been
incr eased by better distribution of
t rains through the tunnel. This is
important and interesting in view of
the fact that the tunnel was designed
to handl e 19 t rains daily.

Due to increased tra in density and

Eastward signal 72 at Ralston

the fact that Rio Grande trains were
being limited in length because of sid­
ings, considerab le work on add itional
siding and main track facilities was
included in this project , so that ex­
pected traffic could be handled. In­
cluded in the proj ect wer e num erous
track changes shown in the accom­
panying table. A total of 15 hand­
thro w switches were removed from
the main track.

Th e majority of turnout s in th is
territo ry range from No . 10 to No.
18, with nine of the latter in service.
Turnou ts under No . 15 are being re-

Tra ck Chanqes Bettueen Denver and
Ores tod

Car Ca- Car Ca-
paci ty B e- paciry Aft-

Lo cation ChaHge fore Change er Change

Clay-Extended 2,739 ft. 70 127
Pl a in-Extended 3,400 ft. 72 143
Crescent- Extended 2,400 f t. 74 122
Cliff-Extended 2,436 ft. 75 130

New lap siding 3,598
ft. 66

Tolland-Extended 1,305 ft. 99 128
F raser-Extended 1,000 ft. 88 110
T abernash- New main tra ck 1.6 miles long

resulted in passing siding 2
miles in length

Da le-Eliminated 62
Granby-Extended 743 ft. 98 111

New lap siding
5,280 ft . 106

Wi llows-Eliminated 98
Parshall-E lim i nat ed a s

cont rolled siding - 60
Flat- Ex tended 2,680 ft. 106 16/
Troublesome-E x t e n de d

2,906 ft. 70 130
K remmling-Extended 1,881

ft. 98 137
Gor e-Extended 700 f t. 137 153
Orestod-Extended 735 ft. Running Lead
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placed with that size, including Rama­
po-A jax curved points and T ype-M
switch clips, in a project now und er
way, which includes the installation of
new l IS-lb. rail in th is territory. The
speed limit over No. 10 turnout s is
about 15 m.p .h., while that over No.
15 tu rnouts is about 32 m.p.h. In the
new C.T .C. project, signals at turn­
outs to be changed out wer e located
accordingly, in order to be in the
proper positions when the new turn ­
outs were installed. Power-opera ted
switches were equipped with Mode l­
SD switch machines, outboard mag­
netic bra kes, and designed for opera­
tion from 24 volts, doc. T hese,
however, are operated at 30 volts to
speed the movement .

Location of Control Machines

The control machine at Denver is
in the dispatcher' s office which is in
the general offices of the D. & S . L.
on the six th floor of the Denver Na ­
tional Bank building, which is about
one mile south of the D. & S . L. sta­
tion. T he cont rol machine at Su l­
phur is in a new one-sto ry br ick
building which was constructed for
this purpose.

The machines are of the sectional
type which permits changes or addi­
tions as may be required. The ma­
chine at Denver has seven sections

RAILWAY S IG NA LI NG

Abo v e-R i 0

G rande Train No .
5, the "Expos ition
Flyer," at the east
end of Arena , Colo .
l eft-Westw ard
signals 41W and
41W A at Zuni in
two -track territory

and one master unit to control from
Denver to the east portal of the Mof­
fat tunnel. The machine at Sulphur
has seven sections and two master
units, one to control eastward between
Sul phur and Winter Park, and the
other to cont rol westwa rd between
Sulphur and Orestod. In the con­
t rol machine at Sulphur there is a
limit ed territory, shown in F ig. 2,
near the control office which is con­
trolled by unit-wire C.T.C.

From th e top to the bottom of the
control panels on both machines and
in order, are the power-off-stat ion
indication cycle lights, sectionalizing
light s, track diagr am, switch lock
levers, signal levers, switch levers,
employee's call levers an d sta rt but­
tons. T he power-off- stat ion indica­
tion cycle lights ar e small red lights
near the top of the cont rol pane ls
directly above each contr ol location .
T he sectionalizing lights are opal
lights in line with th e power- off­
station indication cycle lights, slightly
to the left of the locati on to which
they pertain. The t rack diagrams are
engraved across the upper por tion of
the panel, and show th e location and
field numbers of signals, switches and
electric locks controlled from the
panels. The track is divided int o sec­
tions, each containin g its own track­
occupancy light. Red lights ar e used
for OS tracks, and opal lights for
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approach tracks. All indication lights
are normally dark.

The switch lock lever s ar e the ro­
tary type, mounted in a row under the
control locations. T hey contain a but­
ton in the stem of the lever which is
used in the execut ion of cont rols to the
electr ic switch locks. Signal levers are
the three-position rotary type, contain­
ing a light in the stem of the lever .
They, likewise, are located in a hori­
zonta l row below the switch lock lev­
ers, directly below th e signals on the
track diagram with which they are
associated. E mployee's call levers
are two-position, ver tical operating,
mounte d in a horizontal row beneath
the switch levers. The star t buttons
are self -restoring push-buttons located
in a horizontal row beneath the em­
ployee's call levers. T hey are used to
initiate code cycles to exec ute the con­
trols set up by the switch and signal
levers. Neither machine has traffic lev­
ers, t raffic dir ection being estab lished
aut omat ically with the man ipulation
of the signal levers.

T he C.T.C. is known as the General
Railway Signa l Company's Class F ,
T ype M-Duplex , lO-step system. The
power-operated switches and signals
are controlled by codes sent out fr om
the office, and likewise indications on
the control pane l to repeat the opera­
tions of th e switch es and signals, as
well as track occupancy, ar e sent into
the office by codes. These codes are
transmitted over three line wires by
means of which control codes and indi­
cation codes can be t ransmitt ed si­
multane ously. The coding equipment
on this installation can control as many
as 32 sing le switch field locations or
their equiva lent, with 5 controls and
13 indicat ions each.

Every code cycle contains a set of
code elements for selecting the proper
station and set of code elements for
cont rolling the operation of the func ­
tions at that station. If two or more
start buttons ar e pressed simultane­
ously, or in rapid succession, th e cor­
responding codes are stored and are
released successively in an arbitrary
predetermined order.

Every indicati on cycle contains a
set of code elements for identifying
the calling station and a set of code
elements for effecting the indicat ions
on the control panel. Indicati ons are
continuously responsive to changes in
the field conditions, as when ever a
change takes place at a field location,
an indicat ion code is automat ically set
up and transmitt ed to the cont rol office.

The controls,whether they are stored
or whether they ar e about to be t rans­
mitted in a control cycle already under
way, may be cancelled by the operation
of the cancellation switch on the con­
trol machine . P lacing th e cancellation
switch on the master panel in the can-



T he C.T.C. machine at Sulp hur contro ls the terr itor y from Wintet Park to Oresrod

The control machine at Sulphur is located in a new one-stor y bri ck building
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leases the electric Jock so that it may
be ope rated to unlock the hand-throw
switch . H owever, to unlock an elect ric
lock to permit a train to enter the main
track over a hand-th row switch, the
adjacent signa ls governing movements
toward the switch must be placed at
S top, the switch lock lever positioned
in the dir ection in which the train is to
proceed on the main track, and the
push-button in the stem of the lock
lever operated. P ushing the button in
the center of the lock lever starts 75
or 180 coded track energy in both di­
rections fr om the ad jacent field con­
trol stations to the elect ric lock. T his
will, field cond itions permitti ng . con­
dition the elect ric lock, and, when the
door of the lock is opened, will re lease
the mechani sm so that the lever in the
electric lock in the field may be oper ­
ated to release the switch. If the ad­
jacent signals govern ing movement
towa rd the switch have been clear ed
and res tored to Stop, release of the
electr ic lock cannot be made unti l the
t ime locking has released itself , which
norma lly is three minutes. T he lock
lever is never restored to normal, a fter
using it in making a tr ain movement.
unt il the train for which it was used
has completely passed the first OS
tr ack. The lock push -button is oper­
ated after the lever has been restored
to normal.

To opera te an employee's call light
in the field, the corresponding em­
ployee's call lever on the contro l panel
is placed in the upward or call posi­
tion, the call lever on the master un it
is held in the call position, and a code
sta rt initi ated with the start button.
T he master unit call switc h is relea sed
after the buzzer sounds for approxi­
mately two seconds . This illum inates
a call light at the field location which
will conti nue to burn until cancelled
by placing the employee's call switch
norma l and again send ing a call code

RAIL WAY SIGNA LI NG

Control of Electric Switch Locks

F or a tr ain to leave the main t rack
over a hand-throw switch equipped
with an electr ic lock, no operation is

or counterclockwise 90 deg ., prefe r­
ably in the direction of traffic. To send
cont rols, the signal and switch levers
are turned to the posit ion des ired and
the associated sta rt but ton is pressed.
Operation of the start button sends
the controls to the field location, and
the switches and signal, if contrary
in the field, respond to the position of
their respective levers. Seconda ry
tracks, such as passing sidings,
are not signaled, and signals may be
clear ed into such t racks rega rd less of
occupancy .:

If a signal is cleared and then taken
aII-ay by lever cont rol, time locking is
effective automat ically.

necessary on the part 0 f the contro l
machine operator . T he presence of the
train on a short release circuit in ad ­
vance of the switch, automatically re-

Automatic Train Recorder
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cel position will cancel all cont rol
codes that have not been tr ansmitted.

Th e Denver machine has 24 switch
levers, controlling 22 tu rnouts and 2
crossovers; 4 spa re switch spaces ; 26
si<Ynal levers, contro lling 96 signals ;
2"spar e signal levers ; 25 code sta rt
buttons; 3 code sta rt button spare
spaces; 22 employee's toggle switches;
and 10 lock levers. The Sulphur ma­
chine has 27 switch levers, contr olling
24 turnou ts and 3 crossovers ; 1 spa re
switch space ; 29 signal levers, con­
trolling 107 signals; 1 spare signal
lever space ; 4 lock levers ; 30 code
start buttons; and 24 employee' s tog­
gle switches.

. Eac h control machine includes a
G.R.S. aut omatic train recorder, in the
center of the desk portion of the ma-

chine. This recorder has thr ee styli to
correspond with each of the OS sec­
tions in the field. One sty lus is oper­
ated when a signa l governing west­
ward at the correspond ing field loca­
tion is clear ed. T he second sty lus is
operated when the eastward signa l is
cleared , and the third sty lus is oper­
ated when the OS section is occupied.
Th us the record on the char t shows
which signal was clear before the train
ar rived. T hese charts are burnt by
the sty li and not inked. Charts, each
125 ft . long are moved 2 in. per hour
by a llO-volt synchronous motor.

Manipulation of Control Machines

The signal levers norma lly point up­
ward to control signals to the most
res trictive aspect. To clear signals, the
levers ar e rotated 90 deg. fr om the
center posit ion in the dir ection tr ain s
are to move. T he switch levers point
upwar d for the normal position of the
switches, and are set for reversing a
switch by turning the lever clockwise



200

to that locati on in a manner similar to
the initi al call. The lamp is controlled
by a magnetic stick re lay.

Con trol Machine In dication Ligh ts

W hen a line wire in the C.T.C. code
circuit breaks, and the system be­
comes energized, the automatic sec­
tiona lizing term inates the line circuit,
and illuminates the opal sect ionalizing
light marked SEC corresponding to
the field location which is sectional­
ized. T his ind icates to the operator
that the break has occurred at some
point beyond the sectional izedlocation
and the next location with automatic
sectionalizing, and, at the same time,
informs him that it is impossible to
t ransmit cont rols or receive indica­
tions from stations beyond thi s loca­
tion. Once sectionalized, the line circuit
remains so until released by send­
ing a re-check cycle to the sectional­
ized location. This is not done until
the opera tor has been notified by a
maintainer that the break has been
repaired. A fte r the line has been re­
paired , it is made operative by a re­
check which cancels the stick fea ture .
Automa tic line sectiona lizing loca­
tions are used in three places con­
t rolled by the Denver machine, name­
ly, at P lain, Crescent and Cliff ; and
five locations controlled by the
Sulphur machine, namel y, Tabernash,
Granby, Gore, Azure and R adium.

W hen the a.c. power fail s at a
field location, th e red power-off-in­
dication cycle lamp at each control lo­
cation so affected is illuminated and
will remain so until power is restored,
except during a portion of all indica­
tion cycles originat ing at the location.
This indication is not to be confused
with the normal operation of thi s
lamp due to indication cycles. Each
indication cycle as it originates in th e
field illuminates the power-off-indi ­
cation cycle light for its respective
cont rol location , and it conti nues to
burn until the end of the cycle. at
which time the lamp is extingui shed
and remains so until a new cycle is
star ted or power-off cond ition arises.
P ractically continuous burning of one
minute duration or more 0 f one of
these lamps, with only a short period
of darkness at the end of each cycle,
indicates that some fau lty cond ition
has ar isen at that field location caus­
ing cont inuous cycling. If cont inuous
cycling or iginates during a power-off
period, it will be detected by the re­
verse of th e foregoing.

Track indication lamps are divided
into th ree classes, namel y, OS or de­
tector , block, and approach . The OS
or detector lights are red, and, when
illuminated, indicate a train betw een
opposing positive signals which gov­
ern over one or more power-operated
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switches. T he remainder of the t rack
lizhts are opa l and are designa ted as
block light s or approach lights, de­
pend ing upon their funct ions. Where
there are three lights between cont rol
point s, the center one is the block light
and the other two are app roach lights.
All single light s betwee n cont rol points
are block Jights. Track indication
light s ar e nor mally dark, and, when
illuminated. convey information to the
operator, depend ing upon several con­
dit ions. They are illuminated and
extinguished as the t rain proceeds
over the track section they represent.
As a train leaves a control point, the
block light between that control point
and the next cont rol point is illuminat ­
ed. T he block Jight remain s illuminat­
ed all the time the train is between
the two control points, and is not ex­
tinguished until the train has com­
pletely clear ed the OS circuit at the
next control point.

Operation of slide detec tor fences
due to slides is indicated on the cont rol
panel by flashing the approach and
block lights cor respon ding to the t rack
in the vicinity of the fence. If an ap­
proach or block ligh t in one section re­
mains illuminat ed after the ·passage
of a train, it indicates generally either
a broken rail or slide fence operat ion.

On the Denver machine a sepa ra te
and special norma lly-da rk opal indica­
tion lamp is flashed when the Colorad o
& Southern crossing between E ndo

Interior of instrument case at electric
swi tch lock location
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and U tah Jct., shown in F ig. 3, is in
use by a Colorado & Southern train .

W hen an electric lock lever is posi­
tioned and the lock push-button Oper­
ated ' the block light in the tr ack
diagram between the two control
points in which the lock is locat ed is
illuminated and remains so unti l the
hand -th row switch is ret urned to
normal, the operating lever of the
electric lock return ed to the locked po­
sition, the door of the lock closed, the
lock lever on th e cont rol machine re­
turned to normal (locked position )
and the push-button agai n operated.
Failure to return the electr ic lock in
the field to its proper locked position
is man ifest by inabi lity of the oper­
ator to ex tinguish the block light.

Broken ra ils or other block failures
will not be detected if the break occurs
while the system is at rest , that is,
no signals ar e cleared or no train is in
the block. U nder these conditions 11 0

visible ind ication will be received at
the control office, but when an attempt
is made to clear signals over the ter­
ritory in which the fa ulty cond ition is
locat ed, the signals will not clear.

Signal indicat ing lights are opal and
are located in the signal levers. When
dark th ey indicate that all signa ls con­
trolled by that lever are at Stop. 'W hen
they are illumina ted they indicate that
the signals are clear in t he direct ion
in which the lever is turned. Switch
correspondence lights are opal and ar e
located in the switch levers. When il­
lum inated they indicate that the lever
on the machine is out of corr espond­
ence with the posit ion of the switch
points in the field.

Previous Automatic Signals

When A.P.B. signaling was in­
stalled between Denver and East
Portal, and between Kremmling and
Orestod in 1940 and 1943, respective­
ly, certain features were pr ovided so
that the minim um expense was re­
quired in changing over to C.T.C.
Such features included sta tion-de­
partu re and station-entering signa ls,
as well as tr ack circui ts being properly
located. A t OS sections, there are two
track relays, one on the main track
and one on the turn out to the siding.
The signal circuits ate controlled in­
dir ectly by both of these relays by
means of a repeat er relay . The ad­
vantage is tha t broken bonds or
broken rail s on the fouJing section are
detected, whereas an ordinar y shunt
fouling does not provide thi s fea tu re
of protection.

Spacing of Intermedia te Signals

In determin ing the number and lo­
cat ions of new int erm ediate auto­
matic signals , various factors were ill-



Dwarf signals 25 and 25A ar Endo, showing full-size and small backgrounds

View 01 intermediate location between Crescent and Cliff gives a goo d idea of the terrain
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Special Signals

t rain out and accelerate to normal
speed, otherwise it would be neces­
sary to run at reduced speed unt il he
saw the nex t signal displaying a gr een
aspect.

T he inte rmed iate automat ic signals
display three aspects, with the excep ­
tion of grade signals and a few spe­
cial signals . These aspects and indica­
tions include Stop-and-Proceed, Rule
291, an d the Approach and Clear as­
pects, mentioned heretofore.

Approaching the two main tracks at
Ralston, shown in F ig. 3, which are
signaled for normal and reverse move ­
ment , eastward au toma tic signal 84 is
capable of displaying four aspects :
namely, Advance-Approach-Medium,
Rule 281A ; Approach-Medium, Ru le
282; Adva nce-Approach. Rule 282A :
and Stop-and-Proceed. Rule 291.

W estward signal 495. shown in F ig.
4. at East P ortal, is equipped with a
"T ake-Siding" ind icator. which con­
sists of a G.R. S . T ype-W marker unit
as a third "arm," which, when il­
luminated, outl ines a letter " S." Su ch
an indication authorizes a tr ainman
to opera te the hand-throw switches
on the crossover leading from the
main tr ack to the siding, after which
the t rain movement is author ized by
the Restricting aspect of red-over­
yellow. A similar signa l, "No . 1281,
shown in Fi g. 5. is located at O res­
tod, to autho rize train movements
from the main line to the siding on
the north side, thi s sieling being
equipped with hand -throw switches.

On account of the short sight ing of
westward home signal 1161 at th e
east end of Radium, shown in F ig. 6,
due to the Tunnel 42 in app roach

RAIL WAY SIGNA LING

Signa l Aspects

reflector ized letter "P," 8 in. high . All
parts of high and dwarf searchlight
signals are painte d aluminum with th e
exception of the fr onts of th e signal
units , fr onts of the backgrounds and

The station-enter ing signals display
fo ur aspects and indicati ons, namely .
Stop, R ule 292; Re stri cting, Ru le
290 ; Approach, Rul e 285 ; and Clear,
Rule 281. The high and dwarf station­
depar ture signals, all of which ar e
sing le-unit , display three aspects ;
Stop, Approach and Clear. T he use
of three-aspect dwarf signals on the
passing t racks, as compared with two­
aspect, displaying only yellow when
clear ed. facilitate s moves. Such a
signal. displays red normally. and,
when cleared by the operator, will dis­
play green if two or more automatic
blocks are unoccupied , or yellow if
only one block. W hen a green aspect
is displayed , an engin eman can pu ll his

the num erals and lette rs of the num ­
ber plates .

T he intermediate automatic block
signals are approach lighted through
transformers from the a.c. power, but,
if this supply fa ils, the signals are
lighte d fr om storage batt eries. Pos­
it ive signals at the ends of passing
tracks are lighted cont inuously.

Signals
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volved. T he passing tracks are not
spaced evenly on a basis of distan ce or
train time. Brak ing distances for
westbound t rains on ascending grad es
are entirely different fr om braking
distances for eastbound tr ains de­
scending the grade. F urtherm ore, on
account of the moun tain s, curves and
tunnels, intermediate signal s had to
be placed at cer tain locations to pro­
videsufficient sighting distances. Fig­
ure 10, showing the territory betwee n
Arena, Clay and Plain, illustrates one
intermediate section with no automatic
signals and another with one set of
intermediate signals. Figure 6 shows
an intermediate section between Radi­
um and Az ure with two sets of inter­
mediate signa ls.

The high and dwarf signals are the
General Railway Signal Company's
Type-SA, with compound lens assem­
blies, 250-ohm, 8-volt, d.c., operating
coils and 8-volt, 13 + 3.5 watt double­
filament lamps.

'Where sufficient clearance perm its,
the high and dwarf signals are prov id­
ed with full -size backgrounds. In

such instances, the high signals are
side-of -the-mast moun ted on the left
side, and have tandard ladde rs and
platforms . W here signals are between
tracks, the secondary tracks were
moved to 18-ft . centers, and high sig­
nals of the top -of-the-mast type were
used, with small backg rounds, straight
ladders and no plat forms. Single­
"arm" signa l unit s are mounted on
mast s 14 ft. above the ra il level. Where
second "arms" are in use, they are
mounted 5 ft . below the top "arm."
On signals with side-of -the-mast
mounted units, short pinnacles ar e
used. D warf signals between tracks
have small backgrounds, and those
outside of tracks have standard back­
grounds.

The maj ority of the signals have 20­
deg. deflecting prisms on minor
curves, and 70-deg. spreadlite lenses
on major curve s. All units have hot­
spot lenses for close-up sighting. T he
signals are num bered by raised, black,
meta llic nu merals and lette rs on an
aluminum-painted metallic number
plate. T he absolute signals, such as
stat ion-entering an d station-leaving
signals, are designated as such by a
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t!l;,reto, a ,two-"arm" repeate r signal,
1161 (Rep.) was provided in ap ­
proach to thi s signal. Signal 1161
(R ep.) is lighted only when signal
1161 is cleared for a train movement,
and remains dark if signal 1161 is at
Stop . In other words, if signal 1161 is
cleare d, signal 1161 (Rep.) repeats

RA IL W A Y SIG NA L I N G

The track circuits are a f the coded
type except the short release track cir­
cuits in advance of the hand-throw
switches with electric switch locks,
and the short OS track circuits
through power switch layouts. In a
station-to- station block, the coded
t rack circuit s are normally deener-

March, 19460

75 per minu te cont rols the yellow
aspect, and code at either 120 or 180
controls the green aspec t. Receipt
of 180 code at the entrance end of a
station-to -station block, serves also to
indicate that the sta tion-to- station
block is unoccupied.

Figures 7a to 7d, inclusive, show the
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Fig. 3- T erritOry between Prospect ( D enver) and Ralston. The end of do uble rrack is at Ral ston
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the indication, but if signal 1161 dis­
plays red-over-r ed for Stop, signal
1161 (Rep .) rema ins dark .

Grade Signals

Each intermediate aut omatic block
signal on ascending grades is equipped
with a grade signa l. The Stop-and­
P roceed aspect and the grade light
aut hor ize a fo llowing fre ight or pas-

gized, and when C.T.C. control is
sent out to line up for a station-to­
station move, the first action is to
energize the t rack circuit s in the sta­
tion -to-sta tion block to feed in the
direction oppos ite to the train move­
ment. Another feature is that the
various rates of code, i.e., 75 and 120
or 180 per minute are used to control
the signals to display the aspects an d
to accomplish dir ectional control of

sequence of track codes in lining up
to clear eastward signal A at stat ion
No. 1 for a t ra in movement to sta­
tion No .2 through a station-to -stati on
block with only one double pair of
inte rmediate signals. Such a layout is
typ ical of that between Clay and Plain,
shown in Fig, 10.

Figures 8a to 8e, inclusive, show
the sequence of track codes in lining
up for a train movement where there
are two or more sets of intermediate
signals under various conditions. Such
a layout is typical of that between
Granby and Su lphur. Figure 6 shows
the layout between Radium and A zure
in which there are two sets of int er­
mediate signals.

Circuits

The diagrams and following de­
scrip tions concern the circuits in which
normally-deenergized coded track cir­
cuits cont rol ways ide signals without
line wires fo r A.P.B . cont rol.

Figure 9 shows a typ ical station-to­
station block with one set of inter­
mediate au toma tic signals as is in
service between Clay and Pl ain. Th e
actual layout between Clay and P lain
is shown in F ig. 10. Ass ume that all
C.T .C. fun ctions between Stations 5
and 7 at rest and that it is desired to
clear signal SRA for a train movement
to the right. The usual lever mani pu­
lation is all that is required, no traf­
fic levers being incorporated in this
system. Signa l lever 5 is turned to
the right and the associated start but­
ton pressed. This creates a start for

STATE BRIDGE

' I

the absolute permissive block system,
without the use of signal control line
wire circuits . Thus the only signal
line wires requi red are the line wires
for the C.T.C. line codes and fo r
a.c. power distrib ution .

Absence of track circuit energy,
steady energy, or improper code, sets
the cont rols for a red aspect . Code at

I 'cx::;o---, 1281

~ ~12 79 ~ /277
I I I I

ORES TOD

senger tr ain to pass the signal at a
speed not excee ding 8 m.p.h ., without
stopp ing at the signal. The control
of the grade signal is directional, i.e.,
for an opposing t rain the grade lamp
is not lighted. This feat ure is ac-

complished by extending the control
through contacts of a directiona l stick
relay. .
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Fig . 6-Track and signals between Azure and Radium, show ing signal 1161 (Rep.) near Radium
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track section WT shown in F ig. 11,
representing a double intermediate lo­
cation, except there is no W A ap­
pr oach relay and 5.9-ohm variable re­
sistance at signa l 7R. Referring to
F ig 11, it will be noted that when the
vVCP R relay is deenergized, the west
track relay W T is connected in series
with a 1.35-ohm variab le resistance to
the rails and read y to receive code
fro m the opposing direction. How­
ever, with the WCP R relay in oper­
ation, repeat ing either the 75 or 180
code transmitter , positive coded bat­
tery passes thr ough the 0.65 current­
limiting resistance and the coils of the
west approach relay W A, through a
S.9-ohm variable resistor (t his relay
and resistor are cut out at signa l 7R),
through multiple fr ont contacts of
the WCPR relay, pro tected aga inst
arcing by a suppressor acr oss the
contacts, and thence to the upper
rail. T he track coding equipment
at signal 5RA is identical. W hen
the tr ack relay ET at signal 5RA is
energized with coded energy, the east
fr ont repeater relay EFP, not shown,
is picked up, since it is connected over
a fr ont contact of the track relay.
W ith the E FP relay energized, sta­
tion-to-stat ion traffic fro m Station 5
to Station 7 is set up, and signal 5RA
will clear when its associated Hand
D relays also assume the energized
position (not shown) , because its GZ
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Fig. 8-Sequence of tr ack
codes with more than one
set of intermediate signals
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sending the control to pick up the
5RGZ relay in the field code equip­
ment at Station 5, and also creates a
start through the 7ACH slow-r elease
control start relay in the control of­
fice, which picks up the 7LC code con­
trol application relay, also in the
control office, for picking up the 2FZ
traffic relay at Station 7. T he 2FZ
relay start s the coded tr ack energy in
the rails back towards signal location
5. The 5R GZ, 7AC H, 7L C and 2FZ
relays are not shown here because they
are incorporat ed in the standard
C.T.C. line-code control operati ons.
The 2FZ relay, at Station 7, control s
the VVCPR west code repeater relay
at the same location, not shown, which .
when opera ting, applies coded energy
to the track, 75 or 180 code passing
over a fr ont contact of the 2FZ relay,
depending upon the condit ion of the
YGP relay for signal 7R, which relay
likewise, is not shown here. I f the
YGP relay is energized, 180 code is
fed to the W CPR relay over a f ront
contact of the YG P relay, and, if the
YGP relay is deenergized, 75 code is
fed to the W CPR relay over a back
contact of the YGP relay. In other
words, if signal 7R is at Stop, the
WCPR relay is fed 75 code. On the
other hand, if signal 7R is at Ap­
proach or Clear , relay W CPR is fed
180 code. Similarl y, the IF Z relay
controls the ECPR relay which con­
trols the coding toward the right.

T he tr ack coding equipment and
circuits beyond the W CPR relay at
signal 7R , are ident ical to those for
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the control office and not shown, pick.
ing up as proof that the t rai n has
clear ed the block, and signa l lever S
has been res tored to the normal pos},
tion. As long as lever 5 remains turned
to the right , the automatic start is de­
layed. Lock-out protection between
stations 5 and 7 is pr ovided by the
5-7RFS righ t traffic stick and 5-7LFS
left traffic stick relays located in the
control machine, and not shown here.
T he RFS relay is energized when
traffic is lined to the right between
stations, and the LFS relay is en­
ergi zed when traffic is lined to the left.
All positive signals are fu ll-slotted,
insuring that codes originating on
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the control office. However, when
the train gets entirely out of the sta­
tion-to-stati on block and passed signal
7LA and a clear-out ( 180 code) is
received at Station 5, an au tomatic
start is created at signal S which drops

S TATI ON 5

5~ \.~
I I

relay was previously energ ized. The
foregoing discussion covers the sta ­
tion-to-sta tio n track coding as though
the section was continuous, but it
should be understood that the re are
cut sections and intermediate signal
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Fig. lO- There ar e no int ermediates between Arena and Cl ay. T here is one set of intermediates between Cla y and Plain

Fig. ll-Cont rols for A, T, TP, FP, D and H relays at double inter mediate location

Genera lly speaking , slide ind ications
from slide detectors are transmitted
to the near est cont rol point. W hen a
slide occur s, the slide detector func­
tions, result ing in th e release of the

clear outs will not agai n clear any
signa l. Signal cont rol re lays are re­
sponsive only to their own start but­
tons.

T he indication circuits in the field
are standard except for differences in
block indication circuits to take care
of several variables, as the number of
intermediate signals and whether there
is a slide- detecti on indication to be
provided. For instance, for one set of
intermediate signals between stations,
such as between Clay and P lain, the
east block indication E BK is obta ined
through the 180D and EFP relays.
F or no inte rmediate signals between
stations, such as between Arena and
Clay, or over sidings, the EBK indica­
tion is taken only thr ough the EFP
relay. F or more than one set of inter­
mediate automatic signals, such as be­
tween Leyden and Arena, the EBK
agai n is taken through the 180 D and
the EF P relays. Where there are
more than one set of inte rmediate
automatic signals, a sepa rate siding
approach indication is given in addi­
tion to the block indicati on. For a
t rain ' approaching a cont rol station
the approac h indication is taken fr om
the A P relay which is the repeater of
a series relay in the ET track circuit
feed. For a train leaving a cont rol sta­
t ion th e approach indication, which,
in th is case 'would be a leaving indica­
tion, is also taken th rough the AP
relay, th e A P relay being energized
by means of a directional stick relay.

Slide-Detector In dication

+

the 2RZ relay at Station 7, resulting
in the release of the W CPR relay,
which in turn results in cutting off of
coded energy to the track at Statio n 7.
The automat ic start depend s on th e
5EBK , east block indicati on relay, in
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locat ions where the t rack coding is
repeated, but which were not men­
tioned, to simplify the discussion.

When the t ra in accepts signal 5RA
and moves through the block, the usual
sequence of ind ications is received at
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Interior of sheer-metal instrument case at an intermediate automatic location
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SD slide detection relay. not shown,
vhich fur ther results in steady energy
~eing applied to the track at the slide
detection location. The steady energy
results in the pick-up of the EFP re­
lay, but not the E H relay. The SDK
slide indIcatton then goes 1I1to the
control office directly when there is
110 siding approach indicat ion and is
combined with the siding approach in­
dication when it is necessary to have
both.

When the ind ications ar e received
at the control office, the circuits are
standard except for the block and ap­
proach indication select ions. Th e traf­
fic relays S-7RFS and S-7LFS, in
conjunction with one of the BK block
indication re lays, determines when the
block light is to be illuminated. This
is necessary because normally the
track circuits are deenergized. Only
when the BK block indication relays
are down and one tr affic relay up, is it
desired to display the block light . In
combining block and .slide detection
indications, the block light is energ ized
from a flashing energy source to indi­
cate a slide . In addi tion , where an ap­
proach ind ication is given, the ap­
proach light is also flashed .

Control of Electric Swiech Locks

F igure 12 shows the typical control
circuits for an outlying electric switch
lock. In obtaini ng the lock release, the
safety selections are obtained fr om the
coded track circuit s. Coded track en­
ergy must be received at the lock loca­
tion from each direction. This checks
that no opposing signals are clear and
that no train is approaching fro m
either directio n. The operator , in send­
ing a switch unlock, checks to insure
he has no opposing signals clear and
that no train is approaching the lock
location. He operates the switch lock
lever left, or right, depending on the
direction the train ente ring the main
line is to move , then pushes the sta rt
button locat ed in the stem of the lock
lever. T he switch unlock works with
the ACH control sta rt relays at the
cont rol office for each end of a section.
Referr ing to F ig. 9, let it be assumed
that an electric switch lock is located
on the main line between Stations 5
and 7. When lock lever 6A is tu rned
to the right and its push-button oper ­
ated, the 7AC H relay in the control
office sta rts a cycle to pick up the
2FZ relay at the 7 signal location.
This establishes coded track energy
for traffic direction toward the right
from signal locat ion S. Another cycle
is then star ted by the SACH relav in
the control office to send a control to
signal location 5 to pick up the 1F Z
relay there. Th at , when conditi ons
are right , will transmit coded track
energy toward the lock against the

t raffic direction or iginally set up .
Referring to Fi g. 12, the operation

required by the trainman in the field
to secure an unlock is shown. His
first step is to call the dispatcher to get
a release. H e opens the door of the
lock which drops the LP relay and
stops th e coded tr ack energy f rom
being tran smitted past the lock loca­
tion, and permits receip t of code fr om
the other dir ection. Both the WFP
and EFP fr ont repeater relays will
then be energized which will give an
unlock.

At the lock locat ion at which a
slide detector indication is re-trans­
mitted, an FB P front-back repeater
relay is added on the side that th e
slide indication is received. Let it
be assumed that a slide detector indi ­
cation is being sent from right to left
through the lock location. T he slide
detector energy (s teady) will en­
ergize the E FP relay only, thu s to
insur e that it is coded energy tha t is
received from the east before an un­
lock can be given.

Intermediate Signal Cont ro l

Control of directional stick and
code repeater relays at a double inte r­
mediate signal locat ion is show n in
Fig. 13. \ '\Iith the EFP and H relays
energized pos itive batte ry checks con­
tacts in the 'vV signal at Stop, over
contacts of the 180CT code transmit­
ter, started when the H relay is en­
ergized, over a front contact of the

EFP relay, two fr ont contacts of the
H relay, back contact s of the W F P
and WS relays, thr ough the coils of
the WCPR relay, and thence to nega­
t ive batt ery. Referring to F ig. 11, the
WCPR relay in operation results in
the repeat of 180 code from the ET
track circuit to the WT track circuit.
When a train enters the approach
track section, the additional shunt cur­
rent operates the W A relay. With the
W A rela y fu nctioning, positive bat­
te ry checks signal E , over a fr ont con­
tact of th e 'vVA relay, through the
coils of the E S relay to negati ve bat ­
tery. This relay remains energ ized as
long as the VIIA fun ctions or is stuck
up over a back contac t of the H relay
when the latter relay is deenergized .
F or a train movement in the oppos ite
direct ion, the re lay and circu it oper­
ations are similar.

Code Transmitter Contro ls

T he controls for code tran smitters
at a double intermediate signal loca­
tion ar e shown in F ig. 14. At such a
locati on only one set of code tr ansmi t­
ters is used for both signals. The cir­
cuit arrangement is simple. and the
transmitters are set into operation by
positive battery pass ing over a fr ont
contact of either the 'vVS west stick,
ES east stick, or H signa l control re­
lay when energized. T he accompany­
ing circuit is used where there is only
one set of intermediate signals. W here
there are more than one set of inter-
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pr ovided for the switches an d local
C.T .C. circuits. Another set o f bat­
tery for signal and local relay circuit s
consists of five cells of E M-7. In the
maj ori ty of cases each coded and OS
circuit in the field where track leads
are short, is fed by one cell of E I\'I -ll
storage batt ery which also drives the'
S.S ohm code transmitt ers. ~Where

there are long t rack leads, two cells
of the same type of battery in ser ies
are used due to the resistance in­
volved . The storage batteries ar e on
float ing charge fr om dry-plate recti­
fiers. In one instance two cells of
Edison 1,000 a.h, primary batter y is
used on t rack circuits at a cut section,
where the pole line is not ad jacent to
the tra ck.

Power Line

Power is received at locati ons in the
field from the SSO-volt , 60-cycle, a-c.
power line. W here taps are made to
this line, a G.R.S . air-cooled 550-110­
volt , 60-cycle, t ran sfo rm er is mount­
ed on the crossarm . The power circuit
at such locations is protected by Gen­
eral E lectric cat-head fu ses an d two
Pellet type lighti ng arresters on the
crossarm with the trans former . Sup­
ply service at 550 volts , 60 cycles, is
received fr om vari ous public uti lity
companies at Leyden, Rollins, .East
'Portal, W inte r Park, Sulphur and
Gore .

'Where automatic block signals

cells of DMGO -9 storag e battery . The
local signal control batte ry cons ists
of two sets of five cells each of
DMGO-9 storage batte ry.

At each cont rolled switch and signal
location in the field one set of 15 cells
of E xide DMGO-7 storage battery is

RT
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Fig. 12-Controls for electric switch lock on a hand- th row switch. The safety selections
are obtained from the coded tra ck circuits

mediate signals, an additional code
transmitter with the rate of 120 pe r
minu te is used. Connection of the
120 code transmitte r is shown by dot­
ted lines at the right in F ig. 14.

Approach lightin g control of signals
is shown at the bottom of F ig . 11, rep­
resenting a double intermediate loca­
tion . No objectionab le flashing is
noted.
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Power Supp ly W T ET

The Denver control office batteries ~
are in a separate room across the hall E I"
from the room where the control ma­
chine is. T he control batte ry consists
of 90 cells of Exide BTMP-3 storage
battery. T he indication battery con­
sists of 40 cells of the same type,

'while a th ird battery, th e local control
battery, consists of 12 cells of E 1VI -7.

At Sulphur, all battery is kept in
a separate combined bat tery and relay
room in the new one-sto ry br ick build­
ing. In that the cont ro l mach ine at
that Iocation is the doub le-master unit
type, two sets of indication and one

·control battery are pro vided. T he con­
trol battery consists of 115 cells of
BT M P- 3 storage-battery, the east in- iJ

f 55
1 E_1I

dication batt ery consists 0 cells '"
and the west consists of 80 cells of
the same type batte ry. T he local con­
trol battery consists of 12 cells of
EM-ll storage batt ery. Since the lo­
cal switch and signal facil it ies at
Sulphu r are un it-wire controlled, sep­
arate sets of local batt eries ar e pro­
vided for the se cont rols. The local
switch cont rol battery consists of IS Fig. 13- Control of directiona l stick and code repeater relays at double inte rmediates
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wires are divided int o two quads , one
quad being used at a time, and the
other being reserved in case of an
emergency, such as a cable fa ilure.
Two conductors in multiple are used
for the line common , and a single con­
ductor each is used for th e line control
and indication circuits . W ith this ar­
rangement, a four-pole, double-throw
knife switch is utilized at each end of
the cable for switching purposes when
requir ed.

At line-tap locat ions the line wires
are dead-ended on shackle-type dead­
ends. Line drops ar e made with mad e­
up cable from ind ividua l N o. 14 solid,
rubber-covered, braided , soft-drawn,
copper conductors, supported on a
solid No . 8 galvanized iron messenger
with strain insulators by No. 14 wir e
ties. T he cases and bungalows ar e
wired with No. 16 flexible wires on
low voltage local contro l circuits, and
N o. 10 on switch machine powe r cir­
cuit s and batt ery leads. For ground
connections, No. 6 bare wire is used
in all cases, boxes and bunga lows. At
all locations a standard ground net­
work is used employing three 6-ft.
copper or Copperwe ld rods, with a
tota l maximum ground rating of 2S
ohms. The SSG-volt arresters, cases,
boxes or bungalows, anchor bolts and
ground rods are .all tied together in
such a network. In th e cases and
bungalows the coded line circuits are

ready in place, the C.T .C. coded con­
trol line is three N o.8 double -braid,
w.p. insulated copper line wire s. The
supply circu it is on two No. 6 or

Portion of storage
batt ery at Sulphur;
showing a rectifier.
All battery at Sul­
phur is in a sepa­
rate combined bat­
tery and r e I a y
room in the new
building sheltering
the C.T.C. machine

Between the control machine in the
Denver Nat ional Bank building in
Denver an d the junction pole at the
railroad, eight wir es in th e exist ing
underground telegraph cable were al­
lott ed to the signal department. This
cable is the Western Union type with
No. 16 pape r impregnated conductors
covered by a lead sheath. T he eight

No .4, double-braid w.p . insulated cop­
pe r line wires transposed every 2
miles. W here new line was construct­
ed, the C.T.C. line control circuits
are on three No. 8 bare galvan ized
iron line wires, but the supply circuit
is copper. T he coded line wir es ar e
tied to H emingray N o. 42 clear glass
insulators, while glazed brown porce­
lain insulators are used on the supply
circuits.
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Portion of relays ar Sulphur
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Were in service previously between
Denver and East P ortal and between
Kremmling and Orestod, the existing
AP.B. control and power wires on

the second crossarm of the telegrap h
and telephone pole line were used for
the new C.T. C. system cont rol and
power circuits. E lsewher e where no
such facilities were in place, a new
lO-pin crossarm was installed on the
existing telegraph and telephone pole
line for the new C.T .C. line cont rol
and supply circuits. At the same time
the crossarms were added, new poles
were installed where required, the line
reguyed where required to meet heav­
ier loading conditi ons and in some lo­
cat ions, completely reconstructed. T he
poles on this line are ceda r. Where
exis ting pole line facilities were al-
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broken through General Electric thy­
rit e lightning an-esters, and the 110­
volt power circuit from the line and

Two track relays for a turnout

track wires, through G.R.S. carborun­
dum-block lightning arresters.

The rails are bonded with Ame rican
Steel & Wire mechanical type rail­
head bonds . Bootleg connections are
made with calsun-bronze bootleg bond
wires with Ys-in. plugs, using Raco
bootleg risers . All insu lated rail joints
are of the Rail J oint Company's con­
tinuou s type.

Sheet-Metal Bungalows

At the end of each passing track a
6-ft. by 8-ft. sheet -metal bungalow,
which was received knocked down and
assembled in field, includes the relays,
rectifiers, field coding equipment and

Po wer -operated switches
are equipped with Model.
5D switch m ac h i n e s

R A IL WA Y SIGNALING

Line drop at an in­
termediate automa­
tic signal location,
showing pole line
and instrument case

storage battery. The outer door of
each house leads to an entry way, with
a second door leading to the inte rior
of the house. This entry way serves
as a telephone booth , the outer door
being locked with a switch padlock and
the inner door with a signal depar t­
ment lock. At the intermediate signa l
locations, the relays, rectifiers and bat­
teries are house d in large-size, 6-ft.,
4-in. double-door, sheet-metal cases.
T he appa rat us housings were wired
at a central location by railroad forces.

Each bungalow is equipped on the
outside with a special lamp, manu fac­
tured by the Lintern Corporation, and
provided with a 360-deg. clear F resne l
lens and an 8-volt, 32 c.p., bayonet
base automobile-type lamp. W hen
one of these lamps is illuminated it
is an indication to any employee, with
the exception of an employee on a
moving tra in, to call the train dis­
patcher immediately on the telephone.

Underground Cable

Underground wires between bunga­
lows, cases, signals and switches are
in Kerite bronze tape cable. Between
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bungalows, relay and junction boxes
at leaving-signal locations, 19-con_
ductor cable, compr ised of 6 No.9 and
13 No. 14 conductors is used. Seven
conductor No. 14 cable is used be­
tween bungalows, cases and signals.
Between bungalows and switch ma­
chines a three-conductor No . 6 and a
seven-conductor No . 14 cable is used.
Between signals or between two or
more uni ts of signals, no wire or cable
circuits are r un directly. They are
run to a terminal board in a case, box
or bunga low and back.

Communications

A telephone, which can be connect­
ed to either the dispatcher or message
telephone circuit by means of a small
kni fe switch, is located in the booth
section of the bungalows at absolute
signal locations. At inte rmediate sig­
nal locations the dispatcher telephone
circuit is brought dir ectly into the ap­
paratus case and terminated. Each
maintainer ' carri es a portable tele­
phone, and if it is necessary for him
to communicate with anyone he may
do so by connecting his telephone to
these terminals.

Construction

This installation was constructed
and placed in service by the signal de­
partment const ruction fo rces of the
Denver & Salt Lake under the direc­
tion of B. W . Molis, signal engineer.
Const ruction was und er the jurisdic­
tion of O. H . Brown, signal construc­
tion engineer, B. M. Durland, signal
super visor, and A . H . Asn icar , signal
inspector . Construc tion of all new
signal pole line facilities was under
the juri sdiction of S . V. W ir z, super ­
intendent of telegraph' and telephone.
T he major items of signaling equip­
ment were furn ished by th e General
Ra ilway Signal Company.


