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SUMMARY

In their pursuit for greater operating efficiency and lower
operating expenses, the railroads of this country have found in
Centralized Traffic Control a most efficient form of train control,
Centralized Traffic Yontrol (CTC) may be defined as the operation of
trains over a section of road without the general use of train orders and
time-table authority. This method of train operation promotes generally
higher operating efficiency and lower operating costs by increasing track
capacity, decreasing delays, increasing average train speeds, increasing
safety in operation, and by allowing retirement of trackage. It is with
the last of these items, the retirement of trackage, which this work
is concerned.

The retirement of trackage in connection with a CTC installa-
tion, while not very often done, results in the reduction of operating
and maintenance expenses. The reduction in maintenance of way expenses
is by far the most important adventage gained.

The particular road under consideration is that pert of the
New Hampshire Division of the Boston and Maine Railroad between Nashua
and Concord, New Hampshire. This line is double-track and runs in the
velley of the Merrimack River, and the maximum grade is .34% ascending
northward, Fifty-three per cent of the line is on tangent track end the
meximum degree of curvature is 6° 14, . The daily-except-~Sundsy traffie
consists of nine passenger and four freight trains each way. There are
no locel freight trains, all set-outs and pick-ups being made by the

regular freights.



Qbject
The purpose of this work is to design that section of line for

single-track operation with Centralized Traffic Control and to study the
savings to be obtained by the retirement of the second track now in use.
Methods and Conclusions

From a study of the freight and passenger time tables and train
- sheets of the New Hampshire Division, meeting poinks were determined.
Combining the location of these meets with existing signal locations and
local operating and physical conditlions, the number end location of passing
sidings was determined. The length of these sidings was established knowing
the maximum length of trains, train speeds and various other factors, which
will be presented later in the paper.

Power interlocking plants are located in Nashua, Manchester
and Concord, and the line is at present signaled with Automatie Bloeck
Signals. The design and layout were made so as to require practically
no alterations in these interlocking plants and line signals have been
located to use existing signals insofar as was possible.

Following the final design, an economic analysis of the proposed
installation was made. However, no accurate cost estimate of the installa-
tion or the annual saving to be obtained could be made, due to the inability
to obtain cost data. A reasonable statement was obtained by using average
values of installation and maintenance costs from Chapter III of the American
Railway Signaling Principles and Practices. From these rather rough ealecula-
tions, it would seem that rather substsantial savings are assured and that

the proposed installation is definitely feasible,
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PREVIOUS INSTALLATIONS

The only recent installation of note, involving Centralized
Traffic Control and the retirement of second main track is that one on
the Chicago, Milwaukee, St. Paul and Pacific Railroad between Glencoe,
Minnesota and Milbenk, South Dakota, completed in 1946.

The installation was made on 137 miles of road snd 34.9.
miles of second main track were eliminated. There was a net annual

saving of $84,288 for a return of 14.1 per ceat on the total ecost,



PROCEDURE
Number and Location of the Pass S 8

Using the Boston and Maine Time Table No. 47, the Freight
Train Symbol Book No. 48, and times taken directly from the New Hampshire
Division train sheet, the graphic train sheet in the appendix was drawm
up. The curves of the train movements were assumed to be straight lines
between stations. This assumption was wvalid, as higﬁ precision was
not required.

Passenger trains offer no particular problem when determin-
ing meets from train graphs, but freight trains do not necessarily
follow time tebles closely, thus giving rise to the problem of determin-
ing where they will meet other trains. Fortunately, on the New Hampshire
Division, the eight freight trains daily are all scheduled trains end
do follow the time table closely encugh to permit a reasoneble determina-
tion of their meeting points with other trains,

From the graphic train sheets, a table of the train meets
was made up. This tabulation included both the time and place of the
meet. The meets seemed to group themselves into five places; meets
at Nashua, Manchester, and Concord, and meets approximetely midway
between these three cities.

The interlocking plsnts at Neshua, Manchester, snd Concord
are all of recent constructiony snd it was decided to leave these
plants without alterations. Thus, the road was left double-tracked
through these interlocking plants and was continued fer emough out
from them so as not to interfere with local switching movements and

to have good sight distances at those places where the line was to
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converge to single-track.

Only two other sidings, or sections of double-~track, were
required, and from the train sheet it was possible to locate them,
generally, at Reeds Ferry and Hooksett.

Length of the Passing Sidings

In CTC instellations on single-track, it has been possible
to obtain non-stop meets for sbout 40 per cent or less of the traims.
It has been impossible to obtain a higher percentage of non-stop meets
due to the shortness and inaccurate placement of passing sidings,
trains feiling to run on schedule, and to extra trains.

In this design, one of the precepts is to maintain present
operating schedules, at least, and to provide for improving them if
possible. Thus, nearly all meets must ®e non-stop. This was accom-
plished by providing long peassing sidings and signaling these sidings.

To determine a basic length for passing sidings, the
General Railway Signel Compeny’s non-stop meet formmlas were used. The
calculations of the siding lemgth may be found in the appendix. It
is sufficient here to say that for 2 meet of two freight trains, s
siding length of nearly 19,000 feet is indicated, snd for the meet of
a passenger train with a freight train = lemgth of about 15,000 feet
is required. These vslues sre on the high side since very few of the
freight trains are ever cne hundred cars long and there are only three
meets of freight trains. However, these long sidings provide a margin
of safety of non-stop meets because of verience in the exact meeting

point of trains,



These base figures were then changed t;o'fit the local
physical conditions; that is, esteblishing the turnouts on tengent
tracks with long sight distances in both directioms.

e Si 8

The location of the sidings, considering only the present
train meets, would have placed the Reeds Ferry siding much closer to
Manchester than to Nashua, and the Hooksett siding much closer to
Concord than to Manchester. This unbalance would lead to inflexibility
in the operaticn of trains. Therefore, the proposed siding at Reeds
Ferry was moved slightly southward towards Merrimack so that the dis-
tances from the siding to Naslma and Manchester were nearly equal and
to have the industrial sidings at Merrimack on the double-tracked section
to facilitate switching movements without interfering with other train
movements. The Hooksett siding was also moved southward to balance the
distances between Manchester and Concord and to include the spur track
at Hooksett.

No attempt has been made to locate the position of the turn-
outs to the precision that would be required in a final design, but the
Reeds Ferry siding extends approximately from station 368+00 to station
545+00. The Hooksett siding extends from station 1250400 to station
1432+00.,

From the line plan it will be seen that the southbound main
line was retained in the proposed track retirement. The reason for
this selection is that southward trains are superior to northwerd trains.

However, in the final design, the track that had the best rail and

G-



road bed would be chosen.

As heg been previocusly stated, the location of the end of
the double-track at the interlocking plants was chosen sc as not to
interfere with loesl switching operations. At Nashua the turnout was
carried out to station 150400 as train meets are indicated north of
the station.

At the south end of the Manchester interlocking, the turnout
was pleced a2s near as posgible to the home signal of the interlocking
plant. Rather sharp curves north of Manchester necessitated carrying
the turnout out to station 927+00.

The turnout to double-track at Concord was located at
station 1743400 so a8 not to interfere with switching operations and
train meets south of the Concord station.

Signelp

The end of the double-track and the sidings would be laid
with No. 20 turnouts, thus permitting medium speeds through them.

The allowsble speed through a No. 20 turnout is approximately 40 miles
per hour. It is imperative, therefore, that the sidings and turnouts
be signaled for rather high speeds.

In the proposed layout, the signals governing moves through
diverging or converging routes would be signaled in the ssme manner as an
interlocking plsnty thet is, 211 signels at these points are home signals
and, as such, require approach signals. All proposed signeling is in

keeping with the specifications of the Boston and Maine Railroad.



The signal governing moves from sidings or double-track are
three-unit, searchlight-type signals. The top light is a fixed signmal,
end its only aspect is red. The middle unit has three aspects - red,
green and yellowy aend the bottom unit has four aspects - red, gréen,
yellow, and flasghing yellow. The indication for the flashing yellow
is, "Proceed prepered to stop at the next signalj slow speed within-
interlocking limits." This differs from the regular bottom yellow in
that the steady yellow indication is, "Proceed at restricted speed."
The best aspect this signal may give is red over greem over red -
"Proceed at medium speed within interlocking limits.®™ Medium speed is
defined from the Boston and Maine Rule Book as a speed not exceeding
30 miles per hour.

The signal governing movements at the entrance to diverging
routes is a three-unit signal, the top two of which may display three
aspects - red, green or yellow. The bottom unit provides only for the
red and yellow aspects. The bottom yellow is displayed under two reds
for = diverging move against the normal flow of traffic or onto passing
sidings.

The signal governing mainline movements at the ends of double-
track or passing sidings is also a three-umnit signal, the top two of which
may display red, green or yellow. The bottom umit is a fixed red signal.
The fixed signal is used only so that uniformity may be maintained in
the signals of the railroad.

The approach signals are all two-unit signals, end each unit

mey display three aspects - red, green or yellow, The bottom unit is
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placed below and to the right of the high signal, when the approach signal
is breking distance away from the home signal, When the approach signal
is not braking distance from the home signal, the lights are placed one
above the other.

The mainline track spacing is only thirteen feet and, therefore,
no high signals could be placed between tracks on the sidings, and dwarf
~ signals would not be acceptable, because of Interstate Commerce Commission
restrictions. It is necessary, therefore, to use cantilever masts, for the
siding signals. These are used in preference to signal bridges, due to
the high cost of the latter.

The intermediate signals would be single unit, three aspeect,
search light type signals, and would be wired for an Absoclute Permissive
Block System.

The signals in the interlocking plants at Manchester and Concord
would not be changed except the home signal at the south end of the Manchester
interlocking, which would be moved a few hundred feet southward to the pro-
posed point of the turnout, and the home and approach signals at the north
end of the Manchester interlocking, which would both be moved northward about
1700 feet to the proposed turnout point.

Switches and Contrel Eguipment

The turnouts to single track at Nashua and Concord would be
equipped with spring switches and all other turnouts would have power switeh
machines. The switch machine at the south end of the Reeds Ferry siding would
be a dual-control machine to facilitate switching movements at Merrimack,

All industrial sidings with hand-thrown switches would be provided
with electric switch locks as indicated on the line plan,

In the proposed plan, the control equipment and panels would be

located in the existing interlocking tower at Manchester. This tower is new,
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having been erected in 1944. There is sufficient room in this tower to
house the control equipment, and switch panels could be attached to the
existing board.

Economiec Analysis

The estimate of cost and economic statement on the following
two pages are not precise but, on the other hand, give reasonable enough
~ values to make them useful in determining the advisability of installing
a CTC system.

The line is laid completely with 112-pound rail, and the £47.00 is
the value placed on that rail at the present time by the Boston and Maine
Railroad.

The ties were assumed to have a small value, as many of the newer
ones could be used in sidings and yard track, The standard for ties on the
Boston and Maine is twenty ties to a thirty-three-foot rail.

No salvage value was stated for tie plates, joint bars, bolts, ete.,
and any value they might have would be balanced by the cost of tearing up
the track.

The estimated cost of CTC per mile of track is an average of twenty-
two installations. It is somewhat lower than the £9910 per mile for three
installations on the Boston and Maine.

The maintenance unit costs were taken from Chapter III of the
"American Railway Signaling Principles and Practices" and are average values
for several railroads.

It is possible under the proposed plan to eliminate the day operator
at Merrimeck, but no indication was made of this since a second operator would
be required for the day trick at the control tower in Manchester. The density

of traffie on the line and the amount of switching done at Manchester does not

~10-



seem to require more than one operator in the control tower except on
the day trick.
The interest and depreciation charges are the standard charges

used by the Boston and Maine Railroad.



Egtimate of the Savings to be Derived
‘from the Installation of CTC and
Retirement of Second Main Track

A. Abandonment of 21.65 miles of second Main Track
Value of 112 1b. rail at $47.00 per short ton
Value of 1/2 the ties at $.70
Salvage value

'B. Estimated cost of the CTC installation
47.1 miles of track at $7,345
Less salvage value
Net cost of the installation

C. Annual Saving
Reductionss:

1. Maintenance of 21.65 miles of track at $1150

2+ Maintenance of Automatic Block Signals on
68.72 miles of track at $113

3. Maintenance of 5 crossovers at 200

Deduct:

l. Meintenance of CTC si
track at P05

2+ Maintenance of 8 turnouts at $100

Net Annual Saving in Operating Expenses

8 on 47.1 miles of
9650

800 10,450

$200,£00
249250
224,850

345,950
2244850
121,100

24,900

7,750
1,000

33,650

g 23,200




1.

2.
3.
be
5.

Econcmie Statement

Net Cost of CTC Installation

Gross Saving per Annum

Increesed Annual Operating Expenses

Net Reduction in Annual Operating Expenses
Deduct Interest Charge at 4% 4840

Deduct Depreciation Charge at 3% 3630

Net Saving per Annum
Ammusl Return on the Net Cost 12.16%

14,730



CONCLUSIONS

Before the Boston and Maine Rgilroad would carry through a
design of this type, a 15% return on the investment would have to be assured.
The 12,16% return indicated by this design aspproaches that expected by the
railroad, and with certein refinements in the design, savings of 15%
and more might be e;‘fected.

If each of the two sidings, at Reeds Ferry and at Hooksett,
were shortened by 2000 feet, the net cost of the installation would be
reduced to £107,450 and the Net Saving Per Annum would be increased to
£16,740, thus bringing a return of 15.6%., The reduction in siding length
would meke the Reeds Ferry siding approximately 15,700 feet long and the
Hocksett siding 16,200 feet long. Such siding lengths would not hamper the
normel operation of traffic over this line and would still leave & large
margin of safety for non-stop meets.

Another saving, which is not immediately apparent and cannot be
definitely counted on, is the sale of portions of the absndoned right-
of-way, which sale would decrease the net cost of the insgtallation and
increase the net snnusl savings by reducing taxes.

It is the opinion of the author that = design such as the one
discussed In this thesis is definitely worthwhile, and would decrease the
operating expenses and enhance the gemeral operating efficiency of the

Boston and Maine Railroad.
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Time Table of First Class Trains Between Nashua and Concord, N.H,

Outward Trains (Northward)

STATIONS }!},},gs 3001 1 303 | 305 5 13601 | 307 | 313 | 3009 3051 ] 325 | 329
Ros, | Sun, |ExSuniExSun [ExSun|Daily|ExSun|Daily |ExSun | Sun, | Sun, |Dally |Dally |
AM AM A AM A AM PM | PM PM PM PM AM
Nashua 38.96|A 3.11 4.04| 7,31 | 8.55| 9.50 1.21| 5.20| 6.54| 9.31| 9.37 12.20
L 3.33 4.15| 7,44 9.02| 9.52 1.24| 5.23| 6.57| 9.33| 9.40 12,22
Thorntons F}44.73
Merrimack |46.09| 3.43| 4,24| 7.53|9.12|/10.01 1.33| 5.32| 7.06| 9.42| 9.49 [12.30
Reeds Ferry|47.78
Goffs Falls|52.03| 3.50| 4.30| 7.59| 9.19/10.07 1.39] 5.38| 7.12| 9.48| 9.55 n2.36
Manchester |55.68| 3.55| 4.35| 8.04 | 9.24]/10.12(10.19| 1.44| 5.43| 7.17| 9.53 [10.00 [12,41
4,20 4.%25| 8.14 | 9.30]10.15|10.20| 1.47| 5.45| 7.20| 9.55 [10.05 [12.45
Martin 60.51
Hooksett 64.37| 4.32| 4,57 8,25 9.42|10.27(10.33| 1.58| 5.57| 7.32(10.07 [210.17 12,57
Bow 71.00| 4.40| 5.05| g.35| 9.50|10.35(10.42| 2.05| 6.05| 7.40[10.15 (10,25 | 1,05
Concord 73.32| 4.45( 5,10| 8.40 | 9.55|10.40{10.50| 2.10( 6,10 7.45|10.20 (10,30 | 1.10
AM AM AM AM AM AM PM PM PM PM PM A




Time Table of First Class Trains Between Nashua and Concord, N.H,

Inward Trsins (Southward)

¥iles| 300 | 308 | 310 3006 | 316 [33¢6 | 320 {3604 [ 332 [ 20 [ 24 [ 26

"
ik Cone,|Daily| ExSun| ExSun| Sun,| ExSun| Sun.|®xSun|ExSun|Dsilv|Daily Sun
Al Al AM AM AM PM PM PM PM PM PM Pu
Concord 6.,10| 7.50| 9.30| 9.45|11.45| 1.40| 2.20| 3.55| 5.00| 5.50| 8.20| 8.35
Bow 2.32] 6.14| 7.54| 9.34| 9.49| 11,49 1.44| 2.24| 3.58| 5.04| 5.54| 8.24| 8.39
Hooksett 8.95| 6.23| 8.01| 9.41| 9.56|11.56| 1.51| 2.31| 4.,08| 5.11| 6.01| 8.31| 8.46
Martin 12.81
Manchester |17.64| 6.34| 8.13| 9.52(10.08/12.07| 2.03| 2.42| 4.23| 5.22| 6.12| 8.42| 8.58
6,41 9.56 12.10 2.47 5,27| 6.16| 8.53| 9.01

Goffs Falls|21.29
Reeds Ferry| 25,54
Merrimack [27.23]| 6.52| 8.24[10,07 [10.19]|12.21]| 2.14| 2,58 5.38| 6.27| 9.04| 9.13
Thorntons F|28, 59

Nashua 34,36 7.02 10,16 12,30 3,06 5.47| 6.35| 9.13| 9.22
7.05| 8.34(10.19 [10.29 12,33 2.25] 3.10 5.53] 6.38]| 9.18| 9.25
AM AM AM AM PM PU PM PM PM PM PuM PM

<16~




Boston and Maine Railroad
Freight Train Time Table Between Nashua and Concord, N. H.

(From Freight Train Symbol Book No. 48
and New Hampshire Division Train Sheet)

Northbound WC~1 BU-3 BU-1 231X
A.M. AM. P.M. P.MN,
Nasghus Lv. 7:00 8:30 8:30 10: 30
Manchester Ar. 7:45 8: 50 8345 11:00
Lve 8:15 9:15 9:15 11:15
Concord Ar. 9:00 9: 50 10:10 11: %0
A.Me AM. P.M. P.M.

SRS e e G R e see G e e G S S e S SR RSP G e GRS SES NS W mee RS e e S5O ou

AM, P.M. P.M, P.M.

Concord Lv.e 1:30 7330 11:00 11:10
Manchester Ar. 2:10 8:00

Lv. 2:30 8: 30 11: 25 11:40

Nashusa Ar. 3:30 9:00 11:50 12: 30

A.M. P.MN. P.M. A.M,

17
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Train Meets (Daily Except Sunday)

Meeting Point
Train Numbers (Miles from Boston) Time
JB-490 329 40,8 12:24 A.M.
302 Wc-1 39.5 7301 A.M,
308 we-1 55.7 8:13 A.M,
308 303 55.7 ‘ 8:13 AN,
308 BU-3 40.2 8:31 A.M.
310 BU-3 67.2 9:38 AN,
310 305 6440 9:41 A.M.
310 2 48.8 10:03 A.M.
332 313 48.8 5:35 P.M.
20 a3 66.2 5:59 P.M.
Us-2  BU-1 50.0 8:40 P.M.
24 BU-1 55.7 8:45 PoM,
352-X 351-X 59.0 11:21 P.M.
JB-490 351-X 62.2 11328 P.M.



Train Meets (Sunday Only)

Meeting Point

Ir umbers (Miles from Boston) Time

JB-490 329 40.8 12:24 AM.
302 Wwe-1 39.5 7301 A.M.
3006 BU-3 72.0 9:47 AN,
3006 5 5441 10:10 A.M.
3366 307 61.7 1:55 P.M.
UB-2 3009 69.0 7337 P.M.
UB-2 BU-1 50.0 8:40 P.M,
26 BU-1 55.7 9:00 P.M.



Determination of the Length of Passing Sidings™

Lps =Ly + BDg + Zy + 2.9tV + (Lg + SDg + I"t)_?‘
8

where:

Lpg = Length of passing siding (feet)

Lj = Length of inferior train (feet)

BDj = Braking distance of the inferior train (feet)

Ly = Length of turnout (feet)

t = Time of operation of the switch machine (seconds)
V; = Speed of inferior train (miles per hour)

Lg = Length of the superior train (feet)

SDg = Sighting distance for the superior train (feet)

Vg = Speed of the superior train
Meet of Two Freight Trains
Li = 4440 ft.
100 cars at 43 ft.
1-2 unit Deisel at 50 ft.
1- Caboose at 40 ft.
BDi = 7500 ft.

Ly =400 ft. (No. 20 turnout)

t =15 seconds (estimated)
V3 = 35 miles per hour

L, = 4440 Tt.

SDg = 1000 ft.

Vg = 45 miles per hour

*GRS Formulas
..22-.



thens
Lpg = 4440 + 7500 + (2 x 400) + (2.94 x 15 x 35) + (4440 + 1000 + wo)fg

= 4440 + 7500 + 800 + 1550 + 4550

Lpg = 18,840 ft.

Meet of freight and passenger
Lg =700 ft.
Vg = 55 m.p.h.
Lipg = 4440 + 7500 + 800 + 1550 + (700 + 1000 + 400)23

I..'.E§ = 15,640 ft.




BIBLIOGRAPHY

American Reilway Signaling Principles and Practices
Publishers Association of American Railroads, Signal Section
Chapter II. Symbols, Aspects and Indications
Chapter III. Prineciples and Economlics of Signaling
Chapter IV, Centralized Traffie Control
Proceedings, Association of Ameriecan Railroads, Signal Section
Vol. XXXIV, 1936 -~ Report of Committee I - Economics of Railway Signaling
Vols. XLI-XLII, 1943-1944 - Report of Committee I -
Economics of Railway Signaling
Vols. XLITI-XLIV, 1945-1946 - Report of Committee I -
Economics of Railway Signsling
Annual Meeting Advance Notice, 1948
Association of American Railroads, Signal Section
Railway Engineering snd Maintenance Cyclopedis
Editor, Neal D. Howard  7th Ed, - 1948
Publisher: Simmons - Boardmem Publishing Corporation
GRS Siding Length and Non-Stop Meet Formylas
General Railway Signaling Company - January, 1947



0+00

|

885 +00

\7)

)
@(f

_<§‘~":o

NASHUA THORNTONS MERRIMACK REEDS FERRY GOFFS FALLS MANCHESTER
4 FERRY o _
o) o o
o S Q
\\ us a 8
; @®
\ e e e ::‘_7®® L e L L e ¢ . i e e s B8 LR TR e i Sl
e g = e o537 oy B 71
= i B . & ' Y.
~—1"=500" e 500' —s=—1% 2000’ "=2000' —»=—1"-500 I"s 500—=
‘°€> 0’60? Q)?> @f’k} Ly q@ %’ng %’ng %,,\0 Q;(b
| |
| |
MARTIN HOOKSETT CONGORD
(@] o gj
(@] O +
é é /—// t: %
(0)) ~ —
< 3 i el / i
S e L R e o s i e .. . s . . - e ot T GBI e iy it i .t et i il *—\ | : a:tggg—-———————————————__ir@ ___________________ - ————_——————_ e 53 W ‘\T—l——% i
—@® e —@®® q% —{ y — 220 T . _/___,._/"'
SYMBOLS S
Color Light  Aspects Type Track Symbols /'/1
: : . e Nl mols lie i " =2000——=~—1%500" 1"+ 500'—
< 1= 500" 1" =500 —=—|"= 2000 ® RYG Automatic Power Operated Switch ml,);m‘:,":,::;;a?:s ?;:g:hown .
® RYG  Semi.Aut. &  Spring Switch = s @ PLAN OF THE PROPOSED CTG INSTALLATION
71—  Switch Lock > " _and’
O  RY  Nonwe. e SEGOND MAIN TRACK RETIREMENT
&) R Fixed
£ ) Indicates Flashing Yellow
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