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DISCLAIMER 

This report is disseminated by the AAR for informational 
purposes only and is given to, and accepted by, the recipient at 
its sole risk. The AAR makes no representations or warranties, 
either express or implied, with respect to the report or its 
contents. The AAR assumes no liability to anyone for special, 
collateral, exemplary, indirect, incidental, consequential or 
any other kind of damage resulting from the use or application 
of this report or its content. Any attempt to apply the 
information contained in this report is done at the recipient•s 
own risk. 
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EXECUTIVE SUMMARY 

The Rail Energy Cost Analysis Program (RECAP) is an 
engineering economics model designed to be used in combination 
with a physical simulator of train operations, the Train Energy 
Model (TEM), to estimate the route and service specific 
incremental costs of providing rail transportation. It is 
designed to aid individual railroads in evaluating operating 
strategies and/or alternative technologies. 

RECAP calculates the incremental cost of running a logical 
set of trains: for example, a loaded and empty movement of a 
unit train, an intermodal train round trip, or a set of 
locomotive duty cycles. Any grouping of train operations 
required to provide a transportation service can be evaluated by 
RECAP. 

Some examples of alternatives that can be analyzed with the 
combined capabilities of TEM/RECAP include the following: 
alternative train makeup strategies, rail lubrication, increased 
axle loads, reduced tare cars, equipment with improved 
aerodynamic characteristics, improved suspension systems, 
alternative crew compensation methods, or alternative operating 
speeds. Combinations of these and other alternatives can be 
evaluated accurately through the use of TEM/RECAP. 

RECAP accepts a logical set of TEM outputs each of which 
describes the operation of a train over a route according t o a 
specified operating plan. As many individual train operations 
(TEM outputs) as required to provide a complete transportation 
service are input to a single RECAP analysis. TEM describes 
each train operation in terms of the time in route, the fuel 
consumed, and the equipment used (train consist). The RECAP 
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economic model uses engineering based relationships to translate 
physical and financial descriptions of the activities and 
equipment involved in providing the transportation service into 
estimates of costs for crew, fuel, equipment and incremental 
track maintenance for each specific activity and the total 
service. 

The Advantage of RECAP for Transportation Planning 

RECAP gives the transportation analyst on individual 
railroads an accurate, flexible, engineering based alternative 
to traditional accounting allocation approaches for determining 
route and service specific costs. The engineering based 
approach to estimation of incremental costs has two major 
advantages over accounting based cost analysis for 
transportation planning purposes: (1) operations can be 
evaluated over specific route - service options, and (2) the 
effects of new technologies and operational options not 
currently in service can be evaluated from engineering knowledge 
of the proposed operations and equipment. 

An accounting allocation approach to cost analysis uses the 
railroad's total production process as it existed in the past as 
the source of information concerning the transformation of 
inputs into transportation outputs. This production process 
reflects technology and operations as they existed at that point 
in time. :Knowledge of the way in which new technology or 
operations should impact the consumption of inputs can not be 
directly incorporated into the cost accounting estimates. 

In addition to not being clearly related to a specific 
production technology, an accounting allocation approach to cost 
analysis generates results that are an average of the production 
process of the entire railroad (or at least a major subdivision 
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of it). In addition to the items which vary directly with 
service, such as crews, fuel, etc., the accounting allocation 
process includes the costs of a portion of such items as train 
dispatching, signal maintenance, and administrative overhead, 
which may not be affected by new service or technology. For 
many activities such as pricing services for single car 
movem$nts or setting rate limits in regulatory proceedings, 
accounting allocation may be an appropriate approach to 
calculating costs, but it is not appropriate for technology 
assessment, detailed studies of operational alternatives, or 
other managerial decisions requiring accurate evaluation of 
specific options. 

RECAP is an engineering simulation approach to incremental 
line haul cost analysis. RECAP permits the user to define and 
then vary any component of the line haul train operation and to 
make comparisons as to the effectiveness of any number of 
alternative operating scenarios and changes in technology such 
as the introduction of new equipment designs. 

Uses for RECAP 

RECAP is a useful tool for assisting individual railroads 
to rationally develop and evaluate alternative courses of action 
for providing a specific transportation service. Some of the 
applications for which RECAP is well suited include: 

o Assessing alternative technologies (alternative 
locomotive types, alternative car designs, suspension 
designs, improved rail lubrication, and improved 
aerodynamics). 

o Assessing train makeup strategies (horsepower or 
tractive effort to weight ratios). 
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o Evaluating ■ervice improvements (engineered service 
and cost standards, evaluating coat/service 
trade-offs). 

o Modifying crew compensation agreements or crewing 
requirements. 

o Evaluating alternative train routes 

o Incremental cost analysis in support of short-term 
traffic assessment. 

The above list of RECAP applications is not exhaustive but 
is representative of the type of analyses that can be performed. 
One of the most useful capabilities of RECAP is that options 
need not be analyzed in isolation. For example, you may wish to 
compare an alternative service concept which includes increased 
wheel loads, vehicle mounted rail lubricators and 
non-traditional crew agreements to conventional train equipment, 
no rail lubrication, and with a standard intra-divisional crew 
agreement in effect. 

Applications for Which RECAP is NOT Well Suited 

Since RECAP only calculates the incremental cost of running 
a set of trains through engineering simulation of the required 
activities and resulting resource consumptions, it does not 
provide information relating to costs of other factors that do 
not vary directly with the operation of the train. For example, 
RECAP can provide a very good indication of the incremental cost 
of running high speed, double-stack service using five platform 
articulated cars in a particular corridor. However, RECAP alone 
cannot tell you about all the costs you would need to know to 
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determine the long term viability of that service. In addition 
to the direct transportation cost of providing the service, 
which RECAP provides, one would need to know terminal handling 
costs, and the allocations of the administrative overheads and 
other indirect costs that must be covered if the service is to 
be truly profitable in the longer term. 

One also must be aware that costs derived via an 
engineering simulation are not identical in absolute levels to 
the costs associated with providing a specific service unless a 
very precise specification of the service plan is achieved. 
Engineering costing is best at developing incremental cost 
ratios for the comparison of alternatives rather that the 
development of absolute cost estimates. 

summaey 

RECAP in combination with TEM provides transportation 
planners a state-of-the-art tool to assess a wide range of 
options in providing rail transportation. It is unparalleled in 
its ability to translate detailed specifications of the 
technical capabilities of new equipment and operational 
procedures into economic and managerial terms. The programs are 
sufficiently general and easy to use to allow the effective 
comparison of many alternatives. The principal limitation to 
the application of TEM/RECAP is the imagination of the analyst. 
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RAIL ENERGY COST ANALYSIS PROGRAM (RECAP) 

1,0 INTRODUCTION 

RECAP is a route and service specific engineering economics 
model. It is designed to aid individual railroads in developing 
and evaluating alternative operating strategies and/or 
technologies. Integral to RECAP is a simulator of train 
performance, the Train Energy Model (TEM). The economic 
analysis can not be performed by RECAP until the train 
operations required to provide the service have been simulated 
with TEM and the required output files have been created. 

RECAP calculates the incremental cost of running a logical 
set of trains. A logical set of trains is defined any way the 
user wishes to define it. For example, a loaded and empty 
movement of a unit train, an intermodal train round trip, or a 
set of locomotive duty cycles. some examples of alternatives 
one may wish to use RECAP to analyze include the following: 
alternative train makeup strategies, rail lubrication, increased 
axle loads, reduced tare and aerodynamic drag cars, improved 
suspension systems, alternative crew compensation methods, or 
combinations of these options. 

This RECAP manual is designed to enable the user to 
understand; (1) the capabilities and limitations of RECAP, (2) 
the relationship of RECAP to the Train Energy Model (TEM) and 
the Track Maintenance Cost Model (TMCOST), and (3) the computer 
structure of RECAP (including the TEM interface) and the files 
that must be prepared to execute the RECAP program. To conduct 
a RECAP/TEM analysis, one must also have the Train Energy Mogel 
Users Manual (1) to prepare the inputs to the set of TEM runs 
whose outputs are input to RECAP. 
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1.1 OVERVIEW OF TEM/RECAP 

Exhibit 1 shows the basic structure of the TEM/RECAP 
information flows. The first step in conducting an analysis is 
to identify the train operations that need to be simulated with 
TEM. Any change in the train consist or load status of any of 
the cars in the train triggers the need for a separate TEM 
simulation. For example, simulating the operation of a single 
unit coal train service may involve the following steps: 

(1) Leave terminal with 115 empty cars and 5 locomotives 
on head end of train. Train stops once for a crew 
change. Arrives at mine and idle cars and locomotives 
for 4 hours while loading. 

(2) Leave mine with 115 loaded cars and 5 locomotives. 

(3) Stop train and add 2 helper locomotives. Change crews 
in lead consist. Add 1 helper crew. Stop train at 
the top of the hill and take off the helper 
locomotives. 

(4) Continue loaded train without helpers to power plant. 

(5) Run helpers light back down the hill. Helper crew 
goes off duty. 

(6) Unload train at power plant and return empties back to 
originating terminal. Idle locomotives and cars for 
24 hours before making the next run. 
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sch .. atic Diagram of ~EM/RECAP Information Flow■ 
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Exhibit 1 (Continued) 

Schematic Diagram of TEM/RECAP Information Plowa 
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Six separate TEM simulations must be run in order to model 
this unit train operation. A TEM output file containing a 
detailed record of fuel consumption and running time will be 
generated for each of those simulations. satisfactory TEM 
outputs for each of these six train operations must be completed 
before proceeding to the economic modeling stage using RECAP. 

In the second phase of analysis, RECAP allows the user to 
generate costs associated with any number of TEM simulations and 
combine them to estimate the incremental costs of one train 
service. RECAP can model any combination of individual train 
operations. 

Although separate TEM simulations are required for each 
change in the physical train make-up, RECAP permits very 
sophisticated crew-to-train assignments. Crews can be assigned 
to multiple trains which require separate TEM simulations. 
RECAP will accurately record the miles and time each crew was on 
duty for up to a maximum of 50 crews on as many trains as 
required to represent the service. 

In the example of the unit coal train service, the total 
variable cost of providing this service is the sum of the costs 
incurred in each of the six simulations plus the cost of tying 
the locomotives and cars up for a total of twenty-eight hours at 
the terminal and the mine. The results of a RECAP simulation of 
this service are shown in Exhibit 2. These outputs include (1) 
a complete listing of the input files, (2) a summary of the crew 
assignments and compensations, (3) equipment cost summary by 
train (individual TEM simulation), (4) fuel consumption summary 
between stops and overall, (5) track maintenance costs between 
stations and overall, and (6) an incremental cost summary by 
cost category and total by train and for the entire service. 
Note that costs are reported by gross ton mile (GTM), per net 
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EXHIBIT 2 
Example RECAP output for Unit Coal Train Service 

----------------------------------------------------------------------------------------------------------RAIL ENERGY COST AIIALYSIS PACKAGE (RECAP) Ver. 2.04 Jun 6, 1988 

INPUT FILES FOR SIMULATION COALRUN: 

FILE DESCRIPTION PATH NAME 

Recap ai1111lation file liat C:\COAL\ (LOADED,EMPTY,HELPER,LIGHT HELPER) COALRUN.RCP 
Crew data file C:\COAL\ COALRUN.CRW 

TEM Initialization file C:\COAL\ (EMPTY MOVE, TERMINAL TO MINE) T<JUNE. INI 
TEM Stop file C:\COAL\ TOMINE.STP 
TEM ai111.1lation output file C:\COAL\ TOMINE.OOT 
Consist description file C:\COAL\ MTY100.CON 
Track description file C:\COAL\ DKTOBC. TRK 
Track maintenance cost ffla C:\COAL\ EMPTY. TMC 

TEM Initialization file C:\COAL\ (LOADED MOVE FROM MINE) FRMINE. INI 
TEM Stop file C:\COAL\ FRMINE.STP 
TEM aiaulatlon output file C:\COAL \ FRMINE.OOT 
Consiat description file C:\COAL\ HOP1D0.CON 
Track description file C;\COAL\ BCTOOK.TRK 
Track 111&lntenance cost file C:\COAL\ UNITL.TMC 

TEM Initialization file C:\COAL\ (LOADED MOVE WITH HELPERS) HELPER. IN I 
TEM Stop file C:\COAL\ HELPER.STP 
TEM af1111latfon output file C:\COAL\ HELPER.OOT 
Consist description file C:\COAL\ HELPER.CON 
Track description file C:\COAL\ BCTOOK.TRK 
Track maintenance cost file C:\COAL\ UNITL. TMC 

TEM Initialization file C:\COAL\ (LOADED TO PLANT W/0 HELPERS) PPLANT.INI 
TEM Stop file C:\COAL\ PPLANT.STP 
TEM afaulation output file C:\COAL\ PPLANT.OOT 
Consist description file C:\COAL\ HOP100.CON 
Track description file C:\COAL\ BCTOOK.TRK 
Track maintenance coat file C:\COAL\ UNITL. TMC 

TEM Initialization file C:\COAL\ (EMPTY RETURN TO TERMINAL) EMPTY .INI 
TEM Stop file C:\COAL\ EMPTY.STP 
TEM airulatfon output file C:\COAL\ EMPTY.OOT 
Consist description file C:\COAL\ MTY10D.CON 
Track description file C:\COAL\ OKTOBC.TRK 
Track maintenance cost file C:\COAL\ EMPTY. TMC 

Initialization file C:\COAL\ (LIGHT HELPER RETURN) LITEHP. INI 
TEM Stop file C:\COAL\ LITEHP.STP 
TEM sinulation output ff le C:\COAL\ LITEHP.OOT 
Consist description file C:\COAL\ LITEHP.CON 
Track description file C:\COAL\ OKTOBC.TRK 
Track maintenance cost file C:\COAL\ EMPTY.TMC 
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Page 1 

07/26/88 09:09am 

LAST FILE UPDATE 

25 Jul 1988 at 14:45 
26 Jul 1988 at 09:49 

25 Jul 1988 at 13:58 
25 Jul 1988 at 13:58 
25 Jul 1988 at 14:25 
25 Jul 1988 at 10:16 
25 Jul 1988 at 13:52 
6 Feb 1987 at 10:32 

25 Jul 1988 at 10:54 
25 Jul 1988 at 10:59 
25 Jul 1988 at 11:57 
25 Jul 1988 at 10:00 
25 Jul 1988 at 10:07 
7 Feb 1987 at 12:16 

25 Jul 1988 at 10:55 
25 Jul 1988 at 11:00 
25 Jul 1988 at 12:38 
25 Jul 1988 at 10:03 
25 Jul 1988 at 10:07 
7 Feb 1987 at 12:16 

25 Jul 1988 at 10:55 
25 Jul 1988 at 11:01 
25 Jul 1988 at 12:43 
25 Jul 1988 at 10:00 
25 Jul 1988 at 10:07 
7 Feb 1987 at 12:16 

25 Jul 1988 at 12:50 
25 Jul 1988 at 12:50 
25 Jul 1988 at 13:32 
25 Jul 1988 at 10: 16 
25 Jul 1988 at 13:52 
6 Feb 1987 at 10:32 

25 Jul 1988 at 13:53 
25 Jul 1988 at 11 :03 
25 Jul 1988 at 13:55 
25 Jul 1988 at 10:03 
25 Jul 1988 at 13:52 
6 Feb 1987 at 10:32 
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EXHIBIT 2 (CONTINUED) 
Example RECAP output for Unit Coal Train Service 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Ju, 6, 1988 Page 2 
CREW COSTS FOR SIMULATION COALRUN: 07/26/88 09:09am 

CREW PAYMENT TOTAL Clll. TOTAL Clll. BASIC O·MILE O·TIME ARBIT & BENEFITS TOTAL 
# METHOO TIME TIME MILES MILES PAYS PAYS PAYS OTHERS s COMPS 

------------------------------------------------------------------------------------------------···-······--1 1. lntra·D 01:59 01:59 90.57 90.57 475.35 o.oo 0.00 225.00 252.13 952.48 
2 1. lntra·D 10:21 12:21 92.76 183.33 475.35 o.oo 210.49 225.00 327.90 1,238.74 
3 1. lntra·D 05:25 17:46 184.93 368.26 475.35 323.10 0.00 225.00 368.44 1,391.89 
4 2. lnter·D 04:34 22:20 184.45 552.70 475.35 336.48 0.00 225.00 373.26 1,410.08 
5 2. lnter·D 04:34 26:54 184.45 737.15 250.35 177.21 0.00 125.00 198.92 751.48 
6 1. lntra·D 03:09 30:03 109.68 846.83 475.35 7.05 0.00 225.00 254.66 962.07 
7 1. lntra·D 03:09 33:12 109.68 956.51 250.35 3.69 0.00 125.00 136.46 515.50 
8 1. lntra·D 07:05 40:18 113.98 1,070.49 475.35 25.13 0.00 225.00 261.17 986.66 
9 1. lntra·D 02:38 42:56 100.41 1,170.91 475.35 o.oo 0.00 225.00 252.13 952.48 

10 1. lntra·D 03:14 46:11 108.31 1,279.22 475.35 1.31 o.oo 225.00 252.60 954.25 
11 1. lntra·D 03:02 49:13 110.14 1,389.35 475.35 8.98 0.00 225.00 255.36 964.69 
12 1. lntra·D 02:03 51 :16 76.36 1,465.71 475.35 o.oo 0.00 225.00 252.13 952.48 
13 1. lntra·D 02:52 54:08 108.18 1,573.89 475.35 0.75 0.00 225.00 252.40 953.50 

------------------------------------------------------------------------------------------------------------
TOTAL: 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Ju, 6, 1988 

EQUIPMENT COSTS (at 8.00X dfsccx,it rate) FOR SIMULATION COALRUN: 

EQUIP· 
MENT 
TYPE 

S402 
hopmty 
caboos 

TOMI NE 

NUMBER PURCHASE 
OF PRICE 
UNITS (EACH) 

5 1,117,800 
115 38,500 

1 41,300 

121 

HOURLY 
OWNSHP 
COSTS 

15.12 
0.45 
0.48 

TOTAL 
HOURS 
OPER. 

8.35 
8.35 
8.35 

TOTAL REPAIR 
OWNSHP COST PER 
COSTS MILE S 

631.43 0.58 
429.n 0.07 

4.01 0.28 

---------1,065.16 

TOTAL 
MILES 
OPER. 

183.33 
183.33 
183.33 

12,986.29 
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07/26/88 09:09am 

TOTAL 
REPAIR 
COSTS 

531.65 
1,475.79 

51.33 

---------2,058.78 

TOTAL 
COST 
DOLLARS 

1, 163.08 
1,905.52 

55.34 

---------3,123.93 

-----------------------------------------------------------------------------------------------------------· 

S402 5 1,117,800 15.12 4.92 3n.28 0.58 184.93 536.29 908.57 
hop100 115 38,500 0.45 4.92 253.36 0.07 184.93 1,488.67 1,742.03 
caboos 1 41,300 0.48 4.92 2.36 0.28 184.93 51.78 54.14 

··------- --------- ··--·- ---
FRMINE 121 628.00 2,076.74 2,704.74 

-------------------------------------------------------------------------·------------------------·---------

S402 7 1,117,800 15.12 1.n 816.62 0.58 294.13 1,194.16 2,010.78 
hop100 115 38,500 0.45 1.n 396.97 0.07 294.13 2,367.n 2,764.69 
caboos 1 41,300 0.48 1.n 3.70 0.28 294.13 82.36 86.06 

--------- --------- ---------
HELPER 123 1,217.29 3,644.23 4,861 .53 

-------------------------------------------------··---------------------------------------------------------

S402 5 1, 117,800 15.12 0.47 35.28 0.58 13.87 40.23 75.51 
hop100 115 38,500 0.45 0.47 24.01 0.07 13.87 111.67 135.68 
caboos 1 41,300 0.48 0.47 0.22 0.28 13.87 3.88 4.11 

--------- -------·- ---------
PPLANT 121 59.51 155. 79 215.29 

------------------------------------------------------------------------------------------------------------
- 7 -



BDIBIT Z (COHTIWBD) 
Example RECAP output for unit coal Train Service 

--------------------·······---·--------------------------------.,,.--.--•• --------------------------- ·-RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Jw, 6, 1988 Pege 4 

ECIUiPMENT COSTS (at 8.001 dfaccuit rate) FOR SIIIJLATION COALRUN: 

EQUIP· 
MENT 
TYPE 

NIJIBER 
OF 
IIIITS 

PURCIIASE 
PRICE 
(£ACK) 

HOURLY 
OWIISHP 
COSTS 

TOTAL 
llaJRS 
OPER. 

TOTAL 
OWIISHP 
COSTS 

REPAIR 
COST PER 
MILE S 

TOTAL 
NILES 
OPER. 

07/26/88 09:09am 

TOTAL 
REPAIR 
COSTS 

TOTAL 
COST 
DOLLARS 

------------------------------------------------------------------------------------------------------------
5402 
hapnty 
caboos 

EMPTY 

&402 

LlTEHP 

TOTAL 

5 
115 

1 

121 

2 

2 

1 I 117,800 
31,500 
41,300 

1,117,800 

15.12 24.00 
0.45 24.00 
0.41 24.00 

15.12 24.00 

1,114.15 
1,234.64 

11.52 

---------3,060.31 

725.66 

725.66 

6,755.93 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Jw, 6, 1988 
FUEL COSTS (It 0.57 per gallon) FOR SIIIJLATION COALRUN: 

STOP SEGMENT ELAPSED RUNNING IDLE ELAPSED IDLE 
NIJIBER LENGTH MILES TIME TIME TIME FUEL 

TCIUNE·1 90.57 90.57 01:59 00:10 02:10 1 
TCIUNE·2 92.73 183.33 06:11 04:00 12:21 96 
FRMINE·1 184.93 368.26 04:55 00:30 17:46 12 
HELPER·1 184.45 552.70 04:34 00:05 22:26 1 
HELPER·2 109.66 662.31 03:03 00:30 25:59 1 
PPLAIIT·1 13.87 676.26 00:28 04:00 30:27 0 
ENPTY·1 100. 11 776.37 02:37 00:11 33:16 1 
ENPTY·2 100.37 876.78 02:27 00:30 36:14 0 
ENPTY·3 108.31 985.09 02:44 00:00 31:58 0 
LITEHP-1 110.14 1,095.23 03:02 00:00 42:00 0 
LITEHP·2 76.36 1,171.59 02:03 00:10 44:14 0 
LITEHP·3 108.16 1,279.n 02:41 00:00 46:55 0 

0.58 301.83 
0.07 301.83 
0.28 301.83 

0.58 294.68 

895.62 
2,486.11 

16,47 

---------3,461.20 

341.82 

341.82 

2,709.n 
3,720.75 

97.99 

---------6,528.51 

1,067.49 

1,067.49 

11,745.57 18,501.50 

Page 5 
07/26/88 09:09am 

RUNNING FUEL CU4. FUEL CU4. FUEL 
FUEL COSTS CONSUMED EXPENSE 

927 528.96 928 528.96 
740 476.52 1,764 1,005.48 

2,445 1,400.49 4,221 2,405.97 
2,224 1,268.25 6,446 3,674.22 
1,589 906.30 8,036 4,580.52 

233 132.81 8,269 4,713.33 
643 367.08 8,913 5,080.41 
798 454.16 9,711 5,535.27 
761 433.77 10,472 5,969.04 
77 43.89 10,549 6,012.93 
56 31.92 10,605 6,044.85 
65 37.05 10,670 6,081.90 

-------------------------------------------------------------------------------------------------------·-··· TOTAL 36:47 10:08 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Jw, 6, 1988 

TRACK MAINTENANCE COSTS FOR SIIIJLATION COALRUN: 

START 
STATION 

JAEGER 
WELCH 
NORTHFORK 
PRINCETON 
BLUEFIELD 
PRINCETON 

END 
STATION 

• WELCH 
- NORTHFORK 
• PRINCETON 
• BLUEFIELD 
• JAEGER 
• NORTHFORK 

LENGTH 
MILES 

183.29 
184.33 
293.55 
13.90 

308.84 
294.70 

TOTAL COliSJST TANGENT TANGENT 
MGTM MGTM MILES COST S 

7,071.400 0.855 182.139 182.66 
4,155.215 2.937 183.095 887.03 
9,430.174 4.783 285.984 1,721.59 

479.658 0.221 11 .235 68.86 
11,009.498 1.441 298.619 254.12 
10,520.625 0.106 287,150 18.79 

Page 6 

07/26/88 09:09am 

CURVED CURVED TOTAL TRACK 
MILES COSTS MAINT . COST 

1.153 5.21 187.87 
1.239 25.63 912.66 
7.566 108.17 1,829.76 
2.662 34.09 102.95 

10.216 39.04 293.17 
7.555 2.32 21.11 

---·····------·--·-·--·--------------------------------·-····-······-·------·-----------------·- -·····-·--·-TOTAL 1,278.61 42,666.571 10.342 1,248.223 3,133.06 30.391 214.46 3,347.52 
- 8 -

L 
IJ 
L 
L 
L 
l. 
r. 
l. 
r. 
r. 
C. 
C. 

[ 



U, 

J, 

r-1 
r-1 
r-1 
~ 
J 

EXHIBIT 2 (CONTIHtJJ:D) 
Example RECAP output for Unit coal Train service 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Jla'I 6, 1988 
RECAP COST SUIMARY FOR SIIIJLATIOII COALRUN: 

TOTAL COST PER COST PER 
CATEGORY COST 1000 GTM 1000 NTN 

Loc01110tive Ownership Costa 631.43 0.738 Ea.,ty 
Locomotive Ru,nlng Costa 531.65 0.622 E""ty 
Car Ownership Costa 433.73 0.507 Eq,ty 
Car Ru,nlng Cotta 1,527.13 1.786 E""ty 
Fuel Coats 1,005.48 1.176 Empty 
Track Maintenance Costa 187.87 0.220 Empty 

----------- ----------- -----------TOIIINE SUBTOTALS: 4,317.29 5.049 Ea.,ty 

Locomotive Ownership Coats 3n.28 0.126 0.175 
Loc01110tfve Ru,nlng Cotta 536.29 0.182 0.252 
Car Ownership Costa 255.n 0.087 0.120 
car Ru,nlng Coats 1,540.45 0.523 o.n4 
Fuel Costa 1,400.49 0.475 0.659 
Track Maint-nce Costa 912.66 0.310 0.429 

----------- ----------- -----------
FRMINE SUBTOTALS: 5,017.90 1.703 2.360 

Loc01110tlve Ownership Coats 816.62 0.170 0.241 
Loc0110tlve Ru,nlng Cost• 1,194.16 0.249 0.353 
Car Ownership Costa 400.67 0.084 0.118 
Car Ru,nlng Costa 2,450.08 0.511 o.n4 
Fuel Coats 2,174.55 0.454 0.643 
Track Maintenance Coats 1,829.76 0.382 0.541 

·----··---- ----------- -----------HELPER SUBTOTALS: 8,865.84 1.850 2.621 

Loc01110tlve Ownership Costa 35.28 0.160 0.221 
Loc01110tlve Ru,nfng Costs 40.23 0.182 0. 252 
car Ownership Coats 24.23 0.110 0.152 
Car Ru,nlng Coats 115.56 0.523 o.n4 
Fuel Costa 132.81 0.601 0.832 
Track Maintenance Costs 102.95 0.466 0.645 

----------- ----------- -------·---PPLANT SUBTOTALS: 451.05 2.040 2.827 

COST PER 
Ml LLIOII CFM 

7.471 
6.291 
5.132 

18.069 
11.897 
2.223 

-----------51.083 

4.367 
6.291 
3.000 

18.069 
16.428 
10.705 

-----------58.860 

6.023 
8.807 
2.955 

18.069 
16.037 
13.495 

---------·-65.386 

5.516 
6.291 
3.789 

18.069 
20.767 
16.097 

-----------70.529 

Page 7 
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-------------------------------------------------------------------------------····························· Locomotive Ownership Costs 1,814.15 1.259 E~ty 12.742 
Locomotive Ru,nlng Costa 895.62 0.622 E~ty 6.291 
Car Ownership Costa 1,246.15 0.865 E~ty 8.753 
Car Ru,ning Coats 2,5n.58 1.786 E~ty 18.069 
Fuel Costa 1,255.71 o.8n E~ty 8.820 
Track Maintenance Costs 293.17 0.204 E~ty 2.059 

----------- --------··· ----------- ··········-
EMPTY SUBTOTALS: 8,on.38 5.607 E~ty 56.734 

---------······--·-···--·····--·······-·······------···········································---········ .. ~-
Locomotive Ownership Costs n5.66 6.879 E~ty 0.000 
Locomotive Ru,nlng Costa 341.82 3.240 E~ty 0.000 
Car Ownership Costa o.oo 0.000 E~ty 0.000 
Car RIIYII ng Cos ti o.oo 0.000 E~ty 0.000 
Fuel Costa 112.86 1.070 E~ty 0.000 
Track Malnt-nce Costs 21.11 0.200 E~ty 0.000 

----------- --------·-· -----··--·- -···--····· 
LITEHP SUBTOTALS: 1,201.46 11 .389 E~ty 0.000 



EXJOBOT 2 (CON'l':INUED) 
Example RECAP output for unit Coal Train service 

RAIL ENERGY COST ANALYSIS PACKAGE (RECAP) Ver. 2.04 Ju, 6, 1988 Page 8 
RECAP COST SUMMARY FOR SIMULATION COALRUN: 07/26/SJJ 09:09a 

TOTAL COST PER COST PER COST PER 
CATEGORY COST 1000 GTM 1000 NTN MILLION CFM 

Loc011>tlve Ollnerahlp Costa 4,395.42 0.424 0.775 9.679 
Loc01110tlve Rlft"llng Costs 3,539.77 0.342 0.624 7.795 
tar ownership Costs 2,360.51 0.228 0.416 5.198 
tar Rlft"llng Costs 8,205.80 0.792 1.448 18.069 
Fuel Costs 6,081.90 0.587 1.073 13.393 
Track Maintenance Costs 3,347.52 0.323 0.591 7.371 
Crew Costs 12,986.29 1.253 2.291 28.596 

----------- ----------- ----------- -----------COALRUN TOTALS: 40,917.21 3.949 7.218 90.101 

------------------------------------------------------------------------------------------------------------
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ton mile (NTM) which is most relevant tor weight limited 
commodities such as coal or grain, and by million cubic toot 
miles (CFM) which provides a basis tor cost comparison on the 
movement of low density, volume limited treight such as much of 
the general merchandise traffic . 

1.2 THE TRAIN ENERGY MODEL 

since TEM is a core component of RECAP and must be executed 
prior to running RECAP's economic model, a general discussion of 
the development and capabilities of TEM is appropriate in this 
RECAP manual. This discussion is not intended to substitute for 
the far more extensive material on TEM available in the Train 
Energy Model Users Manual (1), which should be read before 
attempting to conduct TEM/RECAP analyses. 

,-1 TEM was developed by the AAR's Energy Program in order to 
facilitate the study of methods of reducing train resistance. 
The main TEM development objective was to overcome the known 
limitations of physical simulators of train motion such as the 
Train Performance Simulator (TPS) and the Train Performance 
Calculator (TPC) by making the most complete and realistic 
representation of the physical system possible, and by 
incorporating the latest results of the research being done in 
train resistance. 

The resultant TEM more accurately (and for the user more 
easily) models such factors affecting train performance as: 
locomotive tractive effort and fuel consumption rates, dynamic 
and air braking systems, track geometry, and the physical 
characteristic of vehicles such and air resistance, curving 
characteristics of trucks, bearing resistance, vehicle weight, 
and rail lubrication. 

- 11 -



1.2.1 How TEM Really Works 

In 1687 Sir Issac Newton published a manuscript which 
explained the principles of Newtonian mechanics. Newton's 
Second Law states that a body will accelerate at a rate that is 
proportional to the force acting upon it and inversely to the 
mass of the body being acted upon. For example, the more 
powerful the locomotives the greater the acceleration of the 
train. However, the greater the mass of the train, the slower 
the acceleration given the same locomotives. 

Because Newtonian mechanics accurately predicts the 
physical behavior of trains, the central function of TEM is to 
solve an equation of motion based upon Newton's second law. 
There exists a complex and non-linear relationship among 
propulsive forces, retarding forces and train handling on one 
hand, and running time and fuel consumption on the other. 
Because of the nature of these forces and relationships a 
non-linear differential equation of motion must be solved in 
order to consistently obtain an accurate estimate of fuel 
consumption and running time. 

TEM solves the equation for acceleration and then 
integrates the equation to find the velocity of the train and 
the position at discrete points in time. This is done with a 
new numerical method that is "special" because of two 
properties. First, the approach is stable for very long 
simulations. In other words small inaccuracies in the solution 
to the equation of motion are not cumulative over time. Second, 
the approach permits the time increment for solving the equation 
to vary, permitting TEM to be relatively computation efficient. 
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1.2.2 The TEM Advantage 

There are several advantages that TEM has over earlier 
train performance models. First is the mathematical modeling 
itself. As indicated earlier, moving a train involves a complex 
interaction of non-linear forces. These forces must be computed 
with a non-linear differential equation which cannot be solved 
directly with a mathematical formula but must be approximated 
with a numerical method. The train performance models developed 
prior to the AAR's research program in train resistance did not 
model the non-linear interaction of forces involved in train 
movement. For example, the Train Performance Calculator (TPC) 
assumes these forces (curve resistance, tractive effort, dynamic 
braking effort, etc.) and the resulting physical behavior of the 
train (acceleration and deceleration) can be described as linear 
relationships. 

In addition to a basic simplification of the equations of 
motion, earlier models made a large number of other assumption& 
to simplify the modeling, that were incorrect. They performed 
very rudimentary modeling or no modeling of train handling, 
train propulsion and braking systems, the effects of wind 
resistance, lubrication, etc .. These models also either viewed 
a train as a unit mass of zero length (a particle) or a series 
of fixed-length blocks. TEM models the forces acting upon each 
individual vehicle in the consist based upon its actual position 
on the track. 

The advantages of using TEM can be summed up as: 

(1) The approach of TEM to modeling the physics of a train 
is sound. Tests performed by the AAR and by 
individual railroads have validated the model. 

- 13 -



(2) TEM can provide accurate results for new, untested 
technologies. Since the physics and mathematics are 
correct, TEM does not require calibration based upon 
actual tests of a particular technology to get 
accurate results. 

(3) All of the known factors that have a measurable impact 
upon fuel consumption or running time are included in 
TEM. Given accurate descriptions of the physical 
characteristics of the equipment in the train, the 
route geometry, and the operating plan of the train, 
the results will be accurate. 

l.2.3 Running TEM-The user's Point of view 

Prior to simulating the physical behavior of a train 
running over a specific route the user must describe three 
fundamental things to TEM. 

(1) The physical characteristics of the train consist. 

(2) The geometry of the route over which the train will 
run. 

(3) The operating strategy for the particular train. 

The physical characteristics of the train are described in 
a consist file that contains a line for each piece of equipment 
in the train. Each non-powered vehicle has a parameter file 
associated with it that describes its physical characteristics 
(such as weight, drag coefficient, number of axles, etc.). Each 
locomotive (powered vehicle) has three associated parameter 
files. one that includes its physical characteristics plus the 
fuel consumption rates in each throttle position and two files 
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which quantify the tractive effort and dynamic braking effort at 
various speeds and throttle notches. A modest library of car 
and locomotive files has been developed at this time, and 
additional car and locomotive descriptive files will be 
developed over time. A good library of files that describe 
various pieces of equipment to TEM reduces the required user 
effort. 

The route geometry file describes the physical 
characteristics of the route including position, degree of 
curvature, percent grade, speed limit, location of trackside 
lubricators, weight and type of rail, etc. on a homogeneous 
segment-by-segment basis. The development of a good route file 
is the hardest physical task facing a new TEM/RECAP user, 
especially if one does not have anything but paper track charts 
as a starting point. 

The final obligation of the user is to provide an operating 
strategy. TEM must be instructed where (in the route geometry 
file) to start the train, the location of interim destinations 
(crew change points, etc.) and the final destination. You also 
choose whether to run a train at a specified maximum speed below 
the track speed limit or to follow the speed limit profile. 
Additionally, you can specify if there are helper locomotives 
and whether the helpers run under independent or synchronous 
control. 

Once the simulation starts, information about the status of 
the train is displayed on the computer screen at user specified 
intervals (e.g. every 30 seconds of simulated "train time"). 
The video display output indicates how the train is being 
"moved" over the route. The displayed information includes 
head-end and helper throttle (or dynamic brake) notch, simulated 
time and distance since start, current speed and acceleration, 
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brake pipe pressure, and draw bar force. In addition to the 
output to the screen, a detailed file is written to disk that 
provides a running record of the behavior of the train, 
including cumulative fuel consumption. This file provides RECAP 
with information it needs to analyze the costs of the simulated 
operations. 

TEM has an option which permits the user to manually 
"drive" a train by issuing commands that correspond to train 
handling activities (changing throttle setting, making an air 
brake reduction, etc.). However, for the vast majority of 
applications one should use TEM's Automatic Train-Handling 
Algorithm (ATA) to run the train. ATA simulates the actions of 
an engineer and automatically drives the train through the 
simulation. This provides for consistent train handling and 
removes an extraneous source of variation from the comparisons 
of train technology or service plans. 

1.3 TRACK MAINTENANCE COSTS 

One of the significant incremental costs of providing rail 
transportation service is the cost of maintaining track. This 
cost is certainly sensitive to the characteristics of the route, 
the equipment, and the service plan. Unfortunately, accounting 
based cost allocation models have not provided a sound basis for 
estimating the effects of track geometry and construction 
standards, equipment axle loads and curving characteristics, and 
operating speeds. 

RECAP uses the outputs from an engineering based, life 
cycle track maintenance cost model, TMCOST, to estimate route 
and service specific track maintenance costs. Since TMCOST was 
designed as a research tool and not for general distribution, 
TMCOST is very complex to use and computer running times are 
quite long. Rather than building TMCOST into the RECAP program, 
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TMCOST was used to generate incremental track deterioration cost 
files to be used as input to RECAP's economic model . 

There are five types of consists for which TMCOST output 
files have been generated and are distributed with the RECAP 
software. These files contain th~ results of TMCOST simulations 
for the following consists: 

o Loaded bulk commodity unit trains with 100 ton cars 
(32.5 ton axle loads). 

o Loaded bulk commodity unit trains with 125 ton cars 
(39 ton axle loads). 

o Empty bulk commodity unit trains. 

o Mixed manifest trains. 

o Intermodal trains. 

Each of these consist types has been described to TMCOST 
with appropriate values for the physical characteristics ot 
equipment that have a significant impact upon track 
deterioration; wheel loading, center of gravity height, 
unsprung mass, and wheel diameter. In addition, the power to 
weight ratios, operating speeds, and train lengths have been set 
at typical values for these types of services. TMCOST was then 
run for a matrix of track geometry and track structures to 
produce track maintenance cost files for RECAP. 

Prior to running RECAP the user selects the TMCOST output 
file that most closely resembles the consist that was simulated 
by TEM. Since RECAP can generate costs for multiple consists, a 
TMCOST output file must be selected for each TEM 
simulation/consist combination. 
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Each of the five TMCOST files contain the cost per million 
gross tons for maintaining l mile of track under an increment of 
the specified traffic. These costs are sensitive to: 

o Consist Weight, 

o Rail type (8 types from light jointed to heavy, 
premium, CWR), 

o degree of curvature, 

o percent grade, 

o Density of Traffic (MGT per Year) 

o lubricated or non-lubricated rail, 

o Consist type. 

In general, these incremental track maintenance costs 
estimated by TMCOST and distributed with RECAP are an adequate 
indicator of the relative costs of track deterioration that can 
be expected from most alternative operating strategies. These 
costs are not adequate as an absolute cost measurement tool or 
for detailed study of track maintenance strategies. The labor 
and material costs and track work productivity of maintenance 
gangs are based upon industry averages and may or may not be 
close to those experienced on a particular railroad. In 
addition, they only include the costs for maintaining the track 
from the rail down to the subgrade and do not include such 
factors as bridge maintenance, brush cutting, turnout and 
special trackwork maintenance, etc. 

RECAP allows the user to build the track maintenance cost 
input files in any manner. If an individual road has an 
internal costing procedure which it wishes to use, the track 
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maintenance file can be constructed using that procedure. If 
the traffic is quite different from the five consist types 
distributed with RECAP, custom track maintenance files can be 
constructed with TMCOST. However, for the great majority of 
evaluations involving existing equipment, the TMCOST generated 
files included with RECAP should be adequate. 

1.4 COMPUTER REQUIREMENTS AND INSTALLATION PROCEDURES 

Recap requires an IBM or compatible computer with a hard 
disk drive and a math co-processor. Although RECAP itself is 
not computational intensive, the required Train Energy Model is 
very computational intensive. The preferred hardware is an 
Intel 80386-based computer with an 80387 math chip, although 
TEM/RECAP will run at a slower speed on any IBM compatible. 

The RECAP program is available to all AAR full member 
roads. To receive RECAP simply request a copy from the 
Engineering Economics Division of the Washington Systems Center 
of Research & Test. After signing and returning the standard 
member road license agreement, you will receive a RECAP 
distribution diskette. All you need do to install the RECAP 
software is to copy all the files on the RECAP distribution 
diskette to any sub-directory on your PC hard disk. Make sure 
that in your CONFIG.SYS file in your root directory that the 
"files=" parameter specifies at least 20 files, i.e., 
"files=20". 

The files that are on the distribution diskette are: 
ECON2.COM (the Economic Model), TKEDIT.EXE (the track file 
editor), TKEDIT.DTA (a required file for the track file editor), 
and TKSPLICE.EXE (the track file management program). Each of 
these programs are documented in the following sections of this 

manual. 
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The Train Energy Model Manual and Program are distributed 
out of the Chicago Technical Center of AAR Research & Test. 
Contact the Director, Mechanical Research Programs for the TEM 
software and documentation. 

1.5 MANUAL ORGANIZATION 

The remainder of this RECAP Operations Manual is a detailed 
nuts and bolts description of how to run the RECAP economic 
model as well as two useful utility programs. The utility 
programs included in the RECAP package are: TKEDIT, a route 
geometry file editor, and TKSPLICE, a route geometry file 
management system. 

The manual is divided into four major sections. A 
description of each section follows: 

1.0 INTRODUCTION 

This section provides an overview of the RECAP system and 
its potential applications, including a description of 
computer hardware requirements and instructions for 
installing the software on your computer. 

2.0 THE ECONOMIC MODEL 

Sub-sections 2.1 and 2.2 provide detailed information on 
the input file requirements for RECAP's economic model 
(named ECON2) including detailed file format and field 
descriptions. Most of the files required are taken 
directly and without modification from TEM and the contents 
of these files are documented in the TEM Users Manual . 
However, one file which provides both crew pay and 
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crew-to-train assignments is unique to RECAP. Two types of 
files, the route geometry file and the vehicle parameter 
files, must be modified. (Note: the modifications are 
ignored by TEM, thus the files are usable by both RECAP and 
TEM.) 

Sub-section 2.3 provides detailed information on how to run 
the economic model. This includes how to combine several 
TEM simulations into a single analysis of a set of trains. 
Also included in these sub-sections is information about 
how to tell the economic model which input files are to be 
used. Finally, information is provided about how to 
specify economic data such as the price of fuel and the 
discount rate and time period for computing equipment 
ownership costs. 

Sub-section 2.4 explains the 6 output reports that are 
generated by the RECAP economic model. It includes 
relevant information about the equations and processing 
logic that the program uses. 

Sub-section 2.5 explains how certain aspects of the train 
operations strategy can be altered without re-running the 
TEM simulation. For example, if you run a TEM simulation 
and forget to stop the consist for a crew change, you can 
tell RECAP to create an artificial stop. This sub-section 
also provides detailed information about how the TMCOST 
files were created, how to interpret the results, and 
certain pitfalls to avoid. 
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3.0 TKSPLICE (Track File Management System) 

TKSPLICE permits you to take one or more existing track 
files and reverse them, splice them together, or extract 
sub-sets of the files. This section provides detailed 
information on how to use this file management program. 

4.0 TKEDIT (Track File Editor and Verifier) 

TKEDIT is a full screen editor that permits the user to 
edit an existing route geometry file or to create one from 
scratch (a task to be avoided if at all possible). TKEDIT 
also includes a routine that checks the file for format and 
certain computational errors. rt is TKEDIT that you may 
wish to use to modify the route geometry file for use by 
RECAP's economic model. This final section of the RECAP 
manual provides the information necessary to use this 
utility program. 
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2.0 THE ECONOMIC MODEL 

The economic model "ECON2" is the core of RECAP. It is the 
computer program which actually computes the cost of a particular 
operating and/or technological scenario. 

2.1 INPUT FILES 

RECAP tries to minimize the labor intensive process of creating 
input files beyond those needed to run the Train Energy Model (TEM). 
Most of the files you will need will have been created as inputs for 
or generated as outputs from the run(s) of TEM which must be run 
prior to running the RECAP economic model. 

The input files that are required for running recap are: 

Cl) Generated for or from the Train Energy Model 

Initialization file - •xxxxxx.INI' 
Stop File - •xxxxxx.STP' 
Route Geometry File - •xxxxxx.TRK' 
Vehicle Parameter Files - •xxxxxx.PAR' 
Train Consist File - •xxxxxx.CON' 
TEM detailed output file - •xxxxxx.OUT' 

(2) Additional Files 

Track Maintenance Cost File - •xxxxxx.TMC' 
Crew Data File - •xxxxxx.CRW' 
RECAP batch file -•xxxxxx.RCP' 
RECAP output file -•xxxxxx.CSM' (not an input file) 
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Five track maintenance cost files are supplied as a part of 
the RECAP package and are included on one of the diskettes 
included in the package. The crew data file must be created by 
the user. 

2.2 INPUT FILE DESCRIPTIONS 

Of the seven input files required by RECAP only two, the 
crew data file and the RECAP batch file, need to be created from 
scratch and two files, the vehicle parameter and the route 
geometry file, need to be modified. The following is a 
description of the function of each file and for those that need 
to be created or modified, detailed information on how to do so. 

2.2.1 The Initialization File C,INI) 

The TEM initialization file always has the filename 
extension '.INI', for example, 'ATOB.INI'. In RECAP as in TEM 
this file identifies the name of a particular discrete 
simulation. The information that RECAP uses from the .INI file 
is the following: 

(1) The name of the consist (.CON) file used by the 
simulation. 

(2) The name of the route geometry (.TRI<) file used by the 
simulation. 

(3) The position in the track file where the simulation is 
to start. 

(4) An indicator specifying whether vehicle mounted 
lubricators are functioning. 

(5) An indicator specifying whether track side lubricators 
are functioning. 

(6) The effective lubrication distance for track side 
lubricators. 
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This file is required by ~EM and no changes or additional 
information is required from the user to run RECAP. 

2.2.2 The Stop File (.STP) 

The TEM Stop file tells RECAP where all interim stops and 
the final destination for the simulated train operation is 
located in the route geometry file. The stops may be for crew 
changes, service, train meets, or the final destination for that 
particular simulation. NOTE: THE .STP FILE ALWAYS HAS THE SAME 
FILE PREFIX AS DOES THE .INI FILE. 

From the point of view of TEM the stops may occur for any 
reason other than to change the physical characteristics of the 
train consist which requires a separate TEM simulation. 
However, RECAP does permit the user to take multiple TEM 
simulations and therefore multiple consist configurations (ex., 
adding or deleting helpers, car setoffs, change in status from 
loaded to empty, etc.) and generate one set of costs for one 
logical set of trains . The details of executing this and other 
strategies are explained in section 2.3.1 titled "The RECAP 
Multiple Simulation File". 

RECAP uses all of the information in the .STP file. This 
includes: 

(1) The position (miles and feet) of each train stop in 

the simulation. 
(2) The duration (in minutes) of the stop. 
(3) An indicator whether the locomotives are left idling 

or are shut down. 

This file is required by TEM and no changes or additional 
information is required from the user to run RECAP. 
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2.2.3 The Route Geometry File(~) 

RECAP requires two modifications to the TEM route geometry 
file. Both of the entries must reside in specific columns in 
the file. This information can be added either by using the 
RECAP utility program TKEDIT (the track file editor) or by using 
any standard resident editor on your PC. The information 
required is as follows; 

(1) RAIL TYPE (COLUMN 64, INTEGER, LENGTH 1, valid values 
are 1 through 8 or's') 

RAIL TYPE is a classification indicator for the type 
of rail existing in each segment. It is one of the 
variables used to calculate the track maintenance 
costs for each segment. There must be a rail type 
indicator for each record in the track file. The 
valid rail type indicators and descriptions are: 

RAIL TYPE 
1 

2 
3 

4 

5 

6 

7 

8 

DESCRIPTION 
Heavy, standard carbon, continuous welded 
rail (CWR) 
Heavy, premium, CWR 
Heavy, standard carbon, jointed 
Heavy, premium, jointed 
Medium, standard carbon, CWR 
Medium, standard carbon, jointed 
Light (less than 100 lb/yd), standard 
carbon, CWR 
Light, standard carbon, jointed 

There is one exception to the rail type codes listed 
above. The Economic Model will calculate track maintenance 
costs between any two track file records (route segments). 
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Place an •s• in column 62 instead of a rail type code at any two 
or more stations between which you wish to have the track 
maintenance costs calculated. The default (if you place no •s• 
indicators in the file) is that the track maintenance costs will 
be calculated and summed for the entire simulation. 

Note you must not have an 's' in the first or last record 
in the track file. The economic model assumes that the rail 
type code for any segment with an 's' indicator is the same rail 
type as for the previous segment. 

This field is column specific and must occur in column 64 
of the route geometry file. 

(2) TRAFFIC DENSITY (COLUMN 66, LENGTH 4, REAL, VALID 
VALUES 1 0.1 1 THROUGH 1 999.9 1 ) 

TRAFFIC DENSITY is the number of gross tons generated 
each year over each segment of track in the route 
geometry file. Although any values that will fit into 
the five position field will be accepted, the track 
maintenance costs will not change tor values over 100 
MGT per year; i.e., a value higher than 100 MGT will 
be assumed to be equal to 100 MGT. The value in the 
field must be a real number (i.e. include a decimal 
point and have at least 1 number prior to and 1 number 
following the decimal point. 

2.2.4 Vehicle Parameter Files (.PAR). 

The TEM "PAR" files describe each different type of vehicle 
in the consist. The are two types of 'PAR' files, files for 
powered vehicles (locomotives) and files for non-powered 
vehicles (freight cars). 
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To create RECAP PAR files from TEM PAR files you must add 1 
line of information to each vehicle PAR file in the consist. 
That line must be the last line in the file and will need to be 
inserted after the last line of the standard TEM PAR file. The 
information that you provide does not need to be column specific 
but must be in a specific order and have the correct format. 

(1) CAR parameter file (ex, HOPPER.PAR) 

These values are inserted on LINE 2 in the file and 
must be in the following order and format. Each value 
must be separated by at least 1 BLANK. 
CUBIC CAPACITY (INTEGER, ex. 4000, must be >0) 
DAILY CAR COST in dollars and cents (REAL, ex. 25.00, 
default is o.oo and if the default is entered car cost 
is computed from the purchase price, economic life, 
and discount rate) 
RUNNING REPAIR COST per mile in dollars and cents, 
(REAL, ex. 0.07) 
PURCHASE PRICE in dollars (INTEGER, ex., 38500) 
ECONOMIC LIFE in years (INTEGER, ex. 18, default is 
20) 

The DAILY CAR COST may be entered as 0.00. If this value 
is o.oo then an equivalent hourly cost will be computed from the 
purchase price of the vehicle, the discount rate (specified on 
the command line, see the section titled "RUNNING THE ECONOMIC 
MODEL"), and the ECONOMIC LIFE of the vehicle. 

The value for PURCHASE PRICE can be o only if you enter a 
non-zero value for DAILY CAR COST. 
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The value for ECONOMIC LIFE which is the last value in the 
file can omitted. If this value is not present the life of the 
vehicle will be assumed to be 20 years. 

Therefore line 2 of a file called HOPPER.PAR may look like 
this if you want an equivalent hourly cost calculated from the 
purchase price: 

4000 o.oo 0.07 38500 18 

If you wish to provide the daily car cost (for example a 
lease cost) line 2 of the file may look like: 

4000 25.00 0.07 0 18 

(1) LOCOMOTIVE parameter file (ex, S402.PAR) 

These values are inserted on LINE 4 in the file and 
must be in the following order and format. Each value 
must be separated by at least 1 BLANK. 

PURCHASE PRICE in dollars (INTEGER, ex., 1175000). 
RUNNING REPAIR COST per mile (REAL, ex., 1.30). 
ECONOMIC LIFE in years (INTEGER, ex., 18). 
UNIT AVAILABILITY in percent (REAL, ex 0.92) 

The hourly cost of a locomotive is always computed from the 
purchase price, discount rate, and availability of the unit. 
Therefore, the 4th line of a locomotive PAR file might look 
like: 

1175000 1.30 18 0.92 
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2.2.s The Train consist File (.CON) 

The TEM consist file is a list of the powered and 
non-powered vehicles in the order in which they are positioned 
in the consist. Each different type of vehicle in the consist 
file has to have a corresponding vehicle .PAR file. There are 
no modifications required to be made to the consist file. 

If you wish to calculate the costs for an empty train you 
may want to check the consist file to make sure that the entry 
for vehicle lading (the last entry in each line) is o.o for each 
vehicle. Sometimes people will put lading on locomotives so 
that the weight of the fuel will be taken into account during 
the TEM simulation. ECON2 does not differentiate between lading 
on locomotives and lading on cars for computing the number of 
net tons (an indicator of the train's capacity to generate 
revenue) in the train. There is at least one technological 
concept for which the powered vehicles are used to carry lading. 

2.2.6 TEM Output File {,OUT) 

The TEM output file is a detailed record of the performance 
of a consist from the beginning to the end of the simulation. 
From the RECAP perspective it is a record of fuel consumption 
through time. In the TEM .INI file you can specify the time 
interval (simulated train time) for which TEM will write the 
detailed simulation information to disk (for example, every 30 
seconds of simulated time). Although it does not matter to 
RECAP what that time interval is, the more frequent the interval 
the more accurately will the simulation's results be interpreted 
by RECAP. An output interval of 30 to 60 seconds is recommended 
to balance between accuracy and the volume of the output file. 
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2.2.1 Crew Data File (,CRW) 

The Crew Data File provides information to the economic 
model about the type of crew pay agreement, how much each crew 
is paid, and upon which trains the crews are on duty. The 
Economic Model permits you to model very complex crew to train 
assignments as well as different crew compensation methods. 
There is only 1 crew file for each execution of RECAP regardless 
of the number of TEM simulations you are costing during the 
RECAP execution. The crew file naming convention requires that 
the file have a .CRW extension. The ways you can specify to 
RECAP which crew file to use for a particular run is discussed 
in section 2.3 titled "RUNNING RECAP". 

The crew file is the only part of the economic model which 
may be difficult to understand. The great deal of flexibility 
that has been build into RECAP makes it understandable that some 
confusion may result. If you intend to model crews which are on 
duty across multiple TEM simulations you are advised to contact 
the AAR for some initial assistance. 

The Crew Data File is not column specific: however, all 
data elements must be the correct type (real or integer) and in 
correct position in relation to the other fields. At least 1 
space must exist between fields. The fields in the crew file 
are as follows: 

(1) CREW TYPE (Integer, valid values are 1 0 1 , 1 1 1 , or 
1 2 1 ). The CREW TYPE indicates the crew compensation 
method in effect for this particular crew. 

A crew type of 1 0 1 indicates that the crew is paid on 
a time basis only (no mileage based pay in effect). A 
crew type of 1 0 1 is only useful if you wish to model 
non-traditional crew compensation methods. 
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A crew type of 'l' is a standard intra-divisional crew 
agreement. 
basis. The 
within that 

Most railroad crews are paid on this 
crew is on duty only while the train is 
crew's home seniority district. 

A crew type of '2' is an inter-divisional crew 
agreement. This type of agreement is in effect it the 
railroad and the union have agreed that a particular 
train may run a crew through more than one seniority 
district. 

The basis tor computing overmile pay is the only 
difference between a type 1 1 1 and a type '2' crew. 
For the intra-divisonal crew agreement (type 1) the 
overmile pay rate is a fixed amount tor each job 
class. For the inter-divisional agreement (type 2) 
the overmile pay rate is computed as BASE DAY 
WAGES/BASE DAY MILES. This formula usually results in 
a higher overmile rate for the inter-divisional crew 
agreement. However, the crew does not get an 
additional base day's pay upon crossing a crew 
district boundary. 

The following list of entries for the crew file apply if 
the crew type is either a 1 1 1 or a 1 2 1 • 

(2) BASE DAY WAGES. The total base day's wages (in dollars 
and cents) for the entire crew. Not including 
arbitraries, benefits, etc .. (REAL, ex. 400 .00) 

(3) OVERMILE RATE. The sum of the overmile pay rates for 
all crew members. (REAL, ex. 3.85). 
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(4) FRINGE BENEFIT RATE (percent). The percentage of BASE 
DAY WAGES that the railroad expects to pay for fringe 
benefits (railroad retirement, health insurance, 
etc.) (REAL, ex. 0.35). The default value for fringe 
benefits will be computed by multiplying the fringe 
benefit rate by the base day wages. If you prefer you 
can put a minus sign (for example, -0.35) prior to the 
value and the fringe benefit total will be computed 
based upon total crew wages (base wages, arbitraries, 
overmile pay, and if applicable, overtime pay). 

(5) ARBITRARIES The total amount of arbitrary payment to 
the crew for this run in dollars and cents (REAL, ex. 
200.00). At one time it was under consideration to 
develop a rule based arbitrary computation method. 
This was deemed infeasible due to the differences 
among various railroads in regard to this issue, i.e., 
arbitraries are really arbitrary. 

(6) BASE DAY MILES. The number of miles for which the 
crew receives 1 base day's pay (REAL or INTEGER, ex 
108 or 108.00). 

(7) CREW START INI FILE NAME. The name of the TEM .INI 
file in which this crew goes on duty. (ALPHA, ex 
HOPlOO, Note: the extension .INI is assumed) 

(8) CREW START TRACK FILE POSITION. The position in the 
track file (.TRK) where the crew goes on duty.(STRING, 
ex. 145789 or 145789.5 in feet or 200:2345 in miles 
and feet) 

You may specify this value as either the number of 
feet from the start of the track file or if you prefer 
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you can specify the value in miles and feet by using a 
colon to separate miles from feet. Because the TEM 
stop file (.STP) requires that all stops be specified 
in miles and feet and because RECAP requires that 
there be a stop in the .STP file for all crew changes 
(RECAP does not allow crews to get on or off moving 
trains) you may find it more convenient to use the 
miles and feet option. 

(9) CREW END INI FILE NAME. The name of the TEM .INI file 
in which this crew goes off duty. The same 
conventions apply from item 7 above. 

(10) CREW END TRACK FILE POSITION. The position in the TEM 
track file (.TRK) in which the crew goes off duty. 
The same conventions apply as in item 8 above. 

The following represents the crew file data elements if the 
CREW TYPE INDICATOR is 1 0 1 (hourly crew pay). 

(2) BASE HOURLY RATE. The total hourly pay rate for the 
entire crew. (REAL, ex 85.65). 

(3) MINIMUM PAID HOURS. The guaranteed number of hours 
for which the crew will be paid even if they work 
fewer than that number of hours. For example if the 
crew were on duty only 2 hours but they get paid for a 
4 hour minimum day then the entry would be '4'. (REAL, 
ex 4.0). 

(4) STRAIGHT TIME HOURS. The number of hours for the 
which the crew is paid at the BASE HOURLY RATE. Any 
time worked in excess of this time will be paid at the 
OVERTIME RATE (REAL, ex. 8.0). 

- 34 -

L 
L 
[. 

l 
l 
L 
l 
l 

--
--

-,. 

-
• 

--



J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

(5) OVERTIME RATE. The overtime multiplier tor all work 
in excess ot the STRAIGHT TIME HOURS (REAL, ex 1.5). 

(6) FRINGE BENEFIT RATE. The percentage ot total crew 
wages that will be paid in fringe benefits, ex 
railroad retirement, health insurance, sick pay, etc. 
(REAL, 0.27) Note: the FRINGE BENEFIT RATE is 
computed on total crew wages only. 

(7) OTHER CREW COSTS. A flat amount of any additional 
crew costs you may want to include. This could be 
arbitraries, taxi costs, wages incurred while not on 
duty, etc. (REAL, ex. 100.00). 

(8) CREW START INI FILE NAME. The name of the TEM .INI 
tile in which this crew goes on duty. (ALPHA, ex 
HOPl00, Note: the extension .INI is assumed) 

(9) CREW START TRACK FILE POSITION. The position in the 
track file (.TRK) where the crew goes on duty.(STRING, 
ex. 145789 or 145789.5 in feet or 200:2345 in miles 
and feet) 

You may specify this value as either the number of 
feet from the start of the track file or it you prefer 
you can specify the value in miles and feet by using a 
colon to separate miles from feet. Because the TEM 
stop file (.STP) requires that all stops be specified 
in miles and feet and because RECAP requires that 
there be a stop in the .STP file for all crew changes 
(RECAP does not allow crews to get on or off moving 
trains) you may find it more convenient to use the 
miles and feet option. 
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(10) CREW END INI FILE NAME. The name of the TEM .INI file 
in which this crew goes off duty. The same 
conventions apply from item 8 above. 

(11) CREW END TRACK FILE POSITION. The position in the TEM 
track file (.TRK) in which the crew goes off duty. 
The same conventions apply as in item 9 above. 

The following example crew file is for a run of the 
economic model for which the costs associated with a loaded and 
empty movement of a bulk commodity train are calculated. This 
particular example entails 2 TEM simulations having the .INI 
file names "HOPl0011 and 11MTY100 11 • 

For the loaded train (HOPlOO) there are 4 crews. The first 
three are paid on the basis of an intra-divisional agreement 
(CREW TYPE INDICATOR• 1 1 1 ). The fourth crew is ia paid based 
upon an inter-divisional crew agreement (CREW TYPE INDICATOR a 

I 2 I)• 

For the empty train (MTYlOO) there are 5 crews. All five 
are paid on an hourly basis (CREW TYPE INDICATOR• 1 0 1 ). 

The example crew file would look like this: 

1 400.00 3.85 0.35 200.00 100.00 hoplOO 0 hoplOO 100:550 

1 400.00 3.85 0.35 200.00 100.00 hoplOO 100:550 hoplOO 200:3153 

l 400.00 3.85 0.35 200.00 100.00 hoplOO 200:3153 hoplOO 308:4413 

2 400.00 J.85 0.35 200.00 100.00 hoplOO 308:4413 hoplOO 492:667 

0 85.65 4.0 8.0 l.5 0.27 0.00 mtylOO O:O mtylOO 105:5008 
0 85.65 4.0 8.0 l.5 0.27 0.00 mtylOO 105:5008 mtylOO 183:1544 
0 85.65 4.0 8.0 l.5 0.27 0.00 mtylOO 183:1544 mtylOO 291:2804 
0 85.65 4.0 8.0 l.5 0.27 o.oo mtylOO 291:2804 mtylOO 392:127 
0 85.65 4.0 8.0 l.5 0.27 o.oo mtylOO 392:127 mtylOO 492:667 
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2.2.s crew File Rules and strategies 

Cl) There must be a stop in the TEM ,sTP file any time you 
have o crew change. This is the case for any type of crew. 
There will probably be cases were you will have a atop in the 
TEM .STP file for reasons other than a crew change (ex. •etting 
aside or picking up cars, to pull into a aiding for another 
train to pass, or any of a number of reasons). Therefore every 
crew change must have a corresponding entry in the stop file but 
every entry in the stop file may not entail a crew change. 

(2) The train must have a crew on board at all times. For 
example you cannot have a crew getting off the train at position 
100:550 and the next crew getting on at position 150:0. 
Therefore the start position of at each crew (except the first 
which starts at the track file position in the .INI file where 
the train •tarts running) must be the final destination of at 
least 1 other crew. 

(3) A crew may be on duty during 1 or more TEM simulations 
(a single .INI file is defined as 1 simulation). If the crew is 
on duty in more than one simulation those simulations may occur 
at any time and do not need to be physically contiguous. 

NOTE: READ THE SECTION TITLED "RUNNING RECAP" for a 
description of the concepts of contiguous and 
noncontiguous simulations and information on how to 
generate the costs for multiple trains (separate 
simulations viewed as a logical set of trains). 

For example, in the sample crew file note that there are 
nine crews (each line in the file represents 1 crew) on duty 
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i. __ _ 

during the two simulations (two TEM .INI tiles corresponding to 
two trains). The loaded train (called HOPlOO) has tour crews 
and the empty reverse route (called MTYlOO) has five crews. 
Assume that the last crew tor the loaded move also unloads the 
train and then functions as the first crew ot the empty move. 
In this case, one crew would operate in two simulations (two 
logical trains). 

You must tell the economic model which simulations the crew 
worked in and where (in the TEM. TRK tile) the crew began and 
terminated their duty. 

since the crew started work in ■imulation HOPlOO and 
finished in aimulation MTYlOO the entries tor the data elements 
CREW START INI FILE NAME, CREW START TRACK FILE POSITION, CREW 
ENO INI FILE NAME, AND CREW END TRACK FILE POSITION would be: 

hoplOO 308:4413 mtylOO 105:5008 

Note that in this example the crew goes on duty at 308 
miles and 4413 feet into simulation HOPlOO and continues through 
until 105 miles and 5008 feet into aimulation MTYlOO. 

In this example the two simulations that the crew operated 
in are physically contiguous, i.e. the simulation MTYlOO occurs 
immediately subsequent to the simulation HOPlOO. 

You may also have a crew which in on duty in multiple but 
non-contiguous simulations. For example, you may have a crew 
working in helper service for part of a simulation and then 
running the helpers light back to their origin. Assume the 
helper crew goes on duty at mile 200:3153 ot simulation HOPlOO 
and takes the helpers 25 miles and finally runs the helpers 
light back down the hill in a simulation called LITEHP. 
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Furthermore, assume that you want the the logical 
progression of trains to be such that the costs of the LITEHP 
move are computed after the costs of the HOPl00 and MTYl00 moves 
are computed, i.e. the LITEHP move is not contiguous to the 
HOPl00 move even though the crew goes on duty in HOPl00 and goes 
off duty on LITEHP. 

In this example the appropriate entries in the crew file 
for the helper crew would be: 

HOPl00 200:3153 HOPl00 225:3153 LITEHP 0:0 LITEHP 25:0 

The above series of entries tells the economic model that 
the crew is to start duty in simulation HOPl00 and temporarily 
stop duty in ■imulation HOPl00. Since the simulation MTYl00 
occurs prior to LITEHP you do not want the mileage and time 
associated with simulation MTYl00 included in the helper crews 
costs. 

2.2.9 The Track Maintenance Cost File CTMC) 

An integral part of RECAP is the computer model called 
TMCOST. TMCOST, like TEM is a simulation model and computes the 
incremental (rail wear, fatigue, ties, and ballast) costs of 
running a specific consist over a specific route. 

A version of TMCOST for general industry wide release is 
under development at the AAR Affiliated Lab at the Massachusetts 
Institute Of Technology (MIT) and will not be available until 
late 1989. However, output from TMCOST in the form of five 
TMCOST output files has been supplied with RECAP. In order to 
calculate the track maintenance costs associated with the 
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l. 
analysis you are performing one or more of the following files 
should be selected depending upon the particular type of consist L 
you are running. 

FILE NAME 

UNITH.THC 

UNITL.THC 

INTERM.THC 

EMPTY.THC 

MIXED.THC 

DESCRIPTION 

Appropriate for a train consisting of primarily 
bulk commodity cars each weighing in excess of 
267,000 pounds (including lading). 

Appropriate for a train consisting of primarily 
bulk commodity cars each weighing less than 
267,000 pounds (including lading). 

Use this file is the consist is composed 
primarily of intermodal equipment. 

Consist composed primarily of empty bulk 
commodity cars. 

All other consists. 

Specification of the particular .THC tile you wish to use 
is accomplished at the same time you specify the simulation 
identifier (.INI tile) and is discussed in the section labeled 
"RUNNING RECAP" . 

2.3 RUNNING RECAP <The Economic Model - "ECON2") 

The economic model (ECON2) is designed to facilitate 
analyses of either a single consist running over a single 
section of track (one TEM .INI file, a single simulation) or an 
entire set of consists running over any number of sections of 
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track, i.e. a logical set of trains (any number of TEM .INI 
files through use of the RECAP .RCP file). The following 
documentation will indicate how to run the model to accomplish 
either of these tasks. 

The name of the executable code file for the economic model 
is "ECON2.COM". This file name cannot be changed to any other 
name. certain user specified parameters are written back to 
this file name upon execution of the program. If the file name 
is changed the executable code cannot be updated and it is 
possible to make the file unusable. 

2.3.1 The RECAP Multiple Simulation File C,RCP). 

If you wish to take multiple TEM simulations and generate 
costs for those simulations all at one time then you must use a 
RECAP .RCP file to specify which simulations are to be 
included in the analysis. This file must have the extension 
11 .RCP". The .RCP file is nothing more than a list of those 
simulation .INI file names and the name of the TMCOST file you 
wish to have associated with each separate simulation. 

You would want to use a .RCP file when, for example, you 
wish to cost both the loaded and empty movements of a bulk 
commodity train. There are no constraints on when and how to 
set up the .RCP file. If the analytical framework makes sense 
to you then use it. 

The following is an example of a .RCP file that will •tring 
3 TEM simulations together. On each line the first value is the 
TEM .INI file name and the second value is the Track Maintenance 
Cost (.TMC) file name. The data elements in this file are 
positional and must be listed in the proper order with at least 
l space between the entries. The example filename is COAL.RCP. 
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The first entry is for the the loaded move, the second for the 
empty move and the third for the light helper locomotive move. ~ 

Note the -T parameter on the second line. You may specify U 
the turn time for locomotives and cars that will be used to 
calculate the equipment ownership coats separately for each TEM 
simulation. The model will use a value in the .RCP file if it 
exists. Otherwise it will use the value on the command line. 
See section 2.3.2, "The MS-DOS Command Line". 

\TEM\HOPlOO 
\TEM\MTYlOO 
\TEM\LITEHP 

\TMCOST\UNITL 
\TMCOST\EMPTY 
\TMCOST\EMPTY 

-T24:00 

The order in which the simulations were listed is not 
important to the model. It will generate the costs in the order 
you specify. One reasonable approach is to list the simulations 
in the chronological order that they would occur in an actual 
operation. 

You may find it useful to place light locomotive moves last 
as it will make it easier to the analyst and anyone who reads 
the output to separate the main loaded and empty moves from the 
secondary helper moves. Its your choice. 

Note that the MSDOS path names (\TEM\ for the .INI files 
and \TMCOST\ for the .TMC files) were specified. You have total 
flexibility as to where files are located. However, if the 
files are not on the current directory (where ECON2 resides) you 
have to tell ECON2 where the files are. All files associated 
with TEM either as input or output must be in the same 
directory. 
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2.3.2 The MS-DOS Command Line (C>). 

All of the files and other user specified parameters are 
entered on the command line at the time of program execution. 
The following example command line will show you all the files 
and parameters that can be specified on the command line. Some 
of these parameters have default values and under certain 
circumstances can be eliminated. 

C>ECON2 INI/RCP ~ CREW -I -DSI -F0.57 -'1'0:0 -Vl000 

EOJN2 

W$T IT MEANS 

'Ihe filename of the ecorxmic :nmel. executable 
code. 'fypin;J EXDN2 with IX> other parameters 

will result in the program echoin;J the oirrent 

default values for discamt rate, ruel price, 
tbne, arrl varianoe. 

'Ihe next three parameters are file name identifiers. 'Ihese 

files are assumed to exist in the oirrent MSJXS direct:my unless 
yai specify atbel'wise. Use MSJXS drive arxl path CXl'1Vel1tians aey 

time files are located on other than the oirrent directoxy. YQ.1 
do net need to specify file extensions as these parameters are 

positiaial. 'Ibey JIL1St be listed in the order described. 

INI/RCP 'Ihe name of either an .INI file or an .RCP file. 
'Ihe .INI file is the TEM simulation 
initialization file that contains certain 
inf0?111ation that the ecorxmic :nmel. needs in 

order to run suc:oessfully. '1his info:mation 
inclmes the name of the consist file, the roote 
geanetey file, etc. that the simulation used. An 

.RCP file is sinply a list of . INI files arxl 
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TMCOST files that you wish to combine to generate 
ccsts for as a lo;Jical set of trains. ~ 
parameter is positional am 111.lSt follow the 
pr031sm name (EXXIQ) • 

'lbe nmne of the Track Ma.intenan:,e 0:lst (. 'DC) 

file that yai wish to use. If yai are generatiJ'lg 
the ccsts for a sin;ile . INI file am yai want 
track maintenazx,e ccsts calculated yai DL1St 

specify the file nmna. If yai are uain;J a .RCP 

file to list the . INI files yai wish to include 
in the analysis the • 'DC file does net need to be 

specified an the 0C111111aM line. Hcw8Ver, yai will 

need to place a period 11 ." in this positim if 
yai are goinJ to specify a crew file nmna. For 
exanple: 

EXXIQ OlAI., • CRE.W -i, etc. 

'lhe name of the crew data file ( .Cll-1) that yai 

want associated with this I\D'l. Yc:u will net need 

to specify a crew file unless yai wish to use a 

crew file of a different name than either the 

.INI file or .RCP file. 'lhe default for the crew 

file (. Cll-1) name is the nmna of the • INI file or 

.RCP file. 'lherefore if yai nmna your crew file 

either the same as the .INI or .RCP file the 

program will search for a file of that name (with 

the . CHv extensian) an the same drive am path as 

the .INI or .RCP file. F\JrtheJ:more, if yai use 

the default crew file am specify a a .RCP file 

an the ccmnan:1 line in the first positian yai do 

net need to specify a 'lMCX:Sl' file as the 'lMCrST 

file can be listed in the .RCP file. 
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All of the remaining parameters are preceded by a 
kaylatter. 'lhis keyletter must bEs pzeoeded with a •-• and have 

no spaoas between the 1- 1 and the keyletter or the keyletter and 

the subsequent value. 

-I 

-o 

-F 

-T 

'lhis parameter (must be a ''minus sign" 
im:nediately followed by an "I" or "i") tells the 

pi:og1am that the follc:,winJ default values are to 

be used for this run and used far all subsequent 

:runs until further m:xli.fied. 'lhis parameter is 

not positional am can be placed ~ cm the 

cxmnand line. It would probably be useful to 

place this parameter after the filename 

parameters. 

'!be disoount rate ycu wish to have 8R)lied to the 

calail.atiai of the equipnent ownership costs 

bein;J calail.ated fran the equipnent pmilase 

price. 'lbere are two acceptable formats, either a 

:real number or an integer followed by a percent 

sign. For exanple, -d0.08 or -dB%. 

'lhe price of fuel. 'lbere is ally one aocept:able 

format, a :real number. For exanple, -f0.57. 

'!be time value (in halrs and minutes) that ycu 

wish to use as a basis far calail.at.irq the 

equipnent CMner'Ship costs. 'lhe default value is 

the TEM .rur file time that it took to CXlll)lete 

the sbmllation. A value of -TO:O would use the 

TEM .rur file time. If ycu wish to override this 

default to account for looaootive am car tum 

time then specify a value such as: -T24:30 which 

means 24 hours am 30 minutes • 

- 45 -



-v 

>FILENAME 

'Ibis parameter my also be specified for 

in:liviclual s:imlatiCllS in the .:RCP file. If you 

use the .:RCP file to set this parameter then set 
the parameter on the cx:mnan:l line to -'l'O: 0. 

Peimits the user to c:urt.rol the eccu:mic model's 

p:rintirq of actual versus target TfM stq:.pin:J 
distances. TfM permits the user to specify both 

a final am interim destinatiCllS (stops) for a 
consist. 'Ibis is done in the TfM stq) (.STP) 

file. saneti:mes TfM is able to step the train 

very close to its cirjective, sanetimes TfM 

doesn't get that close. 'Iha eoaxmic model 
always fims the closest actual step to the 
desired TfM step. If no TfM step occurs the 
ecaardc 1IXXiel. will use the closest TfM detailed 
cutpit record ( .a,r file) upon lfflich to base 

various calculations. When a step occurs that is 

in excess (either short or lar,;i) of this 

parameter's value a wamin:J message will be 
printed on the "FUEL a:HruMPI'IOO'' report page. 

For exanple, if the value -were -VlOO0 then arrt 
step that occurs greater than 1000 feet fran that 

specified in the TfM .STP file will generate a 

message to the user. 'Ibis parameter generates 

messages for informational use auy am has no 

impact upon the results. 

If you wish to have RECAP error messages rooted 

to a file rather than to the screen then specify 

the cutpit file narre on the oamnard line. '!be 

filename does not require a file extension tut 

JDJSt be preceded immediately by a "greater than" 

sign. 
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2. 4 OUTPUT FROM THE ECONOMIC MODEL 

Each time the eccn:nic model is nm six xeports will be 

written to an aitplt file. 'lhe file prefix is the name of the 

.IN.I or .Ia> file specified. as the first paranatex- a, the MSIXlS 

oamnam line. 'lhe extension is always ( .CSM). A descriptia, 

am sanple of each report follows. 

2.4.l Dp.1t File Idst 

'lbe first xeport is a li.stin; of the files that wexe used 

as inpJt to the model. Note that in this exanple a .Ia> tile 
was used to facilitate the generatia, of oosts for Dllltiple TEM 

s:imJl.atia,s. 'lbe MS-JXS oamnam line far this silllll.atia, was: 

C>ECX:m ~COAL • \XFER\11:>Pl00 -f0. 57 -to: 0 -dBi 

'lhe name of the .Ia> Jmlltiple s.iJDul.atia, file list is 

~COAL.Ia> • 

'lhe track maintenan:ie cx,st file is specified. as ". 11 because 

it is specified. far each TEM s.iJDul.atian in the .Ia> file. 

'!he name of the era,., data file is \XFER\R)Pl00.alf. 

'lhe fuel ccst is 0.57 per gallon, the disocunt :rate is Bl 
and the model will oarp.ite the eguipnent ownership and repair 

costs based upon the time TEM in:ticated it took to nm the 

trains. 

'lhe detail lines in this report are as follows: 
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HEADING 

FllE DESaUP.I'I~ 

PA'.IH 

DESCRIPTION 

A short descriptian of the inp1t file. 

Note: this is a geed place to start lock.ilq 

if ycu find in subsequent that sane 
of the informatian ycu thcught ycu shculd 

have gotten is missirq. Far exmiple if 
there is no crew cost informatian look at 
this zeport to find the crew file MJDB. 

'lbe MS-Im file locatian informatian. 

'Ihe inp1t file nane. 

IAST FllE UPn\TE 'lbe date am time of the last JIDiificatian 
to this file. 

2.4.2 crew 0osts 

'Ibis report provides information al:xJut each train crew that 
was specified in the crew file. 

Since a crew can be an duty in more than a1a silllllatian 

crew ocsts are net allocated to any particw.ar simlatian. 'lbe 
ocsts are calcw.ated by imividual crew am than sunned far the 
entire set of s:iJlul.atians. 

HFAPOO DESCRIPI'ION 

'Ihe position of the crew in the crew file. 

All crews are listed in sequential order. 
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PAYMENT METHOD Based upon the craw type indicator in the crew 

'rom,TIME 

aJM. TIME 

'roI'AI.MIUS 

QJM. MIUS 

tile. A crew may be cx:mpensated based upon an 

intra~visiaml agreement - type (1), 

int:er-divisiaw. agxeement - type (2), ar hcurly 

pay agieement - type (0). 

'Ihe mramt of tiJDe that each crew was on duty. 

'll18 value is calculated fran the TEM .cur file 

based upon the tiJDe that required to :run the 

train between the start.in; arxl erdirq track file 

p:,sitia,s specified in the crew file. Idle 

(dwell) tiJDe that occurs where the crew starts 

and finishes duty are mt in::ll.Dd in this 

value. However, idle tiJDe that occurs durirq 

the :run \rttien the crew is on duty is included in 

'10W, TIME. 'Iherefo:re if a stop is crew c::hm:1e 
p::>int the tiJDe is mt allocated to a particular 

crew. If the stop is mt for a crew c::hm:1e 
(e.g., due to other traffic) then the tiJDe is 
allocated to aey crew that is on duty at that 

tiJDe • 

'Ihe cumulative tillle for all crews up to and 

incl\.Xlin;J the current crew. 'lb.is is a nmnin:;J 

total of c:umulative crew hours. 

'lhe rnnnber of miles each crew traveled fran the 

start crew c.han;e point to where the crew goes 

off duty. 

'lhe cunulative miles traveled for all crews up to 
an:i in::l\.Xlin;J the current crew. 
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BASIC PAY 

0-MIIE PAY 

0-'l'IME PAY 

ARBIT & OlHER 

The amount of compensation for l base day's pay 

if the crew type is either a 11 1 or a 12 1 • If 
the crew type is • o • (haJrly) then the value is 
the crew halrly rate Dul.tiplied by the number of 
hcm'S al duty (subject to JIWWllllll hcm'S 

cxnrtraints, see the iJTJ;IUt file descripticn far 
the crew file. ) 

'lbe mupensatia-i due each crew assnmi r,g the crew 

traveled in excess of the spec:::ifiecl base day 

miles. 'Ihe avermile rate is fbced if the crew 

type iniicator is 'l' . If the crew type 

iniicator is '2' the ovemile pay rate is 

calculated by diviclirq l base day's pay by l base 

day's miles. If the crew type is 10 1 (haJrly) 

then the value is always o. 

'Ihe oc:npensatian that each crew is due for 

overtime duty. Urner the current .industry labor 

agreement if a crew 'W'Orks both more than B hcAlrs 

arr::l travels in excess of the base day miles the 

crew will alJ!a;t always get ovemile rather than 

overtime pay. 'Ihe speed basis det.m:minatiCl'l of 

cx.mpensation umer these circun&tances is 

progrmmed into the crew oost equaticns. If the 

crew type iniicator is • O' (halrly) then overtime 

pay is oarplted as ( (total hours worked -

straight time halrs) * overtime rate) . 

'Ihe value for arbitraries is taken directly from 

that field in the crew file. 

- 50 -

[ 

L 

l 

-
-
-

-
-
-
-
• 

.. 



J 
J 

J. 
!Ji 
_J 

_, _, _, 

BENEFITS 

'rorALCXMP 

The fringe benefits are calculated by multiplying 

the trin3e benefit rate field in the craw t,y the 
value far base day's pay. If the frin3a banafit 
rate field is preoecled t,y a •-• then the trinJa 
benefit rate is Dlltiplied t,y the total craw 

caapmsatiai. If the crew type is 10 1 (hcurly) 

~ are calculated based aily a, total crew 

pay. 

'lhe ll!IU!ll of all the al:xJl1e fields starting with 

BASIC PAY. 

2.4.3 Eguignent 0;lsts 

'Ihi.s :repcnt 0alpltes the equipnent :runnmJ repair and 

ownership ccst:s tar each simJlaticn (. lNI file) . 

HFADOO 

~ T'iPE 

NUMBER UNITS 

~FRICE 

JIXlRLY a-lNERSliIP 

crsr 

ff¥'RJPIT~ 

'Iba name given ead'l vehicle in the 'Im 

CXl'lSist file ( . a::N) • 

'Iba mzmber of vehicles of each type. 

Taken fran the modified 'Im vehicle 

parameter ( .PAR) tile. 

Taken tran the vehicle parameter file it the 

value for Il.Ull' CAR crsr is > o. 0the:rwise 

the halrly ownership cost is 0Cllplted frail 

the vehicle p..irdlase prioe t,y oc::mp.xtin; an 

equivalent annual cost then canvei:tin1 that 
value to an halrly ocst. 
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OPERATED Taken frail the TEM cutp1t tile (.am as the 

tillle frail beginnirq to erxl ot the 

sbulatim. 'lhe value can be overridden t,y 

specityinJ a value greater than the 

sbulatim tillle for the "-'1"' parameter 
either cm the MS-I:XS CXlllllll1'd line or in the 
Jllll.tiple sillul.atian tile ( .K:P) list. 

'lurAL~ 

CD3T NUmber of Units • Total Holrs Operatim • 
:tblrly OWnership 0:lBt 

REPAIR CD3T PER 

MIIE A user inpit value frail the vahicl.e 
parameter file (.PAR). 

'lurALMIIES 

OPERATED 'lhe ~ that the siml.atim CCMn'ed. 

Taken fran the TEM cutp1t tile ( .am . 

'lurAL REPAIR CD3T Number of Units * Repair a::mt Per' Mile • 
'l'ot:al Miles Operated 

'lurAL CD3T OOLtARS 'l'ot:al Repair 0:lBt + Total Otmarahi.p 0:lBt 

2.4.4 FUel, c»st; RBport 

'lhe tuel cost report OCllpltes the mmt ot tuel oc:nrumed 

t,y the train in each s.ilmllatian. 'lhe report disaggregates the 

fuel consunai between eadl stop specified in the '!'DI. stop 

(.Sl'P) tile. 
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S'IOP NUMBER 'lhe name of the TEM .INI file (siJllllatial :name) 

an:l the mmiber of the sdledul.ed st:q> in 

sequential. order. 

Smmn' ImmH 'lhe distance between the previous st:q> an:l the 

currentst:q>. 

EIAPSED MII!S 'lhe total cumulative miles frail the specified 

originatia1 of the first sinulatia1 .INI file. 

IDIE TDm 

EIAPSED TDm 

'!he discrete elapsed time tran llrilen the train 

velocity is >O subsequent to the previous st:q> 

an:l the time llrilen velocity • O at the current 

st:q>. 

'lhe time intexva1 at llhlch train speed • o at a 

selected st:q>. 

'lhe cum.ll.ative time (in hairs an:l minutes) frail 

the first detected beginnin; pcsitia1 of the 

train (taken frail the first simulatial's .INI 

file) to the last record in the .a,r file where 

the train speed• O for the current st:q>. If a 

st:q> did not occur in the .a,r file then REX:AP 

will insert the dwell time specified in the .STP 

file am acki that anomt to the time calculatial. 
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IDLE FUEL 

RJNNIN:; FUEL 

PtJEL CXlST 

ClKJIATIVE PtJEL 

CDalMED 

ClKJIATIVE PtJEL 

E:XPE?SE 

The amount of fuel consumed during defined 
"IDIE TIME". If no step actually occurred 
RECAP will CXllplte idle fuel as: (n.miber of 
lc:xxm,tlves * fuel OCllSUDPtian rate at idle 
* .SI'P file specified idle time). 

'D'le 8IIDll'lt of fuel (f.'ran the TEM .WI' file) 
reported to have been oa,sumed :t,y the 

ccngist durirq defined RJNNIN:; TIME . 

'!be price of fuel * (~ fuel + idle 
fuel). Price of fuel is entered an the 
MS-IXS camnand line thrcugh the 1-F' 

parameter. 

'1he total miomt of fuel cxxnsumed beginru.n:] 

at the startin;J positian in the first 
simulation . INI file ( if the fuel 
ccnsunption at that point is >O the fuel 
ca.mter is set to O) thrcugh the erd of IDIE 

TIME at the current step. 

C\JlmJJ.ative FUel caisumed * Price of FUel 

2. 4. 5 TracJc Maintenance Costs 

'D'le track maintenance costs for arrt simulation are the 
calculated inct:emental costs for I'W'1l1in,;J the specific cx,nsist 

one time aver a specific rc:ute geanetry file. Section 2.s.2 

''Track Maintenance Costs" will provide :further infonnation on 
hew these costs were calculated. 
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HE'ADOO 

STAR!' S'IM'ICN 

S'roP S'IM'ICN 

ImGlliMIIES 

_, 
_, ~ISi' 1'CIM 

_, 
_, TANGml' MIIES 

-" 
r -,, 

J 

DESCRIPI'ICN 

'Ihe staticm name (if any) fran the positicm 
in the rcute geanetiy file (. 'IRK) the user 

specified as the desired begi.nnin;J track 

segment for lmich to calc::w.ate track 

maintenance ocsts ( either the begi.nnin;J of 

the file or with an 's I in column 64 of the 

file, see sec:ticm 2.2.J. 

'Ihe station name that the user specifies as 
the end of the rcute segment for which track 

mintenance ocsts are to be calc::w.ata:i. '!he 

default is the staticm name (if any) in the 

last record of the .'IRK file. 

'Ihe lilysical lergth of the rcute segment 

between item 1 and 2 above. 

'Ihe total million gross tan miles generata:i 

cm this rcute segment. Calc::w.ata:i by 

ml tiplyin;J the lergth of each segment by 

the TRAFFIC DENSrIY field in the rcute 
geanetiy file. 

'!be weight of the train consist ( calc::w.ata:i 

fran the .cm and .PAR files) ml.tiplied by 

the lergth of each segment between item 1 

and 2 above. 

'Ihe lergth of all track segments of less 

than 2 degrees cw:vatum. 
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~a:sr 

aJRVED mus 

aJRVED a:sr 

'rorAI.'mACK 

MAIN!'. a:sr 

'lhe CXlSt of maintenance for track of less 
than 2 degL!H curvature. 

'lhe len;it:h of all track aegmants of 2 or 

more degrees of curvature. 

'lhe CXlSt of maintenance tor track of 2 or 
m::,re degrees of curvature. 

TarJ1ent C0st + 0ll'Ved Ccst 

2.4.6 Recap Q;)st SUJmmy 

'!his mport sunmiarizes the oosts associated with each TEM 

shulatian t,y CXlSt categories. A fil'lal sunmmy of total oosts 

associated with all the sim.llaticns is provided. f!2rE: since a 
ct"E!I.' can q:,erate in m::>:re than 1 siml.aticm ct"E!I.' costs are a\ly 

allocated to the total CXlSt summazy report (the last rep:at in 

the CXlSt surrmary) am net imividual siml.atia,s. 

HFADDC 

'rorAI. a:sr 

DESQUPI'ICN 

All oosts are allocated to Cl18 of 7 

categories: locanctive ownership, locanctive 

~ repair, car ownership, car %Ul'1JU.l1:1 
repair, fuel, track maintenance, or ct"E!I.' 

oosts. 

Taken fran the total CXlSt field an each of 
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COST PER 

1000 GIM 

a:sr PER 

1000 NIM 

a:sr PER 

MIILICN CFM 

Total Ccst_ / (Total weight ot ocnsist * 
total train miles) 

Total Ccst / (Total Iad1rq in ocnsist • 
total train miles) 

Primarily useful as a masure ot 
productivity for~ equipnent as 

cubic capacity is often reached prior to 
weight capacity. Calculated as ('l'otal cubic 

capacity ot all vehicles * total train 
miles). 

2.s.1 Q)amim Operatim strategy w/o Rentnnim the 
simulation 

!Xl:N2 includes logic wich attenpts to insure that the 

cutpit accurately reflects the operatin;J strategy that the user 

establishes for aey train. 

0R:le the user understands this process it will be easy to 
JIXXlify certain aspects of the operatin;J strategy wit.ha.it 
i:erunnirq the TEM simulation. 

As a general rule ycu can add interim destinations am 
~ the origin location or final destination ot the train. 

For this discussion '!he TEM simulation can be viewed as 

havirq two 0Cl'lp)I18nts, an cbjective operatin;J strategy as 

represented by the TEM stop ( .STP) file am the actual q>eraticn 

as represented by the TEM simulation 0Utplt ( .cm) tile. 
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'lhe step file tells the silllll.ator 'Where (in the track file) 

the train is to step, for hcM 1mg, an:! litlat the throttle 

settin:J is to be durin] dwell time. 'lhe output file provides a 
detailed running reoo:cd of hcM the silllll.ator executed the 

q:,eratin] strategy. 

Q18 of the aspects of TEM that enhances the accuracy of the 

ailllll.atiai in regard to :fUel consunptiai am running time is 

that the iJipact of train hancllin] actiC11S (c::!lan;Jes in throttle 

poaitiai, brakes applications, etc.) are explicitly m:deled. 

Because TEM esaentially silllll.ates the behavior of an En1ineer 

the actual axacutiai of the q,eratin] strategy may deviate 

sanawhat fran the strategy itself. 'Ibis is particularly true in 

regard to hcM close the autanatic train hancllin] algorithm is 

able to step a train in :relation to the ci>jective specified in 

the step (. STP) file. 

Usually the actual stop is within several lmrm'ed feet of 

the objective. Sanetimes the step can be <Xl'lSiderably short ar 

lmg. Occasiaially TEM will step a train short of the 

destinatiai am then start the train again to m::we it closer to 

the destinatiai. 

EXXm will always fird the actual step closest to the 

desired stq::pin] poaitiai as specified in the .STP file. If a 
stop does not occur then the . CX1I' file record closest to the 

desired step is selected as the stq). :EX:X:N2 will print a 

message in the fuel cansmrption report if the stop does not 

occur. 

After :EXX:N2 has read the .STP file (the ci>jective), a 

danain of pc,tential candidate stq,s is established. 'lhis danain 

is defined as 1/2 the distance between MrI specified stop ard 

the previous step am 1/2 the distance between the specified 
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stop and the next stop. In the case of the train origin 

locatial am the final destination clll.y 1/2 the distance between 

the seocnl step am the next to last step is cawidered. 

'lberefore, arrt time the train speed readles 10.00 1 a 
potential candidate for the step exists. 

lt1Sl'l the TEM .aJl' file is read, all actual steps that occur 

within the defined danain are extracted an:i evaluated. Fran 

those camidate stcps the one that is closest to the desired 

step is selected. '1he fuel consumption an:i l\ll'min:J time between 

each selected step an:i the previous selected stcp is CCllplt.ed 

am the step is matched with the specified crew CMn:Je locatiaw 
in the crew ( .CB-1) file. 

As previously indicated there are three c:han;Jes yai can 

make to the q,eratin;, strategy that will na;t likely giva yai 

reasa,able :results without havfn1 to rerun the TEM sinulaticn: 

(1) Add (mt not delete) interim destinations. 

(2) Advance the origin position of the train. 

(3) set back the destination positicn of the train. 

'lbe first d1ange is useful 'When yai nm a silllulaticn but 

fol'g9t to ackl a step for a crew chan;e, train meet, etc. By 

editin;, the TEM .STP file am addfn3' a destination~ will 

create an artificial step fran the closest record in the TEM 

outplt tile. It will then add the ~riate dwell time am 
calculate the idle fuel consumption frail the l w . PAR 

file. However, yai cannot delete destinations as the actual 

step WQlld then beoaoe a part of another destinaticn 's danain of 

potential stcps am may be selected as a stcp even though yai 

wanted it to be ignored. 
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The second and third options are useful if you want only to 

cost specific segments of a silmll.atia, and net nacessarily 

incl'l.r:lin; trme.re the train actually started or the final 

destination. To accx:nplish a chan;e in start:in:J poaitia, c:nmaa 
the train origin point in the '!'EM. INI file. To laOO .,,.. date a 

chan;e in final destinaticn, edit the last reoorcl in the '!DI. 

STP file. 

~ always attempts to generate costs based upc:n the 

objectives established in the .INI and .STP files. For exanple, 
assume you have a 1000 mile silmll.atia, start:in:J at mile o in the 

• 'IRK file and ~ at mile 1000. If you auy wish to generate 

costs far mile 250 thrc:u3h mile 750 you wail.d c::Nm18 the origin 

locatiai in the • INI file to 250 and the final recoJ:d in the 

.STP file to 750. 

Even ~ the '!DI output file starts reoordiDJ the 
sj:nule+-.icn at mile o, ~ will read the file until it fims 

the closest record to mile 250 and set its distance and fuel 

consunptiai aoc,mJJl\tors to o. All of the n:del's calculations 

of fuel consunptia, and %'\1l'1l'U.D3 tiJnes are relative to the user's 

objectives. 

2.6 'lhe TracJc Maintenance eost Files C,'m=l 

'lhis intent of this section of the manual is to provide you 

with info:rmatia, aba1t how the track maintenance costs provided 

with RECAP were generated. It will also provide information as 

to when the oosts are useful am when they are net. 

'Ihe fiva track maintenance oost files were generated using 

'IMCXlST, an en:Jineering silmll.ation m::xiel that oc:mprt:es the track 

deterioration generated :t,y one nm of a specific traffic mix 

"'1er a specific rrute. unlike typical aooounting based track 

maintenance oosting packages, 'IMCOST is sensitive to the pr±mary 
ocnsist specific factors (wheel loadin;, unsprurq mass, center 
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of gravity height, and wheel diameter), route geometry, and 

track oanstructian factors which affect track deterioration. 

'lhe cost files were generated by first establi.shil'q a base 

case CXlnSistin; of what was considered to be an average traffic 

mix (certain percentages of 4 axle and 6 axle lcxxm,tives, ard 

several different car types). '!his "average" traffic mix was 

based upon a study done at a particular U. s. rail?:0ad. 

'lhe \Dtlt costs for rail, labor, ties, ballast, etc. were 
based upon the R&T staff's best information of industJ:y wide 

average costs. 'lhe labor costs were adjusted upW'ard to aocx,.mt 

for lower track gan; productivity in high traffic density 

territoey. 

'lhe "average" consist was run aver a :rcute geanetry file 

that cx:intained twenty-foor one mile lorq segments of track 

representirg every canbination of O thralgh 2. 5 percent grade 

and O t:hrc:u;h 10 degrees cmve. 'Ihe simulations represented 

each of s rail types (heavy, medium, and light rail, premium and 

stamard metallurgy ard, jointed and OlR) un:ier lubricated and 

na1-lubricated cxn:litions in each traffic density categoey. 

'1he c:utp.xt of the first set of simulations was the cost of 

nmni.n; the "average" traffic mix aver each 1 mile :rcute segment 

takin;J into acxnmt rail type, lubrication and traffic density. 

'1he five track maintenance cost files were generated by 

taJd.rg the err;ineerin;J characteristics (lcxxmtive and car 

characteristics) of five different typical consists ((1) unit 

train with heavy axle loadings - 39,000 pouni wheel loads, 

315,000 gross weight per car, (2) unit train with st:aroard axle 

loadin;Js - 32,500 poon:i wheel loads, 263,000 gross weight per 

car, (3) ~, (4) unit train enpty and (5) mixed 
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locomotives and car types] and adding a traffic increment 

oonsistin;J of aw of these consists to the base case "average" 

traffic mix am ~ each of the si:aulatians. 

'1he diffe:cen::::es in the costs of the base case am the costs 

of the base case plus a,e of the five additiooal oonsists is the 

incremental oost of nmnirg one of these additiooal consists 

aver each canbination of track gearet:ey, traffic density, 

rail-type, am lubrication status. 

'1he incremental costs generated were then divided by the 

tamage (in millia,s of ta'lS) that 1ep1.esented the traffic 

iraement. Since each rart:e segment is 1 mile lmJ the 

:resultin;J incremental costs are in dollars per milliat grcss 

tat-mil.es. 

Canceptually, yoo. can view each track maintenance oost file 

as a very lcnJ list of cost values that are accessed by EX::X:N2 on 

the basis of: 

(1) OJnsist Type 

(2) Rail Type 

(3) IJ.lbrication status 

c 4) 0::lnsist weight 

(5) Route Traffic Density 

( 6) Gradient 

(7) anvature 

2.6.1 When the Track Maintenance Cost Files are Useful 

'!he track maintenance oostin:J oarponent of REX:AP is JOOSt 

useful for cx:nparative analysis of cperatin:J strategies an:3/or 

technologies. When evaluating alternative ocurses of action the 

analyst is really lookin] for gross differences in either the 
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cost or performance characteristics associated with the 
caipet.iD] alternatives. 

'lJIXl,'I' is azguably the JDJSt caipret..ensive tool available 

far det:eminiJ'lg the illpact of en;ineerirq factors upai track 

deteriaratim. BeiDJ sensitive to those en;ineerirq factors, 
the oost files provided will give the REC'AP user a very good 

feel for the degree of differe.ooe in irx:renental. oosts that m::,re 
traditicmal acxxmttin;J based approaches cannot provide. 

2.6.2 What to Avoid 

'lhe track maint:enaroe oosts are rx,t useful for absolute 
oost measurement. 

~ auy oarp.rtes oosts associated with track (fran the 

rail down to the ~) deterioration. No oosts for 

administration, bridges, brush re:m::,val, etc. are included. 

'lbese costs, thalgh real, are not directly mated to either 

cx:xnsist specific technology, operat.in;J strategy, or track 

dlaracteristics. 

'lhe oosts are rx,t useful for evaluat.in;J the amparative 

econanics of rail types. 

~ was extensively calibrated for 132 lb. rail. It was 

rx,t so 'Well calibrated for lighter weight rail. For exanple, 

the fatigue model calculates that fewer defects will develop in 

light weight rail on soft, wet subgrade than in 132 pcurd rail 

on stable, d:cy subgrade. A conclusion that is rx,t in aCXX)rdance 

with the majority opinion in the railroad ergineerirg 

oarmmity. However, the cost differences associated with a 

light traffic mix CNer medium and light weight rail versus a 

heavy traffic mix CNer the same type rail are prci:)ably quite 

~le. 
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3.o TKSPLICE CTrack File Management system> 

TKSPLICE is a program that enables the user to create new 
route geometry (.TRK) files out of files that already exist. 
TKSPLICE permits one to: 

(1) Extract of a specified part of an existing track file, 
(2) Reverse all or part of a track file. 
(3) Splice all or part of two or more track files together 

into one file. 
(4) Extract portions of two or more files, reverse them, 

then splice them together in one step. 

TKSPLICE will allow you perform any combination of track 
file extraction, reversing, and splicing that you can conceive 
of. As a caution however, TKSPLICE has only a limited ability 
to determine that what you are trying to accomplish is 
reasonable. You can instruct the program to splice a section of 
track in Colorado to a section of track in Illinois and it will 
do so. 

3.1 How to Use TKSPLICE 

3.1.1 The MS-DOS Command Line 

There are three parameters which are specified on the MSDOS 
command line, two of which are mandatory and one which ia 
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optional. The format of the command line follows: 

C>TKSPLICE <CQ,fFil.E >MESSICES 

Fac:h of the parameters must be separated by at least a,e 

space. '!he "<" am ">" symbols are required am n::, spaces can 
exist :between these symbols an:i the filenane that follCMS. 

'OOPLICE 

DESCRIPI'ION 

'1he program name, must be the first entJ:y on 

the oc:rnmand line (to state the cl:,vicus). 

A user specified filename that cart:ains the 

instructions to TI<SPLICE as to how the track 

files are to be manip,uated. '1he "<" is 
required am iJ'lsb:ucts the pto:p:am to read 

the named file as if it were irplt frail the 

teminal. '!he oc:rnmand file name can be aey 

legitimate MS-tng filenane (8 characters or 

less) an:i n::, file extension is required. 

'!he file will be created usirq aey resident 

~ text editor. 

T.t<SPLICE generates error messages as well as 

a l:'\lll?rln;J log of the prooess that is bein;J 

performed. If you do n::>t specify a messages 

output file, the messages will be sent to 

the screen. 'Ibis parameter is q,t.ional. 
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3.1.2 The TKSPLICE Command Language 

~CE has a ver.y sillple camnan:l lan;uage CX11Bistin;J of a 

fffltl keywords that insb:uct the p.i::ogram which cperatiam to 
perfom. '1bese keywords both must be spelled cxn:2:ectly and are 

positiaw. (DllSt be plaoed in the right order) • Fortunately, 

the posi'tialiniJ of the keywords is logical and will be evident 

to the user tran the beg:i.nnirq. Use either lJR)8r or lower case 

letters. 

~ 

EXI'RACI' 

DESCRIPI'IOO 

BEX;IN tells TI<SPLICE to create a new file. All 

camnan:l files must have BmIN as the first wo:rd 

in the file. You must have a BmIN eveey time 

yoo. create a new file. However, yoo. may create 

as many files as yoo. wish in one oc:mnam file. 
Dmnediately follc:Mi.rg BmIN (separated by a 

space) yoo. will specify the filename to be 

created. No .TRK extension is required, it is 

assumed. MSOCS drive an:1/or path specifications 

are required if the new file is to be written to 

other than the a.trrent dit'ect:my. 

END tells TI<SPLICE that the erd of the cxmnan:i 

file has been reached. END must be the last line 

of the ccrnmarrl file an::l must not cxx:ur mre than 

once in the file. END is TI<SPLICE's em-of-file 

marker. 

EXI'RACI' tells TI<SPLICE that sane subset of a 

specified file is to written to the new file. If 

EXI'RACI' is an operation yoo. choose then EX'IRACl' 

must be the first ccrnmarrl on the line. EX'IRAC'l' 

is always followed by an existirg filename. 
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REVERSE REVERSE tells TKSPLICE that some subset of a 

specified file is to be extracted, reversed an:i 

written to the specified new file. REVERSE is 

always followed by an existing filename. 

A keyword that in:iicates the begimirq positiai 

(in feet fran the start of the file) of an 

existing file to be reversed or extracted. If 

F8CH is not specified then the default start 
position is foot o in the existing file. 

'IO Specifies the positicri (in feet frail the 

beginn:ixq of the file) that the axtractiai or 

reversal process is to cxn:l.ude. 

To illustrate the ooncepts surrcund.in; these keyword the 

following is a BaJrple cx:mnarxi file. 'Iha next secticri will give 

exanples of how to perform several operations that will often be 

useful. 'Ihe BaJrple cx:ranan:i file is named llJIID. 'lbe file 

:resides ai the same directory as does TI<SPLICE. 'lbe SQlrCe 

i.nplt track files an:i the target aitp.lt files :reside an a 

sub-directory named '!RACK. '!be TI<SPLICE messages will be 

written to the screen. 

'!be MSIX6 cx:ranan:i line: 

C>TI<SPLICE <IlJIID 

'Ihe file BJIID. looks like: 

m:;m \'I'RAC:K\MOC (New file, .TRI< is assumed) 

EXTRACT \'mACK\A'IOB F8CH 0 'IO 100000 

EX'.IRACT \TRACK\Bl'OC FR:M 0 'IO 250000 

m:;m \'!RACK\~ 

REVERSE \TRACK\A'.IDC 

END 
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The default for the FROM and TO positions is always 

respectively the first reooxd an:l last r&c:m"d in the file. Ycu 

need to specify FKM or 'ro cruy if ycu want a selected porticm 

of the file extracted. You may specify a FKM or a 'ro l:,y 

itself. If one or the other is missing the default (first ar 

last reooxd in the source file) will be selected. 

Note also that creating the file ~ (the reverse of A'.IOC) 

was done in two steps. 'Ihe two step process works but is net 

necessary an:l wastes space if ycu really only wanted one cutpit 

file; the product of files ATOB an:l BroC spliced then reversed. 

Another ~ch would have been: 

mx;m \'IW\CK\~ 

REVERSE \~CK\BIOC FKM O 'ro 250000 

REVERSE \~CK\ATOB FKM 0 'ro 100000 

END 

If your files BroC an:l ATOB were respectively 250000 an:l 

100000 feet lon:;J the the follCMing wcu1d have worked just as 

well: 
mx:;m \~CK\~\ 
REVERSE \~CK\BIOC 

REVERSE \TRACK\ATOB 

END 

Note that when ycu have 100re that one source track file 

(Broe arxi MOB) the process of splicing the files is bplied. 

You do net n:!Ed to tell TKSPLICE to plt two files together. 

3.1.3 Exanple TKSPLICE Command Files 

'Ihe following exanples will shCM ycu various ways of 

performi.rq :furx:tions will probably need at sane point in tilne. 
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Examples of using alternate sub-directories and disk drives are 

included: 

(1) Extract a portion of an existin;J file frail the middle to the 

erd of the file: 

BmIN C:\'mACK\BIOO 

EXTRACT A:MOD !11:H 54332 

END 

['IO erd of file ilplied] 

(2) E>Ctract a portion of an existin;J file frail the beginnin; to 
sane point short of the em.. 

BmIN F: \'mACK\/{ltlC 

EXTRACT A:MOD 'IO 54332 [ra::M ~ of file ilplied] 

nm 

(3) Splice all of three files together fran your track file 

sub-directory ani pit them in the Train Energy :tii:ldel 

SUb-directory. 

BmIN \TEM\EltH 

EXTRACT \'mACK\ElUF 

EXTRACT \'mACK\FIOO 

EXTRACT \'mACK\crn:H 

nm 

(4) Do number 3 above but only get the first 20000 feet of the 

thini file. 

BEX;IN \TEM\E!ai 

EXTRACT \'mACK\EIOF 

EXTRACT \'mACK\FIOO 

EXI'RAC'I' \'mACK\crn:H 'IO 20000 

nm 
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(5) Reverse all of one file. 

BmIN \'ID!\fflUE 
REVERSE \TEM\Eltll 
mo 

(6) Splice and reverse three oarplete files. 

BroIN \'ID!\fflUE 
REVERSE \'IRACK\Glai 

REVERSE \'IRACK\FIOO 

REVERSE \'IRACK\FIOO 

mo 

It is i:q)o:rtant to urderstarxl the order in ~di Tl(SPLICE 

perfoms functia,s especially when track files are beiJ'g 

:reversed. In order to avoid makirq sare very stran;Je mistakes, 

(especially if you are reversing parts of Jmll.tiple files and 

creating one new file) you may wish to perfom the functia,s in 

logical steps and create at least one interim file in the 

oamarxi file. 

Tl(SPLICE does everything in the exact order that you 

specify in the oamarxi file. In regard to the illplied splice 

functiai, the splicing is always done after the ext:ractiai or 

reversal process. 'Ihe a.ttput file is always written to disk in 

the order that you specify the inp.lt files. 

For E!X!J1Ple, you have two inp.lt files AroB and moc. 

Assume that BIOC starts at the same location that AroB erds. 

Yoor objective is to get a file that starts at loc:atiai C and 
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ends at location A. Look at the appropriate correct commands to 
accomplish this: 

BEGIN CTOA 
REVERSE BTOC 
REVERSE ATOB 
END 

In this example TKSPLICE will perform these steps in the 
following order: 

(1) Create empty file named CTOA.TRK 
(2) Read file BTOC 
(3) Reverse file BTOC 
(4) Write reverse of BTOC to file CTOA 
(5) Read file ATOB 
(6) Reverse file ATOB 
(7) Concantnate reverse of ATOB to file CTOA. 

The result is that the starting position (0.00 feet) of new 
file CTOA is the same as the ending the position of file BTOC, 
namely location c. The end of file CTOA is the same as the 
beginning of file ATOB, namely A. The result is what you 
desired. 

On the other hand if the command file had been: 

BEGIN CTOA 
REVERSE ATOB 
REVERSE BTOC 
END 

The result would be a file where location B was at the 
beginning, location A was in the middle, and location B was at 
the end. TKSPLICE would probably issue a warning message in 
this case. 
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The program checks to see if the last record in one file 
has the same elevaticn, grade am curvature as the first rec:a::d 

in the next file. 'lhis should be the case if the two files are 

piysically o:xmected. If the elevaticn, grade am curve do not 

match, th6 ptog.rmn will foroe the first record of the seoon:i am 

all subsequent spliced files to conform to the last record of 

the previous file. All subsequent elevations will be adjusted 

so that the file will not contain vertical walls or cliffs. 

A final note: BE CAREFUL WHAT YOO ASK FOR, FOR YOO WilL 

SUREI.:l GEl' rr. 

TI<SPLICE takes care of all housekeepin; tasks on file 

splices am reverses sudl as ~in; left curves to right 

CUIWS, i:ecalculatin; the position (in feet fran the begi.nnin;J 

of the file) all the secxni am all subsequent spliced files, 
etc. 
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4.o TPPIT CTraok File Editor and verifier) 

The track file editor enables the user to scan, perform 
format and logic checks or to modify an existing track file . 
TKEDIT also permits you to build a track file from acratch. 
This is a very labor intensive task and is recommended only as a 
last resort. 

TKEDIT is a full screen editor similar in many ways to 
several commercially available editor and word processing 
packages. TKEDIT also includes a feature where you can program 
up to 40 function keys to execute a series of commands to 
manipulate the file. 

4.1 Using TJ(EOIT 

4.1.1 The MS-DOS Command Line 

The program name is TKEDIT. On the command line you 
specify the program name and the name of the file you wish to 
edit. The format for the command line follows: 

C>TJCEDIT filename 

Since ycu can ally edit files with the extensiai .'mK, ycu 

need not spe:ify the file extension. If the file ycu wish to 

edit exists a, other than the CUITent directory or drive, ycu 

need to specify it. 

If the file ycu specify does not exist, then ycu will be 

askecl if ycu want to create a new file. If ycu answer 'N' the 

pxogtmn will terminate am you will be back to the CCllllllim:l 
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line. If you answer 'Y' a blank screen with the fields labeled 

will be bro.13ht to your screen am. yQJ can start fillin:J in the 

apptc:pdate data. 

An exanple MS-OOS CXlllll2lM line t«Jllld be: 

C>TXEDIT \'mACK\SAMPU: 

4.1.2 TI<EDIT CaMnams 

On the next page yQJ will fin:i an exanple of the TKEDIT 

screen. Notice that each of the data elements is labeled and 

the format ot each field conforms to TEM specificatiais. 'Ihe 

last two fields, "R" (RAIIll'YPE) and ''M1I'" ('mAFFIC ~I'IY) are 

the aa::litiais required for RECAP's eoonanic DXlel. '.Ihe field 

labeled "D'' ((m.W DIS'IRICI' InJNI:RY) was required for an earlier 

versim of REX:AP. Yoo may igrx,re the field oarpletely. 

'Ihe follcwi.rq is a list of comman::1s for perfcn:min;J each 

TKEDIT turx;tim. 'Ihe oanman:ls are listed by f'UrK:ticnll 

category. Wnen there is ll'Ore than one oamnan::l listed aey of 

the alternatives may be used to perform the f'UrK:tion. :terE: the 

symbol '" 1 is the key labeled "CIRL". An "F" preoeclirq an 
integer is a oorrespc:ntin:;r 'f'UrK:tion' key. 

Wnen usin:J the 'CIRL' key keep in mim that this key must 

remained pressed cbtln while the remaimer of the keystrokes are 

entered. 
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4 .1.2 .1 n;,voo FR;M PLACE 'lQ PIACE IN 'lHE FIIE 

J(EYS'lJPI(E(s) 

Lf'tArrclli,AS 

R;tArxow, AO 

Enter, AM 

~,AE 

tl'lAn:tlli, AX 

~, "C 

P9UP, AR 

AZ 

"W 
Tab, AF, AI 
ShiftJ!'ab, AA 

FJ, AHana, "<JR 

F4, AErxi, "a: 
Hana, "QE 

Erd, "QX 

FUNCTICN 

Move cursor left one character 

Mave cursor right ane character 

Mave cursor to next selected field. csee Al(M 

in "CIIHER !UNCTICIIS") • 

Move cursor up ane line. 
Move cursor down one line. 
Page forwam ane screen (less 4 lines). 

Page back ane screen (less 4 lines). 

Scroll up one line. 

Scroll down ane line. 

Tab right to next field 

Tab left to previous field 

Mave cursor to tcp of file. 

Mave cursor to en:i of file. 

Move cursor to tcp line an screen. 

Move cursor to last line m screen. 

4.1.2.2 SFAAQiNZ 'IHE FilE 

I<EYSm:>I<E ( s) 

F9, "QF 

FUNCTI~ 

FW character strin:;J in field were cursor 

is positiam scanning fotward frm current 
line. (Pra!pt for target character string 

will be at tcp of screen) 
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FB, "'QB 

"'L 

F6, "'~, "'QZ 

Find character string in field where cursor 

is positioned scanrrln;J backwards fran 

current line. (Pralpt for target dlaracter 

strin;J will be at top of screen) • 

Fini next occurrenoe of previazsly entered 

tal:get dlaracter strin;J. (Repeats either of 

previous "FillD" OClllllBJ'X3s) • 

Fini next reool'd (scanrrln;J fotward in file) 

with a non-blank or nonzero value in field 

where cursor is currently positioned. 

(useful for finclirq next station name in 

I.OCATial field) 

Fini next reool'd (scannin; backwards in the 

file) with a non-blank or nonzero value in 

field where cursor is currently positioned. 

4. 1. 2. 3 INSERI'IONS. OEIEI'IONS. OOPl. am 
EDITING. 

When you wish to chan;Je aey field or enter data, just start 

typin;J in that field. '!he default data entzy JOOde is 

'overstrike', i.e. the dlaracter you type replaces the current 

dmracter. '!he 'INS' key toggles between overstrike ani insert 

m:x!e. 

:KEYS'm)I(E ( s) FUNcrION 

BackSpaoe, "'H Deletes dlaracter to the left of the cursor. 

DEL, "G Deletes the dlaracter at the cursor. 
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.J 
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J 
J 
J 
J 
J 
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J 
J ~, 
~1 
-'m -

"Y 

"N 

Ins, "V 

FS. "I<R 

Deletes the record at tha current cursor 
positiat. 

Inserts a blank reccJ::d at the current airsor 
position. (PUshes the current record down). 

Tcggle between insert and overstrike n:x!e. 

Tcggle field replacement. Replaces the next 

field with \hlatever value is in the current 

field. (Note: a dcuble headed arrow will 

a~ at the tcp of the screen in the field 

18bel. 'When the toggle is •at 1 • 

Tcggle field ocpy. 0:,pies into the next 

field the value that is in the current field 

if the next field is blank. (Note: a sirqle 
headed arrow will appear at the tcp of the 

screen in the field 18bel. ~ the toggle is 
•on•. 

4.1.2.4 OOTING TKEDIT 

l<EYS'mOXE (s) 

"IOC 

no, "KS 

FUNCI'ION 

Exit the editor withaJt savirq the d1an;es 

made durirq current TI<EDIT session. 

Exit editor after savirq ~-

Save all~ durin:J current session but 

do not exit TI<EDIT. 
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4.1.2.s OTHER FUNCTIONS 

~(s) FUNCI'ION 

Toggle field selectiai for carriage return 

(Enter key) • For Mrf field the cursor is 

positiaiecl at ,men this 1\n:tiai is toggled 

'ai' , the carriage return or tab keys will 

skip aver the field. 'Ihe field will be 

displayed at 1/2 intensity ,men toggle is 
10n I• Entering the keystroke sequence again 

will toggle the field fran 'ai' to 'off'. 

Validate records fran current line to end of 

file. '1his 1\n:tiai checks each field for 

fonnat or column positiai errors. If the 

data in a ~ield is an invalid type (i.e., 

character data in a numeric field) the 

validation will stop until the field is 

corrected. 

If ya.I do not want to COIIect the field then 

hit the 'ES<:' key an:l n¥:JYe the cursor to the 

next field (or line) an:l restart the 

validatiai process. 

'!he validation pI'ocess will ooua..t all 

GRADE values based upon the difference in 

elevation fran the previous to the current 

record. }additionally, the validation 

process does ran;e checks on the M:i'I', 

'mACI<SIDE llJBRICATOR an:l RAimYPE fields. 

Tl<EDIT also checks to detennine is the next 
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position field is greater than the previous 

position. TEM does nat allow negative 

If for certain fields, for exanple GRAIE, 

you do nat want the validatian process to 
stop if an error is enoamtered then toggle 

the verify for that field fran 'an I to I off• 

(see the next fllnctian). 'lhe validation 

routine will still CX>rrect fonnat ard 

carp.rtatiCMl. errors where possible b.lt will 

nat stop for each error. 

Tcggle verify for field an which cursor is 

currently positioned. 'Ihis fllnctian tw:ns 
the verificatian process 'off' or •an• for a 

specific field. In general you will 

want to toggle verificatian off for the 

GRADE field ard let TI<EDIT make the grade 

conespond to the elevatian charges. If you 

have fields that are intentiCMl.ly blank, 

especially·ones used only for the eocnanic 

ll¥Xiel b.lt nat TEM (RAIIlM'E ard TRAFFIC 

DENSIT'i) you will want to toggle those off 

also. Yoo should prc:bably lesve all other 

fields toggled an. To perform this fllnctian 

just tab to the field of interest ard hit 

the Fl key. A blank space in the field 

label will exist when the verification for 

the field is toggled 'off'. 'lhe default is 

'on'. 

'Ihe oc::rnmam to invoke the programmable 

function key capability of TI<EDIT. Section 

4. 1. 3 explains this feature in detail. 
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4.1.2.6 RECAP OF PROGRAMMED FUNCTION KEYS 

Alt:hcu;lh yai may progJ:am up to 40 functiai keys to perfom 

any logical series of keystrokes yai wish a rnmiber of the D:l6t 

CDIIDaUY use:! features of TKEDIT have been pzewpzogrammed for 

yai. By hittin3' the functiai key these canmarxls will be 

autanatically executed. 'lhe followin:] is a recap of the default 

pzogxanmsd function keys. Yen can chall:Je these defaults if yai 

wish. 

PUNCl'ICN KEY 

n 

F2 

F3 

F4 

F5 

FUNCTICN 

'lbggle verify 1off' or •ai• for the field at 

the current cursor location. 

Validate records fran current line to em of 

file. 

Move cursor to first line in the file. 

Move cursor to last record in the file. 

'lbggle field replacement I off I or I on 1 • 

Remember this feature replaces \thlat 

currently exists in a field with the value 

that exists in the field in which the cursor 

was located when the function was set from 

'off' to 'on'. 

'lbggle field cow I off I or I on' . '!his 

feature only copies fran the source field to 

a blank field. If the target field is 

non-blank the value in the target field 

remains unchanged. 
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_J 
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_J 

_J 

_J 

_J 
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FUNCTION KEY 

F6 

F8 

F9 

FlO 

FUNCTION 

Mave cursor forwam to naxt JD'l-blank or 
:nonzero field. 

Move cursor backwards to the naxt JD'l-blank 

or :nonzero field. 

Find character strin; in current field 
scannirg backwai:tl thrcugh the tile. 

Fini character strirq in current field 

scannirg fotward thrcugh the tile. 

save c.harqes to the tile but do not exit the 

editor. 

4.1.3 Additional Features of TKEDIT 

One of the ci>jectives in the design of TREDIT was to 
in:rease the prcductivity of the RECAP/l'EM user in regaI'd to 
establishinJ the simulation operatirq strategy. 'lhis is 

especially true in regard to l:clldirq the 'IDI stq, ard RECAP 

crew tiles. 'IDI requires that the position of each track 

segment exist in te.nns of the number of feet frail the first 

segment (always at O feet). 

However, 'IDI also requires that the initial pcsitiai of the 

train (given in the .INI file) am the pcsitia, of all interilD 
stops am the final dest.im.tion (in the .STP) file be provided 

to 'IDI in tenns of miles ard feet fran the beginning of the 

track file. 
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TKEDIT continually displays, at the bottom of the screen, 
both the :reo:xd nunt:,er (line number) and the positicm in miles 

plus feet that the cursor is on. 'lherefore, when establishing 

stqis for crew ~, trains meets, final destination, etc. , 

just mc,ver your cursor (usin;J the various FIND camnands in 

'l'I(E[)rr) to the place in the file ycu want the train to stop and 

that positian will be cc:nverted autanatically into miles and 

feet. 

4 • l. 4 P;wu11111wp the FUncticm KeVB 

Artz of the Tl(E[)rr oc:mnands (except the two camnands to exit 
the editor) avail.able to the user can be piogLimmed. into one of 
40 functicm Jcaya. '!be p.u-pose of this feature is to allow l 

ksystr0ke to do the work of several. 

'!be 40 keys available for programmm;J are the functicm 

keys: 

Flthl'tU3hFl0 

SHIFT Fl thI'tU3h Fl0 

Am' Fl thrcu;h Fl0 

C'IRL Fl thI'tU3h Fl0 

In order to pi:cgrmn your function keys perfonn the 

followin;J steps: 

(1) Press the C'IRL and 'P' keys at the same time. You 

will be prarpt:ed (at the bottan of the screen) to 
press the key(s) ycu wish to have 'leam' the 

keystroke sequence. 
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(2) Press the function key(a) you wish to have 
ptoglanmed. For exanple, press CIRL arxi F9 at the 

same tiJDe. Ycu will be praipted to enter the cxmnani 

sequence }'Ol 'WCUld like to have perfomed 1:,y the 

fUncticn key. 

(J) Enter the oamnand sequence. For exmiple, if }'Ol want 

CllUrF9 to insert a blank record in the file }'Ol 'WCUld 

press CIRL and Nat the same tiJDe. 

( 4) Press the CIRL and P keys again. '!his tells TI<EDIT 

that the oamnand sequence to be pzcg%anmed is aver. 

Ycu may pzogram several oamnands into a,e tunctiai key. 

J\Jst be caref'Ul to insure that the CX'lllllands }'Ol want perfomed 

1:,y the function key are logical am not inconsistent. For 

exanple, pro;ranmin:J a,e key to insert then delete the same 

record isn't a logical function. 

4.1.5 Enterin;J Repetitive Data Into Blank Fields 

Most user's will t:uild rcute geanetey files (.'IRK) fran 

existin;J TPC, TPS, or '1tlt\ format files. '!he data required for 

the RAII.lIYPE and TRAFFIC DENSI'IY fields in the .TRK file will 

not be available fran these sources. If }'Ol JmlSt enter that 

data 1:,y hard here is a relatively quick method of doi.rg so. 

Since much of this data is repetitive (the same value will 

cxx::ur for many rcute segments) it is easy to enter the value 

cnoe and then COf1i it to the other appropriate rcute segments. 

For exaJ!i>le, if the RAII!IYPE for the first 40 miles of your 

rcute is • 1 1 (132 poorxi, premium, CWR) perfonn the followin:] 

steps. 
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(1) Enter TKEDIT specifying the existing file you wish to edit: 

C>Tl<EDlT \path\f1lename 

(2) Move the cursor (TAB key) to the RAIIlI'YPE field (labeled 

''R"). 

(3) Hit n key to tum off verification on the field. 

(4) Enter the RAml".iPE code for the first segment by typin:J in a 

'l' • 

(5) Make sure the cursor is on that field after ya.i enter the 

data. 

(6) Hit the "F5 keys to toggle copy into blank field •on•. 

(7) Press the "tnAnow'' key to copy the code through the file 

until the miles/feet imicator at the bottan of the screen 

indicates ycu are ~chin:J 40 miles. 'lhe D'lArrow key can be 

held dawn ~ly for very fast copyin:J. 

(8) Repeat steps 2 through 7 each time the RAmIYPE chan;Jes. 

'Dle same pro:,ed11re can be used for the 1'GI' (traffic density 

field). 

(9) Periodically hit the FlO key to save the changes. 

It sha.ll.d be noted that TKEDIT creates a backup file as 

soon as ycu enter the editor. It has the extension .BAK. 'Ibis 

is for your safety in the event you make a major mistake, the 

c:aip.rt:er fails, or there is a bug in TKEDIT that we have yet to 

discover. 
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