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ABSTRACT

DESIGN OF A CAR UTILIZATION AUDIT

YICTOR NOWICKI

Submitted to the Department of Engineering

on May 23, 1978 in partial fulfillment of the requirements

for the Degree of Master of Science

This thesis presents an organizational and functional design of

an audit of car utilization for monitoring and evaluating railroad

operations. It is based upon the recommendation of the Task Force II of

the Car Utilization Program sponsored by the Association of American
Railroads (AAR).

The thesis develops a basic organizational structure for an

Auditing Committee whose responsibilities would be to conduct regular,
periodic studies of railroad operations, car utilization and service

levels. The committee would be composed of a full time System Analysis

and a part time Information Analysis Group. The two groups would be

coordinated by a committee chairman reporting directly to the president
of a railroad.

An audit should be based on a small, random sample of operating

and marketing data. The thesis, therefore, summarizes various sampling
algorithms and develops a procedure for determining sample size. At last,
a case study of an audit is presented using data provided by the Boston

&amp; Maine Railroad. The complete set of tables summarizing car utilization

performance is included as an appendix.

This thesis shows that meaningful, low cost information about

system performance can be obtained from a small, 100% accurate sample of

complete car movement records. This information represents a valuable

input to decisions influencing car utilization and service. The thesis

recommends audits as useful tools for understanding and controlling system

operations.

CARL D. MARTLAND, Research Associate, MIT
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CHAPTER I

MOTIVATION FOR AN AUDIT

Introduction

The most important aspect of a control system, as shown in

Figure 1.1, is information. The efficient use of existing information

sources can greatly increase a railroad's ability to control and improve

freight car utilization and service reliability. This thesis will show

how to conduct an audit of car utilization. When organized properly,

1]

an audit will yield an integrated data base containing valuable infor-

mation about system performance. The work is based upon recommendations

of previous tasks of the Car Utilization Program.

C9 Freight Car Utilization--The Task Force II Report

Proper control mechanisms are needed for today's railroads to

effectively cope with an increasingly complicated operating environment.

There has been a mounting interest on the part of the U.S. government and

the railroad industry itself to study railroad operations and make

recommendations that will identify the crucial problems and improve

service levels. One of these studies, conducted undersupervision of the

Federal Railroad Administration (FRA) and the Association of American

Railroads (AAR) by Task Force II of the Car Utilization Program, has

analyzed freight car utilization problems and their impact on financial

measures of performance for U.S. railroads. The major conclusions of the

study were (1):

"1) There have been no direct or predictable relationships

between changes in physical utilization measures and

railroad's financial performance.



FIGURE 1.1
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2) No single measure of utilization is adequate for

all purposes. Railroads need to use several
measures in a well defined manner to relate

physical utilization to financial performance.

3) Effective utilization involves much more than

efficient empty car distribution or car movements.

Car maintenance policy, pricing, equipment invest-
ment decisions, and the demand for freight trans-

portation are critical determinants of utilization

levels.

1) Although both the operating and marketing/traffic
departments make decisions that affect utilization,
the operating department is generally the principal
department held responsible for utilization.

A utilization control system must enable operating

and marketing/traffic officers to evaluate the

tradeoffs among operating expenses, investment

expenses, and car ownership costs. Lacking such

a system, railroads will fail to provide incentives

for officials at all levels of the organization to

make proper decisions concerning freight car use."

3)

Freight car utilization can be defined as the ability of a rail-

road or any other carrier to use its equipment to derive a maximum benefit

from it. The benefit measure commonly associated with car utilization

and recommended for use by Task Force II is the rate of return on invest-

ment (ROI). As suggested in conclusion (2) above, not one, but several

different utilization measures must be considered to adequately reflect

the complex relationship between freight car utilization and financial

performance parameters. The Task Force, among its recommendations,

suggested that the following five measures be used for this purpose (2):

1) Percent of demand filled;

2) Car days per load originated (car cycle).

3) Percent of car capacity used;

4) Revenue per load originated; and

5) Cost per load originated.



These five measures comprise the principal inputs to the decision

process affecting utilization levels and to the determination of the rate

of return on investment. The process suggested by Task Force II is shown

as a decision tree in Figure 1.2. The diagram does not only conceptualize

the relationship between freight car utilization and ROI, but it also

identifies corrective actions necessary to improve utilization and ROI.

By not recognizing these five principal measures of freight car

utilization, poor decisions may be made. This may have been the case in

the 1950's and 1960's when railroads invested heavily in the expansion of

their car fleets to meet rising demand levels. Little effort in terms of

additional investment was directed at improving railroad's operations.

The car utilization effects following this decision are shown in Table 1.1.

The cycle times increased from 18 car-days in 1950, to 27 car-days in 1975,

indicating a deteriorating car utilization performance. The ROI levels,

however, as shown in Table 1.2, did not improve.

The Task Force's other recommendations included (3);

|) Present freight car utilization control systems
should be reviewed. A control system should
include an audit of current levels of car

utilization.

2) National measures of car utilization should

include:

Identification of various: components of
car cycle time per load originated; and

Percent of demand filled per unit of time.

3) Although the Rate of Return on Investment should

be the ultimate car utilization measure, consider-

ing the complexity of the relationship between
utilization levels and financial performance, the
five measures listed above should also be used.



FIGURE 1.2

RELATIONSHIP BETWEEN FRIEGHT CAR UTILIZATION AND ROI
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TABLE 1.1

NATIONAL CAR UTILIZATION LEVELS AND ROI

YEAR |

1951 |

1967

1968 |
1969
1970

1971

1972

1973

1974
1975

1976 |1977

: REVENUE!
FREIGHT CARS CARLOADINGS ROI (%) CAR DAYS/LOAD

 2.046 40.499 3.76 18.4

1.822 28.084 2.46 23.7
1.800 28.253 2.44 23.3
1.792 28.237 2.36 23.2.

27.160 1.73 23.9

25.266 2.12 25.5

26.105 2.34 24.0

27.338 2.33 22.8
26.184 2.70 24.0
23.217 1.20 27.1

23.638 1.49 26.2
23.2982 1.253 \A

Numbers in millions.

2Based on Railway Age, January 30, 1977, pp. 56-69.

3Transport Comments, Association of Commerce &amp; Industry, May 5, 1978, No. 1631.

Source: AAR Yearbook of Railroad Facts, 1977.



4) Railroads should pursue initially only the utili-

zation improvement areas which promise the

greatest financial payoff.

5) A Car Service Contract concept should be studied

for implementation in a railroad's organization
to coordinate overlapping decisions affecting the
car utilization among operating and marketing

departments.

A role of service standards should be investigated

as an effective way of improving freight car

utilization.

5)



1.3

. 3.1

Implications of the Task Force II Recommendations

An Audit of Car Utilization

Task Force II's recommendations provide a motivation for conduct-

ing an audit of car utilization. Their underlying message to the railroad

industry is to:

1)

2)

3)

1)

Define the basic variables affecting the system

operating and financial performance.

Device a control system which would monitor these

variables.

Organize a Service Committee which would establish

desired standards for the basic operating and
financial variables.

Identify critical areas which affect the operating

and financial performance by comparing the desired
standards with corresponding values of current

performance levels.

The primary task for the audit of car utilization should be

consistent with the goals set above. The audit should provide a mechanism

for frequent evaluation of system performance and an important input to

the strategic decisions associated with improving troubled areas. In

addition, an audit should be purely informational in context: it should

increase information flow through the railroad organization and thus

increase employee awareness of system operations. The success of this pro-

cedure depends on:

1) Its acceptability to the corporation:

2) Its flexibility in providing different information
at different times;

3) The problem areas it addresses;

1) The cost of developing an auditng software;

Q



5) The availability of proper machine and human

resources;

The development of realistic performance
standards; and

7) The willingness of various functional depart-
ments to cooperate in a common effort to

improve system performance.

Although the list of the potential obstacles to obtain an effect-

ive control system is long, no railroad should hesitate about trying to

overcome them. The benefits of implementing this procedure may outweigh

the costs associated with the development of this procedure. The possible

benefits may be realized by meeting the short term utilization and long

term profitability goals. A railroad without a control system is running

the risk of not being able to improve its system and financial performance.

Figure 1.3 illustrates the major areas which may be positively affected by

implementation of an audit control system. The costs and benefits are also

summarized in Table 1.2.

Marketing Strategy

The Task Force II recommendations also provide a clue to the

marketing strategy railroads should pursue. Recommendation (4) calls for

identification of all railroad's activities which are "most profitable” or

offer the greatest financial payoff and for concentration of efforts on

improving these activities. This strategy assumes that the most profitable

traffic represents the greatest potential for the future increases in the

traffic volume with similar payoff characteristics and in general for

improved financial performance.

J



FIGURE 1.3

IMPACT OF AN AUDIT ON VARIQUS COMPONENTS
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TABLE 1.2

BENEFITS AND COSTS ATTRIBUTABLE TO AUDIT OF CAR UTILIZATION

BENEFITS

1) Increased information flow within an organization.

2) Better cost and performance controls.

3) Improved data base for studying alternative marketing strategies.

4) Improved data base for studying alternative operating strategies.

5) Greater employee work motivation and productivity.

6) More widespread and frequent use of analytical models.

7) Indirect improvements in freight car utilization.

8) Indirect improvements in freight car service reliability.

COSTS

I. STARTUP COSTS

1) Conversion costs for new technologies necessary to upgrade

the data collection systems.

2) Improved computer communication equipment.

3) Outside consulting fees for system development and design

(optional).

Training/hiring costs associated with setting up the

analysis group for an Audit Committee.

IT. CONTINUING COSTS

1) System analysis group's salaries.

2) Data processing costs plus royalties for use of Data

Management programs.

system

3) Communication line leases plus fees on computer rentals.

1



Railroads in general have their marketing policies poorly

defined. The industry Task Force on Reliability Studies (4) listed among

its findings that "railroads generally do not have a clearly specified

policy relating to shipment movement". This not only indicates lack of

adequate operational planning, but it also indicates that there are no

common bases on which the marketing department could build its marketing

strategy. Defining a good strategy on weak foundations is simply not

feasible.

A marketing strategy can be developed by formulating fundamental

and supportive strategies. The fundamental strategy is composed of:

Definition of the target segment of the railroad's

market;

2) Defining of shipper's needs and service expectations;

3) Definition of the competitive trends and prices; and

4) Identification of environmental trends that have a

direct bearing on the railroad's function.

This strategy provides the marketing department with the infor-

mational data base defining the long range traffic characteristics that

must be attained to ensure financial stability. This strategy must interact

with the supportive strategy to properly evaluate the feasibility of the

plan. The supportive strategy must be developed in close cooperation with

the operating department. It provides the information on the feasibility

of long range traffic goals and identifies pricing and operational

policies that will guide the marketing and operating departments in their

daily functions. The supportive strategy includes:

|)

2)

Determination of the system network and investment

needs:

Determination of promotional, selling, and advert-

ising policies;

12



3) Determination of the service characteristics and

standards; and

1) Determination of rates

Marketing strategy evaluation is necessary to assure that the fundamental

concepts of profitability and corporate goals are met. The supportive

strategy is nearly equivalent to the concept of operating/service plan

proposed by the Task Force II. To ensure that such a plan is workable and

feasible, an audit is needed to monitor the performance of the system and

avaluate the goals stated in the marketing strategies.

Practical Applications of Auditing Procedures

Auditing procedures are logical and useful in practical appli-

cations on today's railroads. They provide a snapshot picture of the

railroad's operations at a given time. When conducted on a routine and

frequent basis, the reports generated can broaden the knowledge among

managers of the system's performance and its trends over time. It may

1.3.3

contribute to a deeper understanding of the complexity of the system which,

in the long run, should lead to more rational and constructive decisions

on the part of railroad managers.

The concepts presented in the subsequent chapters were developed

mainly to acquaint a reader with auditing and allow him/her to relate

the material to his/her own needs. Although the ideas presented here may

not be applicable in their entirety in many situations, the concept itself

should be "phased in" in most of the railroads in an experimental basis

at first. If it is found useful, then the auditing procedure should be

retained for regular use.

13



1.4 Organization of this Thesis

Chapter II gives a brief overview of the general requirements

associated with auditing and discusses the organizational issues associated

with establishing an internal Auditing Committee.

Chapter III focuses on statistical issues involved in

selection of a sample and determination of its size.

tho

Chapter IV presents the results of a case study of an audit of

car utilization on the Boston &amp; Maine Railroad (B &amp; M).

Chapter V presents a summary, conclusions and offers recommenda-

WW = NE ®

Appendix A contains the description and examples of verifying

the statistical significance of the audit's results.

Appendix B presents results of the B &amp; M audit. (Case Tables).

Appendix C outlines basic report design requirements.

Appendix D contains the listing of SAS programs used to generate

the reports shown in Appendix B.

14



CHAPTER I--FOOTNOTES

|) Task Force II, Freight Car Utilization: Definition, Evaluation,
and Control, TAR-FRA Final Report, 1977, pp. 1.

2) Task Force II, Freight Car Utilization: Definition, Evaluation,
and Control, ARR-FRA Final Report, 1977, p. 8.

3) Task Force II, Freight Car Utilization: Definition, Evaluation,
and Control, ARR-FRA Final Report, 1977, pp. 1-2.

[Industry Task Force on Reliability Studies, Freight Car
Utilization and Railroad Reliability, Final Report,
AAR Report No. R-283, October 1977.

—
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CHAPTER II

CONDUCTING AN AUDIT OF CAR UTILIZATION

2 1 Introduction

The most important role of an audit is the communication and

propagation of information. An audit should provide managers with feedback

on their performance and the results of their decisions. This can be

achieved by monitoring various measures of system performance with well

designed reports. All reports must conform to the following minimum design

criteria:

1) Address relevant issues:

2) Relate to appropriate staff functions and lines

of responsibility; and

3) Be current, readable, and easy to understand.

It is important to recognize that designing a report requires familiarity

of the system operations, corporate organization, and report generation

methods. The following sections will suagest one of many possible ways

of organizing an Auditing Committee to achieve an informational system

consistent with the criteria set above.

Organization of the Auditing Committee

An audit of car utilization should be conducted under the super-

vision of two separate but interactive bodies. The two groups, a system

analysis group and information analysis group, would form a single committee

a,

whose functions would be the preparation and execution of the audit and the

identification of major problem areas on a railroad system. The organi-

zational chart of the Audit Committee is shown in Fiqure 2.1.

16



FIGURE 2.1

ORGANIZATIONAL CHART OF AUDITING COMMITTEE
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2.2.1 The System Analysis Group

The System Analysis Group would be a full time body charged with

the responsibility for data preparation, processing of reports, and analysis

of system performance. The staff members involved in this group must have

considerable data processing experience and a good understanding of the

railroad operations. The position they would be occupying within this

group would be equivalent to the system analyst positions offered in any

other organization.

This group should be a separate entity, apart from the Electronic

Data Processing (EDP) Department. The reason for this lies in the funda-

mental differences between the function of the EDP Department and the

function of the System Analysis Group. The former department, usually

attached to the Accounting Department, has a primary responsibility relating

to the maintenance of system software without regard to the details associa-

ted with the applicability of the data and software to the problems of

railroad operations. Ideally, the reason for forming a system analysis

anit would be to fill that gap and provide an opportunity for railroads to

improve their reporting system.

This group would, in effect, form an internal consulting body

capable of data analysis support to any department in a railroad organi-

zation. Due to the nature of its function, the staff members must be

thoroughly acquainted with the system and its operations. Since they must

also have considerable data processing and programming backgrounds, the

most effective way of obtaining this mixture of talent is to identify

railroad employees already knowledgeable with system operations and

establish a permanent training program under which these individuals would

be exposed to the data processing environment. This program, in conjunction

1 Q



with external educational programs, would yield the individuals best

suited for the system analysis function.

The primary responsibilities of the System Analysis Group would

n "

o
“a Te

1) Identify the system data sources.

2) Combine the data into suitable data bases.

3) Edit the data to enhance its quality.

4) Form the random data sample for the audit.

5) Define audit reports based on information needs

within the railroad organization.

6) Do the necessary programming to generate desired

audit reports.

2.2.2

qrJe

7) Analyze the reports and prepare summaries of
system performance for the information analysis

group.

3) Define the report formats to meet requests for
additional or better information from other depart-

ments.

9) Study the problems associated with the data collection

system and analyze the alternatives to improve it.

The Information Analysis Group

The Information Analysis Group would be a part-time body charged

1) Interpreting the data produced by the System

Analysis Group; and

Studying the alternative courses of action to

improve performance in areas identified by the

System Analysis Group.

While the System Analysis Group's main function would be that of an internal

consultant, the Information Analysis Group would have executive power to

enact procedures aimed at improving the system performance.

'g



The group's staffing should be parallel to the one described in

the Task Force II report for the Operating-service Committee. It should

be composed of upper management officials representing various departments.

Although the committee membership should be open to any department in a

railroad, a minimum of two departments should be present in the group:

Operations and Marketing. These departments are most instrumental in

defining policies affecting service levels and system performance. Each of

these departments should be represented by people from its functional areas.

They would be assigned to the Committee for a fixed period of time, on a

rotating basis. The period of assignment should not be less than a year

since understanding the Committee's function, generating reports, and

understanding the system's problems may take a considerable amount of time

for new members. In a way, the Committee serves an ideal educational

function for the newly hired managers as it provides them with an oppor-

tunity to understand the operations and the problems of the organization

they will manage.

As mentioned above, each department should be represented by

people responsible for the functional areas affecting car utilization

levels. This means that the Operating Department should be represented

by managers of empty car distribution, transportation planning, terminal

operations, dispatching, line operations, and car maintenance. The Market-

ing Department, on the other hand, should have its members representing

sales, pricing, market research, and commodity management.

20



The Information Analysis Group's responsibilities can be defined

as follows:

1)

2)

3)

4)

5)

5)

7)

Identify all operational, marketing, and financial
problems currently experienced on system.

Specify which of these issues should be addressed

by an audit.

Interact with the System Analysis Group to see that

information is being generated according to speci-
fications.

Evaluate reports obtained from the System Analysis

Group.

State findings of the system performance in a
document which will also contain recommendations for

actions that should be taken to improve the system

performance.

Refine the information needs and state new areas of

interest that should be investigated by succeeding

audit(s).

Monitor and evaluate the effectiveness of the group’

previous actions.

S

Only continuous monitoring of system performance can provide the

feedback necessary to evaluate and refine the auditing procedure. The

railroad's operating environment is dynamic and the problems of yesterday

are not likely to be the problems of today. Therefore, auditing reports

must always address current situations if the procedure is to be useful and

effective. The interaction of the two auditing groups, as shown in Figure

2.2, can have a profound effect on the system's operational and financial

performance. If conducted with care, an audit can prove to be an efficient

tool in upgrading the system.
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FIGURE 2.2

THE IMPACT OF AUDITING COMMITTEE'S ACTION ON SYSTEM PERFORMANCE

No

NY

operating
performance

feedback

questions, hypothesis, -

and suggestions

report refinement

ali
| [2

—————&lt;/ Policies \ ACTION[ Information

- &gt; Decisions Group
[ investment ) \— —

System
Pm ———— Analysis

Group

!

operating

( marketing

data

" MODELS

financial
data

]

summaries

report outputs +
Ep ————

answers, results, and
conclusions

financial

performance
feedback



2 3’
Ed The Auditing Committee's Chairman

A Chairman of the Auditing Committee is needed to supervise the

Committee's functioning. He should be a person of high responsibility in

the organization with sufficient authority to overcome departmental barriers

and stimulate cooperation among the departments involved in the audit. The

assignment to this position should be on a part-time basis. Since typical

candidates for this position would include a Vice-President of Operations

or Marketing which, if anything might hinder interdepartmental cooperation,

the post should be linked to the office of the President of a railroad.

This would ensure that if any communication difficulties arise, they would

promptly be resolved by the President.

Duties of the Chairman would include the following:

[) Define the organizational schedule of the Auditing

Committee including membership, frequency of
meetings, dates of meetings, and the duties of the
Committee.

Ensure proper communication between the two auditing

groups.

Present the recommendations of the Informational

Analysis Group concerning system improvements to the
President and obtain his approval.

Communicate the approved recommendations to proper

departments via the informational group for enactment

of specific measures aimed at improving system per-

formance.

Oversee that the actions described in (4) above are

fully implemented.

2)

3)

1)

5)
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 © General Considerations

Informational Requirements

Although the scope of the reports generated may vary from railroad

to railroad, some basic core reports should always accompany audit results.

These are:

1) Sample Characteristic Summaries--to evaluate sample
make-up characteristics and sources of more signi-

ficant information.

Performance Reports--yard, train, and origin-destin-
ation reports showing average times and distribution
of the times for each major yard, train, and origin-

destination pair.

2)

3) Utilization Reports--to identify the magnitudes of
various components of car cycle time on system.

Financial Reports--indicating operating and car hire
costs, revenue per load, and contribution levels.

4)

5) Marketing Reports--identifying major system flows by
car type, Shipper, commodity, origin, destination,
etc.

6) Empty Car Distribution Reports--flow characteristics
and components of empty car cycle time for empties
in distribution, empty car inventories, cripples,

constructive placements, etc.

7) Other reports associated with local railroad needs.

It is the last group of reports that truly justifies auditing as

a necessary procedure to be implemented on railroads. Most of the reports

that are included in this category are likely to be short lived and non-

recurring, but are nevertheless essential in special railroad studies.

Trying to commit resources for development of these reports is often

thought too expensive and ineffective. With the audit's flexible program-

ming and smaller data bases, the development costs would be considerably

reduced, leading to improved information flow in the organization.
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2.3.2 Programming Considerations

The key to the System Analysis Group's performance lies with the

quality and availability of data. Any report based on inaccurate data

would be perceived as unreliable and useless. This would contradict the

purpose of the audit. Thus, it is often necessary to prepare programs to

edit the data and delete erroneous records before auditing runs are made.

The generation of reports to support the audit's findings is a

function of the information requirements. If auditing is periodic, in an

environment where information needs rapidly change, it is unfeasible to

develop programs in languages 1ike COBOL or FORTRAN. These languages are

too labor-, time-, and cost-intensive. Time delays caused by program

development, debugging, and testing may make programs obsolete even before

the work on them is completed. The System Analysis Group should Took for

prewritten software packages capable of data base management, statistical

analysis, and report generation. Although the initial costs of installing

these packages may be high, they may prove to be beneficial in the long

run, due to lower program development and processing costs. Presently

these packages can be purchased from most computer manufacturers and

private companies under the name of Data Base Management programs (1).

2.3.3 Data Considerations

As mentioned in the previous section, the success of an audit is

largely dependent on the quality of data. The quality of data is deter-

mined by:

1) Data availability;

2) Data accuracy:
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3) Contents of the data base record; and

4) Data base structure.

To answer specific questions, appropriate data must be available.

In many situations, railroads do not collect data with long term analysis

goals in mind. Few of the railroads reflect status changes of a car moving

through a yard in their data bases. They merely record the car's arrival

and departure times with the symbols of the trains involved in the movement.

The data pertaining to the car's time in receiving, classification, or

departure yard is seldom collected. It is very rare to find information

about the time empty cars spend awaiting distribution. However, these are

the primary areas causing poor car utilization. Therefore, any question

which requires a quick answer based on historical data simply cannot be

"answered because the information required is not available. Consequently,

it is important that physical operational issues affecting railroad's per-

formance are identified and corresponding data is collected.

The data accuracy is largely dependent on the data collection

system in use. Typically.the cardless data environment presently being

phased in on several railroads along with interactive communication equip-

ment represents the state of the art in an effort to reduce data errors and

improve its accuracy. Many railroads, however, have not yet had the

opportunity to change to this new technology. Their Tow profits do not"

leave enough funds for investment in the new equipment. These railroads

are still operating in a card system under which the data pertaining to

each car movement is key punched at each yard along car movement and once

a day it is transmitted to a main computer to form a data base. This system

often produces large data errors by failing to record all interyard car
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moves. Due to large traffic volumes, clerks have little time or motivation

to record the information. Another source of errors is attributable to

Tow quality transmission equipment. Data is carried over telephone Tines

to the main storage areas and frequent static on the lines distorts the

data yielding unreadable fields. Again, seeking an alternative collection

system in this area can significantly improve the quality and reliability

of results.

The informational data base requirements depend on the scope of

the audit. If only operational issues are considered, the data pertaining

to car line-haul and yard movements would suffice. However, to increase

the applicability of the audit to more than one area of the railroad

organization, the data should contain the components of information about

car movement relevant to several departments' interests. An ideal data

record should consist of:

1) Operating data reflecting daily operations.

Cost data needed to evaluate basic variable costs

associated with car movement.

3)

4)

Revenue data to evaluate contribution to fixed

costs and profits.

Other data not related to a car utilization audit

but necessary for expanded audit functions.

The data records in a data base must conform to some basic

logical structure reflecting a car move. There are many ways or organizing

a data base (2), of which the three most popular are:

1) Integrated single record within a single data base.
This record structure lends itself to easy mani-

pulation procedures but it is difficult to derive
and tends to occupy much space on a data disc.. This

structure was used in the case study described in

Section 4.0. The sample record is shown in Table

2.1.
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TABLE 2,1

A SAMPLE AUBIT RECORD DESCRIPTION

1)
2)
3)
4)
5)

3)
7)
8)
9)
10)

i)
12)
13)
14)
15)

Car ownership initials
Car number

L/E status

Prior move type (overhead, local, received, forwarded, off-line)

Present move type (overhead, local, received, forwarded)

Next move type (overhead, local, received, forwarded, off-line)
Origin station code
Origin station node--aggregated station code into a node
Destination station code

Destination station node--aggregated station code into a node

0-D distance

Trip time (from departure Orig Station to arrival Dest Station)
Total loading time (0 for empties)
Total unloading time (0 for loads)
Car type

16 Number of intermediate yards included

YARD DATA--a block of up to 5 yards

17) Yard code
18) Yard node--aggregated station code into a node

19) Date and time arrived

20) Date and time departed
21) Total yard time
22) Train the car arrived on

23) Train the car departed on

24)
25)
26)
27)
28)

29)
30)
31)
32)
33)

I{f more than 5 yards included, indicate carry-over to the next record.
Per diem rate

Mileage rate
Incentive rate

Revenue

Cost

Contribution

Commodity
Tons

Flat for incomplete E move
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2) Multiple records per car movement within a single
data base with:

a) Car identification header:

b) A variable number of records, one for

each interyard move;

3)

c) Other information like 0-D pairs, aggregation
identifiers, etc.

Relational multiple data files. In this organization
each file contains records related to records in other

files by some common identifier like car number and

date. Possible files may contain information on yard

movements, line-haul movements, train movements, cost

information, revenue information, weather information,
etc.

The last two ways of organizing data, although they usually require less

disc space, are more difficult to use.

The easiest data base structure is the single integrated record

within a single file. The records, like the one in Table 2.1, reflect the

data associated with a single origin-destination car movement. A car move-

ment is defined as the time between car's successive loading status changes.

It is felt by the author that this type of data is readily available on most

of the U.S. railroads and therefore should form the basic structure of the

data file. This structure also reflects elementary measures of car utili-

zation, like car cycle time and car miles.

The ease of manipulating data bases and obtaining reliable and

useful information can all add to the success and acceptability of auditing

procedure on the railroads. A careful analysis of each of these factors by

the System Analysis Group of the Auditing Committee can indeed improve car

utilization, service, reliability, and the financial performance of

railroads.
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2.4 Summary

Effective organization of the Auditing Committee can enhance the

audit's quality and usefulness. Through wide participation in the program

the audit's results can easily be propagated to interested departments.

The Committee's organization should be based on a Committee's

Chairman superivising and coordinating the functions of an Information

and a System Analysis Group. Under this set-up, a routine audit should

have a profound impact on:

1) Interdepartmental communication and cooperation.

2) Operating performance.

3) Financial performance.

A) Marketing planning.

5) Methods for evaluating the system performance.

These results may be obtained by a common effort on the part of the parti-

cipating departments to improve car utilization. The areas which require

improvements would be identified by the System Analysis Group. The group

would, on a full time basis, provide data management and analysis services

to the Information Analysis Group. The latter, composed of individuals

representing different functional areas of railroad operations, would for-

mulate a set of recommendations and alternate performance improvement

strategies. Upon approval of the President, these would be submitted to

appropriate departments for execution. Proper compliance in carrying out

the recommended actions would be overseen by Committee's Chairman. The

post audit of past improvement actions would routinely be conducted by

the Information Analysis Group from the information supplied by the System
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Analysis Group. This completes the informational feedback loop associated

with the function of the Auditing Committee.

The Committee would also be involved in systematic data evaluation

studies. These would be aimed at improving the quality and performance of

the data collection system in use. The scope of these studies would range

from evaluating the physical equipment used for data recording and trans-

mission to improving the data contents and organization of the data bases

on system. To increase the utilization and the efficiency of the infor-

mational assets associated with the data bases on-line, the Committee would

constantly upgrade the existing programs used in report generation and

seek alternative packages which, in a long run, would be capable of pro-

viding more flexible and cheaper programming. The Committee's responsi-

bility for these tasks would rest with the System Analysis Group.

31



CHAPTER II-~FOOTNOTES

1) B &amp; M audit was conducted using Statistical Analysis System developed

for IBM systems by: Barr, Goodnight, Sall and Helwig, SAS
Institute, Inc., P. 0. Box 10066, Raleigh, NC 27605.

2) Refer to references 11-13.
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CHAPTER III

STATISTICAL SAMPLING

3.1

5.1.1

introduction

Motivation

The use of statistical sampling methods is one of the most promis-

ing features of auditing. Results can be obtained using two alternative

strategies when processing a data base:

{) By processing every record in the data base, OR

2) Based on a random sample following statistical

verification and validation.

The first procedure, although more precise in terms of findings,

is more time consuming, tedious, and inefficient within the time and cost

constraints of an audit. The second, under most circumstances, is more

logical to follow. Statistical samplings have already been successfully

applied in evaluating financial, operational, and technical problems (1).

They are more cost effective because they require fewer human and machine

resources.

3.1.2 The Advantages of Statistical Sampling

Statistical sampling may be defined as a selection process by

which observations are drawn from a large population of events according to

some prespecified, statistically justified rules. The selected observations

form a smaller subset of observations which, under normal conditions, can be

expected to contain information consistent with those of the original
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population. The advantages of statistical sampling techniques are as

follows (2):

1 Measurement--Statistical sampling enables an auditor

to measure the reliability and accuracy of findings

derived from a sample. An application of the confi-

dence interval concept to the estimated results

provides for a method of measuring the significance

of the results, the range of most likely results, and

the probability that the derived estimate is beyond

the obtained range limits. The results subjected to

this kind of analysis are easily defensible. Unreliable

results can be improved upon by increasing the sample

size which will be demonstrated to have a great impact

on the estimation results. (See Appendix A.)

2) Objectivity--A random selection procedure used to create

a data sample eliminates any human subjectivity from

the results. Furthermore, since the procedure is

random, it may improve the mixture of observations.

This, in the long run, may identify events that are not

easily observable by simple intuition or manual analysis.

The objectivity of this procedure is very effective in

3)

observing system frequencies like yard or 0-D moves,

Effectiveness--The confidence interval analysis and the

ease of defending the audit's results enhances the

effectiveness of the procedure in the area of interdepart-

mental communication and presentation of results to other

staff members.
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4) Efficiency--Considerable economies can be attained

through statistical sampling from large data popu-

lations. Savings can be attributed to the reduction

in people, time, and computer resources required to

conduct and supervise the audit. The claim that the

results based on the total population are considerably

more accurate is not always justified. According to

statistical theory, a finite number of observations

is needed to establish any predetermined level of

reliability. Observations above this threshold number

add little to the analysis. Consequently, the sampling

population can be limited to the number of observations

required to establish a desired level reliability of

the results.

Error Types in Sampling

The sampling methodology gives rise to two types of errors that

should be considered in auditing. The first one--the non-sampling error--

usually results from physically poor data quality. The primary sources of

this error lie at the roots of the data collection systems, Most commonly,

it occurs due to physical mishandling of the data by people and machines

at the time it is generated and transmitted to data collection centers. On

railroads, the primary areas where errors are induced are:

ia

3

5
a

Clerks who update the operational data;

Transmission "noise" in communication lines; and

Hardware and software problems caused by computer
failures.
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The non-sampling error, which can be obtained by simply counting

bad records in the data base, should be maintained as part of the audit

to evaluate data collection. A large non-sampling error, 5% or more,

should ipdicate to a manager that a system is ill-designed, or it simply

lacks proper controls and motivations for proper functioning.

The second error that is associated with sampling is the sampling

error (sometimes called the sampling precision). It simply refers to a

range of values that the system performance parameters are expected to have

under certain significance or confidence levels. The limits of that range

define the confidence interval. If the width of the confidence interval is

large, indicating large sampling error, the estimated results are uncertain

and unreliable. Under this condition the obtained parameters are uninfor-

mative and should not be accepted as audit's results. To obtain meaning-

ful results, the sampling error should be small and the confidence interval

very narrow. This would indicate that large deviations of the actual system

performance from the value of its estimated parameter are not likely.

Another statistical parameter often associated with sampling is

the confidence level. Since the system operating performance is random in

nature and the sampling error is a statistical statement describing that

randomness, it is possible to have the actual performance parameters

exceed the confidence interval limits set by the sampling error. The con-

fidence level accounts for this fact in probabilistic terms. For example,

the 95% confidence level implies that there is only a 5% probability of the

actual system performance exceeding the confidence interval limits.

Although an auditor would ideally want to achieve the 100% confi-

dence level to reduce the uncertainty of his statements, it is impossible

to reach this goal in practice. This is due to the inherent inverse
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relationship between the confidence level and the confidence interval. If

high confidence level requirements are imposed, the confidence interval

will become wider to account for all possible variations of the system

parameters. This will naturally lead to higher sampling errors and less

acceptable results. Consequently, various trade-offs must be considered

between the significance and uncertainty of the results.
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3.2 Sampling Techniques

The sampling techniques described in the subsequent paragraphs

were developed mainly to assist an auditor in dealing with large data

environment and to enable him to perform a timely, accurate, and reliable

analysis. The choice of a sampling technique must be based on the follow-

ing considerations:

The technique chosen must be applied consistently
Once a particular technique has been selected it

must also be used in subsequent audits or the

results will not be comparable.

The basic structure of the original data set from

which sampling is done must remain the same for

all subsequent audits.

The technique chosen must be systematic. If the
data processing is manual, care must be exercised

to avoid subjective biases such as a tendency to

choose short records which are easier to process

by hand. This may result in an excessive number

of overhead moves in the sample since these moves

have usually short records. If the procedure is

computerized, this problem is not serious.

h The technique chosen must be feasible and cost
effective.

There are many sampling techniques documented in the literature

(3). The ones most useful for railroad applications are the random number

sampling, systematic sampling, and stratified sampling. These techniques

are independent of the data structure, data contents, or data quality.

This may, in many situations, simplify sampling logic and data processing.

Other known techniques include discovery, cluster, or last digits sampling

Jysed by DOT in their waybill sampling experiments. Since most of these

techniques are simply derivatives of the techniques described below they

will not be covered here.
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ho&gt;.1 Random Number Sampling

Random number sampling, flowcharted in Figure 3.1, involves sequen-

tial selection of records from a data set containing the original population

of system events and assigning a random number to each selected record.

A random number, X, must be drawn from a uniformly distributed population

of events such that:

).  uU &lt; Kk &lt; 1.0
»

3-1 ]

For manual processing, random numbers can be obtained from tables available

in statistical handbooks, or from hand calculators with built-in random

number generators. For computerized procedures, random numbers can be

referenced from on-line mathematical libraries.

Once the selection of a record and its corresponding random

number is completed, an acceptance test must be performed to determine if

a record is to be included in a random sample. Prior to this, an approxi-

mate sample size must be computed to determine ays the percentage of the

original population that needs to be chosen to form a sample of a desired

size (see the section on the sample size determination).

The acceptance criterion can be stated as follows: accept a

record if its corresponding random number X satisfies the following

condition:

a . &lt; D
f
3-7

A

I
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FIGURE 3.1
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where a and b are any two real numbers, such that:

0.0 &lt;a&lt;b&lt;1.0

and

b - a
w—

= "
's

where a, - as defined above.

The technique can be illustrated with the following example:

Original population of events S = 200,000 records/month

Desired sample size ng = 10,000 records

a, = 10,000/200,000 = 5%

choose a = 0.20

b = 0.25

Select records:

Record 1 - X= 0.50 - reject, X is not between 0.20 and

 tT 25

Record 2 - X = 0.22 - accept 0.20 &lt; 0,22 J 25

In the above example the record for which a random number between 0.20 and

0.25 is drawn will be added to the sample. If the data was not pre-edited

and the expected rejection rate or the non-sampling error is 10%, a, should

be increased by 10%.

3,2.2 Systematic Sampling

The systematic sampling, flowcharted in Figure 3.2, is ideally

suited for manual data processing, although it can also be implemented on a

computer. This technique amounts to the selection of every Ith record from

 1]



FIGURE 3.2
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the original population of events. The technique is straight forward and

uncomplicated. Simple record counting establishes acceptance criteria with

I found as follows:

i

Ll" (3-2)

When using this algorithm, all principles listed before must be adhered to.

Otherwise unreasonable answers may result. This technique has two main

advantages. One, it is simple. Two, it is more realistic. A sample

which is formed this way represents a uniform cross-section of actual

events that occurred on the system,

3.2.3 Stratified Sampling

The flowchart in Figure 3.3 summarizes the stratified sampling

technique. This technique is by far more complicated than the other two

previously described. It recognizes that fact that the data in the popu-

lation file occurs in unequal stratas. That is, the events which occur on

the system are not distributed uniformly over all common characteristics.

Take, for example, an origin-destination car movement file. It is reason-

able to expect uneven distribution of traffic flows between various 0-D

pairs. Attempting to obtain reliable estimates for 0-D pairs.with low

traffic frequencies after either random or systematic sampling is performed

may yield unsatisfactory results. The remaining number of observations

after sampling for such an 0-D pair may be insufficient to obtain reliable

estimates, One way of correcting this is to recognize the existence of

small data groups or stratas and sample these groups with higher sampling

ratios, a... Effectively, this method suggests that each strata in the
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FIGURE 3.3
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data set be identified and its size determined. Based on this measurement,

different a,'s. should be calculated for each strata so as to yield enough

records, after sampling is performed, to ensure statistical validity of

the parameters estimated on each strata,

Although the usefulness of this technique is appealing, its com-

plexity makes implementation difficult in practice. With large numbers of

data groups in a data base, considerable effort must be undertaken to

identify each strata and determine its appropriate sampling ratio. Econo-

mically, this may not be the best alternative.

It is important to note at this point that irrespective of the

sampling strategy followed, sample formation is not an exact science. The

information contained in a sample will always depend on the structure of

original records, ordering of the population file, and the spatial distri-

bution characteristics of system events, For example, the quality of yard

or train information in a sample is directly dependent on the original

record structure, say 0-D car movement records as shown in Table 2.1, and

the frequency of car moves through certain yards on the system. If the

car moves appear to be highly concentrated among a few of the 0-D pairs,

then the yards located along these corridors will be well represented in

a sample. This will lead to very reliable parameter estimates for these

yards while neglecting yards along less frequently used routes. This

problem will always be present if a sample is used to obtain a wide range

of information. An auditor must be ready to accept this fact and recognize

that it is both impractical and uneconomical to obtain measures that are all

equally significant and reliable.

 A
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Sample Size

The problem of the sample size determination is directly related

to the problem of predetermining the significance and reliability levels

3.3

of the audit's results. The procedure presented in this section is in no

way unique. Others have been suggested in the statistical literature (4).

However, these procedures differ from each other primarily in notation and

recognition of certain variables. They all share common theoretical

foundations. The procedure presented below was developed specifically to

address the question of sampling from a population of origin-destination

moves. This type of information is readily available on most railroads

and therefore should serve as a basis for sampling procedure.

-

a -

2

2]» Basic Assumptions

The sample size procedure is based on the following assumptions:

1) If the sample size is adequate for estimating mean

trip times for the most significant origin-destination
system flows, then it will also provide meaningful
mean value estimates of all the performance and

utilization. parameters considered in the audit.

2) Statistical estimates are based on populations of

event that are normally or nearly normally distributed.

Assumption (1) holds for most railroad networks. If the number of observa-

tions per major 0-D pair is large enough to establish satisfactory statis-

tical significance of its performance estimates, then the number of the

observations will also be large enough to yield good estimates for para-

meters like cycle time for major traffic classes and load status, yard per-

formance, loading/unloading performance, major train connection performance,

etc. Further implications of this assumption are discussed in the follow-

ing section.
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3.3.2 Identifying Major 0-D Flows

Only a few origin-destination pairs carry sufficient traffic

volumes over a period of time to provide meaningful performance estimates.

Tables 3.1 and 3.2, as well as Figure 3.4 help illustrate this situation.

Table 3.1 lists frequency counts for all 0-D pairs on the B &amp; M system.

Although the data is based on the audit's random sample, it is indicative

of the spacial distribution of the 0-D flows over the B &amp; M system.

For the B &amp; M railroad the concentration of car moves over

certain 0-D pairs appears to be significant. For example, 48% of the

total 0-D pairs have on the average only one recorded car movement over a

certain period of time (9). When the numbers are grouped and rewritten,

one can arrive at Table 3.2, which is plotted in Figure 3.4. The concen-

tration curve in Figure 3.4 shows the extent of major 0-D flow concentra-

tion over all possible system 0-D combinations. Nearly 60% of all cars

moved between 16% of all possible 0-D pairs. This indicates that sampling

from such a population may result in estimates with uneven statistical

significance. Measures for large 0-D flows will be very significant while

measures for the small 0-D flows will be statistically unacceptable. There-

fore, only large 0-D flows will be considered in the analysis, in accordance

with assumption (1). The minor, low volume flows will be ignored.

To identify major system flows and distinguish them from the

minor ones, a point has to be determined at which 0-D flows break into two

categories. One such point can be computed from the data like the one

17



TABLE 3.1

ORIGIN-DESTINATION TRIP FREQUENCY COUNTS

tn

 2D

0-D TRIPS |

|
i

1

3
7

=

I

13

8

0-D PAIRS

94

47

20

4

{

:

C

CUM. FREQ. } PERCENT |

E

CUM. PERCENT |

94

141

161

165

7

48.2

24.1

10.3

2.1
21

48.2

72.3

82.6

84.7

87.8

|
175

79

183

184 |
ou

2.1

2.1

0.5
 BE

89.7

91.8

93.8

94.4

95.9

i

39

190
191

192
a

! 96.9

0.5 97.4

0.5 | 97.9
D.5 98.4

0s 98.9

0.5 99.4

0.5 100.0-

[94

195

GROUP |

F

7

3

=

5

’

1

CLASS

m
S

major
flows

Number of 0-D pairs - 195

Number of major 0-D pairs = 34

Number of car trips on this system = A, X B, = 646

Source: The B &amp; M Audit Data Base, sample size 2, = 1.4%.



TABLE 3.2

DISTRIBUTION OF O-D VOLUMES AMONG 0-D CORRIDORS

Mh

 OO

HOVES IN} 0-0]AUDIT | PAIRS

ho

9 - 12

-

6

6

J 8

5 - 6 1 0

3 - 1 24

N17

94

~~C

CUMUL. |

B

D

PERCENT

12

20

3.1 |

3.1
4.1

5.1
12.3voh4

01 24.1

195 | 18.2

E

CUMUL.
D

Fo

TRIPS |

3.1

6.2

10.3

202

66

60

15.4

27.7 |
51.8 34

100.0 bos |

G

CUMUL.
F

202

268

328

 82
|

552

646

H

PERCENT

31.3

10.2

9.3

{ 4

11.8

14.6

14.6

1

CUMUL

H

31.3

41.5

50.8

59.2

71.0

85.6

100.0

J*

A

H-D

28.2

35.3

40.5

43.8 = m,

43.3

33.8

0

a.

x

Column J results from subtraction of Column D from H. Calculated to find separation
point between major and minor move.



FIGURE 3.4

CONCENTRATION CURVE FOR DISTRIBUTION OF 0-D TRIPS
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presented in Table 3.1. It simply corresponds to the value of the average

car movement flow over a system 0-D pair:

m

x (0-D trips), * (0-D pairs).

% (0-D pairs).
=.)"

A11 0-D pairs with flows larger than me can then be defined as major 0-D

pairs. Alternate ways of selecting major 0-D flows can be summarized as

follows:

3.3.3

1

Major flows are the ones that account for X% of the

total system volume, where X might roughly be .5 to
1%.

2) Major flows are the largest system flows which all

account for YZ of the total system volume, where Y
might be 50 or 60%.

A major flow is a flow with minimum of N moves per

time period, where N might be 100-250 moves per
month.

3)

Coefficient of Variation

The coefficient of variation is defined as:

P 5 J
oo.

~—o fa
1

« 2)

where t, = average trip time for major 0-D pair

s. = standard deviation of the trip time.

This parameter may be interpreted as a measure of service reliability (5).

It accounts for unreliability by measuring the dispersion of the trip time

distribution relative to the expected service level, ts. According to the

definition of service, the higher the dispersion the lower is the service

reliability.
51



The value of the coefficient of variation can be obtained in two

ways. One, it can be computed directly out of the historical data for

major 0-D flows. Two, if the data is not available or difficult to compile,

the coefficient can be selected subjectively. In most cases the value of

R; will range between zero and 1.0. Values of R; exceeding 1.0 indicate

that the obtained trip time distribution does not conform closely to the

uni-variate normal distribution, or it fails to exhibit any coherent and

consistent performance characteristics. These situations are graphically

illustrated in Figure 3.5. When selecting the value of the coefficient

subjectively, low R.'s (0.1 to 0.4) represent very reliable 0-D pair

service, whereas values above 0.4 but below 1.0 indicate increasingly in-

consistent service performance.

3.3.4 A Simple Sample Size Formula

A desired sample size can be derived directly from the confidence

interval concept. The basic form 6f the confidence interval is (6):

a S

- WL
r

kg
“a

nt
&lt;T&lt;t

x

 —_) =
“1

1] 3. 3)

Nhere t = the estimate of the mean trip time

the true trip timeT =

| - a = a confidence level of the confidence

interval (10)

-

, =

nN =

a t-statistic coefficient

a sample size.
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- FIGURE 3.5

EXAMPLES OF UNACCEPTABLE TRIP TIME DISTRIBUTIONS
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The confidence interval stated above can be defined as a probabilistic

statement about the expected range of system performance values that are

likely to occur under certain criteria. For example, if the estimated

mean trip time is 28.6 hours and the computed limits of the 95% confidence

interval are +8.2 hours, then the true mean, T, will be 95% of the time

within 8.2 hours of the estimated mean, i.e.

2J + 3.7 nour”

This can also be interpreted as a 5% probability that the true mean will be

outside of the specified limits. Thus, this statement can be used to:

1) Specify the service reliability characteristics:

2) Determine desired sample size;

3) Determine the significance of estimation results

obtained for system parameter values.

The basic assumptions behind this statement are:

1) The trip time variable, T, is normally distributed
with mean t and standard deviation o(sigma).

2) Since the parameter o is in most cases difficult

to obtain, the best estimate of this parameter is
assumed to be:

fn.
j 2

ro (t. - t.)

01° 1
yn. = °

3,
-—

-—

(&amp; ls

where t = are actual observed trip times for a major O-D pair.

E. = is the mean trip time for a major 0-D pair i

n. = the number of observations for a major 0-D pair i.
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The standard deviation estimate does not correspond to the value of the

actual standard deviation. To account for this discrepancy the normal

distribution is substituted with the Student t-statistic distribution

which closely approximates the normal distribution and reflects possible

uncertainty of the results with somewhat wider shape than the normal

distribution (7).

The confidence interval limits can be found by

t Tl ~

—

A ‘vn Witn proba. »Y J

8):

(3- 3)

where all variables are defined as before. The length of the confidence

interval must be constrained to ensure statistically acceptable results.

For example, the length of the confidence interval could be constrained to

be less than a certain percentage of the estimated mean. Taking this into

account, the last inequality can be rewritten as:

1 -Tles. *c /im&lt;wr. (3- 3)

where w = sampling error as percent of the mean trip time.

This, in turn, can be solved for the sample size, n, by looking at the two

rightmost terms of the above inequality. Thus:

where R;=

de (s:/t.)% * (c_/m)?

or

ty
*

(c,
Z

/wW)

COE ficient of variation defined in the previous

(¢-7)
+

\o-8)

5CCLi10n.
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Since Ca and w are constants associated with the sample size

criteria, once they are set they can be merged into one coefficient,

C(a,w) which is:

Ct F w) = t

C /W 3-9

The values of C(a,w) are tabulated in Table 3.3 for different combinations

of desired sampling error and confidence level. This reduces equation

(3-8) to the simple sample size formula:

 1 wd N x
3

\ 3-1 1)

The values of the sample size for various combinations of coefficients of

variation and C(a,w)'s are computed in Table 3.4. This table, in conjunction

with Table 3.3, can be used to find the sampling error of a data group with

known sample size. For example, if the sample size and the coefficient of

variation of that data group are known to be 144 and 0.3 respectively, then

C(a,w) is 40 (Table 3.4). If the confidence level is 90%, then the sampling

error is between 0.5 to 1.0%. For 95% confidence level the error becomes

about 2%. However, if the same sample size is used and the coefficient of

variation for that data batch is 0.7, then at a 90% confidence level the

sampling error is 4%.

3.3.5 Determination of the Final Sample Size

Although the formula for the sample size just presented is statis-

tically and mathematically valid, it cannot be applied directly to the

problem of sample size determination for an 0-D car movement file. The
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TABLE 3.3

TABULATIONS OF SAMPLE SIZING CONSTANT AND t-STATISTIC

3.3A TABULATION OF SAMPLE SIZING CONSTANT

Cla,w) = C/V

CONTIDENCE CeVeELS
90% I 95% ] 97% I 99%nt

0.15 4.47

0.10 6.70

0.09 7.44

0.07 9.57

0.06 11.17

0.05 13.40

0.04 16.75

0.03 22.33

0.02 33.50

0.01 | 67.00 |
0.005 134.00

11.00 13.07

19.60

21.78

28.00
32.67

39.20

49.00

65.33

98. 00
196.00

392.00 |

17.07

25.60

28.44

36.57

42.67

51.20

64.00

85.33

128.00

256.00

512.00

16.50

18.33

23.57

27.50

33.00

41.25

55.00

82.50

165.00 |
330.00

3.3B TABULATION OF THE t-STATISTIC

“3

CONFIDENCE LEVEL

90%

95%

97%

39%

0.67

i.65

1.95

2.56

"a
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TABLE 3.4

SIMPLE SAMPLE SIZES (R = s:/ty)

Jl

i

C(a,w)
) «=

0

0

'5

20

5

'0

10

0

70

100

0.3 |

?

J

20

36

56

31
144

225

441

300

0.4
me)

a

16

36

64

100

144
256

| 400

784

0.5 |

100 |
156

205
400

bh

625

1225

0.6

9

36

81 1
225

324

300

0.7

12

49

10

196

306

141
774

Yee9

0.8

16

64

144 |

256

400

275
1324

0.9

12

81

182

400

506

agi‘

1296



coefficient of variation, R, in the above formula represents a single popu-

lation group. As mentioned before, an 0-D movement file has many such

groups. Therefore, it is necessary to modify the formula to account for

this fact.

The modified final sample size formuia

ry. Claw) * R)Z * "m
We

1S;

(2-11)

where R= overall system coefficient of variation

n, = number of major 0-D pairs identified on a system

Wo = the ratio of total car moves for all major 0-D
pairs to total car moves over the entire system.

In most situations, however, no and Ww, are difficult to obtain. Thus, it

is more desirable to express the sample size in terms of "design" para-

meters. It can be shown that the last equation reduces to:

(Claw) * RV /A = n,’ BR

 |
(2-12)

where a_ = percent of the original population needed to
P form a sample of desired size

R = overall system coefficient of variation

Ad = average flow per major 0-D pair

C(a,w) = sample sizing coefficient.

The final sample size can be found by:

nN, A 3 “3-1.3)

nhere S = the size of the original population file.
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Thus the sample size determination is reduced to a few easily available

design parameters. The parameters can be broken down into .three groups:

statistical, performance, and system activity. The parameter C(a,w)

reflects certain statistical criteria that must be met when computing the

sample size as to yield statistically meaningful results. This parameter

was discussed in the previous section.

The performance parameter, R, can be obtained either by direct

computationorbysubjectiveevaluationofthe overall system reliability.

It can be computed only if the data pertaining to major 0-D flows' trip

times and their distribution is available. If it is, a weighted average

coefficient of variation should be computed using:

R

x

Zn; Rs
ZN.

where R; = coefficient of variation of major 0-D pair i

n. = number of moves per 0-D pair i.

For B &amp; M, R = 0.6, based on 1976 performance of 36 major 0-D pairs.

If the overall system coefficient of variation is chosen subject-

ively, careful analysis is needed to determine the magnitude of this

coefficient. As noted in Section 3.3.3, its value should be between 0.0 and

1.0. The lower the value the better the service performance. For most

practical situations values of R below 0.3 and above 0.8 are not realistic.

The system activity parameter, A, can be obtained from data

similar to the one presented in Table 3.1. It corresponds to the average

number of trips per major 0-D pair. A is a function of the number of major

0-D pairs identified. The larger the number, the smaller the average flow
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per major pair will be. This will result in an increase of the sample

size. However, if too few pairs are identified, the sample size will be

too small to obtain meaningful results for all but a few major 0-D pairs.

Alternatively, this parameter may be chosen subjectively based on prior,

external evidence from marketing or operational reports.

If the data from Table 3.1 was used, the sample size for B &amp; M

could be determined as follows:

1) Set confidence level to 90%

2) Set sampling error to 5%

3) Choose R = 0.5 (assumed reliability improvement
over 1976)

Compute An For Table 3.1 it is 12 moves per
major O-D"pair. Given that the sample represented

|.4% of the original population actual A, = 857
moves per major 0-D pair/month.

From Table 3.3 choose C(a,w) = 13.4

4)

3)

5) From Table 3.4 approximate or compute directly
n = 45

7) Compute a, = 45/857 = 0.053 or 5.3% sample size.

8) Given that the size of the original population was

46,000 0-D moves, the required sample size is
2,500 records.

-

- Sample Size Determination--Summary

The sample size determination technique presented here requires

the following steps:

- «

1) Identify major 0-D system flows and their corresponding
0-D pairs. This requires definition of a major 0-D

nair.
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2) Evaluate design parameters for the sample size
formula. Three types of information must he

compiled:

Statistical--a choice of the confidence

level and sampling error must be made to

ensure proper statistical significance of
the results.

Performance--A coefficient of variation

must be chosen which is representative of

the overall service reliability.

System activity--The average number of
moves per major 0-D pair must be deter-
mined.

h

|

3) Size of the original population of 0-D moves must
be determined.

4) Given the above parameters, the final sample size
can be computed.

nh?



CHAPTER III--FOOTNOTES

1) See References 9 and 8.

2) This discussion is based on Reference 10.

3) Refer to References 7 through 10.

4) Use References 7 and 10..

5) For discussion of coefficient of variation, see Benjamin and Cornell,
Probability, Statistics, and Decision for Civil Engineers,

McGraw HT 1970, pp. 139-141.

6) See, P. L. Mayer, Introductory Probability and Statistical Appli-
cations, Addison-Wesley, 1970, pp. 303-311.

7) Benjamin and Cornell, pp. 394.

8) Wadsworth and Bryan, Introduction to Probability and Random Variables,
McGraw Hill, 1960, pp. 260-261.

9) Since the data comes from the random sample, the 0-D trips shown in
the table are small. To obtain more realistic flow frequencies

divide 0-D trips by 0.014, the sample size.

i0) Refer to Section 2.3 for discussion of this parameter.
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CHAPTER IV

THE B &amp; M CASE STUDY

1 |

4.1.1

The Audit of Car Utilization on B &amp; M

Introduction

The B &amp; M Railroad, as shown in Figure 4.1, is a major road serving

the central New England shipper community. Its two main lines, east-west

from Ayer to Mechanicville, and south-north from Springfield to White River

Junction, carry nearly all of the B &amp; M's traffic volume. At the inter-

section of these two lines is East Deerfield, B &amp; M's major classification

yard and its primary empty car distribution point.

8B &amp; M's traffic can be grouped into four distinct traffic classes:

1) Local traffic originating and terminating on system.

2) Received traffic originating on other railroads and

terminating on B &amp; M.

Forwarded traffic originating on B &amp; M and termin-

ating off-line.

4) Overhead traffic originating and terminating off-

1ine, but passing through the B &amp; M system.

B &amp; M's operating and marketing problems revolve around the great

imbalances of car movements in each of the above traffic classes. The

statistics for each traffic class, broken down by loaded and empty car moves,

are presented in Table 4.1, which shows that B &amp; M receives more loaded

traffic than it originates. The ratio of the received to forwarded loads

is 3:1. This has a direct impact on the empty car flows and empty car dis-

tribution policies. These will be discussed further in subsequent sections.

The great bulk of B &amp; M's traffic is overhead traffic. The over-

head moves constitute about 30% of all the traffic handled on the B &amp; M in

1977. Over 50% of the moves in this traffic class occur between Rigby and

Mechanicville. and nearly 80% are in the other direction (1). Since most of

RA
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TABLE 4.1

TRAFFIC STATISTICS FOR B &amp; M (1974 - 1977)

(CAR LOADS HANDLED)

oh
IY

YEAR LOCALS RECEIVED FORWARDED OVERHEAD

62,752 103,7021974

1975 13,368 138,382

130,208

127,720

43,147 86,564

[976

|
10,452 42,159 93,482

1977 10,245 40,818 © 98,310

Source: B &amp; M's Car Situation Reports, 1974-1977.

TOTAL
343,250

281,461

276,301

277,093



the overhead cars are foreign, B &amp; M is often faced with formulating operat-

ing policies which would enable it to minimize the car hire costs associated

with this traffic class.

The control of car hire costs is one of the primary areas of

interest to B &amp; M. As reflected in Table 4.2, B &amp; M's car hire costs are

steadily increasing. In 1977 they had reached an all time high of $9.8

million. Since these costs constitute nearly 10% of B &amp; M's revenues in

1977, operational improvements which would reduce this expense are among the

many possible alternatives for improving the railroad's profitability.

Although car hire cost control may be an effective way of improv-

ing B &amp; M's viability, other controls must be imposed to upgrade service

reliability, yard operations, train scheduling, and empty car distribution.

This report will illustrate how an audit can help in setting up a monitoring

system which would provide meaningful inputs in evaluating system performance

and identifying areas which need greater control.

Preparation of Data for the B &amp; M Audit

The car movement data needed to conduct the audit of car utili-

zation for B &amp; M was obtained from the file of monthly car moves for Septem-

ber 1977. At the time the project was initiated this was the most recent

operational data. A sample file listing is shown in Figure 4.2. The listing

is composed of blocked sets of records. Each, in chronological order,

describes car movement history during a month. A car group contains infor-

mation on car ownership, travel and yard time, trains to which it was

assigned, miles traveled, the number of different and complete 0-D trips it

made over B &amp; M's system, and car hire rates. The file does not provide in-

formation on car's revenue, commodity, tons, or operating costs. Each select-

ed car movement history was compiled into an auditing record shown in Table 4.3.

AT



TABLE 4.2

CAR HIRE AND REVENUE DATA

(000)

oY
~

YEAR

1972

1973

1974

1975

1976

|
1977

CAR HIRE!

4,714

5,285

5,413

4.789

5,833

6.336

INCENTIVE! MILEAGE! TOTAL!

950 1,686 7,350

1,954 8,174

1,988 8,333

753 1,825 7.367

943 2,106 8,882

2.376 9.8451,133

REVENUES?
65,413
69,796

79,260

72,826

80,544

82,255

source: B &amp; M.

“Moody's Transportation Manual, 1977.



FIGURE 4.2 SAMPLE LISTING OF ORIGINAL CAR MOVEMENT FILE
—eCOPPTLCbofNuUFURZGINALLARPIUVEMENTFILE

EE a TR A aa re

BM 2066 L B106 530 D9 17 2330 GARDNER EAST DECRFIELD 17 0150 38

C290 ©291 "0163 PER CIEM 7 DAYS 123 LOADED 123 TMPTY

N
-

2070 E B1lC6 NY10 £3 17 1415 ROTTERDAM JIT MECHANICVILLE 17 1500 23
2070 E B10S6 09 17 1600 17°C ROTTERDAM

2070 E BlC6 NY1O 09 19 1330 YECHANICVILLE EAST DEERFIELD 13 2220 85
2070 E B106&amp; 531 09 21 0335 EAST NEEFRFIELD EAST FIT CH2URG 2l ©0530 SS

1 2070 L Bl0&amp; FS 0S 28 1215 SQ ASHBURNHAM EAST FITCHBURG 28 125% 12
1 2070 L B81Ce 530 (09 28 2300 AYER CAST DECRFIELD 22 020¢C €7

&lt;A 2070 L Bl06 SJl 03 23 1645 CAST DEERFIELD WHITE RIVER JCT 29 1950 87

; M 2070 L B1l06 915 09 23 2125 WHITE RIVER JCT WELLS RIVCR yi 29 2325 40
M 2070 L B1lO6 0S 29 232% CP WELLS RIVER

0290 C291 0163 PER DIEM 12 DAYS 206 LOADED 1€3 EMPTY

BM 2073 E B1l0O6 0S 28 2120 PC POTTERDAM

BM 2073 E B106 NY20 09 28 2315 ROTTERDAM JCT EAST DECRFIELD 29 1835 108

0290 GC291 0163 TRANSFER 2 DAYS LOADED 108 EMPTY

AM
M

a

2076 £ B106 NY10 03 08 1430 ROTTERDAV JT MECHANICV ILLE 08 1830 23
' 2076 E B106 0S 08 1725 °C POTTERCAV

M 2076 FE B1GB NY1O 09 08 1735 MecHANIcvII?r FAST CETRFIELD 09 214C 8%
2M 2076 E B1C6 JS2 09 13 1120 EAST CEERFIELD SPRINGFIELD MAS 13 125C 3E
IM 2076 L B106 SU3 09 15 1525 CHICOPEC EAST CECRFICLD 15 1645 a3
3M 2076 L B106 SJ3 09 16 1900 &lt;:ZAST DEERFIELD WHITE RIVER JCT 16 2200 87
IM 2076 L B1CS 09 16 2250 | CV WHITE RIVER
SM 2076 E B1C6 "09 29 1930 PC POTTERDAM
8M 2076 E B106 NY20 038 23 2353 ROTTERDAM JCT EAST CEERFIELD 30 0715 108

0290 G291 0163 TRANSFER 9 BAYS 12C LOADED 252 EMPTY

IM 2078 E 81C6 03 27 2125 pC RPOTTLRDAM

BM 2078 E B1l06 NY20 09 28 0OC45 ROTTERDAM JCT EAST CESRFIELD 28 060C 108
BM 2078 E B1l06 JS4&amp; 09 28 2359 EAST CEERFIELD SPRINGFIELC MAS 29 0130 36

0290 02381 0163 TRANSFER 3 DAYS LOADED 144 EMPTY

3 M 2081 e106 08

0290

EILLERICA SHOP

LCADEDd291 0163 *+*FERROR&amp;%+» EMPTY

IM
IM

M

A
JM
iM

2082 L B1g6 09 19 2247
2082 L B106 NY20 C9 20 0115
2082 L BI1GG 09 20 1815
2082 ££ B106 02 24 (535
2082 FE P1C6 NE3Y 09 24 1905
2082 FE BlC6 JSH 09 28 2359

PC ROTTERDAM
ROTTERDAM UCT RIGBY YARD 20 1815 293

MCC PORTLAND
MEC PORTLAND

RIGPY YAP) EAST CECRFIELD 15 0400 18-¢
ZAST DEERFIELD SPRINGFIELD MAS 29 0130 36



TABLE 4.3

B &amp; M AUDIT RECORD DESCRIPTION

I.
la}

Car ownership initials
Car number

L/E status
Prior move type (overhead, local, received, forwarded, off-line)
Present move type (overhead, local, received, forwarded)

Next move type (overhead, local, received, forwarded, off-line)
Origin station code
Origin station node--aggregated station code into a node
Destination station code

Destination station node--aggregated station code into a node

0-D distance

Trip time (from departure Originating station to arrival Destination
station)

13. Total loading time (0 for empties)
14, Total unloading time (0 for loads)
15. Car type

16. Number of intermediate yards included

YARD DATA--A Block of up to 5 yards

17. Yard code

18. Yard node--aggregated station code into a node
19. Date and time arrived

20. Date and time departed

21. Total yard time
22. Train the car arrived on

23. Train the car departed on

24. If more than 5 yards included, indicate carry-over to next record
25. Per diem rate

26. Mileage rate
27. Incentive rate
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The data used for sampling was compiled manually. About 40% of all

movement histories were not acceptable for selection. The car movement

records were often missing, had garbled data fields from transmission

errors, and were sometimes inconsistent in reporting yard arrival and depart-

ure times. Although the same file was available on a magnetic tape, it was

felt that it would be easier to process the data manually rather than develop

a sophisticated data editing software.

The random sample was created by employing a systematic sampling

method. The desired sample size was determined to be 500-750 0-D records.

The selection of this sample size was rather arbitrary and based more on

considerations given to the availability of resources for conversion of the

data to machine readable format than to the statistical validity of the

sample.

Based on the approximate number of pages of the file listing,

sampling was performed by selecting records at the top of every even page

of the listing. Each selected car movement group was carefully checked for

any logical car movement or physical data errors. If it was determined that

there were missing car movement records, inconsistencies in reporting of

times, or field errors, then that particular group of records was rejected

and another group was selected after moving two pages into the listing.

This process was repeated until a satisfactory group of records was found.

The car moves which did not complete their 0-D trip in September or started

their trip in August were treated as incomplete and rejected from the

analysis. The record selection process is flowcharted in Figure 4.3.

Classification of a car movement into four traffic classes was

performed by analyzing the car movement history between two interchanges on

system. If a car was not loaded or unloaded on line, then one overhead
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FIGURE 4.3
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record was compiled for that movement history pertaining to the load status

indicated. If a car showed a single loading or unloading on-line, then two

records were compiled for its movement history. One was associated withthe

car's receipt at an interchange and its movement to a loading/unloading

station. The other involved the return trip to an interchange and forward-

ing of the car to another carrier. Similarly, if a car was received by

B &amp; M, delivered for unloading, directed for reloading, and forwarded

loaded, then three records were assembled, each pertaining to the car move-

ment between its successive load status changes. The first one was

associated with the received movement, the second with the local move, and

the third with the forwarded move. In cases where there were more than two

load status changes for each car, only two on-line local move records were

collected. One was for an empty local move, and the other for the following

loaded move. This allowed for a consistent analysis of freight car utiliza-

tion as measured by car cycle times for different traffic classes.

Programming and Report Generation

Once the data had been edited and the random sample established,

a set of reports was generated. Rather than write complex and lengthy

programs to produce the reports, a prewritten software package--SAS--was

used (2). The package considerably reduced the time and costs of data

editing, analysis, and presentation. It virtually eliminated debugging. All

reports presented in the subsequent sections and in Appendix B were prepared

and written in SAS code. Sample SAS programs are shown in Appendix D.

As a result of the audit, several types of reports were generated.

Major groups of reports presented are:

a) Car utilization reports--analysis of components of car

cycle time for received/forwarded and overhead traffic.
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b) System traffic flow reports--traffic volumes between
major 0-D pairs for all traffic classes.

Origin-destination performance reports--trip time
and the trip time distributions for major 0-D pairs.

d) Yard performance reports--yard times for major traffic
classes and car ownerships.

2) Train performance reports--train-to-train connection
times for major system yards.

f) Car hire reports--car hire costs per car owner and

major car types for September moves.

g) Other reports--loading/unloading times at major system
yards by major car type and ownership, and overhead
car moves for Maine Central and BAR railroad cars over

B &amp; M system.

If revenue, tons, commodity, and cost information were available,

additional reports would include:

a) Revenue reports--showing revenue per car, per car type,

or commodity.

Contribution reports--indicating traffic profitability
for major 0-D corridors, per commodity, or per car type.

Commodity flow reports--indicating major commodity
activity over a system.

d) Other marketing and cost control reports.

The reports included in Appendix B, referred to as "Case Tables"

in the subsequent sections, will help illustrate various applications of

audit information for control and monitoring purposes.
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4 2 Applications of the B &amp; M Car Utilization Audit

The following sections will illustrate how an audit can be applied

in monitoring system performance by various departments of a railroad. The

illustrations were originally developed for B &amp; M to test the applicability

of the concept in a real world environment. The results and observations

associated with the presentation of this experiment are discussed in the

following subsections.

Empty Car Distribution

Empty car distribution is a logistics problem involving a search

for an optimum set of locations from which empty cars can be distributed

4.2.1

over the system to minimize total car handling costs. The search typically

occurs under a set of constraints defining the total car supply and demand

conditions.

Empty car distribution remains today one of the more critical

areas of railroad operation. Decisions are different from day to day, and

the optimality of a given distribution system may change in time. The

most important factors influencing a railroad distribution system are the

operating environment and its relationship to the loading and unloading

pattern. Since the distribution of empty cars is not independent from

operating directives, any operating policy changes will affect the distri-

bution policies, and vice versa.

There are three areas which may be aiiacted by empty car distri-

pution policies: ~

1) Shipper service quality (availability of equipment);

2) System operating performance and car utilization; and

3) System financial performance
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The effects of empty car distribution on service quality can be traced to

the railroad's ability to satisfy shippers’ demands for cars in a timely

and responsive manner. Inadequate distribution strategies may result in an

inefficient service. A customer who is faced with frequent car shortages,

physically unacceptable cars, or car delivery delays, will be prone to seek

the services of alternate transportation modes. This, in the long run, may

result in a loss of traffic volume and revenues.

The empty car distribution policies may also have an impact on the

overall system performance and car utilization levels, Bad distribution

policies may yield excessive car detention times at yards and increased

congestion. This affects not only the empty traffic in a yard but also the

loaded traffic. This tends to increase transit times and transit time

variability and therefore to decrease car utilization and service relia-

bility. On the other hand, operational policies like train schedules,

blocking, availability of motive power, and priorities have a great influence

on effectiveness of empty car distribution.

The railroad's financial performance will eventually reflect the

efficiency of the operating policies. The better the policies, the better

the service. Since empty car distribution policies form a subset of

operating policies, it is likely that they also affect the service. The

service levels, in turn, will dictate the railroad's profitability. The

better the service, the higher the profitability is likely to be. Therefore,

it is to the railroad's advantage to carefully define its empty car distri-

bution and other operational policies. From a marketing point of view,

improved service makes railroads more attractive for shippers to transport

their products. Clearly defined car handling policies can become convenient

in defining selling strategies. Both can lead to increased traffic volumes
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and reyenues. From an operational standpoint, better operating policies

can lead to lower system and car hire costs, and a more systematic management

of the railroad network, From a financial point of view, the resulting

improved financial performance can lead to better cash flows, greater ease

in locating sources of outside investment, and increased internal resources

that can be funneled back into operations in the form of retained earnings.

It is important for a railroad to have proper monitoring mechanisms

which would provide dynamic information for strategic marketing and operating

decisions, and for evaluation of alternate operating policies.’ The output of

an audit, which can be used as a monitoring device, would ideally be composed

of a set of parameters specific to operations. In the audit of car utili-

zation for B &amp; M, the empty car distribution measures were:

a) Yard detention times for empties;

b) Shipper's loading and unloading detention times;

c) System and foreign empty flow imbalances;

d) Average empty yard volumes vs. total yard volumes;

2) Locations of loading and unloading points.

If proper data were available, additional statistics could be collected per-

taining to:

a) Percentage of unfilled demand;

b) Average time delay in filling shipper's car orders;

c) Empty car inventories at major distribution points.

At B &amp; M, the empty car distribution is one of the primary concerns

of managément. Its main empty car distribution center--East Deerfield--is

located at the strategic intersection of B &amp; M's two main lines. It is a

logical point to do most of the classification and car cleaning work. How-

ever, due to the yard's physical design and limited expansion space,
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classification and the distribution of empties interfere with each other.

Yard congestion which results from switching empties in the yard delays

other traffic. This was the conclusion of the yard congestion study done

at MIT which states that "volume and poor (yard) performance generally peak

and bottom out together. It is apparent that the two are related and that

congestion hinders the performance" (3). Since, as illustrated in Case

Table 9A, East Deerfield is switching empties at an average rate of 57% of

the total volume moving through the yard, the net impact of the empty

overhead volume on the total yard performance may be significant.

B &amp; M's empty car distribution policy has been to supply shippers

with B &amp; M empties coming on the system from other roads and send foreign

empties to their home roads. This policy is illustrated in Case Table 13.

The table lists loaded and empty traffic on B &amp; M by traffic class. While

overhead and local moves show a near balance between loaded and empty

traffic, received and forwarded traffic display uneven loaded and empty flow

characteristics. However, received empties nearly equal the originated

loads, which is also true for received loads and originated empties.

The policy of preferential loading of the system cars is also

demonstrated in Case Tables 14 to 16. These tables represent a detailed

version of Table 13. Each traffic class and loading status are expanded

and Tisted by major car ownership and car type. In this table, the empty

car distribution policies are in the form of statistical frequency counts.

Table 14A shows that 99% of the forwarded empty traffic were foreign empties

of which 67% were box cars. As shown in Table 14B, only 27% of the forwarded

loads were foreign cars. This means that only 10% of the foreign empties

were reloaded and the remainder left the system empty. Note that 73% of the

originated loads moved on B &amp; M cars.
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Case Tables 15A and 15B present similar results for received

traffic, The situation in this table is nearly a mirror image to that

presented in Table 14. The table shows that B &amp; M empties accounted for

85% of the received empty traffic, These are the empties which are subse-

quently used by B &amp; M for distribution to shippers.

Case tables 16A and 16B present car movement statistics for the

overhead traffic. Here, the loaded and empty car movements are nearly

balanced for each major car ownership. The table also shows that foreign

cars are involved in nearly 85% of the overhead moves for both loads and

empties.

The effect of empty car movements by traffic class and car owner-

ship on the distribution policies can also be studied in case Tables 9A and

10A. Table 9A lists mean yard times for local, overhead, and delivered

and forwarded traffic at major system yards. At East Deerfield, 34% of the

average yard volume were overhead moves, 63% of total yard volume were

received and forwarded moves. The yard handled empty traffic at a rate of

57% of its total volume. Since 19% of the total traffic was made up of

overhead empties which in most cases do not quality for distribution, the

volume attributable to all other empties may be put at about 38% of the

total yard volume. Among these empties, B &amp; M cars, as shown in Table 10A,

spent an average 15 hours more in the yard than foreign empties. The

difference in the yard time between these cars is attributable directly to

the fact that the B &amp; M empties are sitting in the yard and waiting for

distribution assignments, while foreign empties are sent out of the system

to avoid car hire costs.

The audit data base was also used to compile statistics on basic

car distribution information presented in Table 4.4. This table lists
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utilization statistics for various combinations of car moves on the B &amp; M

system, Some observations that emerged concerning the distribution and

handling of empty cars on B &amp; M can be summarized as follows:

3) B &amp; M, as well as foreign empties that were directed

for loading, spent in excess of 163 and 105 hours,

respectively, at the loading terminal and shipper's
siding.

5) B &amp; M empties spent more time moving from inter-

changes to their final loading points on system
than loaded on their return trip to an interchange,

although the trip mileage is nearly the same. This
indicates that these cars are being held at the

intermediate yards and at East Deerfield for

excessively long times.

~~
wrog The traffic moving out of the system, loads and

empties, is handled more expediently than the traffic

terminating on-line. For example, B &amp; M empties take
87 hours to move to their loading point and only half

that much time is taken to make the return trip to an

interchange. Foreign received loads take 51 hours to
move to their unloading point and only 35 hours to

return to an interchange empty.

The B &amp; M Overhead empties, moving off-line to serve

B &amp; M customers, get there in nearly twice the time

they take coming back loaded.

d)

2) Foreign empties scheduled for reloading on B &amp; M are
not handled considerable faster than B &amp; M empties,

although they are the fastest moving traffic after

loading is complete.

The statistics shown in Table 4.4 were used to evaluate alternative

empty car distribution policies. One of the alternatives involved B &amp; M

joining the National Clearinghouse Experiment (4). Members of the Clearing-

nouse experiment (club roads) can use any club road's general purpose box

cars as their own. This encourages reloading of foreign club cars and

reduces empty car movements. Since B &amp; M handles a considerable number of

foreign empties, it might be to B &amp; M's advantage to joint the Clearinghouse

program. As case Table 14A shows, the empty foreign box cars in question

30



TABLE 4.4

BASIC CAR DISTRIBUTION INFORMATION

HOURS MILES 0BS
———

B &amp; M CAR MOVES

Received E to loading point

Loading time
From a loading point to interchange L
Overhead move E

Overhead move L

£ time at E. Deerfield

87

163

45

117 |54

35

158

155

262

253

26

47

26

17

24

43

4

 aC

FOREIGN CAR MOVES

Received L to unloading point

Unloading time
From unloading point to interchange E
From unloading to reloading point E

Loading time
From reloading point to interchange L
Overhead move E

Overhead move L

E time at E. Deerfield if reloaded

E time at E. Deerfield if not reloaded

51

116

35

73

106

27

30

32

30%
0 |

185

189

205

200

205

199

50

109

a2

2

3

12

76

125

x

The time at E. Deerfield is expected to be similar to B &amp; M's empties.

However, due to car hire costs, an improvement of 5 hours was assumed

for foreign empties over B &amp; M empties.
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constitute 41% of the total empty equipment moved out of the B &amp; M system.

Assuming that a considerable number of B &amp; M box cars stay off-line

earning car hire, and that the same number of foreign club empties are

reloaded in their place, B &amp; M would achieve car utilization benefits in

terms of car-days and car-miles.

The analysis assumed that approximately 750 B &amp; M cars will stay

off-line and the same number of foreign club cars will be reloaded. If the

B &amp; M cars stay off-line, then car-days and car-miles will be reduced for

the system car moves. Since the B &amp; M system cycle time is on the average

(87 + 163 + 45)/24 = 12.3 days, the net saving in car-days will be 750*12.3

days or 9200 car-days. Similarly, car-miles will be reduced by a total of

235,000.

The effect of reloading foreign club cars is to accumulate addi-

tional car-miles and car-days for these cars. Since there are two sources

of foreign empty back-haul on B &amp; M, from the overhead and forwarded moves,

based on USRA date of B &amp; M car flows, it was assumed that 50% of the re-

loads would come from overhead moves and the other half from forwarded

moves. The net changes in car-days and car-miles are summarized in Table

4.5. The net B &amp; M utilization benefits could be estimated at 78,000 car-

miles and 3,800 car-days per month. This, at $5,25 per diem and 3.5¢ mileage

rates per box car, translates to a net savings of roughly $23,000 per month.

Car Hire in Operating Budget

One of the most important tools of management control is a budget.

Budgeting forms a key link between planning and operations, It allows man-

agement to transform conceptual plans into quantitative plans which, in the

long run, helps control and direct the operations toward the desired goals.
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TABLE 4,5

B &amp; M CLEARINGHOUSE ANALYSIS

SEGMENT

ELIMINATED:

B &amp;M Cons

B &amp; M received empty

moves to load point
B &amp; M forwarded loads

B &amp; M car-loading

Club Cons

Club forwarded empties
Club overhead

Total Eliminated

ADDED CLUB CONS:

Forwarded

Club empty to a reloading

point
Club car-reloading
Club forwarded loads

Overhead

Club received empties
Club car-reloading
Club forwarded loads

Total Added

Net Benefits

C AR-DAYS

AVERAGE

TIME

(HRS) |MOVES |
TOTAL

DAYS

750 87
750 45

750 163

2,719

1,406 |
5,094

9,219 |

375 |375

35

30

547

469 |
1.016 |

10.235
*

375 73

375 106

375 27

1,141
1,656

422

375

375

375

/3

106

27

1,141
1,656

422

5.438

3.797

CAR -MTILES

AVERAGE | TOTAL
MILES MILES

158

.55
118,500
116,250

234,750

199

205
70,875
76,875

147,750
382,500

205 76,875

75,000200

205 76,875

200 75,000
303.750

78,750
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The car hire budget, deyeloped for B &amp; M operating budget by Mr.

C. D, Martland of MIT, is basically a forecast of car hire expenses for one

period into the future (5). The model assumes the next period's car hire

payable to be a function of last period's car hire payable, and changes in

the operating environment. The model can be written as:

~

=f

+ 7
{ 4 1)

where C; +1 © the next period's car hire payable

Cy = the last period's car hire payable

K = a constant reflecting changes in the

operating environment.

This model is based on the following assumptions:

1) The mix of system and foreign cars on-line does not

change significantly in time. If the mix changes
and the number of system cars on-line increases, they

may conceivably be replacing the foreign cars on-line

thereby decreasing car hire payable for that period.

The car hire is directly proportional to the number

of loaded cars handled on the system.

2)

The coefficient, K, reflecting changes in the operating environ-

ment, is a composite variable, It represents the expected changes in the

factors directly affecting the car hire. It measures the compounded effect

of expected changes in car utilization, car hire rates, and traffic volumes

on car hire relative to the last period levels. The coefficient can mathe-

matically be written as:

A n lA. )
J
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where: K, = utilization coefficient = desired utilization/base
utilization

K,. = car hire rate coefficient = expected rate/base rate

Ky = yolume coefficient = expected volume/base volume

Each of the above coefficients combines the effect of the operating

environment on the car hire. Since the coefficients are also composite, they

can be decomposed into the following:

1) The coefficient of utilization reflects all expected

utilization level changes for the next period. They
may include annual utilization improvement goals, the
affect of better reporting and control systems like

more reliable data and more comprehensive reports,
and weather effects on the utilization levels. While

the first two factors are rather subjective, the last

one can be measured directly from historical data.

Thus, k, can be written as:

K &lt; A k'
n

‘Ny

A
|.

Nd

i

r
p

 7 3)

where k_ = coefficient representing annual utilization

g improvement goals (e.g., 5% annual improvement

yields kg = 0.95)

Ky = coefficient representing the impact of improved
data systems on utilization control (e.g., 3%

impact yields k, = 0.97)

Ky = seasonal weather effect on utilization perfor-
mance (e.g., if snow causes the utilization to

drop 9% then Kk, = 1.09)

2)

Kg = coefficient representing utilization factors
other than covered above.

The rate coefficient does not have to be decomposed.

It simply reflects the expected changes in average car
hire rates relative to the last period (e.g., if rates

increase 5%, Ky. = 1.05).
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3) The yolume coefficient reflects the seasonality of the
traffic, It is assumed that seasonalities do not change

from year to year significantly, The seasonality
coefficients can be computed as percent deviations of

monthly traffic volumes from the annual average. The

coefficients also reflect the growth in the traffic

volume projections and adjustment for commodities not
included in the volume projections. Thus, the coefficient
can be rewritten as:

x = k
ne

4-

vhere Ke = seasonal effect on traffic levels (e.g., if

March traffic is 10% lower than the average,

then k, = 0.90).

traffic growth projections (e.g,, if traffic
is assumed to grow at therate of 4% per

period then kg = 1,04).

k!
J

percent of commodities not included in pro-

jections (e.g., if 7% of commodities loads

were omitted from projection figures, then

ka = 1.07). Note that in most situations
this coefficient will be 1.00 since new

commodities will be included in the pro-

jections,

An audit of car utilization can be applied to the car hire budget-

ing in three ways. First, it can monitor periodic car hire expenses by

Ss.

direct computations based on the data sample. Second, it can be used to

obtain the fleet mix and traffic mix information needed for forecasting the

next period's car hire. Third, it can monitor car utilization in terms of

cycle time for all traffic classes.

The use of the audit can be illustrated with Case Tables 18, 6 and

17A. Table 18 can be used to monitor the relative number of system versus

foreign cars on-line. This is necessary to continuously evaluate the

validity of the original assumptions underlying this model. If the ratio
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of system to foreign cars on system changes considerably, it is necessary

to adjust the car hire budget forecast.

Tables 6 and 17A (of the Case Tables) are basically utilization

reports which can help in monitoring actual utilization levels, When

periodic auditing is performed, a set of reports can be compiled to identify

trends and seasonality for utilization constant k,* These reports can also

be used by management to quickly pinpoint trouble areas, Since the reports

break car trips into components, it is easy to see where problems occur,

Case Table 6, compiled for the received and forwarded traffic, represents a

complete car cycle analysis. The car cycle times and their components show

great variability in handling policies for various car types. Cycle time,

which has an overall average of 200 hours, is consistently composed of two

large components. One, the terminal time in column E, represents the per-

centage of a car's cycle time spent at a terminal from which the car was

directed for loading or unloading, plus the time at shipper's siding. The

numbers in this column are typically around 100 hours, or 50% of the total

cycle time. Since the railroad is responsible for car hire on these cars,

it is in its interest to develop various alternatives which would help

reduce this time to minimize car hire expenses, Among the most promising

alternatives, ones that deal with increasing cooperation between railroads

and shippers offer the greatest payoff. It is usually the shipper who can

help reduce the loading/unloading time most by better scheduling and

planning of his car delivery and pick-up requirements. Railroads could

offer shippers a car management service which would assist shippers in this

area. Both shippers and railroads would derive a common benefit from such

a program.
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The car utilization report for overhead moves is presented in

Table 17A, The figures compiled for this report represent one way oyerhead

traffic, with specified loaded status, However, since the figures for the

total trip time represent only a half of a car's cycle time, they cannot be

compared to the cycle times of Table 6. The overhead moves are normally

handled differently and are not stopped on system for loading or unloading.

Thus they must appear in a separate report like the one shown in Table 17A.

The average trip time for the overhead moves in 36 hours. The great varia-

pility of the trip times among various car types indicates preferential car

handling policies, differing car routing, and operating priorities on the

B &amp; M.

The direct measurement of car hire payable to other railroads for

their cars handled over the B &amp; M system is achieyable by using Case Table

5A and 5B. Table 5A contains actual per diem and mileage costs paid out

to roads listed under the column titled "owner". The computed costs pertain

to all car moves included in the data sample. Therefore, the cost per car

figures represent average costs associated with car moves in the sample and

the total cost pertains to the product of the cost per car and number of

cars in the sample for each owner, Although a lot of the cost figures are

not statistically justifiable, they may be representative of the actual

expense levels for the car moves with performance characteristics similar

to those in the sample. The column of interest in this report should be the

one referring to the relative distribution of car hire payable among various

railroads which ship their cars via B &amp; M. Similar reports could be genera-

ted to compute the car hire payable by 0-D corridor, car type, traffic class,

originating node, etc. The grand total payable may approximate the actual
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payable if divided by the sample size as a percentage of the original

population size. Given that the audit data was a 1.4% sample, dividing

$12,143 by 0.014 would yield $867,000 per month, or 7.6% above the actual

$806,000 car hire paid out.

Measurement of System Performance Levels

The primary outputs of a railroad transportation system can be

measured by its performance levels. The performance levels can be defined

as measures of managerial efficiency in operating a system. The three areas

1.2.3

For which performance data is commonly compiled are: operations, marketing,

and finance.

Operating performance measures can be grouped into car service,
/

car utilization, and car handling costs. Each of these three areas represent

different aspects of managing car flows over a system, Marketing perfor-

mance, on the other hand, can be measured by monitoring variables associated

with soliciting new traffic, commodity flows, carload contribution levels,

and its ability to maintain reasonable origin destination corridor profit-

ability. The financial performance levels, directly dependent on the

operating and marketing performance, are usually listed in periodic finan-

cial reports. Attention will be focused on operating and marketing perfor-

mance levels since financial performance depends on both.

The operating department is responsible for car movement perfor-

mance. Its tasks include decisions associated with moving a car between

two points on a system at a lowest possible cost and within acceptable

time constraints, Since costs and trip times of a car movement are inverse-

ly related to each other, the decisions pertaining to a car movement will
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often involve various trade-offs between these two parameters. The specific

measures of operating performance can be as follows:

a) Car cycle time indicating the efficiency with which
the railroad cars are being used.

0-D trip times indicating the levels of delivered
service to a shipper.

c)

d)

a)

0-D trip time variability indicating the reliability
of service.

Yard detention times which are a component of the

service levels and car utilization.

Various components of yard and 1ine-haul costs per
car handled.

Other measures pertaining to car costs, service

levels, or car utilization.

The marketing department is responsible for seeking new and main-

taining present markets for carloads. Its performance is related to the

ability to derive more revenue from those markets. The decisions which

commonly have to be made in this department involve evaluating various

trade-offs between car revenue potential and operating costs associated with

moving a car between two points on the system. The measures of marketing

performance can be:

a) Percentage of car capacity used indicating fleet
utilization levels;

b) Revenue per load handled;

c) Traffic growth;

d) Traffic profitability characteristics;

e) Other measures pertaining to responsibilities of

marketing department,
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Since both marketing and operating departments base their

decisions on common inputs--the costs of moving a car over the system--it

is necessary to establish close cooperation between these two departments

in an effort to:

1) Have consistent cost data.

2)

3)

Discuss areas in which costs could be reduced to

increase traffic profitability and car movement

service; and

Establish a mutually agreeable set of operating

policies which will reflect the long range goals
of both the operating and marketing departments.

This interdepartmental cooperation was envisioned by the Task

Force (6) as a concept of an operating-service plan--"This operating/service

plan should provide a plan for handling each loaded or empty car tendered to

the railroad for movement". Based on set standards for each movement, this

plan would establish a control system which would ensure accomplishing

desired service levels.

The role of standards is very important. They serve as:

1) An evaluation tool;

2) A planning tool; and

3) A control tool.

The standards are set to reflect management's short or long term goals for

the levels of system performance. In their final report. Task Force II (7)

state that the purpose of standards is to "serve as management's leading

indicator to investigate or act in certain areas of the car utilization

system"
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FIGURE 4.4

DEVELOPMENT AND EVALUATION OF AN OPERATING/SERVICE PLAN
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Source: The Industry Task Force on Reliability Studies, Freight Car
Utilization and Railroad Reliability: Case Studies Final

Report, AAR Report No. R283, October 1977.
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A considerable data management task is necessary to monitor the

system performance and evaluate possible variations between actual and

standard performance levels. The relationship between the operating-service

plan and data management is illustrated in Figure 4.4. If the variances are

large, the operating-service plan needs to be re-evaluated. Thus, the data

management provides an important input to the refinement of the plan and

its standards.

The definition of standards lends itself to statistical sampling

procedures used for audit sample formation. Standards are based on the

expected values of parameters they represent. Therefore, as long as the

number of data observations is large enough to provide statistically signifi-

cant results, the standards can be compared to the means obtained from that

data. This implies that statistically valid audit results can be directly

applied in the evaluation and definition of performance standards.

The standards which can be measured using the audit are:

Traffic flow standards or expected traffic volumes:

Service standards for yard and origin to destination
performance;

Utilization standards; and

[a
Car cost and revenue standards, as well as traffic

profitability standards.

Examples of each of these are described in the subsequent paragraphs.

The traffic flow statistics can be obtained from Case Tables 1-3,

12-16, and 18. Table 1B identifies major flows on the B &amp; M for received or

forwarded traffic. The major flow is defined as a flow with greatest

relative volume and possibly greatest profitability potential. From a market-

ing point of view, identifying these flows and defining corresponding
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standards will lead to improved service. In the long run this may increase

profitability since better service will attract more revenue traffic. This

is consistent with the marketing strateqy called for in Task Force II's

report.

For forwarded traffic on the B &amp; M, the major flows occur between

the five terminating nodes of Mechanicville, Rigby, Rotterdam Junction,

Springfield, and White River Junction, and nine originating nodes. In this

case a major node is defined as an originating or terminating node contri-

buting in excess of 5% of the total volume for each move type. The distri-

bution of these flows between each major node is indicated in each cell

{see Case Table 1B). For example, from the table it appears that 43% of

all the traffic that originated in Boston went to Mechanicville, whereas

from all the traffic that terminated in Mechanicville only 15% came from

Boston. This indicates that for the forwarded traffic the Boston-Mechanic-

ville flows are the largest relative to each node.

A further refinement to this report could be made by listing the

same table for loaded traffic and empty traffic separately. This would

indicate the nature of standards to be set. If the majority of the forward-

ed traffic are empties, then standards should be set either to reflect the

most expedient handling of these cars to interchanges, or to minimize per

diem. If major flows are loads, then the standards should be oriented

toward satisfying marketing service goals for this traffic so as to minimize

car handling costs and maximize the profit.

Tables 2B and 3B contain similar information for received and

overhead traffic, respectively. Again, for both traffic classes there are

five strategic interchange nodes. For received traffic, 20% of the total

traffic terminates in Boston and 61% of the total traffic terminates in the
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Boston area. Of the seven major terminating nodes, five are in the Boston

area, The most important major flow is between Mechanicville and Boston.

Mechanicyille originates 10% of its volume to Boston, while 67% of Boston

traffic comes from Mechanicville. This, for all practical purposes, is

consistent with the flow statistics for forwarded traffic. It indicates

that the loaded traffic coming on B &amp; M and moving east to the Boston area

is moved out of the system along the same 0-D corridors.

Tables 12-16 and 18 present system flow statistics. Table 12

lists car movement statistics by load status and major car type. It may be

useful for monitoring car supply position on the system and obtaining some

measure of empty car availability. Similar information can be obtained

from Tables 13-16. Table 18 can be used for monitoring and setting standards

for the total system car volumes. By dividing the total number of cars in

the sample, one can arrive at a close approximation of the actual volume

handled. This may help in identifying the reasons for variances between

actual and standard performance levels.

The yard performance levels can be evaluated using Case Tables

9-11. Tables 9A and 9B list the performance data for major yards on the

system. The listing is ordered by traffic class and car loaded status.

This table can be used to set and monitor performance standards for all

traffic classes. This, as well as other performance reports, should not be

used for defining standards, but only for their evaluation and monitoring.

Yard standards can be determined by more realistic models of yard perfor-

mance (8) which account for external variables affecting mean yard times

and service reliability 1iké yard volumes. train schedules, priorities,

and weather effects.
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Table 10 lists information similar to those presented in Table 9.

The major difference is that the traffic is ordered by major car ownership

and loaded status. Therefore, the report is capable of showing the

distinct differences in performance of empty system and foreign cars in all

major B &amp; M yards. This report may be useful in monitoring the service

reliability and empty car handling performance.

Table 11 shows another aspect of yard performance--the train to

train connection times for major yards on the B &amp; M. This report should

also be used only for monitoring and evaluation of standards. If the

connection times remain high over long periods of time--an indication of

bad scheduling of trains--policies as well as connection standards should

be revised.

The origin to destination performance can only be monitored using

audit's results because it is a functionof the time a car spends in inter-

mediate yards. The performance is highly variable and depends on operating

policies and external weather inputs. Origin to destination performance

can be obtained from Case Tables 1-3 and origin-destination service relia-

bility levels from Case Table 7. Table 1A lists the origin destination trip

times and the standard deviations of the trip times for forwarded traffic.

Tables 2A and 3A present similar data for received and overhead traffic.

Note the differences in handling different traffic classes between the same

nodes. For example, the primarily loaded traffic from Mechanicville to

Lowell takes an average 20.6 hours to arrive at its destination. The pre-

dominantly empty traffic going back to Mechanicville from Lowell takes an

average 38.7 hours. This indicates excessive delays to this traffic at the

intermediate yards. Although the statistical significance of these results

is questionable, they may be indicative of car handling policies on B &amp; M.
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Car utilization monitoring on a system-wide basis can be done by

reports such as Case Tables 4, 6, and 17A. These tables identify components

of car cycle time on system. Tables 4A, 4B and 4C list car detention times

at shipper's sidings for various car types, car owners, and major yards on

the system, respectively. These tables can be used in conjunction with

planning goals to set standards to cut the detention time of loading or

unloading cars. An expanded version of this report is presented in Table 6.

Here, non-overhead moves were grouped to provide information on foreign

car-hours on system for each load handled. The components of each car's

system cycle time were identified and computed as percentages of the cycle

time for the total yard time loaded and empty, the total line-haul time

loaded and empty, the total time spent in a move following car's receipt at

an interchange to the destination point, and the time spent loading or un-

loading. The data is compiled for different car types and the loading

status printed pertains to the status of the forwarded car. This report not

only indicates areas of car detention on system, but it also provides direct

information about car cycle time. Although the statistical significance of

the results may be questionable, it is representative of the overall system

utilization levels. In routine audits, larger sample sizes would help

improve the statistical significance of the results.

Similar information is contained in Table 17 for overhead moves.

These moves do not originate nor terminate on B &amp; M. They merely pass

through the system to other railroads. Thus, cycle time is defined to be

a time on system for move in one direction. Car cycle for an empty moving

from Rigby to Mechanicville is defined to be the time between the two inter-

changes. The empties are grouped in the report separately from the loads to

maintain the distinction between two different types of cycle times. The
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loading/unloading time component is omitted. The report indicates consid-

erable variations in handling various equipment types on the system.

The above reports are only a sample of a nearly unlimited

set of possibilities. They were presented merely to serve as an illustration

of possible applications of an audit. It is important to observe, however,

that the reports present more information than would have been possible

had normal data processing procedures of utilizing whole monthly data sets

been applied. The results of such an audit do not have to be 100% accurate.

They merely should indicate most likely trends that can be observed in

system performance. For this, statistical sampling and the formation of a

reliable data base seem to be the best alternative.

1.2.4 Alternate Practical Uses of the Audit

The previous three sections do not fully exhaust the number of

possible applications of the audit. Other areas could include:

1) Monitoring revenues per load by type of traffic.!

2) Profitability of traffic based on revenue and

variable cost information by corridor, type of

traffic, shipper, etc.

3) Planning car equipment requirements based on car

availability statistics.

4) Planning of car distribution based on utilization

of equipment.

5) As a front end to provide

yard performance models.
inputs for system and

Teor an example, see Table 4.6.
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TABLE 4.6

B &amp; M REVENUE STATISTICS--OVERHEAD MOVES
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CHAPTER IV--FOOTNOTES

(1) Refer to Case Table 3B in Appendix B.

(2) See footnote in Section 2.3.2.

(3) The Industry Task Force on Reliability Studies, Freight Car Utili-
zation and Railroad Reliability: Case Studies, AAR Report
No. R-283, October 1977, p. 85.

(4) Clearinghouse experiment includes the following railroads: ATSF,
CNW, ICG, L&amp;N, MILW, MOPAC, RI, SCL, SOU, and SSW.

(5) Refer to the Memorandum by C. D. Martland on Car Hire in the

Operating Budget of January 27, 1978, for discussion of
assumptions and applications (MIT).

(6) The Industry Task Force on Reliability Studies, Freight Car Utili-
zation and Railroad Reliability, Conclusions and Recommendations,
Extract from AAR Report No. R-283, October 1977, p. 5.

(7) Task Force II, Freight Car Utilization: Definition, Evaluation and
Control, Final Report, AAR-FRA.

(8) S. C. Rotheberg, The Design of a Management Control System for
Railroad Freight Terminals, S.M. Thesis, MIT, 1978.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Summary

One of the problems facing railroads today is the failure to use

available data to formulate better operations control and monitoring

systems. Primary areas affected by the lack of these systems are car

utilization and service. Since car utilization and service levels directly

affect railroads financial performance, it is necessary either to improve

the existing control system, or device new ones more responsive to the

present problems facing railroads.

The explicit relationship between the railroad's financial

measures and car utilization and service levels is not well known or under-

stood. The conclusion of the Task Force II of the Phase I of the Car

Utilization Program, concerned with the measurement of the car utilization

levels, was that (1):

‘there have been no direct or predictable relationships

between changes in physical utilization measures and

a railroads financial performance"

and that

"no single measure is adequate... to relate physical

utilization to financial performance."

The Task Force suggested using and monitoring several physical measures of

car utilization as a means of allowing management to improve the performance

in this area. To perform this function, an audit of car utilization was

recommended.
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Consequently, as part of the Phase II of the Car Utilization

Program, an audit of car utilization on the Boston &amp; Maine was conducted

by MIT. The audit was divided into three parts:

1) Data preparation and random sample formulation;

2) Programming and report generation; and

3) Procedure evaluation and documentation.

The data was obtained from the B &amp; M car movement records. It was

processed manually from the listing of the September 1977 car movement file.

By application of systematic sampling technique, a random file of car move-

ments was compiled as a data base for the audit reports. The file contained

646 complete, 100% accurate origin to destination car movements which con-

stituted a 1.4% sample of the original 0-D movement file. Although the

sample size for the B &amp; M audit was determined rather arbitrarily within

the limited time available for manual data processing, a more rational pro-

cedure for the sample size determination is developed in this thesis.

The programs necessary to generate desired reports were coded with

a prewritten data management package, SAS, rather than a high level language

like FORTRAN or COBOL. This allowed significant reductions in programming,

debugging, and processing time. All computer runs were below $10 per report.

A number of reports were generated. Among the most important were:

1) Performance reports of the 0-D and yard car movements
for different traffic classes and car ownership.

2) Utilization reports listing car cycle time and its

physical components for different traffic classes
and car types.

3) System flow distributions for different car types
and car ownerships.
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4)

5)

Car hire reports showing the total car hire costs

for various car ownerships, car types, 0-D

corridors, traffic classes, etc.

Sample statistics for future sample characteristics
evaluations.

Other reports for specific B &amp; M operating character-
istics.

Most of the above reports are the Case Tables included in Appendix B of

this report. The SAS programs used in generating these reports are listed

in Appendix D.

The audit reports were submitted to B &amp; M and managers of other

railroads (1) for comments and evaluations. Although a formal evaluation

and feedback is still outstanding, there was a favorable response from B &amp; M.

The management unofficially acknowledged a need for the audit in their

organization as a prerequisite for improvements of the system operations.

Their interest was, in most part, reflected in requests for further reports

pertaining to specific questions about the daily distributionofarrivals

and departures for the major interchange yards, foreign car flow infor-

mation by traffic classes, and estimation of the probability of missed

connection for cars at East Deerfield. Given the flexibility of programming

and manipulating the data sample, all of these requests were readily

answered.

This report documents a formalized auditing procedure and provides

sample applications. The report recommends the organization, functions,

and techniques needed to make auditing worthwhile and reliable. They are

in no way unique, but they do define the minimum organizational and

functional requirements for conducting an audit.
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5.2 Conclusions

| ) The audit is a useful mechanism for increasing

management's awareness of the system's operations

and its performance. Through informal discussions
with railroad managers, a general appreciation of

the technique has been voiced.

In many situations it may be difficult to obtain

well organized and coherent data for car movements.

For B &amp; M, it was almost impossible to match a car

movement to its revenue and cost information.

2)

3) Random sampling may be useful for many railroads in

analyzing its operations. Given large enough sample
3ize, meaningful information can be obtained for

major system flows and facilities at a fraction of

the cost, time, and effort.

1) A 1.4% sample size for the B &amp; M audit is not large

enough. More meaningful estimates can be obtained

with a 5.4% sample size (or 2,500 records in the

data base). However, the existing 1.4% sample was

useful for evaluating the most important system
flows, yards, and cycle times for major traffic
classes.

~ The use of SAS system for data management, statis-

tical analysis, and report writing package proved
to be an excellent way of reducing the programming

requirements associated with report generation for
the audit. The programs written for this package

required little time for coding, no time for debugging,

and reduced data processing costs.

5) To perform the evaluation of the car's utilization

levels and the system's performance, the audit must
be conducted on a routine basis.

7) An audit may, in effect, lead to more rational man-

agement decisions affecting car utilization and service

levels. This may, in the long run, improve the rail-

road's profitability.

A small, integrated data base with nearly 100% complete
and accurate records can provide information nearly as
accurate as a large, incomplete data base of monthly

car moves.

3)
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5.3 Recommendations

1) Railroads should make extensive use of auditing procedures

to monitor their system performance. This would involve:

3. Using Tess expensive statistical sampling techniques
in report generation procedures in place of full
scale data processing programs.

J Developing a set of performance standards to state

operational criteria for traffic moving over a

system.

Obtaining performance measures for traffic moving
over a system and comparing them to the standards

set above. Large deviations between standards and
actual estimates of performance measures would

indicate the need for more managerial attention to

improving service.

2) Railroads should investigate the informational value of

their data bases. Two conditions may result when such a

study is initiated:

3 A data base may be found to contain more information

than anticipated. This, by itself, should help
people realize a potential that the data base may

have in generating desired reports.

A data base may be found outdated as well as contain-

ing information of no useful value. It may be missing

variables reflecting recent system changes, or it may
have an ackward organization which may reduce the data

manipulation flexibility needed to generate desired
reports.

3) Railroads should introduce formal procedures for evaluating

ab

and refining their reporting systems. All too often reports

are lengthy, too detailed, and try to bring too many

issues into focus at once. This contributes to a general

lack of understanding of the report. In the long run this

leads to a great under-utilization of important information-

al resources.
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4) Railroads should improve their data gathering and reporting

procedures to increase the quality of operating data. This

might involve:

a|

b)

Investigating the practices used in a field where the

data is actually collected. This might reveal that
the people assigned to this task have had little

training in operation of the modern computer equipment
and that they do not have a clear conception of what

is required of them and how to perform their tasks

efficiently. They may not understand the reporting
system they are contributing to, and may therefore

out little effort to improve their work. Little
attention is paid to their motivation and management
for most part ignores the problem as "unsolvable".

Investigating inter-railroad data exchanges. These
night significantly improve the quality of data and
reduce the costs of its generation. These would also
allow inter-line advance consists.

Integrating, as part of providing a better service

to the customer, shipper's needs in their car

reporting system. Currently, an opposite trend is
taking place. Disillusioned with the railroad's

ability to monitor their shipments, shippers are
Forced to keep track of them with their own reporting

system which often exceeded the railroad's in quality,

accuracy, and flexibility.

d

 RD

Investigation of the minicomputer market for possible
application of this technology in monitoring yard and
line-haul car performance.

Studying alternative Automatic Car Identification

technologies for minimizating data errors. This
is the most promising area where significant progress
can be achieved in improving the data quality control.

5) Railroads, in conjunction with the auditing concept, should

establish and experiment with the service contract concept.

An audit provides an excellent tool in assessment of the

concept's impact on car utilization, service, and reliability.
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8) An extensive use of various 0-D and terminal performance

models should be used in conjunction with audit reports

to monitor and refine car utilization and service standards.

This could also improve the quality of forecasting and

management strategic modeling since the better data resulting

from some of the programs described above would positively

affect the effectiveness and credibility of such models.

7) Railroads should ensure that appropriate reports are propa-

gated to lower organizational ranks. With proper intro- -

ductions, these reports could enhance the employee's under-

standing of System operation and contribute to a greater

3)

motivation among railroad's work force.

Railroads should establish an Auditing Committee such as

the one suggested in Chapter II, to monitor, evaluate, and

recommend improvements in the system operations to increase

the levels of car utilization performance.

9) Railroads should perform an audit of car utilization on at

least a monthly basis. This would allow continuity in

monitoring system performance as well as a timely reponse

to any operational and marketing problems.

10) Each audit of car utilization conducted by a railroad should

be composed of at least the following report types:

a. Routine reports referring to the usual operating
and marketing areas of interest.

Reports specific to each railroads' needs.D.

*

-r Special inquiries answering the questions posed by
special studies of alternative actions initiated

by a railroad in an effort to improve its perfor-
mance.
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11) Each railroad should evaluate their existing data bases

and provide general guidelines for better integration of

car movement, car revenue, and cost data among the files.
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CHAPTER V--FOOTNOTES

1) Task Force II, Freight Car Utilization: Definition, Evaluation, and
Control, AAR-FRA Final Report, 1977, p. 1.

2) The reports were distributed to the member of the Task Force II-2 of

the Car Utilization Program.
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APPENDIX A

ESTABLISHING STATISTICAL VALIDITY OF AUDIT'S RESULTS

AND AGGREGATION PROCEDURES

Throughout this thesis references were made to the statistical

validity of the audit's results. In the next few paragraphs an example

will be presented which will illustrate how to test the statistical

significance of the results.

The statistical significance of the audit's results can be verified

by using the concept of confidence interval. The theory and assumptions of

the interval analysis were presented in the section on the determination

of the random sample size in Chapter III. The reader is urged to review

that section for background information before proceeding to the below

example.

The confidence interval can be written

| -

wd

as;

(A-1)

where T = the true mean of a variable

t = the estimated mean of a variable

3 the width of a confidence interval

Jiven by:

A * s in ¢ n_-2).

INote that Eq. A-1 is in a conventional form of expressing the confidence

interval and is equivalent to the formula used to derive a sample size.
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where cy, = 2 t-statistic coefficient at significance
level, a

~

 |

= the estimate of the standard deviation of

variable

the number of observations involved in

estimating both t and s.

Sometimes it is more convenient to display the confidence interval

in terms of sampling error. The sampling error, as described in Chapter

III, is simply the width of the confidence interval expressed as a percen-

tage of the estimated mean. The reason for presenting the confidence

interval in terms of this parameter is that q, the absolute width of the

interval, is meaningless unless compared to the estimated mean. For example,

if the width of the interval is 6 hours relative to the mean of 12 hours,

this may indicate highly uncertain estimates of the mean. However, if the

mean is 260 hours and the width of the interval is 6 hours, the estimated

mean is more reliable. Thus, the confidence interval can be written as:

N A- 3)

where T = the true mean of a variable

t = the estimated mean of a variable

W the width of the confidence interval as a

nercent of the estimated mean = 100 * g/t

In the audit, all parameters needed to compute a confidence inter-

val are listed on each report and are known. Only one parameter, Cys needs

to be chosen. The choice is subjective but it should be made with some

a priori knowledge of the variable being estimated. For example, the

overhead traffic, known to perform fairly consistently, should be eval-

Jated using a t-statistic reflecting a high level of confidence. On the

13



other hand, local traffic with highly uncertain performance history,

should be evaluated using somewhat Tower confidence level criteria. The

effect of choosing various confidence levels and the examples of computa-

tion of confidence interval are shown in Table A.1. This table is based on

the loading/unloading performance report, Case Table 4B (Appendix B).

Sometimes an analyst or auditor will find that if the data is com-

puted on a disaggregate level, some groups of data lack sufficient numbers

of observations to validate the results statistically. This may also occur

in the audit of car utilization when the sampling of origin-destination

records is performed. It will be impossible to find enough records in

the original population for all 0-D pairs to yield a desired sampling error.

This will be true if a railroad has many low traffic density lines for

which moves are recorded in the sample. At some point an auditor will have

to perform aggregation of these records to form a new group with enough

observations to yield statistically meaningful information.

Although there is no set method for aggregation procedures, there

are few guidelines an auditor should follow:

 )

2)

3)

4)

If consolidation of stations is performed, an auditor

should make sure that the aggregation includes only the
stations which physically form a logical node. That

is, the nodes which geographically are not along the

same branch lines should not be grouped together.

If consolidation of different traffic classes is per-

formed, an auditor should make sure that the character-

istics of the strategic flows are not altered.

If the 0-D flows are aggregated into segment flows,

each car movement should bear a reference to the original
status of its move.

[f the moves throughayard are highly concentrated, the
moves with Tow frequencies can be aggregated into several
larger classes with some common logical characteristic.
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TABLE 4.1

EFFECT OF CHOOSING VARIOUS CONFIDENCE LEVELS AND EXAMPLES OF CONFIDENCE INTERVAL

nd

—

on

CAR OWNER

B&amp;M

B&amp;M

Foreign

Foreign

LE/STATUS

 {]

uU

NCARS

27 |

14

13

109

MEAN STD

— A —

163 |
59 37

129

06
\
a Ad

116 71

wo (%) -

ca = 90% | cy = 95% | cy = 97% | cp = 99%

Q |9 23 30

1] 23 33 1°
vl

4
1 78 33 13

A |) 11 I5

Source: B &amp; M Car Utilization Audit, Case Table 4B.



TABLE A.1
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APPENDIX B

CASE TABLES

Table

B.1

B.?

B.3

B.4A

B8.4B

B.4C

B.5A

B.5B

B.6

B.7

B.8A

B.8B

B.9

B.10

B.11

B.12

8.13

B.14

3.156
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Origin Destination Performance--Forwarded Traffic Statistics

Origin Destination Performance--Received Traffic Statistics

Origin Destination Performance--Overhead Traffic Statistics

Terminal Report--Loading and Unloading Car Hours by Major

Car Type

Terminal Report--Loading and Unloading Car Hours by Major
Car Ownership

Terminal Report--Loading and Unloading Car Hours per Terminal

Car Hire Report--Car Hire Payable by Car Ownership

Car Hire Report--Car Hire Payable by Major Car Type

Car Utilization Report--Received/Forwarded Traffic Car Cycle

Time Components

Origin Destination Performance--Trip Time Distributions

Empty Overhead BAR and MEC Traffic Statistics on B &amp; M

Loaded Overhead BAR and MEC Traffic Statistics on B &amp; M

Yard Performance Report--By Class of Traffic and L/E Status

Yard Performance Report--By Car Ownership and L/E Status

Train to Train Connection Performance

System Movement Statistics--By Car Type and L/E Status

System Movement Statistics--By Movement Type and L/E Status

System Movement Statistics--Forwarded Traffic Broken Down by
Car Ownership and L/E Status

System Movement Statistics--Received Traffic Broken Down by
Car Ownership and L/E Status
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Car Ownership and L/E Status
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by Car Type and L/E Status

System Movement Statistics--By Car Ownership and Load Status

18



TABLE B.1A

0-D FORWARDED TRAFFIC PERFORMANCE*

 |

0

'FROM/TO | MECHANICVILLE_RIGBYROTTERDAMSPRINGFIELD__ W. RIVER _ MOVES

Boston | 29.1 26.5 37.5 44 28 26
] oo (12.8) (19.1) (17.9) (-) (7)

Concord 27.5 41 31.5 28 8

10.6) (=) (10.6) -)
42.8 22.3 5 23 16

135.7) (17.7) (4.2) (18.2)
25.2 77 21.5 27 9
(6.9) (-) (4.0) (-)
15.8 31

19.2) 116.0)
38.7 94

(45,5) =)
33.7 47 42.7 56.5

(28.4) (-) (5.7) (23.3)
38.5 32 39.7

(19.1) (-) (12.9)
22.5 20

(2.3) 16.1)

48 10

(36.8) i

13

26 7

=)
74 8

-)

Other Moves
Total Moves 77 f 10 18

52

157

*Exclusive of Interchanges.

TRIP TIME (ies)
(STD. DEVIATION)



TABLE B.1B

0-D MAJOR FORWARDED TRAFFIC FLOW STATISTICS

—d

™N)
i]

_FROM/TO |

Bos ton*

Concord* |

] MECHANICVILLE RIGBY ROTTERDAM SPRINGFIELD W. RIVER _ MOVES ]

43 8 32 4 12 17

15) (29) of) (9 (an
28 15 28 28 8
3,(4)  '5) any

3 19 16

nn nz)
56 11 1 9

(4) 6) __

; 8

3)
70
0)

54 8

0) (4
29 14

3)(14)
67

_— ee)

Other Moves } 26% 15%
Total Moves 71) (7)

¥Boston area = 52% of total traffic.

% OF TRAFFIC ORIGINATING

% OF TRAFFIC TERMINATING



TABLE B.2A

0-D RECEIVED TRAFFIC PERFORMANCE*

\D
—

TO/FROM | MECHANICVILLE ~~ RIGBY ROTTERDAM SPRINGFIELD  W. RIVER MOVES

Boston | 13 20 18,7 32 33.5 32

(10.8) (10.4) (31) (5.7) (13.5) _
Concord 190 53 71 20 32.5 8

=) (=) (48.3) 0 i (07
41.3 9 68 2 17.7 17

127.2) (=) (62.9) (-) (16) :
19 70 29 8

15.9) 3) (5) —
20.6 48.7 43 12

(7.9) (19.4) (75)
65 . 31 79 22 83 12

(64.5) (-) (69.4) (5.7) (-)
14.1 27.6 73.4 13

(2.2) (10.4) (47.4)
Other Moves

 Total Moves 62 10 46 15

38

160

*Exclusive of Interchanges.

TRIP TIME (HRS) |
(STD. DEVIATION)



TABLE B.2B

0-D MAJOR RECEIVED TRAFFIC FLOW STATISTICS

Nd)

Ny

TO/FROM |

Boston

Concord |

E. Deerfield

Lawrence

Lowell

Manchester

Rigby

Other Moves
Total Moves

eh r—

MECHANICVILLE RIGBY ROTTERDAM SPRINGFIELD W. RIVER MOVES

. 30 26 13 11

'39) (9) (39) (6) (8) (32) _

) 10 4 7 11

14) (14) (29) (14) (29) (8) |

il 9 3 13 11

(43) 25) (13) (19) (17)
5 ] 7

'50) 37) (12) (8)
2 ; 16

a5) i) fen (2)
3 10 4 13 5

45) (7) (18) (18) (7) (12)
10 1 13

16) (38) (15) (13)

41% 329 349, 46% (58)
(18) (46) (15) (19) (160)

 -—

C36
(62)

% OF TRAFFIC ORIGINATING '

% OF TRAFFIC TERMINATING



TABLE B.3A

0-D OVERHEAD TRAFFIC PERFORMANCE*

—

 nN
 Ww

~ FROW/TO |

Mechanicville

Rigby

Rotterdam

Springfield

W. River

Moves

MECHANICVILLE RIGBY ROTTERDAM SPRINGFIELD ~~ W. RIVER MOVES

8 17.9 31 54
(16.1) (2.2) (6.6)

22.8 17.2 23.4 67
(13.3) (2.8) (5.2)

29.8

(18.6)

39.5 31.9
(17.7) (10.0)
40

(5.7) _

65

27.0 19

=
11.4 51

a __(10.3)

26.0 7.9

‘.) (8.3)
a7 230

*Exclusive of interchanges.

[TRIP TIME (HRS) |
(STD. DEVIATION)



TABLE B.3B

0-D MAJOR OVERHEAD TRAFFIC FLOW STATISTICS

FROM/TO |

Mechanicville

Rigby

Rotterdam

MECHANICVILLE ~~ RIGBY ROTTERDAM. SPRINGFIELD  . RIVER MOVES

i7 : 54

ig) 71.
 32

a0

A
u

"

a 67

’
nh

3

10
i—

M1
.

7 19
yt

NC
&gt;

Springfield

W. River

Moves

7

13
'5 16) (an

3

I
))

of
i A

65

 TY

1)
28

33 51

(91)
32

JRE

51 a7

40

£

230

———

"9 OF TRAFFIC ORIGINATING
% OF TRAFFIC TERMINATING



TABLE B.4A

J)BS

 oo

BEX CAR UTILIZATICN AUDIT

LOADING ANL UNLOADING TIMES BY CAR TYPF CODE

CAR_TYPE LE_STAT NCARS _MEAN_TH STD_TH

A = Box

A

3 - Box

3?

- Flat

- Gons

- Hopper

- Cov. Hopp

— Reefer

- Auto

5

)

137.8

97.3

197,2
127.2

86.6

190,7
100.7

49.3

his,4
86.8

121.7

107.5

133.6

15.0

120.4

49.4

128.1

74.5

60.3

110.4
45.9

43,2

19.6

69.3

99.0

32.2

68, 4

2.8

a

{

APX_T2

3543.2

217.9

63269

377.0

185.)

376,70

153.4

172.)

76.0

148,09

293.7)

153.9
284,19

17.0

TABLE B.4B

Be CAP UTILIZATION AUDIT

LCADING AND UNLOADING TIMES dY CAR OWNERSHIP

TRS CAR OWN LE STAT NCALS

BM

3M

FORE

FORE

I

47

14

13

1)

La

MEAN TM

162.9

59.0

105.5

115.3

STD TH

129.4

37.3
64.3

70.5

GAX_TH

682.0

157.9

255.0

377.0

[25



TABLE B.4C

"rey

yLp

}
.

I)

2

3

jt

$e

fu

37

BM CAR UTILIZATION AUDIT

LOADING AND UNLOADING TIMES RY TERMINAL NODES

ORG_NODE LEZ _3TAT CARS MEAN_TM STD IM AA X_Ti

21 - Ayer

70 — Boston -

oY )

- Brattle

- Concord

‘f  - E.Deerfl

16.

210 ~ Farmgt

217 ~- Fitchbg

212

229 =~ Gardner

229

255 =~ Grovent

255

J66 - Lawrence

166

330 - Lowell

38¢C

433 ~ Manchest

403

418 - Mech'le

447 - Nashua

wu

464 = N-ampton

Bold.

506 -.0Ossipee
536 - Rigby

530

538 - Potter

576 - Rock-ham

349] - Salem

597

633 - Springfl

34 - W.Camb

134

704 - W.River

185 ~ Worcest

I] 97.6

136.0

107.1

200,7
114.3

294.3

101.4
26.C

194.3
od,3

326.0

150.5

92.3

116.0

100.7

160.38

86,9

156.9

52.7

106.2

6b.

132.9

101.7

85.5

73.9

79.2

96.4
51.3

192.2

54.4

217.0

133.2

310.9

344,90

135.C

082.0

177.9

26.0

343.0

98.0

4038.0

223.90

117.C
116.9

243.0

23C.0

153.0

264.0

78.0

137.9

65.3

159.90

176.5

103.6

24.7

116.0

102.5

31.2

74.5

72.8

54,8

80.3

23.7

31.5

43.6

316.2

28.7

49,3

229.7

108.4

136.0

155.0

143.0

52.0

87.2

167.0

130.0

11.3

134.5

28.0

172.9

343.9

Told.
136.0

155.C
181.7

78.0

119.0

. 167.V

187.9 377.¢C

18.38 33.2
34.6 159.0

26



TABLE B,5A

«od

J
ho

DOWNER CARS COST/CAR

AA

1CL

AMR

JRA

\RHN

\TSP

\THW

INP

AR

ClT

CK

JKTY

JLE

IM

Jo

c1RR

-N

INA

CN1S

TNH

+15

AR

.¥

“ve

uy

ThGW

4c

L

JG

“BW

Nh

JNWR

TR

IC

CS

.N

NAC

OAH

af

1CC

CB

LE

HR

od

1B0X

DG *

id 4

CL 4

FRB 1

PRC 4

WL 2

=.

Teh

10.0

Ya,

Tia

Joel

UG.

dd.0
16.5

20.0

 og

7,5

14

£3

9

Q nn

io
11.3

del

1,49
15.4
1709

$C

‘

r

J

0,

EX4

0,

15.7%

iG

4

19,3

3 4

6.7
98.6

18.1

13.1

26..V

50.3

25.3

J6.1

108.2

b

Th

35

TOTAL CAR HIRE COSTS Pel CAR OWNER

TOLAL COST STL. DTV.

11.06

33.2
8.5

37.90

16.5

133.5

v5.0

32.9

1179.5

14.8

“2.7

mn, 9

5.4

1

a5

2.9

21.7

3. 7

I|

2.1

52.5

5.9

10,8

16.3

22.4

LO

3.1

4a

22.5

25.4

38.0
«J

4,8

30.5

be1
144,8
62.06

1

Jeb

%%2

19.4

26.4

).6
Jo 0

21h

0

1,0

,6

3.5

aq

3

ve9
le7

94 9

112.3

20,3

17.9

45.6

206.8

JJ.9

Jel

J3.4

JB.6
333.0

j9.4

32.0

01.1

25.3

B43

200.3

‘al

loeb

JT.7

110

15.2

1866

24.3

31.4

'3

315.9

8.9

26.4
1d

28.5

113.1

CT. GRAND TOT.

del

Ew

i

1

1

,:

Nn

p

Y,

ae

H2

1.7

SRAND TOTAL

12143

12143

2143

‘2143

2143

12143

12143

2143

12143

12143

13

4)

2143

2143

2143

12143

2143

I

{143

‘43

43

2143

"143

3

2143

JJ

2143

2143

214s

143

M4;

43

v3

{

A}
! Ed

14

Z143

2143

2143

2163

2143

2143

2143

+2143

2143

2143

2143

143

EE

LE]

S143

ell3

I

ng



TABLE B.5A (cont'd)

TOTAL CAR HIRE COSTS PER CAL OWNER

JHNER

SLSF

300

50U

3P

SPFPE

SSW

roc

'B

ip

JPFE

1c

'TR

{AB

ICTR

iM

iP

CARS

19

7

2

COST /CAR

18.5

10.2

24.6

41.8

19.0

24.3

‘8.6

17.9

28.7

29.9

38,7

58.0

28.0

18.9

4.6

20.5

TOTAL COST

55.4
BO.5

958.6

361.1

116.9

111.4

37.2

113.8

46.2

119.6

88.7

511.9

112.0

38.9

73.1

51.4

STL. DEV.

12.4

9,1
24.7

10,0

31.8

10.1

7.6

38.6

21.6

20.1

106.6

17.7

4.4

10.2

PCT«GRAND TOT.

Js5
3.1

1.S

'.9

0
» 9

1h3
Je9
4.5

«0

Deo?
3.0

7.9

Je3
0.6

0.5

GRAND TCTAL

12143

"2143

2143

i

12143

2143

2143

lz143

12143

[2143

12143

12143

12143

12143

12 43

12143

—

Nd

‘4

TABLE B.5B

TYPE CARS

A -— Box

3

&gt; = Flat

; — Gons

d — Hopp

J

L -C.Hop 49
R — Reef &gt;I

Y — Auto VY

bb

250

7

19

COST/CAR

27 3

I)

20.4
24.5

HY |

TH1)
20.3

13,9

JT.4

TOTAL CAR HIRE COSTS PLR CAR TYPE

PCT.GRAND TOT.TOTAL COST SsTD.DEV,

1799.5

549,9

36749

51.4

1.0

992.8

1726.8

29.6

23,1

37.8

23.5

28.8

be2

i4.8

M.5

405

3.0

Dolh
0.0

3.2

14,2

Je2

21.9

23.9

1.0

EAND TCTAL

12143

‘2143

12143

e143

12143

2143

12143

12143

12143



—d

 J
 |

CIR TYPZ L/2

(A)
E

1

B= Box=e

Flat rr

; — Gons =

, Covd w

hopp. ’
[

Ro Reef E

4

V = Auto &amp; 2

TABLEB.6
RECEIVED/FORWARDED TRAFFIC

CAR UTILIZATION REPORT - CYCLE TIME.

MOVES % YRD TH % LINE TM % TRIP1 % TERMTM TOTAL TIMP

(B) (C) (D) (E) * (F)

7.51127 18,15828 18.20766 52.26651 176.9231

41.34615 18,75 44.,23077 33.65385 208

27.4189 5.566863 17.02201 56.5067% 220.0952

27. 1A296 13.63263 21.96763 41.17949 256

22.58151 11.63664 15. 19019 4S.u42757 168,5

34.00872 12.90828 24,60258 u6,84152 224.5714

36.36195 8,850838 16. 13411 53.16986 210.5

21.55583 9,803842 14.9226 62.80245 293

J7.05943 11.56CC1 29.96564 u42.86378 255.5

41.77019 29,06903 29.65839 55.5

26

3 3

13

Note: (A) - This colum indicates the loading status for forwarded cars (cars leaving B&amp;M).

(B) - Percent of cycle at interchange and intermediate yards ( L and E )

(c) = Percent of cycle in train ( L and E ).

(D) = Percent of cycle from interchange receipt to arrive final yard (loaded time if status leaving B&amp;M empty).

(E) = Percent of cycle in terminal (final yard (L) plus final yard (E) if status leaving B&amp;M empty)

(F) = Cycle time analysis for completed moves only (interchange to industry to interchange)

(*¥) - Note unusually high percentage of the cycle time spent in terminal areas at final destinations.



TABLE B.7

BEM CAR UTILIZATION AUDIT
J-0 PERFORMANCE REPORT - 1!

TABLE OF DST_NOJE BY TRIP_TM

CONTROLLING FOR PRES_MVE= 0 ORG_NODE=From Berlin to:

DST_NODE TRIP_TM

FREQUENCY!

ROW PCT | 0 | 12 | 24 | 36 | 48 |
EE Cre mcececeslblecmrcecefemmeaad-mewm

J 1 2 | 3 | 3

0.00 | 25.00 | 37.50 1 37.50

9 | 0! 0 | 0

60|

3

Mechanicville

~zg
te

'2? v

-

3

0

TOTAL Oves

»

 a om a

wed

A)
=n

Gob 3 0 0 J D

&gt;ES= “=. frp—

R06 $] J) nN Y 3 3

-— awn a. Cre.

536 hs] "nN

- manana

nN | n 3

Rigby

576 ]

-.- a

J 0 | i) } J

0 | 2 | 3 | 0 |

0.00 }) 100.00 | 0.30 | 0.00 |
treme emf ermen je mcccce—foeae=

0 | 0 | 0 |

eee pom eee et ee

633 | 0 1 ) 0 1 0 | 0

o i 2 1 100.00 | 0.00 | 0.20 | 0.00
Springfield _____._ 227:700end129900.00

734 p o | 0 | 0 | 0
® i - | J »

mes rr emer fhm me ma wae cme emo. mmm &gt;a

1 0 | 1] 0 | 0 |

0.00 | 100.00 | 0,00 ! 0.00 |
 merc me fr rr mcr ec frm rer cre meer rf rr ce me fmm

) | 0 | 0 | 11. 0 |
 | 0.00 | 0.00 | 100.50 | 0.00 | —

nN

n | D

N. River Jct.

785

Worcester
&gt; on .

, BO Gm Sn em Ww

y

TOTAL
LD



TABLE B.8A

Empty OVERHEAD MOVES FOR .MEC. AND .BAR.

MBLE oF ORG_NODE BY DST_NODE

CONTFOLLING FOR LE_STAT=E

URG_NCDE DST_NODE

A
rari

cod

FRLOUENCY i . .

sincius Brattle. Mech'le Rigby Rotter. Spring W.River
ROW PCT |

OL PCT 76 | 418 536| 580] 633] 764]
» = hmm —— Stee tooo rhe mecca aed

0 |

0.00 |

0.00 |
0.00Mechanicville

536
’

3
Co 0

2.86 | 0.00 |

10C.C0 | 0.00 |

"00,00 ¢ 0.00 |

N 0 |

0.00 |

0.00 |
0.00 |

amd

0 |

C.00 |

0.00 |

D.00

Rigky
580  Nn 0 | 2 |

0.00 | 5.71 |

0.00 | 100.00 |

2.00 1 6.06

“x

3 1 Ej

i’

Rotterdam_Jct__
33 |

~

q 0 | 7 |
0.00 | 20.00 |

C.G0 | 100.00

3.00 91)

J 3 0 1

0.00 }

0.00 |

3.00 ispringfield

745 J J

0.00

1.00

| 1

2.86 |

50, 00

3

-

0

l

]

o 0

2.86
50.00

100.00NOrcestex
ad

J

i0OTAL

2.86

a

94.29
i

2.86

TOTAL

23

65.71

1

2.86

2

5.71

7

20.00

2

Ye 71

35

100,00



TABLE B.8B

Loaded OVERHEAD MOVES FOR .KEC. AND .BAR.

TABLE OF ORy_NODE BY DST_NODE

CONTROLLING FOR Lk STAT=L

ORG_NODE DST_NODE

oud

A)

FREQUENCY|

: acs a Brattle. Mech'le Rigby Rotter. Spring. W.River
COL PCT 76 | 418) 536 | 580] 633] 764 |

EEE me re —— reco —— mg

0 | 0 i, 0 |
0.00 | 0.00 | 3.57 |

0.0C | C.00 | 100.00 |

0.00 0.00 | 100.00

 rr —_———

0 |

0.00 |

0.00

0.00Mechanicville

536 I 13

J. iu | d6.43 |

7.41 | 48.15 |
100.9% 1 100.00

0 3 4

U.C0 | 28.57 | 14.29 |

0.90 | 29.63 | 14,81

G.00 100.00 v 100.00

0 |

|

R_a ay
+

q
z

589 0 D 3 0  nN i

Rotterdam Jct
633 0 0 0 nN

? |

TOTAL moves

i

3.57

27

96.43

0

0.00

0

0.00

Springfield ]

785 0 ] 0 n

0 0 0

-

0

0.00

Norcester

'CTAL &lt;

]7_14
3

U6. 43

1

3.67
8

28.87
I

4.29iy.
» 28

{00.00



TABLE B.9A

—

@8)

ES]

Pres mve=0 overhead moves

1 local moves

2 received and forwarded R6M CAR UTILIZATION AUDIT

moves YARD PLRFORMANCE REPORT - I

Ayer
{ARD_CD=21 PRES_MVE=0
IARD_CD=21 PRES_MVE=2
IARD_CD=21 PRES_HVE=Z

LE_STAT=E M0VES=5 AVG_TIME=13,4 STD_TINE=4,9
LE _STATaE HOV ES=6 AVG _TINE=9,7 STD_TINE=6.4
LE_STAT=L HOVES=13 AVG_TINE=12.5 STD_TIME=8,8

AVG_DIEN=5,4
AVG_DIEN=4.9
AVG _DIEH=7.1

Berlin
YARD_CD=56
YARD CD=50

PRES_4Ve=0 LE_SIAT=L
PRES_MVE=0 LE_STAT=L

MOVES=17

NOVY ES=17
AVG_TTME=33.9
AVG_T1ME=14,2

STD_TINE=22.4 AVG_DIEMaS.2
STD_IIME=21,0 AVG_DIEN=4,6

Brattleboro
TARD_CO=176
{ARD_CD=76
[ARD_CD=76
IARD_CL=76

PRES_NVF=0
PRES_MVE=0
PRES_BVE=2
PRES_NVE=2

LE_STAT=PR
LE_STAT=L
LE_STAT=E
LE_STAT=L

MOVES=5
HovEs=?

HOVES=1

MOVES=8

AVG_TINEBa1,.6
AVG_TINE=1,0
AVG_TINE=8,3
AVG _TINE=S5,.5

STD_TIME=1,5
STD_TIME=1.5
STD_TIME=11.6
STD_TIME=3,3

AVS _DIEN=2,9

AVG_DIEN=4,2
AVG_DIEN=4,7
AVG_DIEN=4,0

Dover

TARD_CD=150 PRLS_MVE=1 LE_STAT=E HOVES=11
YARD_CD=15%0 PRES_MYE=1 LE_STAT=L HOVES=11 AVG_TINE=2,7

AVG TINE=8.6
STD_TLHE=0.6 AVG_DIEM=2,7
STD_TINE=10.1 AVG _DIEN=2.7

E, Fitchburg
YARY_CD= 168
{AD CD=168

PRES_HVE=2 LE_STAT=E BOVES=4
PRES_MVE=2 &amp;E_STAT=L HOVES=S AVG_TINE232,0 STD_TINE=27.4 AVS_DIEN=4.5

AVG_TIME=23.6 STD_TINE=23,9 AVG _DIEN=U4.6

E.Deerfield
{ARD_CD=16Y
TARL_CD=16Y
fARY_CDa10Y
YARD _Cd=10Yy
{AD CD=16Y

PRES_KMVI=0

PRES_HVi=0
PRES PIL)

PKES_NMVE=2
PRES _MVE=2

LE_STAT=E
LE_STATsL
Li_STATaE
LE_STAT=R
LE STAT=L

MOVES=55

Hoves=qo
JoVLs=7

HOVES= 106

HOVES=80

AVG_TINL=24,3
AVG_TINE=20,2
AVG_TIHE=38.4
AVG_TIME=22,8
AVG TINE=25.5

STD_TINE=14,0 AVG_DIEN=g§,R
STD_TINIs15,2 AVG_DIFMe5,4
STD_TINE9.1 AVS_DILN=9,7
STD_TIME=15.3 AVG_DIELMaS,8
STD_TIHE=16.2 AVG DIEN=5.6

Lawrence

TARU_CD=366 PRES_NVE=2 LE_STAT=BE MOVES=5
{ARD_CD= 406 PRES_MVFu2 LE_STATsL NOVES=8

Lowell

IARY_LD=34y PRES_NVP=2
YARD_CD=380y PRES_MVE=2

AVG_TIME=13,8 STD_TINEs5.5 AVG_DIEM=4,0
AVG_TINEs34.8 STD_TIME=27.1 AVG _DIEN=6.7

LE_STAT=E
LZ_STAT=L

AVG_TINE=33,9 STD_TINE=23.7 AVS_DIEE=S.3
AVG_TINE=16.8 STD_TIME=8.3 AVG DIEN=5.4

\

Manchester
[ARD_CD=40} PRES_HVE=2 LE STAT=E MOY ES=4

AVG_TINE=20,8 STD_TINE=10,5 AVG DIEN=6.5

Mechanicville
LARD_CD=418 PHLS_UVE=0 LE_STAT=E
[ARD_CD=414 PRES_NVF=0 LE_SPAT=L
(ARD_CD=418 PRES_AVE=1 12 STAT=L

YOVES=61

HOVES=66
BOVES=5

AVG_TIKE=7,2  STD_TIHE=13.4 AVG_DIEN=8,8
AVG_TIME=13.1 STD_TIME=17.1 AVG_DIEMaS.4
AVG_TIME=22.4 STD_TINE=20.,2 AVG DIEN=G.3



TABLE B.9B

—t

A
Land
~

Mechanicville

YAKD_CD=413 PRLS_MVE=2 LE_STAT=E
TAD _CD=4 14 PRPS _MVE=2 LE_STAT=L

Nashua

(ARD_CD=4u? PRES_MVE=2 LE_STAT=L

Rigby
(ARD_CU-530 PHES_MVF=a0
(ARD_CD=53h PRES_4VE=(
[ARD_CD=5Jdu PRES_WMVE=2
fAGD_CD=5J6 PRES_NVE=2

LE_STAT=P
LE_STATaL
LE_SIAT=E
L&amp;_STAI=L

Rotterdam Jct.
{ARD_CD=5tV PWLS_HVEsO -

[ARD_CD=5u( PRES_aV3=0
fARD_CD=580 PRLS_MVE=2
{AFD _CD=530 PRES_MVE=2

LE_STAT=E
LE_STAT=L
LE_STAT=k

LE_STAT=L

Springfield
(AHb_CD=b3)
IARU_CD=634
TARD_CD=b3s
TARD_CD=0633

PRES_4VE=0
PRLS_XVh=0
DRTS_MVE=2
DHES MVEs2

LE_STAT=E
LE_SEAT=L
LE_STAT=E
LE_STAT=L

Waumbek

{ARD_CD=716 PRLS_MVE=2 LE_STAT=L

Wells River
tARD_CD=725
{ARD_CD=12%
fARD_Co=725
{ARD_CD=725

PRES_NVF=y
PRES_HVE=0
PRES_AVE=2

PRiS_MVE=2

LE_STAT2E
LE_STAL=I
LE_STATaE
LE_STAT=L

White River
{ARD_CD=To04
[ARD_CU=T64
[ARD_ClLi=T7064
IAQD _CD=764

PRES_HVE=0
PRLS_MVE=0
PRES_MVE=2
PRES _MVE=2

LE_STAT=B
LE_STAL=lL
LE_STAD=2
LE_STAPsL

Whinchester
[ARD_CD=775 PRES_NVa=0 LE_STAT=L

worcester
[ARD_CD=765 PRLS_HVE=Q LE_STATsE

BEM CAR UTILIZATION AUDIT

YARD PERFORMANCE REPORT = I

novk:s=80 AVG_TIME=8.9 STD_TIME=14.2 AVG_DIEN=5.2 STD_DIEN=2,6
MOVES=98 AVG_TINL=20.1 STD_TINE=16.9 AVG_DIEN=5.6 STD_DIEB#=2,9

HOVES=6 AVG_TIME=28.0 STD_TIME=24.6 AVG_D1EN=6.6 STD_DIE%=2.7

MOV Z2S=71

MOVES=69

$ovzs=10

MOVES=8

AVG_TIN2=9.8
AVG_TINE=9.6
AVG_TINE29,2
AVG_TINE=24.6

S5TD_TINE=13,1
STD_TINZ=15.2
STD_TIME=18.5
STD TLMEB=28.7

AVS _DIEM=4,7
AVG_DIEM=5.5
AVG_DIEM=5.4
AVG DIEN=5.8

STD_DIEN=2,1
STD_DIEY¥=2.3
STD_DIEMHs4,
STD _DIEN=3,7

MOVES=23

Juv 2s=33

MOVES=39

MOVES=4T7

AVG_TINE=4,0
AVG_TINE=6.2
AVG_TIEE=1.9
AVG_TINE=S5.5

STD_TINE=6.3  AVG_DIEM=5.0
STD_TINE=11,7 AVG_DIEN=6.3
STD_TINE=2.,7 AVG_DIEN=5.2
STD_TINE=11.0 AYG_DIEM=6.2

STD_DIEN=2.6
STD_DIEN=2,9
STD_DIEN=2.6
STD_DIEM=23,1

HOVES=5]

MOVES=57

MOVLS5=9

MOVES=10

AVG_TIME=17,7 STD_TLNC=13.1 AVG_DIEM=U.6
\VG_TIME=9,8 STD_TIKE=10.8 AVG_DIEN=4.7
AVG_TIME=14.1 STD_TIME=11.6 AVG_DIEM=0,4
AVG_TINE=9.7  STD_TIHE=26.9 AVG _DIEMaS.2

STD_DIEM=1.8
STD_DIEN=1.9

STD_DIEMs2,1
STD _DIPN=2.8

BOVES=T AVG_TINE=4.1 STD_TIME=O.7 AVG_DIEM=9.,1 STD_DIEM=3.0

MOVES=10
MOVES=9

40VES=0

MOVES=7

AVG _TIME=6.41
AVG_TINEs9.4
AVG_TINE=0.2
AVG_TINE=0,0

5TD_TLHE=18.9
STD_TLNE=20.5
STD_TLME=0.4
STD T1HME=0.0

AVG _DIEN=4,2

AVG_DIEM=4,S
AVG_DIEN=5,5
AVG _DIEM=4,8

STD_DIBM=1.4
STD_DIEN=1.3
STD_DIEM=3.7
STD_DIEHK=2,9

MOVES=63

MOVES=6J

X0VES=23

%OVES=2]

AVG_TINE=4,1
AVG_TINE=3.6
AVG_TINE=8.1
AVG_TINE=3,)

STD_TLHE=5.9
STD_TIKEs6.2
STD_TIAC=14.5
STD TINE=3.9

AVS_DIEN=4.9  STD_DIEN=2,0
AVG_DIEN=4.6 STD_DIEN=2.1
AVG_DIEX=6.7 STD_DIEN=3.5
AVG _DIEM=7.0 STD_DIEN=3.6

MOVES=4 AVS _TINE=0,3 STD_TIME=0.5 AVG_DIEN=3,9 STD_DIEN=2,0

novus="4 AVG _TINE=7.5 STD_TIME=S5.1 AVG_D1EN=S.0 STD_DIEMN=3,0



TABLE B.10A

—

 Ww
én]

Car_own=BM B&amp;M cars

FORE Foreign cars

Ayer
YARD_CD=21 CAR_CHN=BN LE_STAT=E
YARD_rD=21 CAP_NWN¥=POR2Z  LE_STAT=2
YARD _CD=21 CAR_O4N=¥ORE  LE_STAT=L

Berlin
{ARD_CD=56 CAl_OWi=BY LE_STAT3E
YARuU_CD56 CAH_GKN=BA Li_STATaL

Boston
TAFD_CD=T0 CAR_OWN=PO4E LE_STATI=L

Brattleboro
{ARD_CD=76 CAR_CWN=BY
(ARD_CD=76 CAR_OY¥N=FORE
fAI0_CO=T76 CAR_OWH=BE
YAdD_CD= Ju CAN_OYN=YORZ

L&amp;_STAT=3
LE_STAT=E
LE_STAT=L
LE STAT=L

Dover

PALD_Cu= 150 CAR_OHWN=3N LE_STAT=E
{ALD _CD=190 CAl_OWAa=RN LE_STAT=L

{ARD_CD= 150 CAR_OWH=FORL  Le_STATSL

E.Fitchburg
AD _CD: hn CAV _OWN=POREL LEB STAT=ED

E.Deerfield

{ARD_CD=106Y
{ARL_CD=10Y
YARD _CD=16Y

[ARD CD=10Y

CAR_OWH=LY
CAR_OWN=POKE
CAP_OWN=LY
CAP OdN3PORE

LE_STAT=1
LE_STAT=E
LE_STAT=L

LE_STATsL

Lawrence
YARD _CD=366
{ARD_CD=Jb

CAR_OWH=FORE LE_STAT=E
CAR_OUWNN=FORE LE STAT=L

Lowell

fARD_CD= 3130
YARD _CD=340

CAR_OWN=POKE LE_STAT=E
CAR _OWn=PORE LE STAI=L

Manchester
[ARD_CD=403 CAR_OdU=FORE LE_STAT=E

BEM CAR UTILLZATION AUDIT
YARD PERPORHRANCE REPORT = II

HOVES=4 AVG_TINE=10.5 STD_TIME=8.1
4OVES=7 AVG_TIME=11.9 STD_TINE=4,7
NOVLS=14 AVG_TINE312,3 STD TIME=8.5

AVS _DIEN=5.0

AVG_DIEN=5,2
AV3_DIEN=7.4

STD_DIEN=3,1
STD_DIEN=1.9
STD_DIEN=J. &amp;

HOViS=216

MOVES=1S
AVG _TIMcs30.9 STD_TINZ223.3 AV3_DIEMs5.0 STD_DIEN=2,0
AVG_TINE=12,1 STD_TIHE=18,3 AVG_DIEM=U,2 STD DIEN=2.0

MOVaEsS=S AVG_TINE=12.6 STD_TIME=5.8 AVG_DIEN=3,0 STD_DIEHs1.1

HOovES=8

40VES=5

MOVBS=7

MOVES=8

AVG_T1HE=7.6
AVG_TINE=1.4
AVG_TIME=5.4
AVG_TINE=1.6

STD_TLME=10,9
STD_TINE=1.8
STD_TIHE=3.1
SOD TINE=2.7

AV3_DIEN=2.8
AV3_DIEN=6.3
AVG_DIEN=2.8
AVG_DIEN=S5.2

STD_DIEN=0.2
STD_DIEN=3.8
STD_DIEN=0,2
STD_DIEN=2,1

HOVES=11

MOVeS=11

BCVLual

AVG_TINE=2.7
AVG_TIHE=H.6
AVG_TINE=18,5

STD_TIME=0.6  AVG_DIE4=2,7
STD_TINE=10.1 AV3_D1EN=2,7
STD _TINE=27.0 AVG DIENal,.)

STD_DIEN=0.0
STD_DIFN=0.0
STD DIEM=1,5

MOVES=S AVG_TIMEa21.4 STD_TIMEs20.3 AV3_DIENs6.2 STD_DIEN=2.9

HOVES=43

MovEsS=125
HOVES=U40

HOVLES=88

AVG_TINZE=35.1
AVG_TIYL=29.1
AVG_TINE=26.8
AVG TINE=22.0

STD_TINE=16.6
STD_TINE=12.3
STD_TI1ME=17.3
STD TINE=15.1

AVG_D1EN=4.3
AYG_DIEN=6.1
AVG_DIER=3.7
AVG _DIEN=6.3

STD_DIEN=2.0
STD_DIEA=3.0
STD_DIEN=1,7
STD_DIEN~).0

KOVES=5

NOV2S=8
AVG_TINE=20,0 STD_TINE=20,7 AVG_DIEN=4.3 STD_DIEN=2,0
AVG_TISE=28.1 STD_TIME=26.5 AVG DIEM=6.7 STD DIEN=3.1

MOVES=7

MOVES=5
AVG_TINE=30.1 STID_TINB=23.8 AVS_DIEN=5.9 STD_DIEM=1.9
AVG_TINME=16.6 STD_TIXE=9.2 AV3_DIES=6.0 STD DIEN22.)

SOVES=4§ AVG_TINE=20.9 STD_TIKE=10.5 AVG_DIEMN=6,5 STD DIBN=3.2



TABLE B.10B
—————————

cd

3
n

TARD_CD=4 18 CAR_OWN=BN LE_STAT=E
{ARD_CD=41y CAP_OWN=PORE LE_STAT=E
IARU_Cw=dld CAn_OWl=BY LE_STAT=L
YARJ_CD=4 10 CAK_OXN=FORE LE_STAT=L

HEH CAR UTILIZATION AUDIT

YARD PPRPORMANCL REPORT - II

MOVES=25 AVG_TINE=26,0 STD_TIMF=15.9 AV3_DIEM=4.0
MOVES=116 AVG_TINE=4.4  STD_TINE=9.9  AVG_DIEN=S,3
MOVES=34 AVG_TIKE=11.5 STD_TINE=219.3 AVG_DIEE=k.1
MOVES=135 AVG_TINE=19.0 STD_TIME=16.7 AVG_DLEN=S.9

STD_DIEM=2.0
STD_DIEX=2.5
STD_DIEN=21,8
STD_DLEN=2,7

Nashua
(ARD_CD=447 CAR_OWNZFORE  LE_STAT=L MOVES=6

AVG_TINE=28,0 STD _TIME=24.6 AVG_DIEN=6.6 STD_DIENa2.?

Rigby
IARD_CO=530
TARD_CY=5306
TARD_Co=Y30
{ARDY CD=536

CAR_OWJ=DN LE_STAT=2
CAR_GMN=FORL LE_STAT=E
CAR_0Wli=0Y LE_SIAL=L
CAR_OWS=FORE  LE_STAl=L

HOVES=?
MIOVESaTY

MOVES=8

MOVES=69Y

AVG_TINE=24,7
AVG_TINE=8.3
AVG_TIME=24,6
AVG_TIHE=9.6

STD_TLME=21.1 AV3_DIEM=2,9
STD_TIHE=12,1 AVC_DIEN=5,0
SID_TINE=29.6 AVG_DIEM=S,1
STD_TINE=15.0 AV5_DIEN=S.6

STD_DLEN=1,1
STD_DYEH=2,4
STD_DIEN=2,§
STD_DIEK=2.4

Rotterdam Jet.
TAPD_CD=580  CAR_OWN=BN
YAPU_CD=580 CAl_OWH=FORE
(ARD_LD=540  CAR_OWN=BN
{ARD_CD=580 CAF _OWN=FORE

Lb_STAT=E
LE_STAT=E
LE_STAT=L
LF_SIAT=L

HOVES=18

MOVES=44

MOVES=16

MOVZS=64

AVG_FINE=4.9
AVG_TINE=1,8
AVG_TINE=6,9
AVG_TIME=5.5

STD_TIME=4,8  AVG_DIEM=4,3
STD_TIME=4.,0  AVG_DIFN=5,5
STD_TIME=15.2 AVG_DIEN=4,.8
STD_TI1ME=10.1 AVG_DIEM=6.6

STD_DIEM=2.0
STD_DIEN=2.7
STD_DIEN=2,2
STD_DIEBN=3.1

Springfield
{ARD_CD=644
FAR) _CD=b3J
YARD _CD=03)
fARD_CD=b4J

CAR_OWN=BN
CAR_OWN=PORY
CAR_DdN=HY
CAR_OWN=PORE

LE_STAT=E
LL_STAT=E
LE_STAD=L

LE_STAT=1L

MOVES=13

HOVESG=4Y
MOVES=14

HMOVES=62

AVG _TIME=12,8 STD_TINE=11.8

AVG _TINE=18.3 STD_T1ME=13.0
AVG_PINE=14.9 STD_TIME=11.7
AVG_TINE=86,7 STD _TIME=9.3

AVG_DIEN=3,8
AVG_DIEN=4.8
AVG_DICH=4,3
AVG_DIEN=5,0

STD_DIEN=1,7
STD_DIEN=1.8
STD_DIBN=2,0
STD_DIEN=2.2

Waumbek
[ARD_CD=716
LARD_CD=716
[ARD_CD=710

CAP_OKN=POKE
CAR_OWN=RH
CAR_OWH=PORE

LE_STAT=E
LE_STAT=L
LE_STAT=L

HOVES=6

noveEsS=S

¥OVES=6

AVG_TINR=H,2
AVG_I1ME=2,2
AVG_TINSa4,0

STD_TIME=9.8
STD_TIME=1.8
STD_TINE=0.9

AVG_DIEM=9.8
AVG_DIEM=5,2
AVG _DIEN=9.9

STD_DIEN=3,1
STD_DIEY=2,3
STD_DIEN=2,.8

Wells River

fARD_CD=725
[APD _(D=725

CAP_OWUW=FORE LE_STAT=E MOVES=16

CAR_UWN-PORE LE_STAT=L MOVES=15
AVG_TINE=3,9  STD_TIME=15.0 AVG_DIEM=U.7
AVG_TINE=5.,7 STD_TIME=16.2 AVG_DIEM=4.7

STD_DIEN=2,.5
STD_DIEN=2.1

White River
(APD_CD=Tb4
TARD_CD=764
[ARD_CD=7064
TARD_CD=764

CAP_OWNaBN
CAR_OWN=FORE
CAR_OWH=BN
CAR_OXN=PORE

LE_STAT=B
LE_STAT=E
LE_STAT=L
LE_STATaL

HOV ES=24y

HOV3S=65

80V32S=23

NOVES=064

AVG_TINE=12,4
\VG_TINE=2,6
AVG_TINS=6.5
AVG _TINE=2,5

STD_TINE=12.9
STD_TINE=4,8
STD_TIME=6.6
STD_TIMEx4.9

AVS _DIEN=S.3

AVS_DIEN=S.6
AVG_DIEN=Q.§
AVG_DIZE=5.6

STD_DIEN=2.1
STD_DIEZN=2,8
STD_DIEN=2.0
STD_DIEN=3,0

Worcester

[ARL_CD=775 CAR_OWW{=FORE LE_STAT=L MOVES=4
AVG_TIANE=0.8  STD_TINB=0.5 AVG_DIEN=6.5 STD_DIEN=S.{
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TABLE B.12

DISTRIBUTION OF CAR TYPES BY L/E STATUS

TARLE OF LE STAT BY CAR_TYPE

“wl

ed
~~

LL_STAT

PREQNENCY|

PRCENT |}

ROW PCT |

CoOL PCT

['GTaL

CAR_TYPE

Box Box Flat Gons

1B IF iG

Hopper

Covered

Hooper Reefer Auto

iL IRiJUe

4s 164

7.1. 1 25.99 |

14,80 | €3.9¢% |

"1,14 © 47.13 |

184

29.16 |

56.27 |

52,87

- alm lh leAREES &gt; “om  ee A CREDWE

15

2.38 , 1.43

4.63 | 2.96 1
50.00 1 45.00 i

iz (VI 3

1.90 0.00 | 4,9

3.95 | 0.00 § 10.20

48.00 ° 0.00 { 49 9

¢

. 4.92 0.32

I 8.55 | 0.66

50.00 + 50.00

26

{

J

i$

6.8.

13.15

Nw hl

2.7

4.59

0.00

¥ 1

1.74

55.00

13

2.06 |

3.98 |

52.00 1

i &gt; 27

0.16 | 5.07 | $4.12

0.31 § 9.79 | 795

100,00 t+ 38,79 1 50.00

i Qe

] 0.6"

50.C

3

13 93

348

55.15

—————a3. SA mE

JC 20 25

4.75 3.17 3.96

k

0.16

63 52

9.98 B.24

4

0.63

TOTAL

Jou

48.18

327

51.82

631
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TABLE B.13

DISTRIBUTION OF LOANS AND EMTIES AMONG

DIFFERENT TRAFFIC CLASSES,

TABLE OF PRES_MVE BY LE_STAT

rand

“)
OO)

PRES_MVE LE_STAT

FREQUENCY]
PERCENT |

RO¥ PCT |

COL PCT |E IL |
mmm ——¢

49 |

23.50 |

51.56 |
45.15 |

) 40 |

22,08 |

48.44 |
Uy NKOverhead

3 1 {

|

16 |

2.52 |

4a, 44

4.85 |

y

Lcaals

38

T

+56
En

i

TOTAL

289

45.58

36

5.68

 ry

Received

Forwarded

3

i

|
rm mr ce ammo

TOTAL

117 |

6.47 | 15.45 |

25.95 | 74.05 |

13.49 35. 45

03

16.25

68. 21

383

t 3

7.57
J 3 1°

LA

304 330

47.95 52.05

e

158

24.92

151

23.82

634

100.00



TABLE B.14A

FORWARDED EMPTIES BY CAR TYPE AND OWNERSHIP
TABLE OF CAR_OWN BY CAR_TYPE

CCNTRCLLING FOR LE_STAT=E PRES_MVE=

—

Bd
=

oF

CAR_OWY CAR_TYPE

FREQUENCY|
P2PCEMT | Box
*C4 ICT |

CoOL PCT |

IN
af J

0.00

0.00

 DN. 00D

FORE D

'

TN a

-
26

25.24

25.490
166,00

}

i

TC TAL 26

26.21

CAR_OWN CAR_TYPE

FREQUENCY|
PERCENT |

ROW PCT |

COL PCT

AM

A B

nN

3.33

11. 43
30. 0N

¢

i

FORE

 ——

 0)

2,08
7.69

20.00

TO; AL 3

 0. 420

Box

B

Flat cons Hooper

IH 1d

Covered

Hopoer Reefer Auto

'F 1G | L IR iv J
A Hf Sa.iTp

Co J 0 |

) 0.97 | 0.00 | 0.00 |

| 100.00 | 0.00 | 0.GY |

2.3% 0.00 | 0.00 !

9

i

J

2.00}
2.00
0.00|

VN 0 |

6.00 | 0.00 |

0.00 § 0.00 |

0.00 0.00
mam TC 1 mm

42 7 1 2 |

40.78 | 6. EC | 1.94

41.18 6.86 | 1.90 |

97.67 | 100.C0 § 10u.00 1!
vd mm

0  LU
s |

i

J 16 | 4

6.80 { 15.53 | 1.94

6.86 | 15.69 | 1.606

100,00 | 100.00 | 100.00

J

i

43 7

41.75 6. 80 1.94 ..

TABLE B.14B

FORWARDED LOADS BY CAR TYPE AND OWNERSHIP

TABLE CF CAR_OWN BY CAR_TYPE

CONTROLLING FOR LE_STAT=L PRES MVE=

16

15.536.80

2

1.94

§

IP G H  J L I R

27 |

56.25 |
77.14
R77 110

3

!
4

|

3

bo1
5.7

“LQ

0

0.00

0.00

0.00

i

]

 J}

 1)

35.71
1 0H

 tp El

i
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0 i

o |
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I
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3 1
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I

2

4.17 |
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5
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|
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TABLE B.15A

—

N

CAR_OWN

FREQUENCY|
PZRCENT |

KC ECT |

TOL PCT |

2M 1

1

FODE

TOTAL

CAR_OWN

FREQUENCY|
PLKCENT }

ROW PCT |

COL PCT !

2M

FORE

-1

ad

[

» ws Th|

CAR_TYPE

A

n

»

CAR_TYPE

(

 -— a

4

'

RECEIVED EMPTIES BY CAR TYPE AND OWNERSHIP

TABLE CF CAR_OWN BY CAR_TYPE

CONTROLLING FOR LE_STAT=E PRES_MVE= 9

Box Box

A iB

Flat - Gons

|F 1G

Hooper
IE 1J

Covered

Hooper Reefer Auto

|L R |v
ST mm

0 |

4.88 | 0.00 )

5.71 | 0.00 |}
56e 67 0.00 °

—

|
_ 4

i 26 |

12.20 | 63.41

14.29 | 74.29
22.33 t+ 100.00

[1 2

4.88

3.71

10v.0C

|

!

i

0 G 0 |

t

16.67

16€ . 67

0

0.00C

0.00

0.00

x: 0

»

0 |

0.00 |

0.00 |

0.00

0

i

‘ 4

2.44 | 9.76

16067 | 66.67

53.37 1 100.00

|
1

a!

a=

b

14.63

26

63.41 4.88

TABLE B.15B

RECEIVED LOADS BY CAR TYPE AND OWNERSHIP,

TABLE OF CAR_OWN BY CAR_TYPE

CCNTRCLLING FCR LEZ_STAT=L PRES_HVE=

7.32
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30. 60 100-00
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NO On

49 |
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FRIIUINCY|
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TOTAL

CAR_OWN
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Rv

FORE

»

-

iW 1R7

TABLE B.16A
2APLEDB.106A

OVERHEAD EMPTIES BY CAR TYPE AND OWNERSHIP

TRBLE OF CAR_OWN BY CAR_TYPE

CONTROLLING POR LE_STAT=E PRES_MVE= 0

CAR_TYPE

Box

1A

Box

|B

Flat Gons Hopper

IP 16 IH 1d
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Hopper

IL

Reefer Auto
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TABLE B.16B

OVERHEAD LOADS BY CAR TYPE AND OWNERSHIP

TABLE OF CAR_OWN BY CAR_TYPE

CCNTROLLING FOR LE_STAT=L PRES MVE=
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TABLE B.17

B6M CAR UTILIZATION AUDIT

CVERHEAD TRAFFIC - TRIP TIMES BY LINE HAUL COMPONENTS

—
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CAR_TYPE LE_STAT MOVES INTCHGE YARD

i - Box

i

3 - Box

©= Flat
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' 1)
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3.0
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4.7
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TABLE 18

B &amp; M AND FOREIGN CARS IN THE SAMPLE

TABLE OF CAR_OWN BY LE_STAT

occa)

IS
~

CAR_OWN LE_STAT

FREQUENCY|
PERCENT |

ROW PCT |
COL PCT |E

BM

!
3

00 16 |

11.046 | 11.99 |

47.95 | 52.05 |
37.03 23.03

FORE

 -— gle wn

ed 254

6.91 | 40.06

47.95 | 52.05

76.97 76. 97

TOTAL 304 330

47.95 52.09

TOTAL
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16.97
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100.00



APPENDIX C

HINTS ON DESIGNING REPORT FORMATS

The effectiveness of communication of various results can be

increased by presenting them in concise and comprehensive reports.

Designing a report requires a planning effort similar to that used in

a new product development process.

First, major classes of information users must be identified.

Their tasks, responsibilities, and daily decisions must be documented.

This should provide an input to the decision of whether a report should

address several user groups with a single, multi-purpose form, or if it

should be directed to a single user. Although the use of the multi-

purpose report may seem attractive, as it may require smaller develop-

ment costs, it has several disadvantages. Since it usually involves a

greater concentration of information per page, it may:

Decrease the clarity of a report:

3 Increase the time needed to understand proper

figures in a report;

Increase the user's confusion about the significance

of various numbers and their relevance to his/her

responsibilities.

After reports are developed and released they should be routine-

ly evaluated by all their users. All their comments should periodically

be compiled and used as a basis for refining the content and formats of

the report(s) in question. New informational needs should also be iden-

tified and new reports introduced in these areas. This feedback on the

product quality is necessary to ensure that the provided information is

used properly and effectively.
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Incorporation of feedback and new information needs should also

have an oyerall effect on:

Greater employee motivation to use the proyided

information effectively;

b Increased employee awareness of system operations;

Increased employee perception of his/her respon-
sibilities;

® Increased information flow in an organization;

» Improved system performance due to the above items;

Introduction of new measures to control the system

more effectively.

In general, a report design should conform to the following

criteriaz

»p Contain data relevant to a specific user;

® Address only one problem at a time;

® Have a visually appealing layout;

Contain information in a form which takes the

least time to read, interpret and understand.

These design criteria should encourage greater experimentation with

alternative data display methods, such as graphical representation,

condensation of data with smoothing techniques, or base indexing. These

are illustrated below in Tables C.2, C.3 and C.4, based on the following

rable. (Table C.1).
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TABLE C.1

CAR HOURS ON SYSTEM!

~

+

-

"CARTE" JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER...

I

BOX ’
a 3

270 263 240 267 285 273 250

310 398 349 330 320 297 295

234 221 227 285 258 246 250

187 189 200 183 195 193 194

GOND

HOPP

266

Uy)
270

od
b
&gt;

AUTO
|

J
247

194
189

this form is similar to the one used on MoPac's car scheduling system,
Report on Car Utilization.



TABLE C.?2

CASE i. GRAPHICAL PRESENTATION OF DATA

+00]
2.0=, a

—

J

Ps

G

/
 ay

4
X 300

© Pa

ac
&lt;I
|®)

J
Bd

250
DS ~~,

[i TR

&gt;#0)

150 — un
JAN FEB

il

AI
/ “

B—
7

_—~B~
2.

a)

=

—

H-

B

"q ~
~g—

ly — B

a

oo

~’

a

a
am WS

——

MAR APR MAY JUN JUL AUG
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TABLE C.3

CAR TYPE
0X

GOND

HOPP

AUTO

CASE 2. CONDENSATION OF DATA WITH SMOOTHING TECHNIQUES

(TECHNIQUE USED: MOVING 4-MONTH AVERAGE)

CAR HOURS ON SYSTEM

PRESENT PERIOD LAST PERIOD |
(JULY) - (MARCH- JUNE)

773
1

264

297 349 ]1

AR 18

33 91

Comments:

1) Other techniques Tike exponential smoothing could be used.

2) Additional information pertaining to last year's period
could be included. This would have to take into account
traffic mix and volume variations.

3)

1)

The length of the moving average could be different.

Last period comparison to the present period performance
night be done differently. For example, if the present
period is known to be a peak period, then comparison to

the performance during the last peak period could be
included with traffic mix variations highlighted to
explain possible performance deviations.
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TABLE C.4

CASE 3. INDEXING OF DATA!

CAR TYPE

BOX

GOND

HOPP

AUTO

JAN FEB MARCH |

28 &lt;6 -7

300 +3 +33

240 -3 -8

NY

APRIL MAY JUNE |

a7
t16 +10 +7

-5 +19 +8

+3 -6 +1

t

JULY AUG SEPT

-5 -13 -8

1 -2 =10

+3 +4 +3

. 1 N

vee SEPT

266

270

247

189

n

3

'Base index is January performance. Present period is September.

Comments:

Indexing can be done on differently defined bases. For example, peak period situation
described in Case 2 (Table C.3), comment (4) can similarly be used here as an index base.

However, the trend and variations from trend can easily be spotted when using this method
no matter what an index base is.

2) This method can be combined with any other method previously described in this appendix.



APPENDIX D

SAMPLE CASE STUDY PROGRAMS

Table

D.1

D.2

Do3

D.4

D.5

D.6

D.7

D.8

D.9

D.10

D.11

J.12

Contents

Car Cycle Analysis for the B &amp; M Clearinghouse Study

Yard Performance Analysis

Car Utilization Report for Forwarded and Received Traffic

0-D Performance--Trip Times and Trip Time Reliability

Car Hire Report

Car Utilization Report for Overhead Traffic

PMAKE Analysis for the B &amp; M's Major Yards

Creation of the Audit's Data Base

Tabulation of Sample Statistics

Loading/Unloading Reports

car Utilization Analysis for All Traffic Classes

Train to Train Connection Performance Report
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TABLE D.1

CARCYCLEANALYSISFORB&amp;MCLEARINGHOUSESTUDY
//7 'CLEAR'SREGION=200K

/eMITID USER=(M12121,P14509

JOMAIN LINES=3,TIME=2
7/7 EXEC SAS

77AUDIT DOD DSNAME=U.M12121.P14509.5AS.BM,AUDIT.DATA.SET+DISP=SHR
/7/SYSIN DD ¢

DATA X1 8

SET AUDIT.DATABASE 1

IF CAR_TYPE~=18¢ THEN DELETE 3

IF CAR_OWN~='BM¢ THEN CAR_OWN='FORN?
IF PRES_MVE=0 THFN LINK OVH §

IF PRES_MVE=2 THEN LINK REC 3

If PRES_MVE=3 THEN LINK FOR }

IF PRES_MVE=1 THEN LINK LOC i

TOTAL=TRIP_TM+INT1&lt;¢INT2 3

DROP INT1 INT?

RETURN 3

OVH: INTI=YD1_TIME 3

LINK LOOK 3

RETURN
INT1=0 3

INT2=0 3

RETURN 3

INT1=0 3

LINK LOOK 3

RETURN

INT1=YD1_TIVE 3

INT2=0
RETURN 3

TF NUM_YRDS=0 THEN INT2=0 3}
F NUM_YRDS=1 AND PRES_MVE=0 THEN INT2=0 §

F NUM_YRDS=1 AND PRES_MVE=3 THEN INT2=YDl_TIME 3
IF NUM_YRDS=2 THEN INT2=YD2_TIME 1

IF NUM_YRDS=3 THEN INT2=YD3_TIME 3}

IF NUM_YRDS=4 THEN INT2=YD4_TIMF
IF NUM_YRDS=5 THEN INT2=YDS_TIMg
RETURN 3 .

PROC SORT § BY CaAR_OWN PRES_MVE NEXT_MVE LE_STAT

PROC MEANS N MEAN SUM 3 BY CAR_OWN PRES_MVE NEXT _MVE LE_STAT 3
VAR TOTaL OD_DIST 3
TITLE CLEARING HOUSE CAR HOURS AND CAR MILES DATA 3

/e

JEQQ) Pade 0one

REC:
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TABLE D.2

YARD PERFORMANCE ANALYSIS

(Page 1 of 2)
7/7 YARDS yREGION=200K
/*MITID USER=(M12121,P14509-

/oMAIN TIME=S LINES=6
//7 EXEC SAS

//7AUDIT DD DSNAMF=U,M12121.P14509.5A5.BMAUDITDATASET«DISP=SHR
//7SYSIN DD #

DATA YARDS 3

SET AUDIT.OATABASE

KEEP CAR_OWN LE_STAT PRES_MVE YARD_CD YRD_TIME TRN_IN TRN_OUT CAR_TYPE
PER_DIEM 3

IF PRES_MVE=3 THEN PRES_MVE=2 $

IF CAR_OWN-~=18M* THEN CAR_OWN='FOREIGN?
IF NUM_YRDS=0 THEN RETURN 3

YARD_CD=YRD1_CD}
YRO_TIME=MIN(YD]1_TIME.60) 3
TRN_IN=TRN1_IN 3

TRN_OUT=TRN]_OUT § OUTPUT 3

IF NUM_vYRDS=1 THEN RETURN 3

YARD_CD=YRD2_CD 3

YRD_TIME=MIN(YD2_TIME+60)
TRN_IN=TRNZ_IN 3
TRN_OUT=TRN2_OUT 8 OUTPUT 3

IF NUM_YRDS=2 THEN RETURN 3

YARD_CD=YRD3_CD 3

YRDO_TIME=MIN(YD3_TIME.60) 3
TRN_IN=TRN3_IN 1

TRN_OUT=TRN3_OUT OUTPUT 3

IF NUM_YRNS=3 THEN RETURN 3
YARD_CD=VYRDP&amp;4_CD 3

YRO_TIMF=MIN(YD4_TIME+60)$
TRN_IN=TRN&amp;_IN 3}
TRN_OUT=TRN&amp;4_OUT 3 OUTPUT

IF NUM_YRDS=4 THEN RETURN 3

YARO_CD=YRDS_CD 1%
YRO_TIME=MIN(YDS_TIME,60) 3}
TRN_IN=TRNS_IN 3

TRN_QUT=TRNS_OUT 3 OUTPUT 3 od

PROC SORT § BY YaRD_CD PRES_MVE LE_STAT
PROC MEANS N MEAN STD NOPRINT

8Y YARD_CD PRES_MVE LE_STAT
VAR YRO_TIME PER_DIEM 13

OUTPUT QUT=MEANX N=MOVES MEAN=AVG_TIME AVG_DIEM STD=STD_TIME STD_DIEM 3
DATA _NULL_ 3

SET MEANX
BY YARD_CD PRES_MVE LE_STAT 3

FORMAT aVG_TIME AVG_DIEM STD_TIME STD_DIEM
IF MOVES&lt;2 THEN NELETE

IF YARD_CD=, THEN DELETE 3
RETAIN v 3

FILE PRINT 3

IF YARD_CD=~=Y THEN PUT //

YsYARD_CD
PUT ®S YARD_CD= ®20 PRES_MVF= #35 LE_STAT= 950 MOVES=

B65 AVG_TIMF= BRO STD_TIME= ®95 AVG_DIEM= #110 STD_DIEM=
TITLE]l R&amp;M CAR UTILIZATION auDIT
TITLE2 YARD PFRFORMANCE REPORT = I 3

PROC DEL ETE DATA=MEANX 3

PROC SORT DATA=YARDS 3 BY YARN_CD LE_STAT CAR_OWN
PROC MEANS N MEAN STN NOPRINT §

BY YARD_CD LE_STAT CAR_OWNS
VAR YKD_TIME PER_DIEM 13

39
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TABLE D.2

(Page 2 of 2)

OUTPUT OUT=MEANX N=MOVES MEAN=AVG_TIME AVG_DIEM STD=STD_TIME STD_DIEM ¢§
DATA _NyLL_ 8
SET MEANX

8Y YARD_CD LE_STAT CAR_OWN §
FORMAT AVG_TIME aVG_DIEM STO_TIME STO_DIEM 4.1 ¢
IF MOVES&lt;2 THEN "ELETE 3

IF YARD_CD=. THEN DELETE 3
FILE PRINT §

RETAIN Y 8

IF YARD_CD==Y THEN PUT // §

v=YARD_CD $

PUT @S5 YARD_CD= 920 CAR_OWN= 235 LE_STAT= #50 MOVES=

865 AVG _TIME= 880 STD_TIME= 895 AVG_DItMs= ®110 STD_DIEM= §
TITLE1 R&amp;M CAR UTILIZATION auDIT 3 :

TITLE? YARD PERFORMANCE REPORT = 11 3

Fe
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TABLE D.3

CAR UTILIZATION REPORT FOR FORWARDED AND RECEIVED TRAFFIC

7/7 *FORWRD',REGION=200K

/#MITID USER=(M12121,P14509
/7#MAIN LINES=3+TIME=2
/*SRT LOW
// EXEC SAS

//ANL1 DD DSNAME=U.M12121,P14509.5A5.BM.AUDITUTILIZ,DISP=SHR
//SYSIN DD #

DATA 3

SET ANL1.FWRD END=EOF 3

IF CAR_OWN='8M' THEN DELETE 3

COST=(PER_BIEM®TOTAL)7263
YROP=(YDTMLleYNTM2) /TOTAL®1ON §
LINEP=(LINEl*LINE2)/TOTAL®*100 3

TRIPIP=TRIP_TM1/TOTAL®100 3

TERMP=TERML_TM/TOTAL®#100 3

TOT_COST+COST 3

IF EOF THEN PUT / *TOTAL CAR HIRE COST FOR DEL/FWRD MOVES=¢ TOT_CCST
PROC SORT $ BY CaAR_TYPE LE_STAT 3
PROC MEANS N MEAN NOPRINT 8

BY CAR_TYPE LE_STAT 3
VAR YRDP LINEP TRIP1P TERMP TOTAL 3

OUTPUT 0UT=XX N=MOVES MEAN=YRD? LINEP TRIP1P TERMP TOTAL
DATA _NuLL_ 3

SET xX 3 BY CAR_TYPE LE_STAT

TITLE BaM €AR UTILIZATION AUDIT
FORMAT YRDP LINEP TRIPIP TEQMP 7.1 3

FILE PRINT HEADER=HDR 3

PUT 7 85 CAR_TYPE 815 LE_STAT 820 MOVES @30 YROP ®40 LINEP ®S0 TRIPP
®60 TERMP ®70 TOTAL 3

RETURN

HOR : PUT ®2 CAR TYPE® @1S 'L/E° ®20 *MOVES? @30 *% YRD TMY 840 *% LINE TM¢

850 '% TRIP1' 960 *% TERYTM® @70 TOTAL TIME® /1t
RETURN 3

Ja
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TABLE D.4

// '0DPERF*¢REGION=1ROK
/#MITID USER=(M12121,P14509
/e®MAIN TIME=5 LINES=6

// EXEC SAS

//7AUDIT DD DSNAME=U.M12121.,P14509.5A5.8M AUDIT.DATA.SET+DISP=SHR
//SYSIN DD +

DATA MEANY §

SET AUDIT.BATABASE

IF NUM_YRDS=1 AND PRES_MVE=0 THEN DELETE t

IF TRIP_TM&gt;96 THEN TRIP_TM=96 §

IF PRES_MVE=0 THEN NUM_YRDS=NUM_YRDS=2 3}
IF PRES_MVE~=0 THEN NUM_YRDS=NJM_YQDS=-] 13

PROC FREG 8 TABLES NUM_YRDS # ORES _MVE 3

PROC SORT ¥ BY ORG_NODE DST_NOJOE LE_STAT
PROC MEANS NOPRINT N MEAN STD $

BY ORG_NODE DST_~ODE ¢

VaR TRIP_TM OD_DIST NUM_YRDS 3§

BUTPUT OUT=MEANX N=NTRIPS MEAN=TRIP_HRS DIST YARDS STO=STD_TRIP
DATA TAB 8

SET MEANX §

IF NTRIPS&lt;=]1 THEN DELETE 3

RELIAB=(STO_TRIP/TRIP_KRS)%e23}
SPEED=DIST/TRIP_HRS 3
YRD=1/YARDS 3

NTR=NTRIPS®®0,5 3

PROC GLM?

MODEL SPEED=NTR YRD RELIAS/SOLUTION 3

TITLE 0-0 RELIABILITY TEST
PROC SCATTER ¢

PLOT REL IAB2SPEED YRD2SPEFED NTRZSPEED
Fa
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TABLE D.5

CAR HIRE REPORT (Page 1 of 2)

//7 *HIRSUM' yREGION=250K
/®MITID USER=(M12121+P14500

/*MAIN TIME=10 LINES=10

/#SR1 LOW

// EXEC SAS

/7/78UDIT DD DSNAMF=U,M12121.P164509,5AS.BM.AUDIT.DATA.SET+DISP=SHR
//SYSIN OD *

DATA HIRES

SET AUDIT.DATABASE?S
IF PRES_MVE=0 THEN LINK OVHN}

IF PRES_MVE=1 THEN LINK LOCAL}?

IF PRES_MVE=2 THEN LINK RCVD}

IF PRES_MVE=3 THEN LINK FRWN}
IF PRES_MVE=4 THEN DELETES
IF CAR_OWN='8BM' THEN DELETE?

r0_TM=YD1_TIME+YD2_TIME+YD3_TIME+YD4_TIME+YDS_TIME=-INT_TIMES
LINE_TM=TRIP_TM=vN_TM}
TERML_TM=LD_TM+UNLD_TM3

FOT_TM=YD_TMeLINF_TM+TERML_TM3
CARHIRE=(PER_DIEM®TNT_TM)/243
MIL_COST=MILEAGE®OD_DIST}
INC_COST=(INCENTeTOT_T|)7243
roY_COST=CARHIRE+MIL _COST+INC_COST3
KEEP CAR_OWN CAR_TYPE LE_STAT ORG_NODE DST_NODE TOT_COST%
RETURNS
OVHD: NYDS=NUM_YRDS-23% ’

[F NYDS&lt;0 THEN NYNS=0%

{F NUM_YRDS=]1 THFN INT_TIME=YDI_TIME}
IF NUM_YRD3=2 THEN INT _TIME=YD1l_TIME+.YD2_TIME]

IF NUM_YRDS=3 THEN INT_TIME=YDI_TIME«YD3_TIMES
IF NUM_YRDS=4 THEN INT_TIME=YDI_TIME«YD4_TIVE?
iF NUM_YRDS=5 THEN INT_TIME=YDl_TIME+YDS_TIMES
RE TURN

LOCAL: NYDS=NUM_YRDS$

INT_TIME=0S
RETURNS
RCVDO: NYDS=NUM_YRDS-13%

INT_TIME=YD]1_TIME?S
RETURNS
FRWD: NYDS=NUM_YRDS=~11

IF NUM_YRNS5=1 THEN INT_TIME=YDI_TIME
iF NUM_YRDS=2 THEN INT_TIME=YD2_TIMES
IF NUM_YRDS=3 THEN INT_TIME=YD3_TIME?
IF NUM_YRDS=4 THEN INT_TIME=YD4_TIMES
iF NUM_YRDS=5 THEN INT_TIME=YDS_TIME}
RETURN?
DATA

SET MIRE

PROC MEANS SUM NOPRINTS

vaR TOT_COST}
DUTPUT OUT=GRAND SUM=WHOLE$
DATA

SEY HIRES
PROC SORT DATA=MHIRES

BY CAR_OWN3
PROC MEANS N MEAN SUM STD NOPRINT DATA=HIRE}

BY CAR_OWN}
VAR TOT_COST?
OUTPUT OUT=0WN N=CARS MEAN=PER_CAR SUM=TOTAL STD=STD_DEV}S
DATA _NuLL_}
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TABLE D.5

(Page 2 of 2)

SET GRAND OWN}
RETAIN ALL 3

IF _N_=1 THEN ALL=WHOLE?

IF _N_=1 THEN RETURN}
WHOLE = ALLS

IF CARS=0 THEN DELETES

PERCENT=(TOTAL/WHOLE)®1003%
TITLEl TOTAL CAR HIRE COSTS PER CAR OWNER 1!

TITLEZ2 3

FILE PRINT HEADER=NEWPAGE$

FORMAT PER_CAR TOTAL STD_DEV PERCENT 6.1 WHOLE 6.0 3

PUT BS CAR_OWN @15 CARS M25 PER_CAR ®40 TOTAL #55 STD_DEV 870 PERCENT ®90 WHOLE$
RETURNS

NEWPAGE: PUT 8S OWNER! @15 *CARSe* @25 1COST/CAR* R40 *TOTAL COST?

®5c *6TD.DEV.' ®@70 *PCT,GRAND TOT.' ®90 GRAND TOTAL'/ 3

RETURNS

PROC SORT DATA=HIRE?

By CAR_TYPES
PROC MEANS N MEAN SUM STD NOPRINT DATA=HIRE!

By CAR_TYPES
VAR TOT_COST3
DUTPUT QUT=TYPE N=CARS MEAN=PER_CAR SUM=TOTAL STD=STD_DEV?
DATA _NuLL_?}
SET GRAND TYPES

RETAIN ALL

IF _N_=1 THEN ALL=WHOLE}

IF _N_=1 THEN RETURN}
WHOLE = ALLS

IF CARS=0 THEN DELETE!

PERCENT=(TOTAL/WHOLE)®1003

TITLE1 TOTAL CAR HIRE COSTS PER CAR TYPE 1}
TITLEZ : ]

FILE PRINT HEADER=OLDPAGE$

FORMAT PER_CAR TOTAL STO_DEV 2ERCENT 6.1 WHOLE 6.0 §

PUT 85 CAR_TYPE ¥1S CARS @2S PER_CAR R40 TOTAL 855 STD_DEV ®70 PERCENT
®90 WHOLE?

RETURN

OLOPAGEs PUT BS *TYPE® ®]1S *CARS* ®25 ¢COST/CAR' ®40 °*TOTAL COST*
®Sc *STD.DEV.' @70 *PCT.GRAND TOT.* ®W90 *GRAND TOTAL®/ §

RETURN
/®
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TABLE D.6

CAR UTILIZATION REPORT FOR OVERHEAD TRAFFIC

77 OVHDRD?® ¢REGION=200K
/eMITID USER=(M12121,P14509.

7eMAIN  INES=3+sTIME=?
7/7 EXEC SAS

7/7ANL1 DD DSNAME=U,M12121.P14509.SAS.BM,AUDITUTIL1IZ.DISP=SHR
f/SYSIN DOD
DATA X1 §

SET ANL1.0OVHD 3

IF CAR_OWN='BM' THEN DELETE 3

TOTAL=TRIP_TM+INT§
INTP=INT/TOTAL®100 3

7T0TMP=YDTM/TOTAL®100 $

LINEP=LINE_TM/TOTAL®100 3
PROC SORT 3

BY CAR_TYPE LE_STAT
PROC MEANS N MEAN NOPRINT 3

8Y CAR_TYPE LE_STAT
VAR INT YDTM LINE_TM TOTAL PER_DIEM MILEAGE 0OD_DIST 3
OUTPUT OUT=MS N=MOVES MEAN=INTCHGE YARD LINE TOT_TRIP PER_DIEM

MILEAGE MILES ¢

PROC PRINT ¢

FORMAT INTCHGE YARD LINE TOT_TRIP PER_DIEM MILEAGE MILES Sel §
TITLE]l R&amp;M CAR UTILIZATION AUDIT 3

FETLE2 OVERHEAD TRAFFIC - TRIP TIMES BY LINE HAUL COMPONENTS

PROC MEANS DATA=X1 N MEAN NOPRINT 8 8Y CAR_TYPE LE_STAT 3

YAR INTP YOTMP LINEP TOTAL 13
DUTPUT 0OUT=C1l N=uwOVES MEAN= INTCHGE YARD LINE TOT_TRIP 3

PROC PRINT
FORMAT INTCHGE YARD LINE TOT_TRIP S.1 $
TITLE! 8&amp;M CAR UTILIZATION AUDIT 3

TITLE2 OVERHEAD TRAFFIC - COMPONENT TRIP TIME PERCENTAGES

Je
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TABLE D.7

"MAKE" ANALYSIS FOR B &amp; M'S MAJOR YARDS

77 "PMAKE' yREGION=200K

/eMITID USER=(M12121,P14509

7eMAIN TIME=S LINES=4

//7 EXEC SAS

//SYSIN DD #

DATA YARDS 3

SEY AUDIT.DATABASE
KEEP CAR_OWN LE_STAT PRES_MVE YARD_CO YRD_TIME TRN_IN TRN_OUT CAR_TYPE

PER_DIEM NDT_IN TM_IN DT_OUT TM_OUT §
IF PRES_MVE=3 THEN PRES_MVE=2 1}
IF CAR_QOWN=='BM?! THEN CAR_OWN='FOREIGN® 3

IF NUM_YRDS=0 THEN RETURN 3

YARD_CD=YRO1_CO3
‘RD_TIME=MIN(YD]1_TIME.60) 3

TRN_IN=TRNI_IN 1}
DY_IN=DT1_ARR 3

TM_IN=INT (TM1_ARR/100)«MOD(TM1_ARR,100)/603
DY_OUT=pT1_DEP 3}
TM_OUT=INT(TM1_DEP/100) +MOD(TM1_DEP,100) 760 3
TRN_OUT=TRN1_OUT §% OUTPUT 3

IF NUM_YRDS=1 THEN RETURN 8

YARD_CD=YRD2_CD 3

YRO_TIME=MIN(YD2_TIME+60) 3

TRN_IN=TRN2_IN 3

DT_IN=DT2_ARR 3}
TM_IN=INT (TM2_ARR/100)«MOD(TM2_ARR,100)/60
DT_OUT=NT2_DEP 3

ITM_OUT=INT(TM2_DEP/100) +MOD (TM2_DEP,100) 7/60 $
FRN_OUT=TRN2_OUT QUTPUT 3

IF NUM_YRDS=2 THEN RETURN 3

fARD_CD=YRD3_CD 1

TRO_TIME=MIN(YD3_TIME.60) 3

YRN_IN=TRN3_IN 3

OY_IN=DT3_ARR
TM_IN=INT (TM3_ARR/100)+MOD(TM3_ARR,100)/60
DT _OUT=nT3_DEP 1

TM_OUT=INT(TM3_DEP/100)+MOD(TM3_DEP,100)7603
TRN_OUT=TRN3_OUT 3 OUTPUT 3

IF NUM_YRDS=3 THEN RETURN 3

YARD_CD=YRD&amp;4_CD
YRO_TIME=MIN(YD4 _TIME+60) 3
TRN_IN=TRN&amp;4_IN 3
DT_IN=DT4_ARR 3 ’

TM_IN=INT (TM4_ARR/100) +MOD (TMG _ARR,100) 760

AIT_OUT=NTL_DEP
TM_OUT=INT (TM4_DEP/100) +MOD (TM4_DEP+100) 7/60 }
TRN_OUT=TRN4_OUT 3 OUTPUT 3

[IF NUM_YRDS=4 THEN RETURN 8
fARD_CD=YRDS_CD 1 z

fRO_TIME=MIN(YDS_TIME»60) 3
IRN_IN=TRNS_IN 3
DT_IN=DTS_ARR 1

IM_IN=INT(TMS_ARR/100)MOD(TMS_ARR,100)760
DY _OUT=NTS_DEP 3

TM_OUT=INT (TMS_DEP/100)*MOD(TM5_DEP,100)760§
IRN_OUT=TRNS_OUT'3OUTPUT 3
PROC SORTS BY YARD_CD
PROC MEANS N NOPRINT 3 BY YARD_COD 3

YAR YARD_CH 1

JUTPUT OQUT=NUMB N=CARS 3

3
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TABLE D.7
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DATA COUNT
SET NUM §

&lt;EEP YARD_CD GOOD
300D=1 3

IF CARS&lt;40 THEN GOOD=0 §

OUTPUT

PROC SORT § BY YARD_CD 3
DATA PMAKE 3

MERGE COUNT YARDS § BY YARD_CD
PROC DE| ETE DATA=COUNT NUMB 3
DATA TABS ¢

SET PMAKE $

IF GOOD=0 THEN OELETE

TA=INT(YRD_TIME)3
ACTUAL=TB=-MOD(TB.&amp;) §

IF ACTuUAL&gt;48 THEN ACTUAL=648

iF TM_OUT&lt;=TM_IN THEN TM_OUT=TY_O0UT+24 3

TR=INT(TM_OUT-TM_IN) 3
SCHEDULE=TB-MOD(TB.2) §
IF SCHEDULE&gt;24 THEN SCHEDULE=2% 3}

PROC FREQ $3 TABLES

YARD_CD ® |LE_STAT @ ACTUAL + SCHEDULE 7 NOPERCENT 3
Je

EQ) ez enéaes
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TABLE D.8

CREATION OF THE AUDIT'S DATA BASE

 (Page 1 of 2)

A

//7 *SECOND®,REGION=250K

/#MITID USER=(M12121,P14509,
/#MAIN TIME=2

/#SR]1 HIGH

//0ELETE EXEC PGM=1EFBRR14

//0D1 Dn DSNAME=U,M12121.P14509.SAS.BM.AUDIT.DATA.SET,
’/ UNIT=STORAGEyDISP=(MODDELETE)SPACE=(TRK0)
//7 EXEC SAS

//AUDIT DD DSNAME=U.,M12121.P14509,5AG5.BM, AUDIT.DATAL.SET,
/7/ UNIT=STORAGE ¢+DISP=(NEW4CATLG) + SPACE=(TRK (25+2) +RLSE)
//7INPUTR DD DSNAME=1),M12121.P14509.DATA.BASE.BM.AUDIT,DISP=0LD
//SYSIN DD #9DCB=BLKSIZE=20n00

DATA AUDIT.OATABASE(LABEL=BM CAR UTILIZATION AUDIT DATA)
* THIS PROGRAM WILL ESTABILISH A SAS DATA BASE FOR FUTURE WORK

ON B &amp; M CAR UTILIZATION AUDIT, $ \

INFILE INPUTB LRFCL=240%

INPUT CAR_OWN S$ 1-4

CAR_NUMB 5-10
LE_STAT ¢ 11
LAST_MVE 12
PRES_MVE 13

NEXT_MVE 146

ORG_CODE 15-17
ORG_NODE 1R-20

DST_CODE 21-23
DST_NODE 24-26
DO_DIST 27-29

TRIP_TM 30-232

LO_TM 33-35
UNLD_TM 37-39

NUM_YRDS 41-42
YRD1_CD 43-45

DTI_ARR 46-47
TM1_ARR 48-51
DT1_DEP S2-53
TM1_DEP S457
YDI_TIME S8-60
TRNI_IN $ 61-64

TRN1_OUT $ 65-68

fRD2_CD 69-71

DT2_ARR 72-73
TM2_ARR 74-77
0T2_DEP 78-79
Tm2_0DEP 80-83
1D2_TIME 84-86
ITRNZ2_IN $ B7-90

TRNZ2_OUT $ 91-94

reD3_CD 95-97

DTI_ARR 98-99
IM3_ARR 100-103
DT3_DEP 104-105
TM3_DEP 106-109
TDI_TIME 110-112
FENJI_IN $ 113-116

TRN3_OUT ¢ 117-120

YRO4_CD 121-123
DT4_ARR 124-125
TM4_ARR 126-129
Drae_DOEP 130-13)
Im&amp;_BPEP 132-135

7
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YD4_TIME 136-138
TRN4_IN $ 139-142

TRNG_OUT $ 143-146

YROS_CD 147-149

DYS_ARR 150-151
TMS_ARR 152-155
OTS_DEP 156-157
rMS5_DEP 158-161
T0S_TIME 162-164
FTRNS_IN § 165-168

TRNS_OUT $,169-172
PER_DIEM 174-177
MILEAGE 178-181 «

{NCENT 182-185 ?

TAR_TYPE $ 186

CAR_BSG 187-189
IF TRN1_IN='AP40O* THEN TRN1_INS'AP4?
IF TRN2_IN=*AP40+ THEN TRN2_IN='AP4¢
IF TRN3_IN='AP40* THEN TRNI_IN='AP4?
IF TRNG_IN=04P40+ THEN TRN&amp;4_IN='APG?
¥ TRNS_IN=1AP40+ THEN TRNS_IN='APq?
F TRN1 _OUT='AP40* THEN TRN1_0UT='AP4?

oF TRN2_OUT='AP40" THEN TRN2_OUT=tAP4?
: TRN3_OUT=2AP40" THEN TRN3_OUT=?AP4?

" TRN4 _OUT='AP40* THEN TRN&amp;G_OUT=tpAP4?

«+ TRNS_OUT='AP40' THEN TRNS_OUT='AP4!
* ORG_CODE=633- THEN ORG_NONE=5331

© DST_CODE=633 THEN DST_NODE=6333%
* NUM_YRDS&gt;S THEN DELETES

# CAR_OWN='S/U* THEN CAR_OWN=°'S0U*}

.F YDI_TIME=, THEN YD1_TIME=0 3
JF YD2_TIME=, THEN YN2_TIME=0 §

F YD3_TIME=, THEN YD3_TIME=0 3

.F YD4_TIME=, THEN YD4_TIME=0 3
&gt; ¥YNS_TIME=, THEN YDS_TIME=0 $

.F LD_TM=. THEN LD_TM=0 1
IF UNLD_TM=, THEN UNLO_TM=0 3

PROC SORT § BY CAR_OWN CAR_NUM PRES_MVE 3

PROC PRINT PAGE=1 N t 8Y CAR_OWN CAR_NUM PRES_MVE 3
ID CAR_OWN 3

TITLE B&amp;M €AR UTILIZATION AUDIT = DATA BASE LISTING $

/®

FREQ) ®pRcdane
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TABLE D.9

TABULATION OF SAMPLE STATISTICS

77 "SUMMARY? sREGION=250K

/eMITID USER=(M12121+P14509

/o*MAIN LINES=3sTIME=2
//7 EXEC SAS

/7/7AUDIT OD DSNAME=U.M12121.P14509.5AS.BMAUDITDATA.SET»DISP=SHR
7/SYSIN DD *

DATA
SET AUDIT.DATABASE 3

IF CAR_OWN=*ATSF* OR CAR_OWN=*CNW' OR CAR_OWN='CR* OR CAR_OWN=*ICG* OR

CAR_OWN='LN* OR CAR_OWN='MILW' OR CAR_OWN='MP' OR CAR_OWN=¢R]I®* OR
CAR_OWN='SCL®' OR CAR_OWN='S0J' THEN CAR_OWN='FCLB* 3

[F CAR_OWN-='8M% AND CAR_OWN-='FCLA' THEN CAR_OWN=tFORN®
IF CAR_TYPE-='B' THEN CAR_TYPE=°0" j
PROC FREQ $8 TABLES

LE_STAT # CAR_OWN ® CAR_TYPE

PRES_MVE ® LE_STAT ® CAR_OWN ® CAR_TYPE

PRES_MVE ® CAR_OWN ® CAR_TYPE

CAR_OWN © CAR_TYPE 8

TITLE CLEARINGHOUSE DATA ON GENERAL BOX CARS
/e

FREQ) Spe daas

$
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TABLE D.10

LOADING/UNLOADING REPORTS

//7 "LOUNLD'+REGION=200K
/eMITID USER=(M12121+P14500

foMAIN TIME=3.LINES=3

v/s EXEC SAS

7/7AUDIT DD OSNAME=UM12121.P14509.5ASBM.AUDITDATASET+DISP=SHR
7/SYSIN OO #

DATA LOADUN

SET AUDIT.DATABASE
LENGTH LE_STAT 4 3

IF LD_TM=0 AND UNLD_TM=0 THEN DELETE 3

IF CAR_OWN-~='BM* THEN CAR_OWN='FOREIGN® 1
IF LE_STAT=tLv THEN TERML_TM=_L0_T™ 3

iF LE_STAT='E"* THEN TERML_TM=UYNLD _TM 3
IF LE_STYAT=¢E* THEN LE_STAT=UNLD' §
IF LE_STAT=¢L* THEN LE_STAT=*0AD* 3
KEEP CAR_OWN CAR_TYPE TERML_TM LE_STAT ORG_NOOE 3
MWTPUT

OROC SORT 3 BY CAR_TYPE LE_STAT 3
PROC MEANS NOPRINT N MEAN STD MAX $3 BY CAR_TYPE LE_STAT ¢

JAR TERML_TM 3
OUTPUT QUT=NEW N=NCARS MEAN=MEAN_TM STO=STO_TM MaX=MAX_TM 1

PROC PRINT 3

LENGTH LE_STAT 4 ¢

FORMAT MEAN_TM STD_TM MAX_TM Sel LE_STAT $4, 3
TITLE] B&amp;M CAR UTILIZATION AUDIT 3
FITLE2 LOADING AND UNLOADING TIMES BY CAR TYPE CODE

PROC SORT DATA =_LOADUN § BY CAR_OWN LE_STAT 3

PROC DELETE DATA=NEW 3
PROC MEANS NOPRINT N MEAN STD MAX 3

BY CAR_NWN LE_STaT 3
JAR TERML_TM 3
NTPUT QUT=NEW N=NCARS MEAN=MEAN_TM STD=STO_TM MAX=MAX_TM

PROC PRINT §

LENGTH LE_STAT o 3

FORMAT MEAN_TM STD_TM MAX_TM- Sol LE_STAT $4, 3
TITLE] 88M CAR UTILIZATION aunliT 3

TITLE2 LOADING AND UNLOADING TIMES BY CAR OWNERSHIP 3

PROC SORT DATA=_OADUN § BY ORG_NODE LE_STAT 3

PROC MEANS N MEAN STD MAX NOPRINT 3

BY ORG_NODE LE_STAT 3
VAR TERML_TM 3
JUTPUT OQOUT=NODES N=CARS MEAN=MEAN_TM STD=STO_TM MAX=MAX_TM 1
PROC PRINT §
LENGTH LE_STAT 4 3% .

FORMAT MEAN_TM STD_TM MAX_TM Sel LE_STAT $4, 3
TITLEl B&amp;M CAR UTILIZATION AUDIT

TITLE2 LOADING AND UNLOADING TIMES BY TERMINAL NODES

,8
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TABLE D.11

CAR UTILIZATION ANALYSIS FOR ALL TRAFFIC CLASSES

(Page 1 of 2)
7/7 UTIL1I2',REGION=200K
/8MITID USER=(M12121,P14509

/7#MAIN TIME=10 LINES=10

/#SRT LOW

7/DELETE EXEC PGM=IEFBRI14

7/DD1 DR DSN=U.M12121.P14509.SAS.8MAUDITUTILIZ4DISP=(MOD+NELETE)
v7 EXEC SAS

77AUDIT DD DSNAME=U,M1212]1.P14509.SAS.BM,AUDIT.DATA.SET+DISP=SHR

77ANL1 DD DSN=U.M12121.P14509,SASBM,AUDITUTILIZDISP=(NEW,CATLG)»
’/ UNIT=STORAGE ¢SPACE=(TRK ¢20¢RLSE)
7/SYSIN DD ¢

PROC SORT DAYA=AUDIT,DATABASE OUT=SORTED $

3Y CAR_OWN CAR_NUM PRES_MVE 3
DATA ANL1.0OVHD ANL1.FWRDt

SET SORTED $8 BY CAR_OWN CAR_NUM PRES_MVE $

DROP YRD1_CD YRD2_CD YRD3_CD YRD4_CD YRDS_CD
DT1_ARR TM] _ARR DT2_ARP TH2_ARR DT3_ARR TMI_ARR DT4_ARR (M4_ARR
DYS_ARR YMS_ARR DT1_OEP T¥l_DEP DT2_DEP TM2_DEP DT3_DEP TM3_DEP
DT4_DEP TM4 DEP DTS_DEP TUS_DEP TRNI_IN TRN2_IN TRN3_IN TRNG_IN TRNS_I!

FTRN1_OUT TRN2_OUT TRN3_OUT TRNG_OUT TRNS_OUT 3
IF PRES_MVE=0 THEN GO TO OVHOR §

IF PRES_MVE=2 ANN NEXT _MVE=3 THEN GO TO Fx1l
IF PRES_MVE=3 AND LAST_MVE=2 THEN GO TO Fx2 3
RETURN
OVHDR ¢ LINK FIND 3

YOTM=YD1 _TIME«+YD2_TIME+YD3_TIME+YD4_TIME+YDS_TIME=-INT
LINE_TM=TRIP_TM=-vYDTM 3}

SPEED=0D_DIST/(TRIP_TM+INT)
AUTPUT ANL1,OVHD 8

RETURN 3

FIND ¢ INT=YD1_TIME $

IF NUM_YRDS&lt;=1 THEN RETURN

IF NUM_YRDS=2 THEN INT=INT+YD2_TIME 1%
IF NUM_YRDS=3 THEN INT=INT+YD3_TIME 3
IF NUM_YRDS=4 THEN INT=INTeVYD4_TIME 3

IF NUM_YRDS=S THEN INT=INTeYDS_TIME
RETURN 13
¥X1 8 INT1I=VYDI_TIME 3

YOTMI=YD2_TIME+YN3_TIME+YD4_TIME+YDS_TIME
LINE1=TRIP_TM=YDTM] 3}
0D_D1IST1=00_DIST 3

LO_UN=LN_TMeUNLD_TM 3
MYRDS=NIM_YRDS 3

IRIP_TM1=TRIP_TM
TOT1=TRIP_TM+INT1$
k=0

RETAIN INT! YDTM1 LINE] O00_DIST1 LD_UN NYROS TRIP_TMl TOT1 x 3
RETURN
FX2 ¢ LINK LOOK 3

RETAIN x1§

[F X=1 THEN RETURN 3

X=1 §

roTM2=Ynl_TIME+YD2 _TIME+YDI_TIME+YD4_TIME+YOS_TIMe -ini2
LINE2=TRQIP_TM=YDTM2 3

TERML_TM=LO_UN&lt;LD_TM+UNLD_T™ 3
TOT2=TRTIP_TM+INT?3
TOTAL=TRIP_TM1+TRIP_TMeTERML _TM*INT]1+INT2
SPEED=(nD_DBIST1+0D_DIST)/TOTAL $
OUTPUT ANL1.FWRD §

RETURN 3 -

LOOK ¢ TF NUM_YRDS=0 THEN RETURN 3

]
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TABLE D.11
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[F NUM_YRDS=1 THEN INT2=YD1 _TIVvE
IF NUM_YRDS=2 THEN INT2=YD2_TIME
IF NUM_YRDS=3 THEN INT2=YD3_TIME
IF NUM_YRDS=4 THFN INT2=YD4_TIME
IF NUM_YRDS$=S5 THEN INT2=YDS_TIME
RETURN 3

Je

/2E0J NyeRtRee

i

’

3

f
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TABLE D.12

TRAIN TO TRAIN CONNECTION PERFORMANCE REPORT

(Page 1 of 2)

7/7 YOECPAR? REGINN=200K
/8MITID USER=(M12121,P14500-

/J7e*MAIN TIME=S LINES=8

/7#SR1 LOW
7/7 EXEC SAS
//7AUD1T DD DSNAME=U.M12121.,P16509.5A5.BM. AUDIT. DATA, SET+DISP=SHR
/7/SYSIN DD *

DATA YARDS?

SET AUDIT.PDATABASE?
RETAIN YARD TRN_IN TRN_OUT TIMEl
IF NUM_YRDS=0 THEN RETURN}
YARD=YRD1_€D3
TRN_IN=TRNI1_IN}
TRN_OUT=TRN]1_OUT?
TIME=YD}]_TIMES
IF TIME=0 THEN DELETES

DUTPUTS$
If NUM_YRDS=1 THEN RETURN?

YARD=YRDZ_CD?}
TRN_IN=TRNZ_IN3
TRN_OUT=TRN2_OUT$
TIME=YD2_TIME?S
If TIME=0 THEN DELETES

OUTPUT
IF NUM_YRDS$=2 THEN RETURNS

YARD=YRD3_CD}
TRN_IN=TRNJ3_IN?
TRN_OUT=TRN3_OUT}
TIME=YD3_ TIMES
IF TIME=0 THEN DELETES

DUTPUT
IF NUM_YRDS=3 THEN RETURN}

YARD=YRD%_CD?
TRN_IN=TRN&amp;4_IN?
TRN_OUT=TRN&amp;4_OUT$
TIME=YD4_TIME?S
If TIME=0 THEN DELETE?

DUTPUT
[F NUM_YRDS=4 THEN RETURNS
YARD=YRDS_CD?
FTRN_IN=TRNS_IN?
TRN_OUT=TRNS_0OUT
TIME=YDS_TIME?S
IF TIME=0 THEN DELETES

QUTPUT2
DATAl
3€T YARDSS
PROC SORTS

BY YARD TRN_IN TRN_OUTS
PROC MEANS N MEAN STD NOPRINTS

BY YARD TRN_IN TRN_OUT?S

VAR TIMES
OUTPUT OUT=CONN N=MOVES MEAN=zAVG_TIME STO=STD_TIMES

DATA _NuLL_?
SET CONnS
3Y YARD TRN_IN TRN_OUTS
IF TRN_IN=? * OR TRN_OUT=?® * THEN RETURNS

IF MOVES&lt;=2 THEN DELETE?

FORMAT AVG_TIME C_VAR S.l §
C_VAR=STD_TVIME/AVG_TIME 1
FILE PRINT HEADER=XX §
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TABLE D.12
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pus $2 YARD 820 TRN_IN ®3S5 TRN_OUT 950 MOVES ®6S AVG_TIME 880 C_VAR 3
RETURN 3

TITLE]! A&amp;M CAR UTILIZATION AUDIT 3

TITLE2 TRAIN TO TRAIN PERFORMANCE - MAJOR CONNECTIONS ONLY $
XX $8 PUT

- $2 ‘YARD 20 'TRN_IN® 335 °'TRN_OUT* @S0 ‘MOVES? @65 1AVG TIME® ®80 'C_VAR'
RETURN
/e

FREQ Sa 0fave

3
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