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A

PREFACE

This Project Memorandum reports on a study being conducted.:by the
Transportation Systems Center (TSC) under PPA RR-140 for the Office of
Research and Development, Federal Railroad Administration (FRA), to aid in

shaping and directing the FRA research and development program.

The report describes a methodology developed to evaluate railroad research
projects. The methodology provides for a structured and consistent evaluation
of projects. Benefits and costs of research are considered as well as techni-

cal risks and implementation considerationms.
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SUMMARY

This Project Memorandum presents a methodology for evaluating railroad
research projects. The methodology includes consideration of industry and
societal benefits, with special attention given to technical risks, implemen-
tation considerations, and poliecy concerns. Application of the methodology to
evaluate railroad research projects will provide a source of guidance and
justification to support research planning by the Federal Railroad

Administration, Office of Research and Development (FRA/ORD).

Formulation of the methodology began by identifying considerations which
are most important in evaluating potential for a research project to be com-
pleted successfully, to be implemented successfully, and to have a beneficial
societal impact. Eight project evaluation measures were defined for this
purpose and are listed below. .

A. Affected Area (e.g., safety)

B. Magnitude of Affected Area (e.g., fatalities per year)

C. Potential Impact on Area Through R&D in General (e.g., 30 percent
reduction in fatalities)

D. Effect of Specific Research Project in Achieving Potential R&D Impact
(e.g., specific R&D project represents 10 percent of potential R&D
impact) .

E. Likelihood of Research Success (e.g., 75 percent probability of
successful outcome of all activities in R&D project under
consideration)

F. Economy of Research Effort (e.g., $500,000 for R&D project under
consideration)

G. Ease of Implementation (e.g., $1,000,000,000 over 10 years for
implementation of project results)

H. FRA Needs and Commitments (e.g., Congressional interest and need of
FRA Office of Safety for project results).



Two additional composite evaluation measures were selected to provide an over-
all indication of project quality. They are:
I. Research Cost-Effectiveness Rating

J. Overall Project Rating.

These ten measures, when applied to a set of 96 data elements ;hat ch;rac-
terize research projects, establish the basis for project evaluation. The 96
data elements have been organized into a structured framework in a data base
management system. Algorithms have been developed, using the 96 data ele-
ments, to calculate project evaluation measure scoring information of direct
value in determining the quality of a project. Three reports are computer-
generated for that purpose. They are:

A) Summary Project Evaluation Report.

B) Intermediate Project Evaluation Report

C) Detailed Project Description Report

These reports provide project data and scoring information that will be of

value for FRA/ORD planning activities.

The work completed in this study provides a structured, unified method-
ology for evaluation of FRA/ORD research projects. It does not provide an
absolute basis for measurement of project quality or for resource allocation
due to need for inclusion of policy considerations that are beyond the scope
of this study. Updating or modification of policy-related and other data
elements by knowledgeable FRA/ORQ managers is an important part of the evalua-
tion process. To facilitate this process, all calculations included in the

methodology are made by a computer data base management system and all output
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reports are computer generated. This feature provides a useful tool for

FRA/ORD management to improve assumptions related to any project with rapid

and accurate redetermination of output scoring reports.

Methdology descriptions in this report use the FRA/ORD Coupling
Optimization Project as an example to demonstrate application of the analysis
methods involved. A Summary Project Evaluation Report for this project is
shown below to provide a quantitative illustration of one methodology output

and also to provide an example of the level of detail achieved in the study.

SUMMARY PROJECT EVALUATION REPORT

PROJECT NAME: COUPLING OFTIMIZATION

PROJECT EVALUATION
HEASURES SCORCS

A, AFFECTED AREA

A.} Safety

A,2 Cost

A.3 Eneray Efficiency
A.4 Environaent

A.S Quality of Service x

"

B. NAGNITUDE OF AFFECTED AREA

SAFETY
COsT

c. POTENTIAL IWPACT ON AREA
THRKOUGH RED IN GEMNERAL

on

SAFETY
cosT

e

b EFFECT OF SPECIFIC RESEARCH PROJECT
IN ACHIEVING POTENTIAL RED INPACT 2

€. LIKELIMDOD OF RESEARCH SUCCESS 4

Feo ECONONY OF RESBEARCH EFFORT 5

G. EASE OF INPLEMENTATION 1

K. FKA NEEDS ORK COMMITMENTS 3

1. RESEAKCH COST-EFFECTIVENESS RATING

SAFETY
cosT

(L 3

ds OVERALL PROJECT KATING

SAFETY
cosT

>

The table shows the Coupling Optimization Project to have a high overall

project score for cost impacts of research and a moderate overall project

score for safety impact of research.
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1. INTRODUCTION

This report presents a structured and consistent method for evaluating
railroad research projects. The method includes an evaluation of potential
industry and societal benefits with attention also given to technical risks
and implementation considerations. Application of the method to evaluate
projects provides a fundamental source of guidance and justification to
support research planning by the Federal Railroad Administration, Office of

Research and Development (FRA/ORD).

Establishment of a method to evaluate research projects and aid FRA
research planning requires a structured and consistent way of considering a
wide range of project related information. Order must be imposed on an array
of strengths, weaknesses, constraints, and opportunities which apply to each
project. The primary intent in this work is to reduce project characteristics

to a manageable set that is amenable to quantitative evaluation.

In addition to an evaluation of potential benefits, technical risks, and
implementation considerations, the establishment of priorities for research
needs and allocatiop of resources among projects by the FRA Office of Research
and Development is based on factors affecting FRA policy. Congressional man-
dates, industry and institutional factors, and internal DOT requirements are
examples of FRA policy factors. The methodology presented in this report

provides a mechanism for including these policy considerations in evaluating

FRA/ORD research projects.



The approach presented in this report has been applied to 18 FRA/ORD

research projects. The results of the evaluation of these proqects are

documented in two Project Memorandums "Analysis and Characteristics of

Railroad Technology Projects:

and Characteristics of Railroad Technology Projects:

Part II," December 1980.

The remainder of this section presents a more detailed description of

Project Assessments," April 1980, and "Analysis

Project Assessments,

those issues and requirements which are basic to the formulation of a practi-

cal and meaningful method for evaluating research projects.

1.1 RESEARCH IMPACTS

Development of a method to evaluate research projects should be sensitive

to the fact that the research phase of a product cycle is only ong step in a

process which leads to the adoption of a new product by the railroad industry.

This overall process can generally be characterized as shown in Figure 1=1

below.
LABORATORY RAILROAD PROTOTYPE
conceer | | conceer T PROTOTYPE TEST RAILROAD
DEFINITION DEVELOPMENT R s DEVELOPMENT |1 -1aBoRATORY [ PROPUCTION ==t sppy)caTion
: - RAILROAD
FIGURE 1-1. NEW PRODUCT RESEARCH AND IMPLEMENTATION PROCESS
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Where the research phase specifically ends in the initial part of this
process is project dependent. Some research projects are completed after
development test and others much later in the product development cycle.
Successful implementation of research results depends on success in all stages
of this process. Thus, evaluation of all stages of the process must be an

important consideration in development of research evaluation methodology.

Potential benefits and costs are major considerations in characterization
and evaluation of a research project. However, there are sevgral key ways in
which evaluation of research projects differ from traditional benefit-cost
analysis where the ratio of total benefit over total cost is the end result,
The research phase of a product cycle is only part of a sequence of events
leading to the ultimate utilization of a product by the railroads. Thus, a
method for evaluating research projects must provide an assessment of the

leverage of the research phase in the final utilization and impact of project

results.

One problem associated with the rigorous application of benefit-cost anal-
ysis to the evaluation of research projects is determination of the degree to
which final benefits (i.e., beneficial impacts from utilization of the end
product) are attributable primarily to the research phase. In one sense, many
of the final benefits can be traced back to the research phase. However, it
is also necessary to recognize that there are other vital parts of the process
resulting in the final benefit. For example, it may be necessary for the
railroads to purchase a product or pay the costs incurred by a new operation.
Thus, the final benefits cannot be-attributed solely to the research phase. A

benefit-cost ratio which reflects only research costs and final benefits is an



inadequate tool to assess reseérch projects since it includes only one part of

the costs.

Traditional cost-benefit techniques compare the total benefits to the
total costs. The total cost would include cost of the railroads' procuring
and operating the new project, as well as the research costs, Usually,
research costs are very small compared to the cost of procurement and oper;-
tion of the final product, so that the research costs have very limited effect
on this particular benefit—cost ratio. While taking the ratio of total bene-
fits to total costs may give an overall indication of efficiency for implement-

ing a new product, it does not portray the leverage of research funds.

The general approach described in this paper will involve separate and
explicit identification of the several components of "research cost-
effectiveness." Through the use of a set of appropriately chosen measures
relating to the sequence of events leading from research to implementation
(see Figure 1-1), the potential research leverage becomes visible and then
assessed, thereby contributing to the ranking of research projects. The
degree to which these measures lend themselves to a quantitative form will

vary from project to project.

1.2 QUANTITATIVE VS. QUALITATIVE MEASURES OF RESEARCH IMPACT

The nature of many research projects makes the development of appropriate
quantitative measures difficult. If some benefits or costs can be only
approximately predicted, then reporting these predictions to two or three
significant figures conveys a falée sense of precision. Also, many factors

relating to the ultimate successful completion and implementation of research



are qualitative in nature, such as technical risks in completing research and
implementation considerations regarding compatibility:with existing equipment
or industry consensus for interchange of equipment. The project evaluation

methodology must accommodate the more qualitative along with the quantitative
measures describing projects, and this study is careful to include considera-

tion of these differences.

Although the nature of research projects often precludes the use of rigor-
ous quantification for benefit-cost analysis, consideration of the beneficial
impact and cost of a project remain important to the decision-maker. As a
result, the methodology described in this report utilizes a "research cost-
effectiveness" measure rather than the term "benefit-cost ratio." The impli-
cation of this choice is that an estimate of a "high" cost-effectiveness
reflects a partially quantitative, partially judgmental finding and suggests
that if a rigorous benefit-cost ratio could be calculated, it wouid also be
high. 1In addition, explicit measures relating to the more qualitative aspects
of technical risks in performing research and of implementation considerations
are incorporated in the methodology. These measures incorporate the more
qualitative aspects of research projects in the project evaluation information
provided to a decision-maker. Detail on the measures is presented in Sections

N

2 and 3.

1.3 SELECTION OF PROJECT EVALUATION MEASURES

The evaluation of research projects can easily become too detailed, such
that broad and substantive conclusions are not readily apparent. On the other
hand, sufficient detail is needed to support research planning deecisions. To

strike a satisfactory balance between an excess of detail on one hand, or



inadequate substance on the other, it is necessary to focus on the ultimate

purpose of the analysis and on the needs of the expécted users.

»

Ideally, the project evaluation methodology would provide the decision
maker with a single number for each project to specify its net attractiveness
as a research activity. Howevef. the projects to be ranked are diverse in
nature and content. The ranking of projects, in fact, depends upon a variety
of separate factors or dimensions which must.be weighted by the decision-
maker. At the same time, the characterization and choices presented must be
reduced to the minimal comprehensive set if the analysis is to be of real
value. Thus, the form of presentation of results is seen to be as important
as the analysis itself if the evaluation results are truly to aid the FRA
research planning process. By itself, a detailed description of each project
would be of limited usefulness in comparisons with other projects. However, a
score sheet containing merely a single entry for each of several measures
would not provide sufficient depth to assure credibility, to support choices
among projects, and to allow the decision-maker to change essential detail to

more adequately reflect his understanding of a particular project.

In the methodology developed in this study, the problem described above is
resolved by displaying results at three levels of detail, beginning with a
Summary Project Evaluation Report containing a table of estimated quantitative
values for a small number of comprehensive measures for all research projects,
This allows direct comparisons of the essential characteristics and impacts of
all projects under consideration. Policy-based factors added by FRA where
designated in the methodology are part of a procedure subsequently used to

generate single numerical rankings or scores for each project. In the
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Intermediate Project Evaluation Report, the measures from the summary table
are subdivided, with each general measure broken into‘separate quantitative
components. Finally, the Detailed Project Descriptioﬁ Report grovides speci-
fic numerical data and narrative discussion of individual research projects to
complete the impact analysis. This overall structure is described in detail

in Section 2.

1.4 DISCUSSION OF REPORT CONTENT

This introductory section has discussed a number of issues relating to the
type of research project evaluation methodology that will be an aid in
research planning. A number of considerations concerning the difficulties in
applying traditional benefit-cost analysis to research project analysis have

been described. The remainder of the report presents the method developed.

Section 2 describes the project evaluation measures used in the method.

Section 3 develops the evaluation procedure. The method for calculation of

quantitative values for the measures is explained in Section 4,



2. PROJECT EVALUATION MEASURES

The previous chapter discussed a number of reasons why traditional benefit-~’
cost analysis does not provide adequate information for evaluating research

projects. In particular, the research phase is only one part of a sequence of

events leading from research on a product to implementation of research

results (see Figure 1-1). It was also shown in Section 1 that the evaluation

of research projects is a mix of quantitative and qualitative processes.
These factors have influenced the choice of project evaluation measures which

were selected to provide a research planner with information required to help

shape and direct a research program and justify its content. The project

evaluation measures used in this study are shown in Figure 2-1.
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FIGURE 2-1. FLOW DIAGRAM OF PROJECT EVALUATION MEASURES

2.1 DEFINITION OF PROJECT EVALUATION MEASURES

Each project evaluation measure used in the study is listed in Table 2-1

below with examples of the type of information provided by each measure.



TABLE 2-1. PROJECT EVALUATION MEASURE

A. Affected Area (e.g., safety)
B. Magnitude of Affected Area (e.g., fatalities per year)

C. Potential Impact on Area Through R&D in General (e.g., 30 percent
reduction in fatalities)

D. Effect of Specific Research Project in Achieving Potential R&D Impact
(e.g., specific R&D project represents 10 percent of total possible
R&D impact) ‘

E. Likelihood of Research Success (e.g., 75 percent probability of
successful outcome of all activities in R&D project under
consideration)

F. Economy of Research Effort (e.g., $500,000 for R&D project under
consideration)

G. Ease of Implementation (e.g., $1,000,000,000 over 10 years for
implementation of project results)

H. FRA Needs and Commitments (e.g., Congressional interest and desire by
FRA Office of Safety for project results),

In addition, two composite project evaluation measures are used:
I. Research Cost-Effectiveness Rating

J. Overall Project Rating.

Each project evaluation measure is described in the subsections which follow.

2.1.1 Affected Area.

This measure describes the principal facet of railroading which is
expected to be directly and substantially affected by the research project
under consideration. The five major facets of railroading used in the study

are:



TABLE 2-2. FACETS OF RAILROADING INCLUDED IN AFFECTED AREA MEASURE

A. Safety

B. Cost

C. Energy Efficiency
D. Environment

E. Quality of Service

More than one of the facets of railroading listed above may be identified if

appropriate for a given project.

2.1.2 Magnitude of Affected Area

This measure describes the size of the area of railroading to which the
research may be relevant and is expressed both in terms of casualties (i.e.,
fatalities and injuries) and in terms of dollar costs (i.e., property damage,
operating costs, and other costs). If the Magnitude of Affected Area is
small, it suggests that even a very successful research effort cannot have a
large impact on the overall performance of the national rail transportation
system, since only a small portion of the system costs or safety is affected.
This measure, thus, gives an indication of the degree to which the research is
focused on an area central to railroading. The Magnitude of Affected Area
measure does not convey any information concerning the potential impact of the
research project. This aspect of the evaluation process is addressed in the

s

next two measures.

2.1.3 Potential Impact on Area through R&D in General

This measure evaluates the maximum possible improvement in the affected
area after completion and implementation of all possible research. Some
aspects of railroad technology and operations are far more sensitive than
others to innovation based on new technology, data, or understanding. This

measure is very much a function of how the Magnitude of Affected Area is

10



defined and care is taken in the study to assure consistency with the

Magnitude of Affected Area measure.

2.1.4 Effect of Specific Research Project in Achieving the Potential R&D
Impact

The preceding measure (Potential Impact on Affected Area Through R&D in

General) characterized the basic sensitivity of the affected area Fo research
in general by evaluating the maximum possible improvement in the Affected Area
after completion and implementation of all possible research. This measure
(Effect of Specific Research Project in Achieving the Potential R&D Impact)
indicates the degree to which the specific project under consideration is
expected to contribute to achieving the theoretically possible impact. This
rating depends on the manner in which the magnitude of the affected area was
initially described and on the definition of the project. The rating for this
‘measure is based on an assumption that the research will be performed success-
fully, with all objectives met, and that no substantive obstacles to implemeh-
tation will be encountered. A low rating for the Effect of Specific Research
measure implies either that the particular project is relevant to only a small
portion of the affected area, or that much additional research must be carried
out before the potential impact can be achieved. For example, if the affected
area had been defined as the very large area of freight car brake systems, but
the particular project involved only brake-shoe materials, or if the project
in question had as its only objective the gathering of data concerning current

brake related costs, it would receive a relatively low score in this measure.

2.1.5 Likelihood of Research Success

This measure indicates the probability that the desired research objec-

tives will be fully met. A low score may imply either that the goal is likely

11



to be achieved only partially, or that there is a substantial chénce that no
useful result will be obtained. Some factors which might influence this meas-
ure include requirements for special or revenue testing, availability of data,
and need for an advance in the state—of-the-art. This measure is not based on
technical analysis of the details of project performance. The evaluation
process for this measure assumes effective and competent conduct of the

research.

2.1.6 Economy of Research Effort

This measure primarily reflects direct FRA research cost. Care is taken
that the costs considered are only those associated with the specific project
as defined in both the preceding and subsequent measures. 1In keeping witﬁ the
focus of the entire methodology on FRA concerns, only Government costs are
ineluded. In some cases, there may also be large industry costs for research

which are not shown here.

2.1.7 Ease of Implementation

Ultimately, research only has value if its results are somehow imple-
mented. In technology and railroad operations, there exist many obstacles to
change. This measq:e indicates the likelihood that the research, if success-
ful, will be put into widespread use. A low rating here would mean large
impediments to the implementation of results. One example of this would be
that the implementation period is so lengthy that the present value of the

benefit will be very small.

12



2.1.8 FRA Needs or Commitments

This measure shows the degree to which prior Congressional interest,
investment, industry agreements, needs of other agencies, or other factors
provide a predisposition to perform a specific research project above and
beyond direct benefits and general agency objectives of improved safety,
economics, ete. Thus, a research activity mandated by Congress or which the
Administrator had promised to another agency would receive a high rating.-
Input by FRA to this measure is provided for in the methodology and is parti-
cularly important since only FRA can properly assess the degree of commitment

associated with factors of this nature.

2.1.9 Research Cost-Effectiveness Rating

This is the first of two composite project rating measures. It is a com-
posite score determined from five of the Summary measures:

1) Magnitude of Affected Area

2) Potential Impact on Area Through R&D in General

3) Effect of Specific Research Project in Achieving Potential R&D Impact,

4) Likelihood of Research Success

5) Economy of Research Effort

The Research Cost-Ef}ectiveness Rating expresses the "leverage" of the FRA
research project, and serves.primarily as a relative indicator to assist
comparing projects. The algorithm used to establish this rating is developed

in Seéction 4.

2.1.10 Overall Project Rating

The Overall Project Rating extends the Research Cost-Effectiveness Rating

to account for two additional measures:

13



1) Ease of Implementation

2) FRA Needs or Commitments

The FRA Needs or Commitments measure contains only factors which might enhance
motivations to perform a research project, and, thus, can only bring about an
increase in the Overall Project Rating compared to the Research Cost-
Effectiveness Rating. The Ease of Implementation considers potential obsta-
cles and thereby decreases the final score. The Overall Project Rating, as
well as the Cost-Effectiveness Rating, is meant to be useful as an aid in
comparison of projects. As such it is only correctly used as a relative

measure and not as an absolute measure of quality of any individual project.

2.2 RATINGS FOR PROJECT EVALUATION MEASURES.

The project evaluation measures listed in Section 2.1 are both quantita-
tive and qualitative in nature. For example, Magnitude of Affected Area is
toward the quantitative end of the evaluation spectrum while Likelihood of
Research Success is more a qualitative evaluation measure. To accommodate
these characteristics in the ten project evaluation measures, each measure is
rated on a scale from 1 to 5. A score of 5 in any particular project evalua-
tion measure represents the most desirable rating and a score of 1 the least
desirable. The range of 1 to 5 was chosen to allow a reasonable spread of

ratings among various projects.

Development of the 1 to 5 rating scores for the ten project evaluation

measures is deseribed in Sections 3 and 4.

14



3. PROJECT EVALUATION METHODOLOGY

This section of the report introduces methodology developed: to evaluate
FRA Office of Research and Development (FRA/ORD) railroad research projects.
A process flow diagram (see Figure 3-1) has been used in this section of the
report to provide a visual presentation of each step in the methodology.
Subsequent parts of this section describe the methodology and each of the -
steps used to develop project evaluation ratings and output information useful

to FRA/ORD decision-makers.

3.1 DESCRIPTION OF THE METHODOLOGY

The methodology developed in this study is a series of steps which evalu-
ate railréad research projects. Figure 3-1 shows this project evaluation
structure. The flow chart in the figure is arranged so that steps in the
evaluation methodology flow in order from left to right. The three ma jor
outputs of this methodological process are shown along the bottom of the

chart. They consist of:
A) a Detailed Project Description Report
B) an Intermediate Project Evaluation Report

C) a §ummary Project Evaluation Report.

These three reports are the methodology outputs the FRA/ORD decision-maker

will find most useful for research planning.

There are five major steps in the process as shown in Figure 3-1. They

are:;

15
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PROJECT EVALUATION STRUCTURE
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A) Collect project evaluation data
B) Analyze project evaluation data and prepare g‘list of 96 data elements

C) Group project evaluation data elements under appropriate project
evaluation measures

D) Apply algorithms to develop intermediate project evaluation scores

E) Apply algorithms to develop summary project evaluation scores.

The methodology has been computer implemented using a data base management
system developed for this application. Once the project information has been
collected and analyzed, all subsequent outputs of the process are automati-
cally computer generated. This procedure assures consistent treatment of
project evaluation data as well as convenient handling of the large amounts of
data involved. The data base management system also facilitates calculating
the algorithms which, if manually treated, would be cumbersome at best and
subject to error. Also, changes can be made in the data used and weighting
factors applied without requiring large amounts of time to evalua£e new
results. This feature is felt to have major value for FRA/ORD managers in
responding to requests for project justification and other project information

inquiries from DOT, the Administration, Congress, or other sources.

As defined in Section 2 of this report, there are eight project evaluation
measures which serve as the focus for defining and reporting project quality.
These evaluation measures are listed below with examples to illustrate each

measure.

A. Affected Area (e.g., safety)

B. Magnitude of Affected Area (e.g., fatalities per year)
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C. Potential Impact on Area Through R&D in General (e.g., 30 percent
reduction in fatalities)

D. Effect of Specific Research Project in Achieving Potential R&D Impact
(e.g., specific R&D project represents 10 percent of total possible
R&D impact)

E. Likelihood of Research Success (e.g., 75 percent probability of
successful outcome of all activities in R&D project under
consideration)

F. Economy of Research Effort (e.g., $500,000 for R&D project under -
consideration)

G. Ease of Implementation (e.g., $1,000,000,000 over 10 years for
implementation of project results)

H. FRA Needs or Commitments (e.g., Congressional interest and desire by
FRA Office of Safety for project results).

In addition, two composite project evaluation measures are used:
1. Research Cost-Effectiveness Rating

J. Overall Project Rating.

It will be useful to consider these project evaluation measures sequen-
tially. Each measure evaluates one aspect of a project starting in the begin-
ning research stage with affected area and moving through the implementation
of research results. As the flow chart in Figure 3-1 shows, these measures

are used for project rating purposes in each of three evaluation steps:

A. Group 96 project evaluation data elements under appropriate project
evaluation measure.

B. Apply algorithms to develop intermediate project evaluation scores.

C. Apply algorithms to develop summary project evaluation scores.

Each of the evaluation steps provides a different level of detail for use as

needed by the FRA/ORD decision-maker.
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Throughout the report, application of the research project evaluation
methodology will be demonstrated using the same example. The example used,
coupling optimization, is an actual FRA/ORD research project. This single
consistent example is used to provide the reader with a frame of reference for
application of the different steps in the methodology. Also, the potential
user will have a concrete sample representing a beginning to end application
of the methodology to use as a pattern for application on other projects. The

following sections describe each step in the Figure 3-1 flow chart.

3.2 COLLECTION OF PROJECT EVALUATION DATA

The first step in the methodology developed for evaluation of FRA/ORD
projects involves the collection, organization, and analysis of relevant
information pertaining to a project. The methodology goes beyond traditional
benefit—cost analysis techniques in that a diverse range of inforqation
sources and types are considered. Information often exists which; while not
precisely quantifiable for benefit/cost analysis, is vital for project
evaluation. For example, FRA may have an external requirement from Congress
or commitments to industry to work within a project area. Consideration of
this information, even though it is difficult to quantify, is vital in evaluat-
ing a project. Information of this nature is sought out, collected and inte-
grated into the res;;rch project quantitative evaluation process in the

methodology developed under this study.

Some of the sources of information used to provide data for project eval-

uation include:

19



Contract Statements of Work - These are agreements between an outside
contractor and the Government which represent R&D work in
progress,

Project Reports - These are the various project deliverables produced
by either the Government or external contractors which represent
completed stages of research projects. Many times these reports
provide specific detailed technical information which is used as
the basis for determining the effect the specific research
project has in accomplishing overall FRA goals in a research
area.

Budget Submissions - Justifications and budget information contained
in previews and budget submissions to Congress provide a useful
source of both qualitative and quantitative project information.

Congressional Testimony - Testimony at Congressional hearings provide
an amplification of FRA policy as well as an indication of
Congressional priorities.

FRA/ORD Planning Documents - These are internal FRA memoranda and
other documents which indicate policy and other project
information.

FRA Accident/Incident Reporting System - This is the railroad acci-
dent reporting system maintained by the FRA. It provides useful
information about accident damages and casualties.- This informa-
tion helps to determine the magnitude of the problem which any
specific research project addresses.

Railroad Industry Data - This type of data is typified by the
Association of American Railroad's (AAR) Yearbook of Railroad
Facts. This data describes general railroad industry perform-
ance and is also useful to help determine the magnitude of
specific problem areas to be addressed by research.

Project Plan Agreements - These are statements of work between the
FRA and the Transportation Systems Center (TSC). They provide
cost and program content for some of FRA's research work in
progress.

In the coupler project example, the following sources of information were

used to collect project evaluation information.

- FRA Accident/Incident Data Base

- Contractor Report - Petracek, S.J.; A.E. Moon, R.L. Kiang, and M.W.
Siddigee; Railroad Classification Yard Technology; Stanford
Research Institute; prepared for U.S. Department of
Transportation; June 1977.

20



Industry Report - Association of American Railroads (AAR); Yearbook
of Railroad Facts; 1979 Edition; Washington, D.C.

Industry Report - Advanced Coupling Concepﬁé Program Phase 1-1/2
Report Including General Economic Model, AAR Technical Center,

Chicago, IL, November 1, 1977.

Contract Statements of Work

Budget Submissions

- Project Plan Agreements

FRA/ORD Planning Documents.

3.3 ANALYZE DATA AND PREPARE LIST OF 96 PROJECT EVALUATION DATA ELEMENTS

Once collected, project evaluation data must be assembled into a useful
form. Some of the data must be combined, judgements must be made based on
qualitative information, and a number of calculations are necessary to prepare
data in the necessary format for use in other parts of the evaluation process.
An example is the need to combine from several sources, such as individual but
related contracts, project research costs to provide an overall reéearch cost
for the project. One of the judgements to be made is a determination of the
effect a specific research project will have in achieving the total possible
research impact in an area. This is accomplished by examining statements of
work and existing project reports. Finally, an example of calculations which
may be necessary is typified by determination of the magnitude of an affected
area which the research addresses. Here, calculations would be made from data
provided by the FRA Accident/Incident Data Base and from the industry data
provided by the AAR Yearbook of Railroad Facts. Specific examples will be
provided in Section 4 of this report where each individual project evaluation

data element is discussed.
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There are 96 project evaluation data elements that have been selected to
form a consistent basis for evaluation of all FRA/ORD:proJects; All project
evaluation data elements are listed in Table 3-1, Application of this step of
the methodology is simplified by use of a project evaluation data element
summary form (Basic Project Information Form) shown in Appendix A. This form
is designed and coded for easy recording of the 96 data elements for each

project to be evaluated.

The information on this form also provides the data basis for a computer
data base management system which is used to implement the methodology. The
process which follows this step in the methodology is computerized so that
implementation of the methodology is consistent and automatic. The computer
exercises a number of algorithms to provide necessary project evaluation

information.

The computer is used in this process as a facilitator. It assures
accuracy in the calculation of otherwise unwieldy algorithms. All project
output evaluation reports are produced at high speed on a consistent basis.
This allows for confident comparison of projects. Also, certain subsets of
information are readily available for more detailed analysis of one or several
selected projects should the decision-maker have need for additional detailed
information. Thus, use of the computer also allows greater flexibility in the

evaluation of research projects.

The remainder of this section describes project evaluation reports that

are produced by the computerized methodology.
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TABLE 3-1.

DESCRIPTIVE INFORMATION
ogT an
¢ Project Title
& project Nusber
® Subprogras
TYPE OF PROJECT
® concept develoment
assessment/feasibility study
data/informetion survey
hardware/pre-prototype
developnent or expansion of a research
facility
testing or evaluation
operstional/application guidelines
per formance Sspecs
demonstretion
# requirements study
IMPORTANCE OF RESULTS FOR:
¢ industry decisions/use
® FRA safety/regulatory
FRA Federal assistance
NEC/AMTRAK decisions
DOT decisions/sctions
other Federal or state agency
FRA reserach sctivities

AFFECTED AREA

AFFECTED AREA

® safety

cost
energy efficiency
envirorment
quality of service
AFFECTED SUBAREA
freight service
passenger service
employee safety
rasil-highway erossings
hazardous materials
track
rolling stock
operattons
sajintenance
classification yards
equimment
human factors
facilities
locomotives

KAGHITUDE OF AFFECTED-~AREA
snnual fatalities
annusl injuries
property dmmasge
operating cost
other costs

POTENTIAL IMPACT ON AREA THRU R&D IN GENERAL
% of fatalities

$ of injuries

§ of property dmage

% of operating costs

§ of other costs
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EFFECT

LIST OF 96 PROJECT DATA ELEMENTS

OF SPECIFIC RESEARCH PROJECT IN

effect

LIKELIHOOD OF RESEARCH SUCCESS

® detalled info/cooperation from industry organizstion
detailed info/cooperation from specific_RR/supplier
consensus or coordinated goverment & industry action
use of major DOT test fecility

use of other (non-DOT) test facility

significant revenue service testing or MR trial use
testing or raising significent 1iability issues

use of skill/cspabilities not readily availasble

data not resdily svailable

extension beyond state-of-art technology or knowledge
integration of nuserous elements

dependence on other research

ECONQMY OF RESEARCH

cost
durastion

EASE OF IMPLEMENTATION

industry wide capital required
estimated implementation time

TRANSITION PROCESS REQUIRES:

IMPL

industry consensus

industry-wide equipment/systes compatibility
industry-wide dsta/information exchange
mejor damonstration phase

industry acceptance testing

develoment of new suppliers/supply upabuity
Federal safety regulstion

confliet with industry trends

industry hardware development effort
significant expenditures by government agency
ENTATION WILL SIGNIFICANTLY CHANGE:

rolling stook and equipment

facilities

train operations

prectices and procedures

industry standards

inter-railroad cooperation

safety regulations

economic regulation

enviromental regulations

locamotives

¢ maintenance procedures

IMPLEMENTATION WILL SIGNIFICANTLY AFFECT LABOR:

® reduction of labor force
® skill mix
* wrk rules

FRA_NEEDS OR COMMITMENTS

Congressional interest or requirement

sgreement with industry or explicit industry interest
specific DOT/FRA objective or responsibility

needs of other Government agencies

prior funding



3.4 GROUP 96 PROJECT EVALUATION DATA ELEMENTS UNDER APPROPRIATE PROJECT
EVALUATION MEASURES -

The Detailed Project Description Report (see Figure 3-1) is an organized
computer printout of all project evaluation data elements grouped under appro-
priate project evaluation measures. It is the computer prepared counterpart
of the Basic Project Information Form (see Appendix A). It provides the 96
project evaluation data elements in a more definitive computer-generated
format. = The purpose of the Detailed Project Description Report is to provide
detailed project information l1isted under appropriate measures in a computer-
generated format that can be used for development of the Intermediate and
Summary Project Evaluation Reports. These reports are described in subsequent

steps of the project evaluation methodologyl

Figure 3-2 shows a Detailed Project Description Report which has been

developed by the computer data base management system for the coupler project.

3.5 APPLY ALGORITHMS TO DEVELOP INTERMEDIATE PROJECT EVALUATION SCORES

The Intermediate Project Evaluation Report (see Figure 3-1) provides the
decision-maker with project evaluation scores for a variety of factors useful
in evaluating the quality of a research project. Project evaluation scores
range from 1 to 5 in value. A 5 is always the best score and a 1 is always
the least attractive score. The scoring system was developed to facilitate
the comparison of projects. A consistent range of 1 to 5 scores for all
factors associated with the project evaluation methodology frees the user from

a need to remember the relative values of many different measures. Rather,

the unitless 1 to 5 score evaluates each project in a uniform and consistent
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way. An algorithm is developed-and used to calculate each project evaluation

score. The algorithm is a formula that combines seveFal data elements into a

single score. ‘ -
At the Detailed Project Description Report step in the project evaluation

process, a single project evaluation measure may be associated with as many as

26 separate data elements (see Figure 3-1). The use of scores in the

Intermediate Project Evaluation Report allows for combining data elements into

groups, or factors, with five factors associated with each project evaluation

measure. The purpose of the Intermediate Project Evaluation Report is to

provide a useful amount of detail to show the basis for the Summary Project

Evaluation Report to be developed in a subsequent step in the methodology.

Figure 3-3 shows an Intermediate Project Evaluation Report completed for
the coupler project. As the example shows, this Report has the capability for
displaying up to eight projects on the same page. This multiple project dis-
play allows comparison of project characteristies simultaneously for a number

of projects.

3.6 APPLY ALGORITHMS TO DEVELOP SUMMARY PROJECT EVALUATION SCORES
The purpose of the Summary Project Evaluation Report is to provide a
single score for each project evaluation measure. This is done to allow
comparison of the important aspects of projects. Safety and cost scores are
separately listed in this report. The safety score includes fatalities and
injuries., The cost score includes property damage, operating cost, and other v

costs.
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INTERMENIATE PROJECT EVALUATION REFPORT

SrorEsEESESTEIREER mE=r TrEzsssrassCs

PROJECT EVALUATION SCORES

FROJECT EVALUATION PROJECT NAME! COUFLER FROJ 2 FRD.) 2 PROJ #4 FROJ €5 PROJ &6 FROJ 97 FROJ
MEASURES FROJECT NUMHERS (117)

A. AFFECTED ARFAS

A.1 Safety X
A.2 Cost x
A.3 Enerdy Efficiencw

A.4 Environment

A.S Quality of Service X

B, MAGNITUDE OF AFFFECTED AREA
B.1 Fatalities

B.2 InJuries

E.3 Proemrty Damage

H.4 Orerating Cnsts

k.5 Other Costs

[ SR E TP g

C. FOTENTIAL IMPACT ON AREA
THROUGH RRD IN GENERAL
C.1 Fatalities
«2 Induries
C.3 Frorerty Damagse
C.4 Oreratins Costs
C.5 Other Costs

-

D. EFFECT OF SFECIFIC RESEARCH FROJECY
IN ACHIEVING POTENTIAL RRD' TMPACT

I1.1 Effect of Seecific Frodect in
Achimving Fotential RED Imsact

[X]

E. LIKELTHONN OF RFSEARCH SUCCESS

Inderendence from Factnrs
Affecting Success:
E.1 Industry Particiration
€.2 Major Test Fhase
E.3 Sercial Resources
E.4 Major Techrnical Advance
E.9 Other Factors

[ZNL RL NP S

F. ECONOMY OF RESEARCH EFFORT

F.1 Research Cost
% Research Imration

nAa

G, EASFE OF IMFLEMENTATION

G.1 Carital Considerations

G.2 1mrlementation Sereed

G.3 Tramsition Frocess Simrlicity
G.A Compat.u.E:tisting Enuis § Ors
G.5 Fotential Labor Accertability

Gt M)

H. FRA NEEDS NR COMMITMENTS
H.1 Condreasional Interesat
2 pareement with Industey
H.3 INT / FRA Rrouirement D
H.4 Neerdprd by OLher Aarncy
H.5 Maovor Frior Fundindg

- Gl

O OHOT THECLHRED TH SHANAKY CALCI ATTONG

[N SR Pavize s PR (T TRTEZATION

FIGURE 3-3. INTERMEDIATE PROJECT EVALUATION REPORT
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In addition to the eight project evaluation measures which are carried through

all reports, two additional composite project evaluation measures are devel-

oped in the Summary Project Evaluation Report. They are:

1) Research Cost-Effectiveness

2) Overall Project Rating.

Figure 3-4 shows a sample of the Summary Project Evaluation Report which
has been completed for the coupler project. This report can display up to

eight projects on one page.

As is apparent from Figure 3-4, the Summary Project Evaluation Report
provides a convenient means for evaluating a large number of projects using
project evaluation measures which describe quality of projects from early
research through implementation. When more detail is required to amplify any
individual summary project evaluation measure, the Intermediate Project

Evaluation Report and the Detailed Project Description Report can be used.

In review, this section has introduced the methodology developed to des-
cribe and evaluate FRA research projects. A flow chart describing this
process has been presented and steps in the process have been explained.
Detailed algorithms used in the methodology will be presented in the next

section.
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4, PROJECT EVALUATION RATING ALGORITHMS

Se;tion 3 has reviewed the general methodology developed for evaluating
railroad research projects. Evaluation results are presented in three differ-
ent levels of detail as shown in Figure 3-1:

A) Summary Projéct Evaluation Report

B) Intermediate Project Evaluation Report

C) Summary Project Evaluation Report

The first two reports present 1 to 5 rating scales for the project evaluation
measures, while the last report presents detailed information on the project.
This section describes the procedures used to complete these reports.

4.1 RATING SCORES FOR PROJECT EVALUATION MEASURES

The project evaluation measures were identified in Section 2 as follows:

A. Affected Area (e.g., safety)
B. Magnitude of Affected Area (e.g., fatalities per year)

C. Potential Impact on Area Through R&D in General (e.g., 30 percent
reduction in fatalities)

D. Effect of Specific Research Project in Achieving Potential R&D Impact
(e.g., specific R&D project represents 10 percent of total possible
R&D impact)

E. Likelihood of Research Success (e.g., 75 percent probability of
successful outcome of all activities in R&D project under
consideration)

F. Economy of Research Effort (e.g., $500,000 for R&D project under
consideration)

G. Ease of Implementation (e.g., $1,000,000,000 over 10 years for
implementation of project results)
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H. FRA Needs and Commitments (e.g., Congressional interest and desire by
FRA Office of Safety for project results).

I. Research Cost-Effectiveness Rating

J. Overall Project Rating.

In the Summary Project Evaluation Report, a 1 to 5 score is given for each
measure. In the Intermediate Project Evaluation Report, several factors
within each measure are rated with a 1 to 5 score, and in the Detailed Project
Description Report, project data elements are organized under appropriate

measures.

The 1 to 5 scoring in the Summary and Intermediate Project Evaluation
Reports is achieved by using algorithms to combine project data elements pro-
vided in the Detailed Project Description Report. The ranges of values for
.the 1 to 5 rating scores in the Summary Project Evaluation Report are listed
in Table 4-1. The ranges for the rating scores at the Intermedia£e Project .
Evaluation Report are contained in Table 4-2, The specific algorithms describ-
ing calculations performed to determine the rating score for each measure are

presented in Section 4.3.

4.2 COUPLING OPTIMIZATION PROJECT EXAMPLE
An example using the FRA/ORD Coupling Optimization Project is utilized to
illustrate application of the methodology. Descriptive data and information

for an advanced coupler is analyzed, and rating scores calculated.
Impacts of a new coupler system with automatic coupling features will

lessen the need for employees to work in hazardous situations on and around

cars and will allow for faster coupling in yard operations. Possible prop-
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DETERMINATION OF RATINGS FOR MEASURES IN THE SUMMARY LEVEL

v

HEASURE RANGE RATING
SAFETY COST
MEASURE MEASURE
A. Affected Area affected area indicated by X
B. Magnitude of Affected Area 0=10 LE $.1B 1
(Present Value) 11=35 .18 - ,3B 2
36-100 .318 - 1B 3
101-300 1.01B - 3B )
GT 300 GT 3B 5
C. Potential Impact on Area through LT 2% LT 2% 1
R&D in General 2% - 4% 2% ~ 4% 2
5¢ - 9% 5% - 9% 3
10% - 24% 102 - 2u% 4
GT 24% GT 2u%¢ 5
D. Effect of Specific Project in LT 2% 1
Achieving Potential R&D Impact 2% - u% 2
5% ~ 9% 3
108 - 2u% 4
GT 2u% 5
E. Likelihood of Research Success LT 10¢% 1
108 - 2u% 2
243 - 9% 3
508 - 79% 4
GT 79% 5.
F. Economy of Research Effort GE $5M 1
M - 4,9 2
1.5M = 2.9M 3
M = 1,8M 4
LT .5M 5
G. Ease of Implementation, very small 1
H. FRA Needs or Commitments small 2
moderate 3
large y
very large 5
I. Research Cost-Effectiveness, LT .1x1o‘77 LT .1 1
J. Overall Project Rating, .1-.99x19; 1= .99 2
Calculated as Ratios 1-9.9110_7 1«9.9 3
10=-99x10 7 10 - 99 4
GE 100x10™ GE 100 5
Note: LT = less than LE = less than or equal to

GT = greater than

GE = greater than or equal to
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TABLE 4-2.

DETERMINATION OF RATINGS FOR MEASURES IN THE INTERMEDIATE

A,
Affected
Area

B.
Magnitude
of

Affected
Ares

c.
Potential
lmpact on
Area Thru
R&D in
General

D.

Effect of
Specific
Research
Project in
Achieving
Potential
R&D Impact

E.
Likelihood
of Research
Success

E.
Economy

of Resesrch
Effort

~

G.

Ease of
Inplemen-
tation

H.

FRA Needs
or
Commit-
ments

1.
2.
3.

5.

2.
3.

1.
2.

4.

1.
2.
3.
LR
5.

Note: LT = less
GT = greater than

affected srea indicated by X

B.1 B.2 8.3 B.4 B.S
Property Opersting Other
Fatality Injury Damage Costs Costs
0-10 0=-100 LE 8.1B LE 8.8 LE $.1B
11=35 101=300 .11B-.38 «118-.38 .11B-,38
36-100 301=1000 «31B=1B .31B=1B .31B=18
101=-300 1001-3000 1.01B-38 1,01B=38 1.01B=3B
GT 300 GT 3000 GT 3B GT 38 GT 3B
c.1 c.2 c.3 c.z c.5
s Property Operating Other
Fatality Injury Damage Costs Costs
LT 2% LT 2% LT 2% LT 2% LT 2%
2%-5% 2%-5% 21-5% 2%-51 2%-5%
6%-10% 6%-10% 63-10% 6%-10% 6%-10%
113-25% 115-25% 115=-25% 115-25% 113-25%
GT 253 GT 25% GT 25% GT 25% GT 25%
D.1 D.2 D.3
Effect of Role of R&D Project Role
Project Sequence in_Seguence
LT 23 very small very smell
2%~4% small small
5%-9% moderate moderate
108-24% large . large
GT 2u% very large very large
E.1 E.2 E.3 E.4 E.S
Industry Ma jor Special Technology Other
Participstion Test Phese Resources Advance Factors
LT 103 LT 103 LT 108 LT 108 LT 102
108 - 2u% 108 - 2u% 108 - 2u% 108 - 2u% 108 - 20%
2uf - 49T 243 - A9F 243 - 893 243 - 49T 248 - A9%
502 - 795 508 - 79% 50% - 79% S0% - 79%  S0% - T9%
GT 79% GT 793 GT 79% GT 79% GT 79%
F.1 F.2
Cost Duratien
GE $5M GT ayrs
Ml M 3 yre
1.5M-2.9M 2 yrs
o SM-1, M 19r
LT .M LT tyr
G.1 G.2 G.3 G.8 G.S
Compat- Labor Ace
Capital  Speed Simplicity ibility  ceptability
GE $1B GT 15 yrs very smsll very small very small
300M-.9B 11-15 yrs  ssall anall small
100M=-299M 7=10 yrs noderate moderate moderate
30M-99M 3-6 yrs large large large
LT 30M LT 3 yrs very large very lsrge very large
H.1 H.2 H.3 H.4 H.5
Congress  Industry  DOT/FRA  Othr Agney Prior Fund
very small very amall very small very smsll LT $300K
small small small small 300K=, M
moderate moderate moderate moderate 1M=2,9M
large large large large M9, 9H
very large very large very large very large GE 10M
than LE = less then or equal to

GE = greater than or equal to
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erties of a new coupler include automated or improved basic coupling, an auto-
matic angle cock, automatic hump uncoupling, automatié bleed, and greater
gathering range. It is assumed that a new coupler system will be phased into

the fleet and, therefore, must be compatible with existing couplers.

The current FRA research project activity on couplers (Coupling
Optimization Project) is a study of benefit-cost considerations for coupler

design features.

4.3 ALGORITHMS FOR CALCULATING PROJECT EVALUATION MEASURES

This section presents detailed steps used for calculating 1 to 5 scores
for each project evaluation measure. The overall methodology was illustrated
in Figure 3-1. In the following discussion; an application of the methodology
to establish scores for each project evaluation measure is presented in a
separate subsection. For each measure, the format to present the evaluation

procedure is as follows:

1. Describe data and analysis required to complete the Basic Project
Information Form (see Appendix A).

2. Present pertinent content of the Detailed Project Description Report.

N

3. Explain procedures used to determine 1 to 5 rating scores for factors
in the Intermediate Project Evaluation Report.

4, Explain procedures used to determine 1 to 5 rating scores for the
Summary Project Evaluation Report measures.

The Coupling Optimization Project example is used to illustrate the proce-
dures. Details of the calculations are explained in this section; however, a

computer program has been written to simplify the calculations necessary for
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preparation of the Detailed Project Description Report, Intermediate Project

Evaluation Report, and Summary Project Evaluation Report.

The first part of the Basic Project Information Form requests descriptive
information about the project which is not used in the analysis of the project

evaluation measures. Table 4-3 presents this part of the form.

TABLE 4-3. BASIC PROJECT INFORMATION FORM - DESCRIPTIVE INFORMATION

Project Nu=ber _ 117

Project Title Coupling Jptimization

Program Track, Equipmant and Personnel Safety

Subprogr an Equipment Safety

Type of Project (1) concept development

(2) assessment/feasibility stuch

(3) data/information survey

(4) +nardware/pre-prototype

(S) development or expansion of a resessrch facility
(5) testing and evaluation

(7) operational/application guidelines

(B) performance specs

(9) demonstration

(10) regquirements study

Importance of Results for:

not
applicable small moderate large

X (1) 1Industry decisions/use
X (2) FRA safety/regulatory
(2) FRA Federal assistance
(4) NEC/A-trak decisions
(5) T decisions/actions
(6) Other Federal or state agency
X (7) FRA ressarch activities

3¢ ¢ |3 ]

~

The information in Table 4-3 is for the Coupler Optimization Project example.

Algorithms used to determine project evaluation measures are now explained

in the following subsections.
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4.3.1 Affected Area

This is the only project evaluation measure Hhereltext information is
presented rather than a calculation of 1 to 5 scores., The Affected Area

describes the general area of rallroading which will be impacted by implementa-

tion of project results.

Basic Project Information Form

Five Affected Areas are listed in the Basic Project Information Form. In
addition, 14 subareas are shown to provide more detailed aspects of the areas
which are affected. These affected areas and subareas are listed in Table u4-4
which illustrates the Affected Area section of the Basic Project Information

form.

TABLE u4-4. BASIC PROJECT INFORMATION FORM - AFFECTED AREAS

A._AFFECTED AREA
Affected Areas

no
effect moderate major

X (1) Safety
X (2) Cost
X (3) Energy Efficiency
X (3) Environment
X (S) Quality of Service
(6)
s Affected Subaress

no
effect moderste major

{1) Freight Service

(2) Passenger Service
(3) Employee Safety

(&) GCrade Crossings

(5) Hazardous Materials
(6) Track

(7) Rolling Stock

(8) Operations

(9) Maintenance

(10) Classifiomtion Yards
(11) Equipment

(12) Human Factors

(13) Facilities

(18) Locomotives

(15)

LT

MGG

| bbb EH
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Each of the five areas and 14 subareas are assigned either "major," "moder-
ate," or "no effect" according to the degree to which the areas are affected

by the project.

Table 4-4 shows the Basic Project Information Form as it was completed for
the Coupling Optimization Project. For the evaluation of a different project,
a different set of entries would be checked. The information in the Affected
Area project evaluation measure is descriptive, and the analysis required is
to determine the areas of railroading which would be affected by the research
project. For the coupler example, reduced hazard for employees engaged
directly in coupling tasks would result. Faster coupling will have an impact
on yard operations, and, hence, a decrease in coéts for yard switching labor
and for car utilization. Quality of service would receive a moderate impact

from decreased transportation time due to the faster yard operations.

Detailed Project Description Report

The information entered in the Basic Project Description Form in Figure
4y-4 is listed for the user in the Detailed Description Report. The part of
the Detailed Project Description Report which is provided for Affected Area is

shown in Table 4-5 using the Coupling Optimization Project as -an example,

TABLE 4-5. DETAILED PROJECT DESCRIPTION REPORT - AFFECTED AREA

SECTION A. AFFECTED AREAS:

AFFECTED AREAS?
MAJOR EFFECT
Safetw
Cost
MODERATE EFFECT
Quality of Service

AFFECTED SUR-AREAS?
MAJOR EFFECT
Freight Service
Emrlovee Safetyw
Rolling Stock
MODERATE EFFECT
Hazardous Materials
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Only those items which were indicated in Table 4-U as being affected in 2

major or moderate way are listed in the Detailed Description Report to

simplify the table content.

Intermediate Project Evaluation Report

Since the Affected Area projeét evaluation measure is a text entry, no
calculations are involved to determine project evaluation scores. Rather, the
Intermediate Project Evaluation Report lists only the affected area data ele-
ments (the top part of Table 4-5) and not the subareas. Areas affected in
either a major or moderate way are indicated by an "X." An Intermediate
Project Evaluation Report is shown in Table 4-6 with the Coupling Optimization

Project used as an example.

TABLE 4-6. INTERMEDIATE PROJECT EVALUATION REPORT - AFFECTED AREAS

MEASURE SCORE
A. AFFECTEL' AREAS

Environment

1

2

3 Enerdy Efficiency

4

S Quality of Service X

£S5

Summary Project Evaluation Report

For the Affected Area project evaluation measure, the same information
table is contained in the Summary Project Evaluation Report as in the Inter-
mediate Project Evaluation Report. This information is shown in Table 14-7,

again with the coupler project as an example.
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TABLE 4-7. SUMMARY PROJECT EVALUATION REPORT - AFFECTED AREAS

MEASURE : SCORE

A AFFECTED AREA
.1 Safety X
.2 Cost X

el

.3 Energy Efficiency

+4 Environment

5 Quality of Service X

4,3.2 Magnitude of Affected Area

The purpose of this measure is to display the magnitude of the problem

area to which the project is relevant. The Magnitude of Affected Area is

presented for safety and cost-related data elements.

Basic Project Information Form

The part of the Basic Project Information Form for Magnitude of Affected

Area is shown in Table 4-=8.

TABLE 4-8., BASIC PROJECT INFORMATION FORM - MAGNITUDE OF AFFECTED AREA

B. MAGNITUDE OF AFFECTED AREA

Fatalities (snnusl)

Injuries (ennual)

Property Demage (20-yr discounted present worth in $ millions)
Operating Cost (20=yr discounted present worth in $ millions)
Other Costs (20=yr discounted present worth in $ millions)

-~

The information requested for safety is number of annual fatalities and number
of annual injuries; information required for cost is amount of property
damage, operating costs, and a general category of other costs. The costs are

the present value of costs discounted over a 20-year period.
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The analyses required for the coupler example to provide the numbers
requested in Table U-8 are to determine the number of fatalities and injuries
from coupler related causes, the property damage in coupler reiated accidents,
and the yard switching costs. In terms of safety, there were five fatalities
and approximately 2,500 injuries related to coupler causes reported to FRA in
1978 (Ref. 1). These values of annual fatalities and injuries are entered in

the Basic Project Information Form as shown in Table U-9.

TABLE 4-9. BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT - MAGNITUDE OF
AFFECTED AREA

B. MAGNITUDE OF AFFECTED AREA
Fatalities (snnusl)
Injuries (annual)
L3 Property Demage (20-yr discounted present worth in § m111ions)
500 Operating Cost (20-yr discounted present worth in § sillions)

0 Other Costs (20-yr discounted present worth in $ aillions)

—_——

L

|

0

2
3

=l

O

g

The cost of property damage from coupler-related accidents was $15 million
in 1978 (property damage reported to FRA has been doubled to account for loss
to lading and cost of clearing the wreck, Refs. 1 and 2). Labor expenses for
yard engineers, yard conductors and foremen, and other yard trainmen was esti-
mated to be $1,076 million in 1973 (Ref. 4)., Converted to 1978 dollars using
conversion factors.in reference 5, the yard switching labor expenses are
$1,700 million. This is the size of yard labor costs upon which a new coupler
could have an impact. Using a value for a car-day of $12 (1978 dollars) and
the total car-days spent in yards of 242,929,780 in 1973 (Ref. 4), the annual
cost of time cars spend in yards is estimated to be $2,915 million (1978 dol-
lars). However, only 20.8% of the time cars spend in yards was estimated to
be related to coupler related activities (e.g., switching, inspection, train

preparation). Thus, $600 million (20.8% of $2,915 million) is the cost esti-
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mate of the time cars spend in yards during activities in which couplers play

a part.

The 20-year present value of the costs are calculated. The present value
of the property damage is $130 million (1978 dollars), and of operating costs
(yard labor and car utilization costs) is $19,600 million (1978 dollars).

These values are shown in Table 4-9.

Detailed Project Description Report

The information which was supplied to the Basic Project Information Form

js 1isted for the user in the Detailed Project Description Report. This part

of the report pertaining to Magnitude of Affected Area is shown in Table 4-10.

TABLE U4-10. DETAILED PROJECT DESCRIPTION REPORT - MAGNITUDE OF PROJECT AREA

SECTION K. MAGNITUDE OF AFFECTED AREA?

Fatalities S (Annual)
InJuries 2%00 (Annual)
Frorerty Damage ¢ 130M (Present Value Over 20 Years)
Oreratina Costs $194600M4 (Present Value Over 20 Years)
Other Costs s OM (Fresent Value Dver 20 Years)

The values shown in this table are for the coupler project example and were

calculated in the dfscussion above.

Intermediate Project Evaluation Report

Table 4-11 1ists the format of the Magnitude of Area portion of the

Intermediate Project Evaluation Report.
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TABLE 4-11. INTERMEDIATE PROJECT EVALUATION REPORT - MAGNITUDE OF AFFECTED AREA

MEASURE SCORE,.
B. MAGNITUDE OF AFFECTED AREA

B.1 Fatalities

B.2 Induries

R.3 Frorertuy Damage
B.4 Orerating Costs
B.S Other Costs

To complete this report, 1 to 5 scores for the magnitude of fatalities, injur-
ies, property damage, operating costs, and other costs are determined. As
mentioned previously, a score of 1 always represents the least desirable score
for research and a score of 5 is always the most desirable. Thus, for
Magnitude of Affected Area, a 5 represents the largest range of casualty loss

or dollar costs which most need research on possible improvements.

The number of fatalities and injuries and amount of property damage, oper-
ating costs and other costs from the Detailed Project Description Report (see

Table 4-10) are assigned a 1 to 5 score according to the range in which they

fall in Table 4-=12.

TABLE 4-12, RATING_SCORES FOR INTERMEDIATE PROJECT EVALUATION REPORT -
MAGNITUDE OF AFFECTED AREA

Property Damage,
Operating Costs,

Score Fatalities Injuries Other Costs
1 0-10 0-100 LE $.1B
2 11=35 101-300 .11B=-.3B
3 36-100 301-1000 .31B-1.0B
4 101=300 1001-~3000 1.01B-3,.0B
5 GT 300 GT 3000 GT 3.0B
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The values for converting the casualties and costs listed in the Detailed
Project Description Report into 1 to 5 scores were selected after examining
several years of FRA Accident/Incident Reports so that the scores for the

various FRA projects would span the full range of 1 to 5.

The number of casgalties and amount of costs for the Coupling Optimization
Project example are listed in Table #-10. By comparing the 5 fatalities for
the coupler project to the ranges of fatalities in Table 4-12, a score of 1 is
assigned for fatalities. Similarly, a score of 4 is assigned to the 2,500
injuries, a 2 to the $130 million property damage, a 5 to the $19,600 million
operating costs, and a 1 to the negligible other costs. The completed
Intermediate Project Evaluation Report for the Coupler Project is shown in

Table 4-13.

TABLE 4-13, INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PﬁOJECT -
MAGNITUDE OF AFFECTED AREA

MEASURE SCORE
B. MAGNITUDE OF AFFECTED AREA

1 Fatalities

2 Induries

3 Frorperty Damage
4

S

Orerating Costs
Other Costs

[ 0 S B -

Summary Project Evaluation Report

The Summary Project Evaluation Report condenses the safety and cost infor-

mation into two summary scores. One score is for safety which combines
injuries and fatalities, and the other is for costs which combines property

damage, operating costs, and other costs. The format of the Summary Project

Evaluation Report is shown in Table 4-14,
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TABLE 4-14. SUMMARY PROJECT EVALUATION REPORT - MAGNITUDE OF AFFECTED AREA

MEASURE SCORE ¢
B. MAGNITUDE OF AFFECTED AREA

SAFETY
cosT

The 1 to 5 rating scores for safety and cost are required to complete this

table.

The Summary Project Evaluation Report safety score is calculated from the

following formula:
magnitude of casualties = (no. fatalities) + (no. of injuries/100)

The number of fatalities and injuries are taken from the Detailed Project
Description Report (see Table u4-10). The fractional magnitude of casualty is
rounded upward to the next integer value, The 1 to 5 numerical score is then
determined by comparing magnitude of casualty to the casualty conversion table

listed in Table 4#-15.

TABLE 4-15. RATING SCORES FOR SUMMARY PROJECT EVALUATION REPORT -
MAGNITUDE OF AFFECTED AREA

Safety Cost
Score (Magnitude of Casualties) (Magnitude of Costs)
1 0-10 LE $.1B
2 11-35 .11B - .3B
3 36-100 .31B - 1.0B
y 101-300 1.01B - 3.0B
5 GT 300 GT 3.0B
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Since the casualty conversion chart in Table 4-15 is the same as the fatality
conversion chart in Table 4-12, the combined casualty .score is never lower

than the score for fatalities alone. A large number of injuries will have the ‘
effect of raising the fatality score to a more severe level. The procedure

for combining fatalities and injuries was based on an examination of the rela-

tive numbers of fatalities and injuries reported over the past several years.

The Summary Project Evaluation Report cost score is computed by first
adding together the three cost components of property damage, operating costs,

and other costs as shown in the following equation.
magnitude of cost = (property damage) + (operating costs) + (other costs)

This total magnitude of costs is converted into a 1 to 5 score using the cost
conversion table in Table 4=-15, which is the same as the cost conversion table
in Table 4=12. This, in effect, says that the separate cost effects are cumula-

tive and sum to a larger total cost problem.

For the Coupling Optimization Project example, the number of fatalities
and injuries and amounts of property damage, operating costs, and other costs
contained in the Detailed Project Description Report are shown in Table 4-10,

The magnitude of casualty ES calculated by the following formula.

magnitude of casualties for couplers = (5 fatalities) +

(2500 injuries/100) = 30
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Comparing the magnitude of casualties value of 30 to Table 4.15 results in a
score of 2 assigned to safety in the Summary Project Evaluation Report. The

magnitude of cost for couplers is calculated similarly.

magnitude of cost = ($130M property damage) + ($19,600M operating cost) +

($0 other costs) = $19,T30M

Using Table 4-15, a score of 5 is assigned to cost in the Summary Project
Evaluation Report for couplers. The Magnitude of Affected Area portion of the
Summary Project Evaluation Report for the coupler project listing these scores

js shown in Table 4-16.

TABLE 4-16. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
MAGNITUDE OF AFFECTED AREA

MEASURE SCORE
E. MAGNITUDE OF AFFECTED' AREA

- - -

SAFETY
COST

ar

4.3.3 Potential Impact on Area Through R&D in General

The Potential Impact ot Area Through R&D in General represents the percent-
age of the affected areas which can be improved through all possible research
activity. The data elements in this measure area are jidentical to those of
the previous measure: fatalities, injuries, property damage, operating costs,

and other costs.
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Basic Project Information Form

The information required to complete the Basic Project Information Form on
Potential Impact on Area Through R&D in General are the percent?ge impacts on
fatalities, injuries, property damage, operating costs, and other costs possi-

ble by all research in general. This required information is shown in Table

u-17.

TABLE 4-17. BASIC PROJECT INFORMATION FORM - POTENTIAL IMPACT ON AREA THROUGH
R&D IN GENERAL

C. POTENTIAL IMPACT ON AREA THROUGH R&D IN GENERAL

§ of Fatalities in Magnitude of Affected Ares
g of Injuries in Magnitude of Affected Ares

g of Property Damage in Magnitude of Affected Area
% of Operating Costs in Magnitude of Affected Area
§ of Other Costs in Magnitude of Affected Area

In the analysis of each project, the percentages of the values listed in the
Magnitude of Affected Area which are impacted by the results of résearch on
fatalities, casualties, property damage, operating costs and other costs are
determined separately. For example, individual cause and occurrence codes for
casualties in the FRA Accident/Incident data base are examined to estimate the
extent to which casualties could be reduced by research. Similarly, cost data
are investigated to determine impacts on various elements of cost, such as
maintenance, inspection, or fuel costs. These analysis results, expressed as
percentage impacts, are entered in the Basic Project Information Form shown in

Table U4-17.
For the Coupling Optimization Project example, the percentage impact on

injuries and fatalities was estimated by examining the number of casualties

listed in the individual occurrence codes reported to FRA for casualties
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during coupling and uncoupling, jneluding air hoses. The result of this
investigation was an estimate of 50 percent of the coupler related casualties
could be prevented by a new coupler. These values are entered in the Basic

Project Information Form as shown in Table 4-18.

TABLE 4-18. BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT - POTENTIAL
IMPACT ON AREA THROUGH R&D IN GENERAL : _

C. POTENTIAL IMPACT O AREA THROUGH R4D IN GENERAL

50 % of Fatalities in Magnitude of Affected Ares
¢ of Injuries in Magnitude of Affected Ares
§ of Property Damage in Magnitude of Affected Ares
§ of Operating Costs {n Magnitude of Affected Ares
o’ of Other Costs in Magnitude of Affected Area

Most of the property damage for coupler related accidents is for broken or
defective coupler parts rather than mismatched couplers during coupling. It
is estimated that a new coupling system would reduce coupler related property
damage by 25 percent. Twenty-five percent of the annual $15 million in coup-
ler related property damage determined in Section 4.3.2 is $3.8 million. A
20-year phase-in period for a new coupler system is assumed, which implies
that 5 percent of the fleet receives new couplers each year. The present
value of the property damage savings while adding 5 percent of the impact each
year is $12 million. This is present value over 20 years using a 10 percent
discount rate. $12 million ;s 9 percent of the $130 million present value of
amount of property damage 1isted in Table u-10. This value of 9 percent

impact on property damage has been entered in Table 4-18.

The estimate of the impact of a new coupler on labor costs is based on the
number of cars processed through yards annually and an estimated savings of 5

minutes of labor each time a car passes through a yard. The number of daily
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switching operations is taken to be 910,000 (Ref. 4), and a labor cost of
$9.93 per hour (1978 dollars) is estimated from values given in Reference 5.
The estimated savings for labor with a new coupling system is, then, $275

million annually once the coupler system is completely implemented.

It was determined in Sectionluﬁ3.2 that the value of the car time involved
in yard switching activities in which couplers play a part was $600 million.
It is estimated that an advanced coupler system could reduce the car time
involved in switching, and hence the $600 million, by 25 percent once the
coupler system was completely implemented. (A reduction of 25 percent of the
time cars spend related to switching represents approximately a 5 percent
reduction of the total time cars spend in yards. Since an average car spends
approximately 20 hours for each processing through a yard (Ref. 6), the assump-
tion is equivalent to a one-hour decrease in yard time.) A 25 percent reduc-

tion of $600 million is $150 million.

The sum of the $275 million yard labor savings and $150 million car time
savings is a $375 million savings in operating costs. The coupler system is,
however, assumed to be implemented over a 20-year period. The 20-year present
value of the operating cost savings with 5 percent of the impact added each
year is $1,200 millidén. $1,200 million is 6 percent of the present value of
the $19,600 million in coupler related operating costs listed in Table 4-10.
The value of 6 percent impact on coupler related operating costs has been
entered in Table 4-18. There were $0 other costs listed in Table 4-10 for
couplers, and, thus, 0 percent is entered in Table 4-18 for impact on other

costs.
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Detailed Project Description Report

The information completed in the Basic Project Information form is listed
for the user in the Detailed Project Description Report. Tablé 4-19 shows the
part of this report pertaining to Potential Impact on Area Through R&D in

General.

TABLE U4-19. DETAILED PROJECT DESCRIPTION REPORT - POTENTIAL IMPACT ON AREA
THROUGH R&D IN GENERAL

SECTION C. POTENTIAL IMFACT ON AREA
THROUGH R&D IN GENERAL
Fatalities 50 X
Induries S0 %
Frorerty Damase
Orerating Costs
Other Costs

o090
RRR

The values in the table are for the Coupling Optimization Project example.

These values were listed in Table 4-18.

Intermediate Project Evaluation Report

The format of the Potential Impact on Area Through R&D in General part of

the Intermediate Project Evaluation Report is shown in Table U4-=20.

TABLE 4-20. INTERMEDIATE PROJECT EVALUATION REPORT - POTENTIAL IMPACT ON AREA
THROUGH R&D IN GENERAL

MEASURE SCORE

c. FOTENTIAL IMFACT ON aREA
THROUGH R&D IN GENERAL

1 Fatalities

2 IndJuries

3 Froeperty Damade

4 Oreratina Costs

5 Other Costs

The 5 values of percent impact on fatalities, injuries, property damage, oper-

ating cost and other costs listed in the Detailed Project Description Report
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(see Table 4-19) are converted to 1 to 5 rating scores and entered in

Table 4-20. The percentages are assigned scores accorping to Table 4-21.

TABLE 4-21. RATING SCORES FOR INTERMEDIATE PROJECT EVALUATION REPORT -
POTENTIAL IMPACT ON AREA THROUGH R&D IN GENERAL

Score 4 Potential Impact
1 LT 2%
2 2% - u%
3 5% - 9%
y 10% - 2u4%
5 GT 2u%

The scores for the percentages were selected such that the various FRA

research projects would display a full range of the 1 to 5 values.

In the Coupling Optimization Project example, the impact percentages
listed in Table 4-19 are 50 percent for fatalities, 50 percent for 1njuries,
9 percent for property damage, 6 percent for operating costs, and b percent
for other costs. Using Table 4-21, these values are converted to scores of 5

for fatalities, 5 for injuries, 3 for property damage, 3 for operating costs,
and 1 for other costs. The completed Intermediate Project Evaluation Report

for couplers is shown in Table U4-22,

TABLE 4-22. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
POTENTIAL IMPACT ON AREA THROUGH R&D IN GENERAL

MEASURE SCORE

C. FOTENTIAL IMFACT ON AREA
THROUGH R&D' IN GENERAL

C.1 Fatalities

C:2 Induries

C.3 Frorerty Damade

C.4 Orerating Costs

..5 Other Costs

ol
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Summary Project Evaluation Report

The format of the Summary Report is shown in Tablexu-23.

TABLE 4-23. SUMMARY PROJECT EVALUATION REPORT - POTENTIAL IMPACT ON AREA
THROUGH R&D IN GENERAL

MEASURE SCORE

c. FOTENTIAL IMPACT ON AREA
THROUGH RED IN GENERAL

SAFETY
cosT

The Summary Project Evaluation Report summarizes the Intermediate Project
Evaluation Report data elements into two composite 1 to 5 scores: one for
safety and one for costs. The safety Summary score represents a weighted
average percent impact whereby the percent impact for fatalities is weighted
100 times that of injuries. This is consistent with the comparison of
fatalities and injuries in the Magnitude of Affected Area. The formula for

calculating the safety percentage impact is:

Safety _ (% fat. impact x no. fat, x 100)+(% inj. impact x no. inj.)
Percentage ([no. fatalities x 100] + no. injuries)

The values of number fatalities and injuries and percent impacts on fatalities
and injuries are listed in the Detailed Project Evaluation Reports (see Table
4-10 for number of casualties and Table 4-19 for percent impacts). The result-

ing weighted average casualty percentage is converted to a 1 to 5 score using
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TABLE 4-24. RATING SCORES FOR SUMMARY PROJECT EVALUATION REPORT - POTENTIAL
IMPACT ON AREA THROUGH R&D IN GENERAL

Score ¢ Potential Impact
1 LT 2%
2 2% - u%
3 5% - 9%
y 10% - 24%
5 GT 2u%

The Summary Project Evaluation Report cost score represents a weighted .
average percent impact of all of the cost data elements. The percentages are

weighted by the dollar amounts within each data element as follows:

Cost _ (%impact x prop dam)+(% impact x op costs)+(%impact x other costs)
Percentage ~ (prop dam + operating costs + other costs)

This resulting weighted average cost percentage is also converted toa1to5

score using Table 4-24 presented above.

The values of the percent impacts for the Coupler Project example are
listed in Table 4-19, and the magnitudes of areas are listed in Table 4-=10.
These values are used in the above formulae to calculate the summary casualty

percentage and cost percentage.

Safety _ [t50%) x (5 fat.) x 1007 + [(50% inj.) x (2500 inj.)]

Percentage ~ (5 fat. x 100 + 2500 inj.) = 50%
Cost _[(9%) x ($130M)] + [(6%) x ($19,600M) ] - 61
Percentage ~ ($130M + $19,600M) -

Using Table 4-24, the 50% safety percentage is assigned a score of 5 and the
6% cost percentage is assigned a score of 3. These scores are listed in the

Summary Project Evaluation Report for couplers as shown in Table 4-25.
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TABLE 4-25. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT - POTENTIAL
IMPACT ON AREA THROUGH R&D IN GENERAL

MEASURE SCORE *

c. FOTENTIAL IMPACT ON AREA
THROUGH RiD IN GENERAL

o

SAFETY
cosT

[FRL]

4.3.4 Effect of Specific Research Project in Achieving Potential R&D Impact
This measure area carries the concept of the previous two measures down to

the specifiec, current research project. It evaluates the degree to which the

specific research under consideration will contribute to the potential impact

from R&D in general.

Basic Project Information Form

The information required for the Basic Project Information Form is shown

in Table 4-26.

TABLE 4-26. BASIC PROJECT INFORMATION FORM - EFFECT OF SPECIFIC RESEARCH
PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

p. EFFECT OF SPECIFIC RESEARCH PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

g Effect of Specific Research Project in Achieving Potential R&D Impact

The completion of this form requires an estimate of the percent of all
research included in Potential Impact on Area Through R&D in General (see

Section 4.3.3) which would be accomplished by the specific R&D project being

evaluated. For example, if the research was on brakes and the specific
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project was on brake shoes, a value of 10 percent might be assigned to the
effect of the specific project on completing research on brakes in general.

In this case, the specific research subject (i.e., br;ke shoesl,is only one of
several possible research tOpicslaffecting brakes. Another influence on this
project evaluation measure is that the specific project may address only part
of the sequence of research that needs to be performed on the subject. For
example, a concept deéinition study on brake system improvements might be
assigned 5 percent since this is only a small part of the research steps

required to complete research on brakes.

The current research on the Coupling Optimization Project is intended
primarily to clarify benefit-cost considerations. While an important step in
the research effort on couplers, this specific project represents only a small
Iportion of the total research and development which will be necessary to
result in an implementable advanced coupler. The effect of the sbecific
Coupling Optimization Project is estimated to be 4 percent. The Basic Projeét
Information Form completed for the Coupling Optimization Project on the effect

of the specific project is shown in Table 4-27.

TABLE 4-27. BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT - EFFECT OF
SPECIFIC RESEARCH PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

D. EFFECT OF SPECIFIC RESEARCH PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

4 § Effect of Specific Research Project in Achieving Potential R&D Impact

Detailed Project Description Report

The single data element of percent effect of the specific project is pre-

sented in the Detailed Project Description Report as is shown in Table 4.28.
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TABLE 4-28. DETAILED PROJECT DESCRIPTION REPORT - EFFECT OF SPECIFIC RESEARCH
PROJECT IN ACHIEVING POTENTIAL R&D IMPACT,

SECTION D. EFFECT OF SPECIFIC RESEARCH PROJECT
’ IN ACHIEVING POTENTIAL R3D IMFACT:

Effect of Seecific Research ProJect
in Achievins Potential R & D Impact 4 %

This table shows the percentage determined for the Coupling Optimization

Project example in the preceding discussion.

Intermediate Project Evaluation Report

The Intemediate Project Evaluation Report format is shown in Table 4-29.

TABLE 4-29. INTERMEDIATE PROJECT EVALUATION REPORT - EFFECT OF SPECIFIC
“ RESEARCH PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

MEASURE SCORE

D. EFFECT OF SPECIFIC RESEARCH FROJECT
IN ACHIEVING FOTENTIAL R3DN IMFACT

I.1 Effect of Srecific Frodect in
Achievina Fotential R2D Imract

This report is completed by converting the percent effect of the specifie
project to a 1 to 5 score. Table 4-30 presents the rating scores assigned to

various ranges of percent effects.
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TABLE 4-30. RATING SCALES FOR INTERMEDIATE PROJECT EVALUATION REPORT -
EFFECT OF SPECIFIC PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

Rating 5 Effect

LT 2%
2%-4%
5%-9%
10%-24%
GT 2u3

N EWN =

For the Coupling Optimization Project example, the U percent effect of
specific project (see Table 4-23) is assigned a score of 2 by using Table
4-30. Thus, the completed Intermediate Projeet Evaluation Report for the

coupler project is shown in Table 4-31.

TABLE 4-31. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
EFFECT OF SPECIFIC RESEARCH PROJECT IN ACHIEVING POTENTIAL
R&D IMPACT

MEASURE SCORE

b, EFFECT OF SFECIFIC RESEARCH FROJECT
IN ACHIEVING FOTENTIAL RE&D IMFACT

It,1 Effect of Srecific FroJect in
Achieving Fotential R&D Imract

rJ

Summary Project Evaluation Report

The same score for the effect of the specific project is contained in the
Summary Project Evaluation Report as is in the Intermediate Project Evaluation

Report. The format for the Summary Project Evaluation Report is shown in

Table 4-32.
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TABLE 4-32. SUMMARY PROJECT EVALUATION REPORT - EFFECT OF SPECIFIC RESEARCH
PROJECT IN ACHIEVING POTENTIAL R&D IMPACT,

MEASURE SCORE

D. EFFECT OF SFECIFIC RESEARCH FROJECT
IN ACHIEVING FOTENTIAL R&Ll' IMFACT

The score of 2 determined for the Coupling Optimization Project example is

shown in Table 4-=33.

TABLE 4-33. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT - EFFECT
OF SPECIFIC RESEARCH PROJECT IN ACHIEVING POTENTIAL R&D IMPACT

MEASURE SCORE

D. EFFECT OF SFECIFIC RESEARCH FROJECT
IN ACHIEVING FOTENTIAL R&Dl IMPACT

r

4,3,5 Likelihood of Research Success

This project evaluation measure provides an evaluation of the likelihood
of research success by consideration of a variety of factors which affect a
successful research outcome. The measure is concerned with the specific
current research project as discussed in Section 4.3.U4 rather than research in
general on the topic. Twelve factors are involved in the determination of the
likelihood of research success. These factors are listed in Table 4-34 which

presents the Basic Project Information Form for Likelihood of Research Success.
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TABLE 4-34., BASIC PROJECT INFORMATION FORM - LIKELIHOOD OF RESEARCH SUCCESS

E. LIKELIHOOD OF RESEARCH SUCCESS

Requirements which could impede performance of research project:
none soderate major :

-
.

detailed information and/or cooperstion from
industry organizstions

detailed information and/or cooperation from
specific railroads or suppliers

concensus or coordinsted joint sction by
govermaent and industry

use of major DOT test facility

use of other (non=DOT) test facility

significent revenue service testing or other
rallroad trial use .

testing raises significant lisbility issuves

use of skills and capabilities which are not
readily available

data not readily availadle

0. extension beyond state-of=the-art technology
or knowledge

11, integration of numerous elements

12. dependence on other research

- o -4 on - w [
« . e o« s o . .

In the completion of the form, each factor is marked as having a major, moder-
ate, or none to indicate the effect the factor has on the likelihood of
successful completion of the current research project. Each of the twelve
factors can be viewed as a requirement for research, and thus, a possible
impediment to research completion. The more of these factors marked moderate
or major, the more difficult it is likely to be to fully complete the research
project. The form is completed by qualitatively analyzing how each of these

factors pertains to.the particular project.

The current research effort on couplers involves a benefit-cost analysis
of possible coupler concepts. For this type of research analysis, there is a

moderate requirement for information and/or cooperation from industry organi-
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zations and from specific railroads or suppliers (i.e., items 1 and 2 in Table
4-34), The completed Basic Project Information Form~for the cpupler project

example is shown in Table §-35.

TABLE 4-35, BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT - LIKELIHOOD
OF RESEARCH SUCCESS

. LIFELIHOOD OF RESEARCH SUCCESS
Requirements which oould impede performance of research project:
none moderste major

X 1. detailed information and/or cooperation from
industry organizations

detailed information and/or cooperation from
specific railroads or suppliers

econcensus or coordinated joint action by
government and industry

use of major DOT test facility

use of other (non=DOT) test facility

significant revenue service testing or other

X

w ~N
. .

b b o to]

railrosd trisl use

testing raises significant 1iability issues

use of skills and capabilities which are not
resdily available

data not readily available

0. extension beyond state=ofetheeart technology

or knowledge
11. integration of numerous elements
12, depsndence on other research

E B

-0 o -3 o\ i
. . = A

B

td tal

Detailed Project Description Report

The factors affecting likelihood of research success which were marked on
the Basic Project Information Form are displayed for the user in the Detailed

Project Description- Report. Only the factors marked moderate or major are
listed to simplify this report. This report is illustrated in Table 4-36

using the coupler project as an example,
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TABLE 4-36. DETAILED PROJECT DESCRIPTION REPORT - LIKELIHOOD OF
RESEARCH SUCCESS

SECTION E. LIKELIHOOD OF RESEARCH SUCCESS:

Reauirements that Could Iapede Performance:
MAJOR
MODERATE
Detailed Information and/or Cooereration from
Industry Orsanizations
Detailed Information and/or Cooreration from
Specific Railroads or Sueerliers

Intermediate Project Evaluation Report

The 12 factors relating to likelihood of research success listed in Table
4-34 are integrated into 5 general categories and assigned 1 to 5 rating
scores for the Intermediate Project Evaluation Report. The format for this

report is shown in Table 4-37.

TABLE 4-37. INTERMEDIATE PROJECT EVALUATION REPORT - LIKELIHOOD OF
RESEARCH SUCCESS

MEASURE SCORE
E. LIKELIHOODI OF RESEARCH SUCCESS

Inderendence from Factors
Affecting Success!?
E.1 Industry FParticiration
E.2 MaJor Test Fhase
E.3 Srecial Resources
E.4 MadJor Technical Advance
E.S Other Factors

-~

The process for determining the rating scores for each of the 5 data elements

listed in Table 4-37 is shown in Figure 4-1.
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1. Assign
Probability of

Success to Each

Research Success

Factor

2, Group 3. Multiply &. Determine
Rassarch Success Probabilities 1 to 5 Rating
Factors into 5 for R o s for Rach
Categories Success Factors Category

in Rsch Group

FIGURE i-1.

PROCEDURE FOR DETERMINING RATING SCORES FOR
LIKELIHOOD OF RESEARCH SUCCESS

The procedure is described in detail below.

Step 1.

Each of the twelve factors relating to likelihood of research success

(see Table 4-34) is assigned a probability of success according to whether the

factor was marked major, moderate, or none.

The 12 factors are listed in

Table 4-38 with the numbers in parentheses representing the probability

assigned to each factor for a response of major, moderate, or none,

respectively.

TABLE 4-38.
Probability
(Major/

Moderate/None)

1. (.80/.90/1.0)

2. (.50/.75/1.0)

3. (.50/.75/1.0)

§, (.80/.90/1.0)

5. (.80/.90/1.0)

6. (.80/.90/1.0)

7. (.50/.75/1.0)

8. (.50/.75/1.0)

9., (.80/.90/1.0)

10. (.50/.75/1.0)
11, (.80/.90/1.0)
12. (.50/.75/1.0)

PROBABILITIES FOR LIKELIHOOD OF RESEARCH SUCCESS FACTORS

Detailed information and/or cooperation from industry
organizations

Detailed information and/or cooperation from specific
railroads or suppliers

Consensus or coordinated joint action by Government and
industry

Use of major DOT test facility

Use of other (non-DOT) test facility

Significant revenue service tests or other railroad
trial use

Testing raising significant liability issues

Use of skills and capabilities which are not readily
available

Data not readily available

Extension beyond state-of-the-art technology or
knowledge

Integration of numerous elements

Dependence on other research
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Step 2. The twelve factors are grouped into five categories as shown below in

Table 4-=39.

TABLE 4-39. CATEGORIES OF LIKELIHOOD OF RESEARCH SUCCESS FACTORS

Category Factors Included
Industry participation 1.2,3
Major test phase . 4,5,6,7
Special resources 8,9
Technology advance 10
All other factors 11,12

Step 3. The probabilities associated with the factors in each category are
multiplied together to calculate a composiée probability for each category.
For example, if factors 1, 2, and 3 have probabilities of .80, .75, and 1.0
assigned, respectively, then the probability for Industry Participation is
(.80) x (.75) x (1.0) = .60,

Step 4. The final step in the process is to convert these resu1£ing probabil-
jties into 1 to 5 scores. Table 4-40 shows the scores assigned to each cate-
gory of likelihood of research success depending on the composite probability

calculated in Step 3.

TABLE 4-40. RATING SCORES FOR LIKELIHOOD OF RESEARCH SUCCESS -
.~ INTERMEDIATE PROJECT EVALUATION REPORT

Score Probability

.00 - .09
.10 - .24
.25 - .49
.50 - .79
GT .79

NEWN =

The example probability of .60 calculated in Step 3 would receive a score of 4,
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For the coupler project example, two factors in Table 4-4Y4 were marked
moderate. The calculation of the 1 to 5 scores is exﬁlained below using the U

steps shown in Figure 4-1.

Step 1. According to Table 4.38, the two factors marked moderate (1. de-
tailed information and/or cooperation from industry organizations, and

2. detailed information and/or cooperation from specific railroads or
suppliers) are assigned probabilities of .90 and .75, respectively.

Step 2. Both factors fall within the category Industry Participation in

Step 3. The product of .90 and .75 is .675 for the category Industry
Participation. All of the other categories have a probability of 1.0
since the other factors were marked "none" for the Coupling Optimization
Project.

Step 4. A .675 for Industry participation is assigned a score of y
according to Table L4-40, and the other categories are assigned 5 since

their probability products are 1.0.

The completed scores for the Coupler Project example are shown in

Table u4-41,

TABLE 4-41. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
LIKELIHOOD OF RESEARCH SUCCESS

MEASURE SCORE
Es LIKELIHOODI OF RESEARCH SUCCESS

Inderendence from Factors
Affecting Success:

E.1 Industry Farticiration

E.2 MaJor- -Test Fhase

E.3 Srecial Resources

E.A4 MaJor Technical Advance

E.S Other Factors

aAaaad
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Summary Project Evaluation Report

The Summary Project Evaluation Report format is s@own in Table 4-42.

TABLE 4-42. SUMMARY PROJECT EVALUATION REPORT - LIKELIHOOD OF RESEARCH SUCCESS

MEASURE SCORE

E. LIKELIHOOD OF RESEARCH SUCCESS

A single 1 to 5 score is calculated by multiplying the probabilities deter~
mined for the 5 categories of research success in the Intermediate Project
Evaluation Report. This probability is converted to a 1 to 5 score using

Table 4-43.

TABLE 4-43, RATING SCORES FOR LIKELIHOOD OF RESEARCH SUCCESS -
SUMMARY PROJECT EVALUATION REPORT

Score Probability
1 .00 - .09
2 .10 - .24
3 .25 - .49
u .50 - .79
5 GT .79

For the Coupling Optimization Project example, Industry Participation
category had a probability of .675 and the other U categories probabilities of
1.0. The product of these is .675. By using Table u-43, a score of 4 is

assigned as shown in Table 4-U44.
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TABLE 4-44. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
LIKELIHOOD OF RESEARCH SUCCESS g

MEASURE SCORE

E. LIKELIHOOD OF RESEARCH SUCCESS 4

4,3.6 Economy of Research Effort

This project evaluation measure provides information on the cost and dura-
tion of the research effort. In keeping with the scoring philosophy of a 5
representing the score most favorable for research, a high score represents a
low cost or a short duration project. Accordingly, this evaluation measure is

called economy of effort rather than magnitude of effort.

Basic Project Information Form

The information needed to complete the Basic Project Information Form for

Economy of Research Effort is shown in Table 4-45,

TABLE 4-45. BASIC PROJECT INFORMATION FORM - ECONOMY OF RESEARCH EFFORT

F. ECONOMY OF RESEARCH EFFORT

3 Cost (8 thousands)
™Y Duration (years)

The estimation of the cost for the specific research project and the duration

of the research project is required to fill in this form.

For the Coupling Optimization Project example, the cost of the current

research related to benefit-cost analysis of possible coupler design improve-

ments is approximately $200,000 with a project duration of approximately 3
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years. The Basic Project Information Form for the coupler project example is

shown in Table 4-46,

TABLE 4-46. BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT - ECONOMY OF
RESEARCH EFFORT

F. ECONOMY OF RESEARCH EFFORT

$_ 200 Cost (§ thousands)
3 Duration (yesrs)

Detailed Project Description Report

In the Detailed Project Description Report, these two data elements are
reported directly as dollar costs and time in years. Table 4-47 shows this

portion of the Detailed Project Deseription Report.

. TABLE 4-47. DETAILED PROJECT DESCRIPTION REPORT - ECONOMY OF RESEARCH EFFORT

SECTION F. ECONOMY OF RESEARCH EFFORT:

Research Cost $ 200K
Research Duration 3 wears

The information determined for the coupler project example is presented in

this table.

Intermediate Project Evaluation Report

Table U4-48 shows the format for the Intermediate Project Evaluation Report

for Economy of Research Effort.
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TABLE u4-48. INTERMEDIATE PROJECT EVALUATION REPORT - ECONOMY OF RESEARCH EFFORT

MEASURE " SCORE
F. ECONOMY OF RESEARCH EFFORT

F.1 Research Cost
%X Research Duration

To complete the report, the numerical values of cost and duration of the

research project are converted to a 1 to 5 score according to Table 4=49,

TABLE U4-49, RATING SCALES FOR INTERMEDIATE PROJECT EVALUATION REPORT -
ECONOMY OF RESEARCH EFFORT

Rating Cost ($millions) Duration (years)
1 GE $5.0 GT 4
2 3.0 - 4.9 3
3 1.5 = 2.9 2
4 5= 1.4 1
5 LT .5 LT 1

' The cost and duration for the current coupler research project were
reported in Table u4-30 as $200,000 and 3 years. These values are converted to
scores of 5 and 2, respectively, using Table 4-49, The completed Intermediate
Project Evaluation Report for the Coupling Optimization Project example is

shown in Table 4-50.

TABLE 4-50. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
ECONOMY OF RESEARCH EFFORT

MEASURE S SCORE
F. ECONOMY OF RESEARCH EFFORT

F.1 Research Cost
%* Research Duration

a
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Summary Project Evaluation Report

In the Summary Project Evaluation Report, the score for the research cost
is reported alone since the research cost is the most important consideration
for the later calculation of a composite research cost-effectiveness rating
for a project. The format for the Summary Project Evaluation Report is shown

in Table 4-51.

TABLE 4-51. SUMMARY PROJECT EVALUATION REPORT - ECONOMY OF RESEARCH EFFORT

MEASURE SCORE
Fo ECONOMY OF RESEARCH EFFORT

The same score for research cost reported in the Intermediate Project Evalua-

tion Report (see Table 4-U48) is shown in this table.

The research cost score of 5 determined for the Coupling Optimization

Project example (see Table 4-50) is presented in Table X-52.

TABLE 4-52, SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT - ECONOMY
OF RESEARCH EFFORT

\‘HEASURE SCORE

Fe ECONOMY OF RESEARCH EFFORT S

4,3.7 Ease of Implementation

The Ease of Implementation project evaluation measure evaluates both quan-
titative aspects of implementation (implementation cost and duration) and
qualitative aspects (e.g., compatibility with existing equipment, industry
consensus regarding interchange of new equipment, and employee sensitivity).
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Basic Project Information Form

The ease of implementation is determined by considering:
factors which address the qualitative considerations affecting Ehe likelihood
of research results being implemented; (2) the implementation cost; and (3)
duration of the implementation process.

1isted in Table 4-53, the part of Basic Project Information Form for Ease of

Implementation.

TABLE 4-53. BASIC PROJECT INFORMATION FORM - EASE OF IMPLEMENTATION

G. EASE OF IMPLEMENTATION

$ Industry-wide Capital Required (8 millions)
Estimated Implementation Time (years)

Transition Process Requires:
none moderate major

1.
2.
3.
4.
5.
6.

Ts
8.

9.
10,

Industry concensus

Industry=wide equipment/system compatibility

Industry-wide data/information exchange

Major demonstration phase

Industry scceptance testing

Developnent of new suppliers and/or supplier
cepabilities

Federal safety regulation

Confliet with industry trends

Industry hardware development effort

Significant expenditures by government agency

Implementation will result in significant changes in the following equipment

and operations:

none moderate major

==

Voo eswn =
. e s e s s @

- s
—-O .
b

Rolling stock equipment
Facilities

Train operations

Practices and procedures
Industry standards
Inter-railrosd cooperation
Safety regulations
Economic regulations
Environmental regulations
Locomotives

. Maintenance procedures

Isplementation will result in the following changes affecting potential labor

soceptability:
none moderste msjor

1.
2.
3.

Reduction of labor force
Skill mix
Work rules
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The analysis of any particular research project would estimate the cost
and duration of the implementation process as well as assign to each of the 24
implementation factors a response of major, moderate, or none according to the
extent to which the factor pertains to the implementation process. The cost
is expressed as the present value of the implementaton costs over the imple-

mentation duration period.

For the coupler project example, the incremental cost of a new coupler
over the cost of existing couplers is estimated to be $1000 per car. A
20-year implementation period has been assumed with 5 percent of the fleet of
1.65 million cars (Ref. 5) being equipped each year. For a 10 percent dis-
count rate, the present value of this implementation cost is $700 million.
Industry consensus, industry-wide equipment .compatibility, a major demonstra-
tion phase, and industry acceptance testing would be required for the transi-
tion process leading to implementation of a new coupler., Some changes in
safety regulations would be necessary along with some modifications in labor
operations since coupling would be more automatic and require less labor time.
The completed Basic Project Information Form for the coupler project example

is presented in Table 4-54.
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TABLE 4-U48., BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT -
EASE OF IMPLEMENTATION .

G. PEASE OF IMPLEMENTATION

$_700 Industry=wide Capital Required ($ millions)
g 20 Estimated Implementation Time (years)

Transition Process Requires:
none moderste major

X 1. Industry concensus
X 2. Industry-wide equipment/system compatibility
X 3. Industry-wide date/information exchange
X 4, Major demonstration phase
X 5. Industry scceptance testing
X 6. Development of new suppliers and/or supplier
ocapabilities
X 7. Federal safety regulation
X 8. Conflict with industry trends
X 9. Industry hardwere development effort
X 10. Significant expenditures by government agency

lmplementation will result in significant changes in the following equipment
and operations:

none moderate wmajor

X 1. Rolling stock equipment
X 2., Facilities
X 3. Train operations
X 4, Practices and procedures
X
X

5. Industry standards

6. Inter-railrosd cooperation
7. Safety regulstions

8. Economic regulstions

9. Environmental regulstions
10. Locomotives

11. Maintenance procedures

2

e 1% |2 1t

Implementation will result in the following chenges affecting potential labor
sooeptability:

none wmoderste major

X 1. heduction of labor force
X 2. Skill mix
X 3. Work rules

Detailed Project Description Report

The information-contained in the Basic Project Information Form is dis-
played for the user in the Detailed Project Description Report as shown in

Table 4-55.
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TABLE 4-55. DETAILED PROJECT DESCRIPTION REPORT - EASE OF IMPLEMENTATION

SECTION G. EASE OF INPLEMENTATION?

CAPITAL REOQUIREDR (Industrv-wide): ¢ 700M
ESTIMATED IMPLEMENTATION TIME!: 20 wvesrs

TRANSITION PROCESS REOUIREMENTSS
MAJOR
Indystry Consensus
Industry-wide Equisment/Swstem Comratibility
Major Demonstration Fhase
Industry Accestance Testing
MODERATE
Federal Safetw Redulation
Industry Harduare Develorment Effort

IMFLEMENTATION WILL AFFECT CHANGES IN?
MAJOR

Rolling Stock and Eaquirment
MODERATE

Fractices and Procedures
Industry Stardards
Safety Redulations

IH::SSENTATIDN CHANGES AFFECTING FOTENTIAL LABOR ACCEFTARILITY!

MODERATE

Reduction of Labor Force
Work Rules

The table uses the coupler project as an example of the report cogtent. Only
implementation factors in the Basic Project Information Form marked major or

moderate are listed to simplify the report content.

Intermediate Project Evaluation Report

The format of the Intermediate Project Evaluation Report is shown in

Table 4-56.

TABLE 4-56. INTERMEDIATE PROJECT EVALUATION REPORT - EASE OF IMPLEMENTATION

MEASURE
G. EASE OF IMFLEMENTATION

G.1 Carital Considerations

G.2 Imrlementation Sreed

G.3 Tranmsition Frocess Simrlicity
604

G.S

SCORE

Compat.w.Existing Equir & Ors
Fotential Labor Accertability
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The rating scores for Capital Considerations and Implementation Speed are

determined from look-up tables, and the scores for the other three data

elements in Table 4-56 are determined by a procedure similar to that used in

Likelihood of Research Success.

The procedure is illustrated in Figure 4-2.

1. Determine
1 to S Rating
Score for
lsplementation
Cost & Duratiom
From Look-up
Table

2. Assign
Inplementation
Probability

to Each
Implementation
Factor

3. Grouwp
Inplementation
Factors into

3 Categories

4. Multiply
Probabilities
for
Implaaentation
Factors in Each
Category

5. Determina
1l to 5 Rating
Score for Each
Cactagory from
Look=-up Table

FIGURE 4=2.

PROCEDURE FOR DETERMINING RATING SCORES FOR EASE OF IMPLEMENTATION

The steps for this procedure are explained in detail below.

Step 1. The implementation cost and duration from Table U4-55 are converted to

1 to 5 scores using the rating scores in Table 4-57.

TABLE 4-57. _RATING SCORES FOR IMPLEMENTATION COST AND DURATION

Score

U EwWw -

Implementation Cost

Implementation Duration

GE $1B

300M - .9B
100M - 299M
30M - 99M
LT 30M

GT 15 years
11 = 15 years
T - 10 years
3 - 6 years
LT 3 years

Step 2. Each implementation factor with a major response (see Table U4-55) is

assigned a probability of .75 and each implementation factor with a moderate

response is assigned .90, except that the implementation factors concerned
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with Potential Labor Acceptability are assigned .50 for major and .80 for

moderate. If a factor was marked none, it is assigned 1.0.

Step 3. The implementation factors are grouped in the categories in which
they are listed in Table 4-55. The labels of these categories for the
Intermediate Project Evaluation Report are Transition Process Simplicity;
Compatability with Existing Equipment and Operations, and Potential Labor

Acceptability, respectively.

Step 4. For each of the 3 categories, the probabilities assigned to each

factor are multiplied together to form a product probability for each category.

Step 5. The product probabilities for each of the 3 categories are converted

to 1 to 5 scores by using the rating scores in Table 4-58.

TABLE 4-58. RATING SCORES FOR IMPLEMENTATION FACTORS

Score Probability

1T .20
.20 - .39
.40 - .59
.60 = .79
GR .79

VI W N -

The scoring scheme in this procedure is consistent with the overall philos-
ophy of a high score representing the conditions most favorable to a research
project. In this case, a high score is associated with a low implementation
cost, a short_implementation duration, and the fewest potential implementation

impediments.
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The completion of this process for the Coupling Optimization Project

example is presented below.

Step 1. The implementation cost and duration for a new coupler system
were listed in Table u4-55 as $700 million and 20 years, respectively.

Using Table u4-58, these are converted to scores of 2 and 1, respectively.

Step 2. Five implementation factors listed as major in Table U=55 are
assigned probabilities of .75 and 5 factors listed as moderate are

assigned .90. In addition, 2 factors marked moderate under labor accept-

ability are assigned .80.

Step 3. Four factors marked major and 2 moderate in Table 455 are
grouped into Transition Process Simplicity, 1 factor marked major and 3

moderate are grouped into Compatibility with Existing Equipment and

Operations, and 2 factors marked moderate are grouped into Potential Labor

Acceptability.
Step 4. The U4 probabilities for factors marked major and 2 for moderate
are multiplied together to give a product probability of .26 for
Transition Process Simplicity.

(.75) x (.75) x (.75) x (.T5) x (.90) x (.90) = .26

Similarly, the product probability for Compatibility with Existing
Equipment and Operations is

(.75) x (.90) x (.90). (.90) = .55
and for Potential Employee Sensitivity,

(.80) x (.80) = .64.

Step 5. Using Table 4-58, the product probabilities of .26, .55, and .64

are converted to rating scores of 2, 3, and 4, respectively.

N

The completed Intermediate Project Evaluation Report for the Coupling

Optimization Project example is presented in Table 4-59.
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TABLE 4-59. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
EASE OF IMPLEMENTATION

MEASURE SCORE
G. EASE OF IMFLEMENTATION

i1 Carital Considerations

2 Implementation Sreed

3 Transition Process Simrplicity
4 Comrat.w.Existing Equir ¢ Ops
5 Fotential Labor Accertability

HWR L

Summary Project Evaluation Report

The format of the Summary Project Evaluation Report for Ease of

Implementation is shown in Table 4-60.

TABLE 4-60. SUMMARY PROJECT EVALUATION REPORT - EASE OF IMPLEMENTATION

MEASURE SCORE

G. EASE OF IMFLEMENTATION

The Summary Project Evaluation Report score is obtained in two steps. In
the first step, a preliminary 1 to 5 score is obtained by combining the 3 cate-~
gories of implementation factors related to potential implementation impedi-

ments. Then, this score is adjusted to account for the implementation cost

and duration.

Step 1. An overall probability is obtained by multiplying the probabilities
for the 3 categories of implementation factors determined in Step 4 for the
Intermediate Project Evaluation Report. This has the effect of reducing the

summary score as the number of impeding factors increases. This overall
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fraction is then converted to a preliminary 1 to 5 score according to Table

l"'61 .

TABLE 4-61. RATING SCORES FOR SUMMARY REPORT - EASE OF IMPLEMENTATION

Preliminary Score Overall Probability

LT .10
.10 = .29
.30 - .49
.50 - .69
GT .69

Ul =W =

Step 2. This preliminary score is adjusted to account for implementation cost

and speed in the following formula.

Summary round up to next highest
Level =X «[.25 x (6=Y)) = [.1 x (5=Z)] integer. 1If less than 1, set
score equal to 1,

where X = preliminary score calculated in Step 1 above.

Y

Intermediate Project Evaluation Report score for implementation cost.

z

Intermediate Project Evaluation Report score for implementation
speed.

This formula has the effect of lowering the score based on the implementation
factors when there “1s a high implementation cost and/or a long duration of
implementation. However, the primary determination of the score is based on
consideration of the 24 implementation factors. In the adjustment due to cost
and duration, a high cost is given more weight in reducing the score over a

high implementation duration.

The summary score for the Coupling Optimization Project example is calcu-

lated as follows.
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Step 1. The probabilities of .26, .55, and .64 determined for the 3 cate-
gories of implementation (see Step 4 of coupler example in Intermediate

Project Evaluation Report) are multiplied together.
(.25) x (.55) x (.64) = .09 ¥
Using Table 4-61, this is assigned a preliminary score of 1.
Step 2. The Intermediate Project Evaluation Report score was 2 for imple-

mentation cost and 1 for implementation speed (see Table 4-59). Using the
formula presented above, the summary score is calculated

Summary
Report
Score

1 =[.25 x (5=2)] = [.1 x (5=1)] = =.15

Summary
Report
Score

since 1 is minimum score allowed.

n
—

The completed Summary Project Evaluation Report for the coupler project exam-

ple is shown in Table 4-62.

TABLE 4-62. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
EASE OF IMPLEMENTATION

MEASURE SCORE

G. EASE OF IMFLEMENTATION 1

4,3.8 FRA Needs or-Commitments

This project evaluation measure assesses the importance of a research

project in terms of policy considerations.

Basic Project Information Form

Five data elements are considered in determining importance of a project
to FRA Needs and Commitments. These five data elements are listed in the

Basic Project Information Form in Table 4-63.

79



TABLE 4-63. BASIC PROJECT INFORMATION FORM - FRA NEEDS AND COMMITMENTS

B. FRA NEEDS OR COMMITMENTS

The ressarch meets explicit FRA objectives associated with:

very very
small small wmoderate large large

. Congressional interest or requirement

. Agreement with industry or explicit
industry request

. Specific DOT/FRA objective or
responsidbility

. Needs of other Govermment agencies
(which ones)

. Prior Funding Amount §
very small LT $300K

N W N

w

smell $300K - $9.9K
moderate $IM « $2,.9M
large $3M -~ $9.9M

very large GT or EQ $10M

Each of the 5 data elements is analyzed for its applicability to the specific
research project and is marked very small, small, moderate, large, or very
‘large to indicate the degree to which the data element applies. For prior
funding amount, a look-up table is provided to convert the amount to a very"

small through very large rating.

Input by FRA on this project evaluation measure is particularly important
since only FRA can properly assess the degree of commitment associated with
such factors. -

For the coupler project example, there is a moderate degree of agreement
with industry to conduct such a research project which reflects work done in
cooperation with the Association of American Railroads (AAR). The other data
elements have been marked very small. The completed Basic Project Information

Form for the coupler project is presented in Table 4-64.
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TABLE 4-64. BASIC PROJECT INFORMATION FORM FOR COUPLER PROJECT -
FRA NEEDS OR COMMITMENTS

H. FRA NEEDS OR COMMITMENTS
The resesrch meets explicit FAA objectives associated with:

very very
small small moderate large large
X . Congressional interest or requirement
. Agreement with industry or explicit
industry request
. Specific DOT/FRA odjective or
responsibility
X « Needs of other Government agencies
(which ones)
X §., Prior Funding Amount $ :
very small LT $300K
amall $300K - $9,.9K
moderate $IM - $2.9M
large $3M - $9.9M
very large GT or EQ $10M

X

X

o W N

Detailed Project Description Report

The information contained in the Basic Project Information Form is listed
for the user in the Detailed Project Description Report, as shown in

Table 4-65.

TABLE 4-65. DETAILED PROJECT DESCRIPTION REPORT - FRA NEEDS AND COMMITMENTS

SECTION H. FRA NEEDS OR COMMITMENTS:

Conaressional Interest:? Very Small
Agreement with Industru? Moderate

Needed bw DOT / FRA! Very Small
Imrortant to Other Govt.Asencwy:! Very Small
Frior Fundins! Very Small

X Amount: $ 100K

~

The coupler project is used as an example for this report.

Intermediate Project Evaluation Report

The format for the Intermediate Project Evaluation Report is shown in

Table U4-66.
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TABLE 4-66. INTERMEDIATE PROJECT EVALUATION REPORT - FRA NEEDS AND COMMITMENTS

MEASURE SCORE )
H. FRA NEEDS OR COMMITMENTS

PP ———— L ek

H.1 Consgressional Interest
H.2 Adreement with Industru
H.3 DOT / FRA Reauirement
H.4 Needed by Other Adency
H.S5 MaJor Frior Funding

In the Intermediate Project Evaluation Report, each of the five data ele-

ments is assigned a 1 to 5 score according to Table 4-67.

TABLE 4-67. RATING SCORES FOR FRA NEEDS AND COMMITMENTS

FRA Needs
Score or Commitments

very small
small
moderate
large

very large

Ul EWhN =

For the Coupling Optimization Project example, the one data element marked
moderate, Agreement with Industry, is assigned a score of 3 by using Table
4-67. The other data elements are assigned scores of 1. The completed
Intermediate Projeci\Evaluation Report for the Coupling Optimization Project

is shown in Table U4-68.
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TABLE u4-68. INTERMEDIATE PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
FRA NEEDS OR COMMITMENTS

MEASURE . SCORE
M. FRA NEEDS OR COMMITMENTS

H.1 Condgressional Interest
H.2 Agreement with Industry
H.3 [OT / FRA Reaquirement
H.4 Needed bgs Other Aderncy
H.S Mador Frior Funding

b b s G A

Summary Project Evaluation Report

The format for the Summary Project Evaluation Report is presented in

Table U4-69.

TABLE 4-69., SUMMARY PROJECT EVALUATION REPORT - FRA NEEDS OR COMMITMENTS

MEASURE : SCORE
H. FRA NEENS OR COMMITMENTS

A formula has been developed to combine all the 5 data element scores into

a single score to complete this table.

Summary Highest Intermediate (sum of remaining scores) -l truncate

Report = Report Score + 2 fractions to

Score next lowest
) integer

For example, if the scores for the 5 FRA Needs or Commitments data elements in
the Intermediate Project Evaluation Report are 2, 3, 2, 1 and 1, respectively,

the formula is:
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Summary
Report = 3+ (2+2+ 1+ 1) -4
Score 2

]

The Summary Report score is based on 2 cumulative effect of the 5
Intermediate Report data element scores whereby several moderately important
factors in the Intermediate Report can combine to form a higher Summary Report
score. The Summary Report score is specifically designed so that it is never
lower than the highest Intermediate Report score. If there are several mod-
erate or high scores in the Intermediate Report, the Summary Report score is

raised higher than the highest Intermediate Report score.

For the coupler project example, the 5 data element scores in the
Intermediate Project Evaluation Report are 1, 3, 1, 1, and 1, respectively

(see Table 4-68). Using the formula, the Summary Report score is determined.

Summary
Report = 3+ +1+1+1)-4 = 3
Score 2

The completed Summary Project Evaluation Report for the coupler project is
shown in Table 4-T0.

S

TABLE 4-TO. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
FRA NEEDS OR COMMITMENTS

MEASURE SCORE
H. FRA NEEDS OR COMMITMENTS 3
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u.3.9 Research Cost-Effectiveness

This project evaluation measure is the first of tgo composite project eval-
uation measures which are calculated by combining the previous .project evalua- '
tion measures. The composite project evaluation measures are presented only

in the Summary Projeect Evaluation Report.

Summary Project Evaluation Report

The format for the Summary Project Evaluation Report is shown in

Table 4-T1.

TABLE 4-71. SUMMARY PROJECT EVALUATION REPORT - RESEARCH COST-EFFECTIVENESS

MEASURE SCORE
I. RESEARCH COST-EFFECTIVENESS RATING

SAFETY
COST

To complete the table, 1 to 5 rating scores are determined separately for
safety and cost. Safety includes fatalities and injuries. Cost includes
property damage, operating costs, and other costs.

Research Cost-Effectiveness combines information from the project eval-

uation measures listed in Table 4-T2.
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TABLE 4-72. DETERMINATION OF RESEARCH COST~EFFECTIVENESS RATING
Evaluation Evaluation Source of Safety Cost
Measure Measure Title Numerical Value Units v Units
B Magnitude of Calculation for Equiv. $
Affected Area Summary Report Fatalities
c General R&D Calculation for % %
Impact Potential Summary Report
D Specific Project Detailed Project % %
Effect Report
E Likelihood of Calculation for % 1
Research Success Summary Report
F Economy of Detailed Project $ $

Research

Report

A ratio of the project's potential benefits divided by the research cost

is calculated as follows.

Ratio =

BxCxDxE

F

Actual numerical values associated with the project evaluation measures

rather than 1 to 5 scores are used to calculate the ratio.

the source of the numerical values.

Table B-72 lists

Three values come from numbers calculated

during the determination of scores for the Summary Project Evaluation Report
and two values are listed in the Detailed Project Description Report. Table
472 also shows the units of the numerical values used for the calculations.

This calculation is performed separately for safety and costs. Table U4-73 is

used to convert the ratios into 1 to 5 scores.
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TABLE 4-73. RATING SCORES FOR RESEARCH COST-EFFECTIVENESS

Score Safety Ratio
1 LT .1 x 107
2 .1 -.99 x 10,
4 10 - 99 x 107
5 GE 100 x 10

Cost Ratio

LT .1

.1 b 099
1.0 - 9.9
10 - 99
GE 100

For the Coupling Optimizatioﬂ Project example, Table 4-T4 lists the numeri-

cal values determined in Summary Report calculations or listed in the Detailed

Project Description Reports (sources are indicated in Table 4-72) which are

used to calculate the Research Cost-Effectiveness.

TABLE 4-74. DETERMINATION OF RESEARCH COST-EFFECTIVENESS FOR COUPLER PROJECT

Evaluation
Measure Title
B Magnitude of Affected Area
c General R&D Impact Potential
D Specific Project Effect
E Likelihood of Research Success
F Economy of Research

Safety
Value

30
50%
u%
68%
$200K

The safety and cost ratios are calculated as follows.

Safety Ratio

N

Cost Ratio

Cost

Value

$19,730M

6%

4%
68%
$200K

[(30) x (.50) x (.O4) x (.68)1/($200K) = 20 x 107"

[($19,730M) x (.06) x (.04) x (.68)1/($200K) = 161

The safety ratio of 20 x 10"7 and cost ratio of 161 are converted to scores of

4 and 5, respectively, using Table 4-73. The completed Summary Project

Evaluation Report for the Coupling Optimization Project is presented in Table

n-75 .
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TABLE 4-75. SUMMARY PROJECT EVALUATION REPORT - RESEARCH COST-EFFECTIVENESS

MEASURE SCORE
1. RESEARCH COST-EFFECTIVENESS RATING
SAFETY 4
cosT S

4,3.10 Overall Project Rating

This last project evaluation measure is also only presented at the Summary
Project Evaluation Report and extends the research cost-effectiveness measure

to include Ease of Implementation and FRA Needs and Commitments.

Summary Project Evaluation Report

The format for the Summary Project Evaluation Report is contained in

Table 4=76.

TABLE 4-76. SUMMARY PROJECT EVALUATION REPORT - OVERALL PROJECT RATING

MEASURE SCORE
J. OVERALL FROJECT RATING

SAFETY
~B0ST

A separate 1 to 5 score is determined for safety and cost. The Overall
Project Rating begins with the safety and cost research cost-effectiveness

ratios calculated in Section 4.3.9 and adjusts them using the Summary Report

scores for Ease of Implementation and FRA Needs or Commitments. An adjusted
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ratio is calculated using the same following equation for both casualty and

cost:
Adjusted Ratio = Research cost-effectiveness ratio x (H(H_1)/H(S'G)

where: G

1 to 5 score at Summary Level for Ease of Implementation

H

1 to 5 score at Summary Level for FRA Needs or Commitments.
This equation has the effect of adjusting the overall project rating downward
if the implementation process is difficult, and adjusting it upward if there

is a strong FRA need or commitment to the project.

The adjusted ratios for safety and cost are converted to 1 to 5 scores

using Table 4-T77.

TABLE 4-T77. RATING SCORES FOR OVERALL PROJECT RATING

Adjusted Ad justed
Score Safety Ratio Cost Ratio
1 LT .1 x 1077 o LT .1
2 .1 = .99 x 19; .1 - .99
3 1-=09.9x 10_7 1.0 - 9.9
4 10 - 99 x 10 10 - 99
5 GE 100 x 10™ GE 100

For the coupler project example, the safety and cost research cost-
effectiveness ratios calculated in Section 4.3.9 were 20 x 10-7 and 161,
respectively. The Ease of Implementation Summary Report score was 1 (see

Table 4-62), and FRA Needs and Commitments score was 3 (see Table 4=70). The

formulae to calculate the ad justed ratios are
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Adjusted
satety = (20 x 10~1) x (13151 2 (20 x 1077y x (16/256) = 1.25 x 10

Ratio

=7

Ad justed
Cost = 161y x BBy o (161) x (16/256) = 10.1

Ratio
These ratios are converted to scores of 3 and U4, respectively, using Table
4-77. The completed Summary Project Evaluation Report for the Coupling

Optimization Project is shown in Table 4-78.

TABLE 4-78. SUMMARY PROJECT EVALUATION REPORT FOR COUPLER PROJECT -
OVERALL PROJECT RATING

MEASURE SCORE
Je OVERALL FROJECT RATING

SAFETY 3

cosT 4

4,4 COMPUTER AID TO CALCULATE PROJECT EVALUATION MEASURES

The detailed algorithms used to calculate the project evaluation measures
have been presented along with an example using the Coupler Optimization
Project. The complete Detailed Project Description Report, Intermediate
Project Evaluation ﬁéport. and the Summary Project Evaluation Report for the
Coupling Optimization Project were shown in Figures 3-2, 3-3, and 3-4, respec-
tively. As discussed in Section 3, the algorithms for these 3 reports have
been implemented in a computer program. Thus, the user needs only to complete
the Basic Project Information Form and enter this information into a computer
data base. The calculation of 1 to 5 scores for the project evaluation meas-
ures and the printing of the 3 reports can then be done automatically by the

computer.
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5. CONCLUSIONS

This report has presented a methodology for consistent evaluation of
FRA/ORD research projects., It provides evaluation data and scoring informa-
tion for projects at three levels of detail in three computer-generated output

reports.

A) Summary Project Evaluation Report
B) Intermediate Project Evaluation Report

C) Detailed Project Description Report

These reports can be used directly by FRA/ORD managers for their planning
activities and for project justification and information needs in response to
inquiries from Congress, the Administration, DOT management, and other

agencies.

The methodology does not provide an absolute basis for measurement of
project quality or resource allocation due to the need for inclusion of policy
considerations that are beyond the scope of this study. Updating or modifi-
cation of policy-related and other data elements by knowledgeable FRA/ORD
managers is an important part of the evaluation process. To facilitate this
process, all calculations included in the methodology are made by a computer-
ized data base ﬁanagement system and all output reports are computer-generated.
This feature provides a useful tool for FRA/ORD management to improve assump-
tions related to any project with rapid and accurate revision of output

scoring reports.
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Additional research that will be of significant help to FRA/ORD managers
jncludes further development to add interactive elemenf; to the computerized

data base management system.

~
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BASIC PROJECT INFORMATION FORM
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BASIC PROJECT INFORMATION FORM

PART 1 - DESCRIPTIVE INFORMATION

Project Number

Project Title

Program

Subprogram

Type of Project

HTHTTT

(1)
(2)
(3)
1)
(5)
(6)
(7)
(8)
(9)

concept development

assessment/feasibility stuch

data/information survey

hardware/pre~prototype

development or expansion of a research facility
testing and evaluation

operational/application guidelines

per formance specs

demonstration

(10) requirements study

Importance of Results for:

not

applicable small

moderate

large

(1) Industry decisions/use

(2) FRA safety/regulatory

(3) FRA Federal assistance

(4) NEC/Amtrak decisions

(5) DOT decisions/actions

(6) Other Federal or state agency

(7) FRA research activities

~
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PART 2 - DETAILED PROJECT INFORMATION

A. AFFECTED AREA

Affected Areas

no
effect moderate major

(1) Safety

(2) Cost

(3) Energy Efficiency
(4) Environment

(5) Quality of Service
(6)

Affected Subareas

no
effect moderate major

(1) Freight Service

(2) Passenger Service
(3) Employee Safety

(4) Grade Crossings

(5) Hazardous Materials
(6) Track

(7) Rolling Stock

(8) Operations

(9) Maintenance

{(10) Classification Yards
(11) Equipment

(12) Human Factors

(13) Facilities

(14) Locomotives

(15)

B. MAGNITUDE OF AFFECTED AREA

Fatalities (annual)

Injuries (annual)

Property Damage (20-yr discounted present worth in $ millions)
Operating Cost (20-yr discounted present worth in § millions)
Other Costs (20-yr discounted present worth in $ millions)

—— e
—_—
—_———
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G. EASE OF IMPLEMENTATION

$ Industry-wide Capital Required ($ millions) * ?
Estimated Implementation Time {years) : . i

Transition Process Requires:

none moderate major

1. Industry concensus

2. Industry-wide equipment/system compatibility

3. Industry-wide data/information exchange’

4, Major demonstration phase

5. Industry acceptance testing

6. Development of new suppliers and/or supplier
capabilities ‘

7. Federal safety regulation

8. Conflict with industry trends

9. Industry hardware development effort

10. Significant expenditures by government agency

Implementation will result in significant changes in the following equipment
and operations:

naone moderate major

1. Rolling stock equipment
2. Facilities

3. Train operations

4, Practices and procedures
5. Industry standards

6. Inter-railroad cooperation
7. Safety regulations

8. Economic regulations

9. ‘Environmental regulations
10. Locomotives

11. Maintenance procedures

Implementation will~result in the following changes affecting potential labor
acceptability:

none moderate major
1. Reduction of labor force

2. Skill mix
3. Work rules
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H. FRA NEEDS OR COMMITMENTS

The research meets explicit FRA objectives associated_with:

very very
small small moderate 1large large

1. Congressional interest or requirement

2. Agreement with industry or explicit

industry request
3. Specific DOT/FRA objective or

responsibility
4, Needs of other Government agencies

(which ones)
5. Prior Funding Amount $

very small LT $300K

small $300K - $9.9K
moderate $1IM - $2.9M
large $3M - $9.9M

very large GT or EQ $10M
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