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FOREWORD

This document responds to Article I, Deliverable Items and Delivery Schedule, of
DOT Contracts DTUM60-81-C-72012 and DTUMG60-83-C-71226 between the U.S.
Department of Transportation/Urban Mass Transportation Administration and the
Nationa! Academy of Sciences, National Research Council, designated the Primary
Technical Contractor(PTC), for technical and administrative services relative to the
Urban Mass Transportation Administration’s National Cooperative Transit Research
& Development Program(NCTRP). Distribution of this document is made only to
the sponsors and others participating officially in the conduct of the NCTRP.

Annual NCTRP activity consists of five (5) distinct phases: (1) Problem Iden-
tification, (2) Program Formulation, (3) Project Formulation, (4) Project Execution,
and (5) Project Reporting. The PTC’s obligation is relative to Phases 2 through 5,
and responsibilities for administration of technical matters under these phases have
been assigned to the Transportation Research Board, a major unit of the National
Research Council. The TRB consists of four(4) divisions with Division D, Cooperative
Research Programs, being the one to which NCTRP administration is assigned.

Research programs are referred annually by UMTA to the PTC for administra-
tion, and semi-annual progress reporting includes: (1) general coverage of the historical
development of the NCTRP and the means by which the Program is carried forward,
(2) elaboration on the management practices exercised by the TRB in behalf of the
PTC and UMTA, (3) summarization of management activities and deliverables in the
six months reported, and (4) provision of detailed reports on each project under
contract during the report period as to the: {(a) general research need, (b) specific
research objectives, (c) progress in achieving project objectives, (d) availability of any
reports emanating from the study, and (e} prognosis for ultimate success. Each project
report includes identification of the TRB staff engineer having surveillance respon-
sibility and with whom contact may be made for additional insight concerning any
details of the contractor’s work. Opinions and/or conclusions conveyed by the project
reports are those of the research agencies and do not necessarily reflect the position
of the Transportation Research Board, the National Research Council, or the Urban
Mass Transportation Administration, U.S. Department of Transportation, and no
official endorsement should be inferred.

A detailed overview of all aspects of NCTRP operation may be obtained from
the following:

® NCTRP Annual Summary of Progress
® NCTRP Information and Instructions for Preparing Proposals

These are available from the Transportation Research Board on request through:

Cooperative Research Programs
Transportation Research Board

2101 Constitution Avenue, N.W.
Washington, D.C. 20418

(202) 334-3224






NATIONAL COOPERATIVE TRANSIT RESEARCH & DEVELOPMENT PROGRAM

INTRODUCTION

Administrators, engineers, and many others in the
transit industry are faced with a multitude of complex
problems that range between local, regional, and national
in their prevalence. How they might be solved is open to
a variety of approaches; however, it is an established fact
that a highly effective approach to problems of widespread
commonality is one in which operating agencies join co-
operatively to support, both in financial and other par-
ticipatory respects, systematic research that is well
designed, practically oriented, and carried out by highly
competent researchers. As problems grow rapidly in num-
ber and escalate in complexity, the value of an orderly,
high-quality cooperative endeavor likewise escalates.

Recognizing this in light of the many needs of the
transit industry at large, the Urban Mass Transportation
Administration, U.S. Department of Transportation, got
under way in 1980 the National Cooperative Transit Re-
search and Development Program {NCTRP). This is an
objective national program that provides a mechanism by
which UMTA’s principal client groups across the nation
can join cooperatively in an attempt to solve near-term
public transportation problems through applied research,
development, test, and evaluation. Particularly notewor-
thy is the fact that the client groups now have a channel
through which they can directly influence a portion of
UMTA’s annual activities in transit technology devel-
opment and deployment. Although present funding of the
NCTRP is entirely from UMTA’s Section 6 funds, the
planning leading to inception of the Program envisioned
that UMTA’s client groups would join ultimately in pro-
viding additional support, thereby enabling the Program
to address a larger number of problems each year.

The NCTRP operates by means of agreements between
UMTA as the sponsor and (1) the National Academy of
Sciences (NAS), a private, nonprofit institution, as the
Primary Technical Contractor (PTC) responsible for ad-
ministrative and technical services, and (2) the American
Public Transit Association responsible for operation of a
Technical Steering Group (TS() comprised of represen-
tatives of transit operators, local government officials,
State DOT officials, and officials from UMTA’s Office of
Technical Assistance.

Annual NCTRP activity consists of five (5) distinct
phases: (1) Problem Identification, (2) Program Formu-

lation, (3) Project Formulation, (4) Project Execution,
and (5) Project Reporting. The PTC’s role is relative to
Phases 2 through 5.

Research programs for the NCTRP are developed an-
nually by the Technical Steering Group, which identifies
key problems, ranks them in order of priority, and es-
tablishes programs of projects for UMTA approval. Once
approved, they are referred to the PTC for administration
through the Transportation Research Board (TRB).

The Board, established in 1920, is a unit of the National
Research Council, which serves as the principal operating
agency of both the National Academy of Sciences and
the National Academy of Engineering, and is uniquely
suited for the administrative role because: it has a record
of successful management of the National Cooperative
Highway Research Program (NCHRP) since 1962, the
program after which the NCTRP has been modeled; it
maintains an extensive committee structure from which
authorities on any transportation subject may be drawn;
it possesses the avenues of communications and cooper-
ation with federal, state, and local government agencies,
universities, and industry; it is recognized for its objec-
tivity and understanding of modern research practices;
its relationship to the Narional Research Council is an
insurance of objectivity, and it maintains a full-time staff
of research specialists in transportation matters to take
the findings of research directly to those who are in a
position to use them.

Research projects addressing the problems annually
referred from UMTA are defined by panels of experts
established by the TRB to provide technical guidance and
counsel in the problem areas. The projects are advertised
widely for proposals, and qualified agencies are selected
on the basis of research plans offering the greatest prob-
abilities of success. The research is carried out by these
agencies under contract to the PTC, and administration
and surveillance of the contract work are the responsi-
bilities of the PTC and the Board.

The needs for transit research are many, and the Na-
tional Cooperative Transit Research and Development
Program is a mechanism for deriving timely solutions for
transportation problems of mutual concern to many Te-
sponsible groups. In doing so, the Program operates com-
plementary to, rather than as a substitute for or duplicate
of, other transit research programs.



MANAGEMENT PRACTICES IN THE NCTRP

The commentary that follows is to provide insight into
the Academy’s functions directed to TRB’s management
of UMTA’s resource allocation for NCTRP research un-
der Contracts DTUM®60-81-C-72012 and DTUM 60-83-
C-71226. Highlighted are those activities in which all
possible opportunity is taken to weight the odds in favor
of obtaining implementable solutions to near-term public
transportation problems. A more detailed overview of all
aspects of Program operation may be obtained from the
following:

¢ NCTRP Annual Summary of Progress
¢ NCTRP Information and Instructions for Preparing
Proposals

Organizationally, the TRB consists of four divisions,
each headed by an assistant director reporting to an ex-
ecutive director, who in turn reports to an executive com-
mittee. Division D, renamed in 1979 as Cooperative
Research Programs, was established in 1962 as a special-
purpose activity to administer contracts for research un-
der the NCHRP, and it now encompasses the NCTRP.
Division D's activities are thus distinctly different from
the Board’s traditional role of information gathering and
dissemination on behalf of a variety of sponsors. Among
the differences in operation is the fact that the funds
supporting Division DD are obtained through channels out-
side those pertaining to the Board’s other divisions; they
are budgeted separately; they are accounted for sepa-
rately; and they are audited independently of those for
the Board's other activities. Furthermore, the funds can
be spent only on the research designated by the sponsors
of the programs administered under Division D).

It should also be recognized that the overall policies
and procedures, including the formulation of annual re-
search programs, are entirely the responsibilities and pre-
rogatives of the sponsors. Neither the regular committees
nor the Board’s staff have a role in the submission or
selection of research problems.

UMTA’s goal for the NCTRP is a program within
which its resources will be managed well and appropri-
ately directed in the search for solutions to near-term
public transportation problems. Applied, or mission-ori-
ented, research is a means to the end as regards the
technological approach.

The findings from basic research completed elsewhere
are brought into play to bring about new technologies.
The expectation from the sponsor is that the resource
allocation will result in the development of technology
that, when implemented, will make life a little easier—
not merely the development of scientific knowledge that
has no direct practical application. Meeting this expec-
tation is somewhat comparable to new-product research
in industry, and, in addition to being extremely costly,
the probability of failure is high. Furthermore, although
projects may begin as applied research, the synergistic
nature of research often catapults them back into the
realm of basic studies, because true solutions are not
achieved without understanding the underlying causes for
the problem so that they may be accounted for in the
future. ’

Although each year’s funding base is targeted at about
$1 million, which represents about one-fourth the amount
contemplated in the planning processes leading to estab-
lishment of the NCTRP, the actual amounts being made
available are falling short of the target. Consequently, an
urgent need exists for supplementary support from
UMTA’s client groups joined in a cooperative venture.
In any event, proper management of resources is the sole
basis for establishment of the Board's entire philosophy,
organization, and functions regarding work under Divi-
sion D. Toward this end, network control is employed in
the classic sense of network utilization for project man-
agement. Primary focus is on those milestones where the
best opportunities lie for positively weighting the odds of
success. These opportunities are afforded through the use
of common-sense strategies to control various circum-
stances surrounding each milestone. Processes result that
will, through the natural evolution of interdependent
events, increase the probability of research results being
implemented and improving transportation practices.
Such an approach is complex and must be monitored
constantly. Nonetheless, its practical application cannot
be neglected if, in the context of total administrative re-
sponsibility, one wants to take advantage of all possible
opportunities to ensure the best return on the sponsor’s
investment.

As a first element of strategy, the NCTRP establishes
the research agency and personnel qualifications that are
mandatory if the projects are to have any chance of suc-
cess, These are spelled out to potential proposers and are
adhered to in selecting research agencies. By means of
the project statements and various other widely distrib-
uted publications, the NCTRP clearly states the agency
attributes deemed essential and thereby hopefully pre-
cludes proposals from any but qualified researchers having
practical experience in the problem area. Emphasis is
placed on the importance of a record of successful past
performance in endeavors similar to those to be under-
taken. The specifications for proposals are demanding in
the sense of requiring the agencies to lay their knowledge,
experience and accomplishments on the line, and pro-
posals simply are not accepted if, among other factors,
they do not contain specific statements as to how the
contemplated results can be used to improve practice.

The next element of strategy comes into play when a
research problem and its objectives are first defined in the
form of an NCTRP Project Statement by which research
proposals will be solicited. A continuing responsibility of
the Board is to see that the projects are sensibly structured
around the practical facts of operational life and that they
represent current circumstances. Therefore, this task is
carried out by persons not only very knowledgeable in
the problem area but who also have a complete under-
standing of the needs of the practitioners with whom the
problem originated and the best format by which the
practitioner can utilize the results. Improved odds there-
fore become immediately inherent.

Toward the goal of sensible projects, the Board has
established seven broad research fields under which proj-
ect panels are organized to deal with research in specific
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problem areas falling within the broad fields (refer to
Figure 1). For example, in the broad subject field of
Operations each project falling within the more specific
subject areas of Energy Efficiency—Area 54—is assigned
a project panel comprised of outstanding individuals who
are very knowledgeable in the specifics of the particular
project and who are looked to for guidance and counsel
throughout the research and reporting phases. Those proj-
ects that do not conveniently fit under one of the first six
general fields are assigned to the seventh one, Special
Projects.

Each project is assigned a panel consisting of outstand-
ing individuals very knowledgeable in the project area
and who are looked to for technical guidance and counsel
throughout the research and reporting phases. A search
is made far and wide for these individuals, and the Board
usually receives about four to five times as many nominees
as can be used in the available panel positions. Panels are
appointed by the National Research Council for the life
of their projects and, with the coming and going of proj-
ects, usually involve some 200 people al any one time.
All members serve without compensation, and their total
yearly contribution to the Program runs to thousands of
man-days. The panel members are drawn from all walks
of professional life, and heavy dependence is placed on
the sponsor for providing members. Their perspective, in
defining the research needed for operational probleimns, is
most important if projects that are both practical and
“doable” within the limits of available funds are to be
structured.

When the project panels meet for the first time to
prepare project statements, it is stressed to them that a
first-class statement is the first of the two most important
factors bearing on the ultimate success of any project.
Accordingly, extreme care is exercised in the development
of clear, concise project statements that are distributed
to the research community at large. These statements
contain objectives designed to result in the most extensive
work possible for the available funding. They spell out
what is expected of a contractor in terms of findings from

innovative research that can be applied practically; they
do not spell out how to go about the research. Statements
of explicit objectives, matched to funding, places propos-
ers in the position of knowing exactly what is expected
of them, because the available funding is made known
along with the objectives. Not only does this result in
more realistic proposals, but it most assuredly eases each
project panel’s task of comparative evaluation. Of the
members of the NCTRP’s project panels to date, about
34 percent come from transit operating agencies. Because
of their intimate involvement in the development of the
various research projects, their knowledge of what is to
be expected, and the “spreading of the word”” among their
associates, there is yet another step toward improving the
odds that results will be put to use.

The second of the iwo most important factors, and the
next element of strategy, concerns the process of evalu-
ating proposals to select research agencies. The odds can
be advanced materially if extreme care is exercised
throughout this activity. Indeed, this activity constitutes
the milestone on which the success of the project can
become totally dependent, irrespective of the strengths
built in at the preceding milestones. Prior to contracting,
there must be satisfaction not only that the proposed
research plan is the best possible in addressing the specifics
of the objectives, but also that it culminates with the best
promise for providing transit agencies with a product that
is both usable and readily implementable; otherwise, the
proposal process—and possibly that of project defini-
tion—should be repeated. The importance of this activity
is made abundantly clear to the project panels when they
meet 1o select agencies and suggest minor modifications
of the research plans as a means for keeping them squarely
on target. A comprehensively detailed research plan not
only aids the selection process but also serves as the
yardstick by which the staff exercises day-to-day surveil-
lance of research progress.

Two top proposals are chosen for each project. The
deliberations of the project panel include a review of all
known aspects of agency performance on other research



projects under NCTRP or elsewhere and a determination
that the first-choice research plan oflers the best promise
for providing a product that is both usable and readily
implementable. A key factor is the merit of the research
approach and the experiment design. There is nothing
anywhere in the Program’s specifications that says the
project statements must be adhered to strictly in every
detail and that any deviation in research thrust or from
the proposed project period warrants outright rejection.
The key element is that the agencies must present a strong,
convincing case for whatever approaches they take. These
always receive just consideration because the sole interest
of the project panels is to determine the plan with the
best probability of success.

Prior to contracting, any suggested modifications are
taken by the Program staff to the agencies, and a clear
meeting of the minds is established regarding what is
specifically expected from the research and the personnel
carrying it out. By means of the “Procedural Manual for
Agencies Conducting Research in the National Cooper-
ative Transit Research and Development Program,” fur-
ther emphasis is placed on the requirement for practically
oriented research and the proper means for reporting it.
Experience has demonstrated that, once the research is
under way, the practical fact of life is that the destiny of
the research is pretty well committed, no matter how
extensive the staff surveillance or how many administra-
tive processes are available to accommodate changes.
Rarely are changes accompanied by gains when having
to stay within the original funding; rather, the effects are
usually ncgative.

A first requirement of the research agency immediately
after subcontracting is the development of a working plan
that is intended to be a comprehensively detailed ampli-
fication of the approved research plan, inclusive of a spe-
cific schedule of events for the major tasks. This document
is used by the staff in the day-to-day surveillance of the
project’s progress. Should review of this document by the
staff and project panel bring to light necessary changes
that were not previously apparent, these can be accom-
modated without hindering prosecution of the work.
Through this activity, an additional opportunity is af-
forded for improvement of the odds of success.

As a means of mutual assistance while work is under
way, two types of progress reports are required from the
agencies. On a monthly basis, one-page progress schedules
are submitted that graphically depict several aspects of
progress. On a calendar quarter basis, narratives are re-
quired that fully describe accomplishments to date and
outline future activities based on the accomplishments.
Based on these reports and information gained through
surveillance visits, Program staff prepares its own progress
reports that are sent to UMTA and the Technical Steering
Group as a measure of providing a current awareness of
on-going work. By these controls the Program is, to some
degree, able to appraise the agency’s level of performance,
while at the same time the agency is provided with tools
to assist its own management responsibility in both ad-
ministrative and technical respects. All too often in the
administration of research programs problems arise be-
cause there is insufficient communication between the

agency’s management staff and the technical staff’ per-
forming the research.

Project surveillance constitutes a major element of
strategy in achieving the administrative goal. The gains
here reflect the effort that the NCTRP staff exerts (a) to
keep the research in line with the approved research plan;
(b) to keep the researchers continually aware of the needs
of the practicing engineer; and (c¢) to see that all project
developments, through final reporting, center around
these practical needs. Projects engineers with wide-rang-
ing experience are assigned to the NCTRP by the Board
and are responsible for administrative and technical sur-
veillance of the contracts. Their activities include visiting
each research agency at least once every six months to
discuss the status of the work with the principal inves-
tigator(s) and to determine if the research is being pursued
in line with the approved research plan. Any need for
change in the plan is referred to the project’s panel for
review and approval. Finally, the staff engineer and the
project panel evaluate the final report on the completed
research to determine the degree of technical compliance
with the subcontract and to ensure adherence to the Pro-
gram’s specifications for report writing.

Research agencies are required to report their results
in language that is understandable and succinctly sum-
marizes the results so that the transit administrator and
others may easily determine their usefulness to their op-
erations. The objectives are accomplished through a
“Summary of Findings™ and a chapter on “Interpretation,
Appraisal, and Application of Results.”” The detailed re-
search techniques and analyses in which a researcher
would be interested are presented as report appendices.
Available to the researchers in report preparation are
guidelines that have been developed with the objective of
providing a report of maximum utility to the transit in-
dustry. Each report, as finally published in the regular
NCTRP series (Reports or Syntheses of Transit Practice)
also contains a staff-prepared foreword that directs the
attention of the busy reader to the persons who would
be most interested in the resulis and, also, to how the
results fit into present knowledge and practice.

All reports are reviewed by the project’s panel to de-
termine if the report indicates reasonable accomplishment
of the technical aspects of the research plan; if the con-
clusions are adequately supported; if the clarity of pre-
sentation is satisfactory; and if the report is free from
statements on sensitive matters. If the report qualifies for
publication at this point, it is further reviewed by the
Comimnittee on NRC Oversight (CNQ) when a question
of sensitivity 1s involved. Qutside reviewers, i.e., reviewers
having no responsibility in the conduct of the research,
may be asked to review a report at any stage either for
the benefit of their technical expertise or for opinions
relating to broader issues underlying the report including
public sensitivity.

Prior to publication, extraordinary measures are taken
to ensure that useful research results are made immedi-
ately available to the appropriate personnel. One means
consists of forwarding copies of the research agency drafts
of final reports. According to the urgency of the particular
circumstances, these drafts may be either uncorrected or



corrected on the basis of an acceptance review. Several
copies of unedited drafts of the agency reports are retained
until formal publication and are available, on a loan basis,
to others having an interest in the reserach. Once pub-
lished in their entirety, the drafts are destroyed.

After publication, each report is distributed widely
through the TRB’s selective distribution system. Copies
go automatically to about 100 libraries, TRB transit rep-
resentatives, educational institution laison representa-
tives, appropriate project panels and committees of the
Board, and individual members who have selected pub-
lications in the particular subject area of the report. As
a further means of disseminating the research reports,
announcements of their availability are made to the trade
press. Also, the Technical Activities Staff comprising the
Board’s Division A follow the progress of the work
throughout its conduct and consequently are able to dis-
cuss application of the research results with potential
users during visits to operating agencies.

A tragic result of much research is a compilation of
findings that, because of language and form, simply can-
not be used until the sponsor devotes considerable sup-
plementary effort to translating the findings into the
language and working tools of the users. This kind of
time cannot be afforded in the sponsor’s scheme of day-
to-day operation. Tn an applied research program such
as the NCTRP, the sponsor rightfully expects a product
that has immediate applicability to practice. This is not
asking too much, because improvements are going to
occur mostly in the form of incremental refinements of
existing practices, rather than as dramatic innovations or
breakthroughs that one might expect from extensive basic
research. Therefore, where necessary as an integral part
of administration, staff assumes the role of interpreter and
interjects itself as a third party between the sponsor and
the researcher by means of a very brief publication titled
NCTRP Research Results Digest. The Digests are issued
as a series of flyers to provide in understandable language
an early awareness of project results so as to encourage
early implementation. They are brief in summarizing spe-
cific findings—they do not deal with methodology—and
require the reader to expend very little time in determining
the usefulness of the findings. Reference is made in each
to the fact that uncorrected draft copies of the agency’s
report are available on a loan basis for those desiring
more extensive information. Where circumstances war-
rant, stafl does not wait for requests for reports but dis-
tributes copies of the agencies’ draft final reports to
appropriate personnel.

With the culmination of the formal reporting activity,
plus any of the special measures just described, the
NCTRP reaches the final milestone of its administrative
network. What happens beyond that point-—how suc-
cessful the projects really turn out to be—is entirely up
to UMTA and the operating agencies. Projects that have
accomplished their objectives in providing useful products
might just as well have been failures if, at least, consid-
eration is not given to how the results might be used to
improve operations. It simply does not make good sense
to invest millions in research on critical problems and
then not give adequate attention to a determinination of

the implementation value of the products. Such deter-
mination can range from mere thought to fotal, immediate
incorporation as standard practice. Certainly, any action
must be temperate to avoid the pitfalls that are present
in pushing too hard too fast. To aid decisions as to the
course to be pursued, future NCTRP publications will
report on all known uses of results, be they limited or
extensive. Given the fact that the NCTRP addresses crit-
ical, national problems, documented payoff to any one
agency should attract study by others. So should docu-
mented failures, for they also contain lessons by which
all can profit. Research is a venture into risk and uncer-
tainty, the risk being particularly high in applied or mis-
sion-oriented research such as the NCTRP undertakes.
The wisdom of accepting risk is impossible to determine
without studious inquiry into the benefits derived.

In summary, the NCTRP is an applied, contract re-
search program that has been structured along specific
lines to enable it to respond to specific needs of the nation’s
transit industry. The needs are expressed through problem
statements referred from UMTA, and each problem is
accompanied by the funds to see it through. From the
preparation of project statements through final reporting
on the projects results, the goal of the NCTRP is admin-
istration that, in the final analysis, will prove to be fully
effective in obtaining the best return on the investment
supporting the Program.

SUMMARY OF ADMINISTRATIVE PROGRESS

With respect to the TRB role in overall NCTRP op-
eration, the Board (1) administers the annual program
under which the Academy has contracted with various
classes of agencies for research services, (2) administers
the annual program next in line and referred by UMTA
for contracting, and (3) provides technical support ser-
vices for the Technical Steering Group (TSG) and/di-
rected to the development of research programs under ali
years. The following summary addresses the research pro-
grams for fiscal years 1980 through 1986, and it pertains
to specific activities occurring between July 1 and De-
cember 31, 19835.

FY 1980 Program

This program was initiated in November 1980 and was
funded at $1,040,000 to support eight projects, two of
which were designated for syntheses by TRB. All research
has been completed. Two syntheses, two NCTRP Re-
search Results Digests, and four regular series reports have
been published and delivered to UMTA. The final report
on Project 47-1 is expected to be published in early 1987.
A brief summary of the status of these projects is:

31-1 Completed—Published as NCTRP Report 2
33-1 Completed—Unpublished (see report avail-
ability in Progress by Project Section.
36-1 Completed—Published as NCTRP Report 4;
FY ’84 continuation is underway.
Completed—Report to be published NCTRP
Report 14.

47-1
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TABLE I

SUMMARY OF STATUS THROUGH JUNE 30, 1986, FOR FY '80 THROUGH FY '84 PROJECTS

SUBCONTRACT
PROJECT AMOUNT OR
RESEARCH SUBCONTRACT
NQ. TITLE AGENCY cosT (3)
AREA 30: ADMINISTRATION—ECONOMICS
30-1 Small Transit Buses: A Manual for Improved Purchasing, Use, and Maintenance Arthur D. Little 8299 378
AREA 31: ADMINISTRATION—FINANCE
- The Impacts of Federal Grant Requirements on Transit Agencies Booz-Allen 49,522 *
Transit Capital Investment to Reduce Operating Deficits: Alternative Bus Fleet Maintenance 150,000
Replacement Strategies
AREA 33: ADMINISTRATION—PERSONNEL MANAGEMENT
33.1 Transit Bus Operator Selection and Training for Dealing with Stress GAMS Inc. 150,000 *
332 Assessment of Job Enrichment Programs for the Transit Industry Public Admin. Service 97,821 *
33-2(2)  Quality-of-Work-Life Programs for the Transit Industry—Regional Seminars Public Admin. Service 52,454
33.3 Public Transit Bus Maintenance Manpower Planning Fleet Maintenance 100,000 *
AREA 36: PLANNING—ALTERNATIVE ANALYSIS
36-1 Improving Decision-Making for Major Urban Transit Investments System Des. Concepts 200,000 *
36-1(2)  Assessment of Current Planning Practice for Major Transit Investments Sydec, Inc. 30,000
AREA 38: PLANNING—SYSTEM PLANNING
38-1 National Transit Computer Software Directory COMSIS Corp. 98,457 *
3B8-1(2)  National Transit Computer Software Directory— Phase 11 COMSIS Corp. 50,000
AREA 39: PLANNING—ROUTE PLANNING
39-1 A Modular Approach to On-Board, Automatic Data Collection Systems The MITRE Corp. 148,787 *
39-1(2) A Modular Approach to On-Board Automatic Data Collection Systems— Seminar The MITRE Corp. 26,141
AREA 40: PLANNING—IMPACT ANALYSIS
40-1 Simplified Guidelines for Evaluating Transit Options in Small Urban Areas Barton-Aschman 149,960 *
40-2 Estimating Incremental Costs of Bus-Route-Service Changes Sydee, Inc. 154,781
40-3 Strategies to Implement Benefit-Sharing for Fixed-Transit Facilities S5G Associates 99,957 *
AREA 43: DESIGN—TRACK AND ANCILLARY SYSTEMS
43-1 Detection of Low-Level Fault Currents on Rail Transit Systems Chas. T, Main, Inc. 99,913 *
AREA 46: DESIGN-—GENERAL DESIGN
46-1 Single Cable Communications Technology for Rail-Transit Systems Poly Inst of NY 150,000
AREA 47: MATERIALS AND CONSTRUCTION—GENERAL MATERIALS
47-1 Improved Service Life of Urban Transit Coach Brakes Battelle Mem Inst 300,000
AREA 48: MATERIALS AND CONSTRUCTION—SPECIFICATIONS,
PROCEDURES, AND PRACTICES
48-1 Corrosion Attributed to DC Powered Transit Systems IIT Research Inst. 200,000
AREA 54: OPERATIONS—ENERGY EFFICIENCY
54.1 Improve Transit Bus Energy Efficiency and Productivity Booz-Allen 39976 *
54-2 Energy Management of Electric Rail Transit Systems Camegie-Mellon 150,000 *
AREA 55: OPERATIONS—PERFORMANCE, EFFECTIVENESS, AND EFFICIENCY
55-1 Conversion to One-Person Operation of Heavy-Rail Rapid-Transit Trains Battelle Mem Inst 150,000

* Final Subcontract cost.
* Continuing activity through FY "84, Annual amount varics; total to date shown.
" Allocated—Balances are carned forward 1o support futurc synthesis studies.



EXPECTED
STARTING COMPLETION PROJECT
DATE DATE PROJECT STATUS {for details, see latest Summary of Progesss) NO.
11/8/82 8/7/84 Completed —Manual published as NCTRP Report 11; research report available on a loan basis 30-1
11/30/81  12/15/82 Completed—Published as NCTRP Report 2 31-1
10/1/85 12/31/86 Completed—Report in review stage 31-2
10/15/81 4/14/84 Completed—Report summarized in RRD 3; see Prog. by Proj. section for rpt. avail. 33-1
11/1/82 2/29/84 Completed—Published as NCTRP Reports 5 and 6 332
12/1/84 9/1/86 Completed— Research report available on a loan basis 33-2(0)
11/1/83  10/31/84 Completed—Published as NCTRP Repert 10 33-3
11/2/81 11/1/83 Completed—Published as NCTRP Report 4 36-1
2/2/86 3/31/87 Research in progress 36-1(2)
1/3/83 1/31/85 Completed—Report summarized in RRD 4; see Prog. by Proj. section for 1pt. avail. 38-1
4/1/85 1/15/87 Completed—Research report available on a loan basis 38-1(2)
11/1/82 8/31/84 Completed—Published as NCTRP Report 9 39-1
8/12/85 7/11/86 Completed—Summary published as RRD 5; see Prog. by Proj. for rpt. avail. 39-1(2)
10/25/82  10/23/84 Completed—Published as NCTRP Report 8 40-1
11/15/83 2/28/87 Research in progress 40-2
11/1/83 2/1/83 Completed—To be published as NCTRP Report 12 40-3
1/3/83  11/30/84 Completed—Published as NCTRP Report 7 43-1
5/1/84 9/30/85 Completed—Agency rpt. avail. for loan or purchase; to be publ. if funds permit 46-1
12/1/81 11/30/84 Completed—To be published as NCTRP Report 14 47-1
9/1/85 3/31/87 Research in progress 48.-1
10/1/81 6/30/82 Completed—Published as NCTRP Report 1 54-1
10/1/81  12/31/83 Completed—Published as NCTRP Report 3 54-2
3/5/84  12/31/85 Completed—To be Published as NCTRP Report 13 if funds permit 55-1
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TABLE I (Continued)
SUMMARY OF STATUS THROUGH DECEMBER 31, 1985, FOR FY *80 THROUGH FY "84 PROJECTS

SUBCONTRACT
PROJECT AMOUNT OR
RESEARCH SUBCONTRACT

NO. TITLE AGENCY cosT ()
AREA 60: SPECIAL PROJECTS

60-1 Synthesis of Information Related to Transit Problems TRB 660,000 *
TS-1: Cleaning Equipment and Procedures for Transit Buses ATE Mgmt 75,000"
TS-2: Prio2ity Treatment for Buses on Urban Streets PAWA 75,000 °
TS-3: Effects of Fuel Additives and Alternative Fuel Grades for Transit Buses Southwest Res Inst 30,000 "
TS-4: Guidelines for Allocation of Time for Transit Coach Maintenance Functions XYZYX Info Corp. 30,000°
TS-5: Extraboard Management Procedures and Tools L. C. McDorman 40,000
TS-6: Traffic Control and Regulation at Transit Stops W. W. Rankin 45,000°
TS-7: Bus Communications Systems Mitre 45,000 "
TS-8: Passenger Information Systems for Transit Transfer Facilities J. 1. Fruin 45,000°"
TS-9: Transit Fare Collection: Problems and Alternatives to Paper Currency Mitre 75,000°
TS-10: Use of Part-Time Operators L. C. McDorman 50,000
TS-11: Transit Marketing: Success and Failures Richard L. Oram 50,000
TS-12: Use of Incentives to Attain Specified Performance Standards in Collective Darold T. Barnum 506,000

Bargaining for Mass Transit

TS-13: Bus Inspection Guidelines C. I. Giuliani 50,000

TABLE II
PUBLISHED REPORTS OF THE NATIONAL COOPERATIVE TRANSIT RESEARCH & DEVELOPMENT PROGRAM

Report
No. Title, Project, Pages, Price

Transit Bus Energy Efficiency and Productivity—Bus Equipment Selection Handbook {Project 54-1},  55p., $7.20.
Impacts of Federal Grant Requirements on Transit Agencies {Project 31-1), 73 p., $7.60

Reduction of Peak-Power Demand for Electric Rail Transit Systems (Project 54-2), 142 p, 51040

Improving Decision-Making for Major Urban Transit Investments (Project 36-1), 47 p,, $7.20

Assessment of Quality of Work-Life Programs for the Transit Industry—Research Report (Project 33-2), 99 p., $8.80
Assessment of Quality-of-Work-Life Programs for the Transit Industry—Model Programs (Project 33-2), 37 p., $6.80
Detection of Low-Current Short Circuits (Project 43-1), 216 p., $14.00

Simplified Guidelines for Evaluating Transit Service in Small Urban Areas (Project 40-1), 119 p., §1040

Modular Approach to On-Board Automatic Data Collection Systems (Project 39-1), 123 p, $10.40

10 Public Transit Bus Maintenance Manpower Planning (Project 33-3), 356 p., §8.00

11 Small Transit Vehicles: How to Buy, Operate, and Maintain Them (Project 30-1), 49 p.,, $7.60

12  Strategies to Implement Benefit Sharing for Fixed Transit Facilities (Project 40-3), 214 p., $14.00

13 Conversion to One-Person Operation of Rapid Transit Trains (Proj. 55-1),  (In Preparation)

14 Improved Service Life of Urban Transit Coach Brakes (Proj. 47-1),  (In Preparation)

o O~ SN A R R e

Synthesis of Transit Practice
No. Title, Pages, Price

Cleaning Transit Buses: Equipment and Procedures (Proj. 60-1, Topic TS-1), 39 p., $6.80

Enforcement of Priority Treatment for Buses on Urban Streets (Proj. 60-1, Topic TS-2), 30p. $6.40

Diesel Fuel Quality and Effects of Fuel Additives (Proj. 60-1, Topic TS-3), 62p., §7.60

Allocation of Time for Transit Bus Maintenance Function (Proj. 60-1, Topic TS-4), 24 p., $6.40

Extraboard Management: Procedures and Tools (Proj. 60-1, Topic TS-5), 38 p., §7.60

Transit Bus Fare Collection: Problems with and Alternatives to Paper Currenty (Praj. 60-1, Topic TS-9), 20p., $6.80
Passenger Information Systems for Transit Transfer Facilities (Proj. 60-1, Topic TS-8), 39 p., $7.60

Bus Communication Systems (Proj. 60-1, Topic TS-7), 23 p.,, $7.20

Use of Part-Time Operators (Proj. 60-1, Topic TS-10), 33 p., $7.60

L= BN - ST B R PR R




EXPECTED
STARTING COMPLETION PROJECT
DATE DATE PROJECT STATUS (for details, see latest Summary of Progesss) M.
11/7/80 2 Research in progress 60-1
2/16/81  12/31/81 Completed-—Published as NCTRP Synthesis 1 (TS-13 60-1
3/16/81 12/31/81 Completed—Published as NCTRP Synthesis 2 (TS-2) 60-1
10/1/82 9/30/83 Completed—Published as NCTRP Synthesis 3 (TS8-3) 60-1
12/9/82  11/30/83 Completed—Published as NCTRP Synthesis 4 (TS-4) 60-1
11/31/83  10/31/84 Completed—Published as NCTRP Synthesis 5 (TS-5) 60-1
12/27/83 9/30/85 Completed—Report in editorial and publication process (TS-6) 60-1
11/21/83 3/31/85 Completed--Published as NCTRP Synthesis § (TS-7) 60-1
11/21/83  12/31/84 Completed—Published as NCTRP Synthesis 7 (TS-8) 60-1
12/2/83  12/31/84 Completed—Published as NCTRP Synthesis 6 (TS5-9) 60-1
11/15/84 3/31/86 Completed—Published as NCTRP Synthesis 9 (T5-10) 60-1
11/15/84 5/31/86 Completed—Report in 1eview stage (TS-11) 60-1
12/1/84 6/30/86 Completed—R.eport in review stage {T8-12) 60-1
11/15/84 3/31/86 Completed—Report in editorial and publication process (TS-13) 60-1
TABLE III
NCTRP RESEARCH RESULTS DIGESTS*®
DIGEST PROJ.
NO. NO. TITLF, PAGES, PRICE
1 33-1 Review of Literature Related to Bus Operator Stress, 15p.,,  $3.00
2 60-1 Project to Synthesize Information on Transit Problems, 3p., §1.00
3 33-1 Predicting and Dealing with Bus Operator Stress, 4 p,, 1.00
4 38-1 National Transit Computer Software Directory, 9 p., $1.00
5 39-1(2) Modular Approach to One-Board Automatic Data Collection System—Seminar, 7 p.,  $3.00

* See Table | for project tities. See final page of this document for ordering informatien.

54-1 Completed—Published as NCTRP Report |

54-2 Completed—Published as NCTRP Report 3

60-1 Completed—Published as NCTRP Syntheses
1 and 2

Steps were taken as appropriate to circumstances to
close contracts, pay final vouchers, and disband project
panels.

In general, the full details of the status of all FY ’80
projects that were active during the report period will be
found in the “Progress by Project” section and Tables I,
II, and III of this document.

In line with the requirements of Contract DTUM®60-
81-C-72012, Article XIX, Subcontracting Reporting Re-
quirements, it is reported that no subcontracts for re-
search under the FY 1980 program were cntered into
during the 6 months ending December 31, 1986.

FY 1981 Program

The program recommended to UMTA by the TSG was
referred to TRB by UMTA, consisting of six projects and
two syntheses funded at $985,000. It was referred on May
30, 1982 to the Academy for administration, and all proj-
ects are completed. Six regular reports, two Research
Results Digests, and two synthesis reports have been pub-

lished and delivered to UMTA. A brief summary of the
status of the FY '81 projects is:

30-1 Completed—Manual published as NCTRP
Report 11; research report will not be pub-
lished.

Completed-—Published as NCTRP Reports 3
and 6; FY ’82/°83 continuation is under
way.

Completed—Final report is available for
loan—Published as NCTRP Digest 4; FY
’82/°83 continuation is under way.

Phase 1 Completed—Published as NCTRP
Report 9.

Phase II (Project 39-1(2)) Completed—Pub-
lished as NCTRP Digest 5.

Completed—Published as NCTRP Report 8.

Completed—Published as NCTRP Report 7.

Completed—This year’s wock published as
NCTRP Syntheses 3 and 4.

33-2
38-1

39-1

40-1
43
60

-1
-1

Steps were taken as appropriate to circumstances to
close contracts, pay final vouchers, and disband project
paneis.

In general, the full details of the status of all FY "81



projects that were active during the report period will be
found in the ““Progress by Project” section and Tables I,
II, and III of this document.

In line with the requirements of Contract DTUMG60-
81-C-72012, Article XIX, Subcentracting Reporting Re-
quirements, it is reported that no subcontracts for re-
search under the FY 1981 program were entered into
during the 6 months ending December 31, 1986,

FY 1982/1983 Program

NOTE: Formerly designated as the FY 1982 Program,
the new designation was requested by UMTA so
that succeeding-year designations will corre-
spond more closely with actual fiscal years.

The TSG met in October 1982 and developed the FY

*82/°83 program. Recommended to UMTA were two ¢con-

tinuations, four syntheses, and six new projects. One new

project was subsequently converted to a synthesis study.

UMTA approval action on the recommendations was

taken according to funds available ($990,000), and official

referral of the final program to the Academy for admin-
istration was made on January 13, 1983. All studies have
been initiated, and two regular reports and three synthesis
reports have been published and delivered to UMTA.
Initiation of research depended on the provision of
funds under a new contract. The reason for this was that
the original contract was for four years, the last two of
which provided for closing down the operation in the
event that UMTA chose not to continue it. With devel-
opment and referral of the third program of research
projects, either a mew contract or modification of the
existing one became necessary. UMTA’s election was for

a new contract that would run concurrently with the

existing one, and it was on this basis that a proposal was

submitted to UMTA in May 1983. Although the contract
was for $6 million, this amount will not be realized as

UMTA is not providing the funding requested for each

of the four years, thus limiting the size of each annual

program. A brief summary of the status of the FY *82/

"83 projects is:

33-2(2) Completed——Research report will not be
published

33-3 Completed—Published as NCTRP Re-
port 10

38-1(2)  Research is in progress

40-2 Research is in progress

40-3 Completed—Published as NCTRP Re-
port 12

46-1 Completed—Report to be published if
funds permit

55-1 Completed—To be Published as NCTRP
Report 13 if funds permit

60-1 Five syntheses completed—Four pub-

lished, one to be published if funds permit

Studies TS5, TS7, TS8, and TS9 have been published
as Syntheses 5, 8, 7, and 6, respectively; TS6 will be
published if funds permait.

In line with the requirements of Contract DTUM60-
83-C-71226, Article XIX, Subcontracting Reporting Re-
quirements, it is reported that no subcontracts were en-
tered into during the 6 months ending December 31, 1986.

FY 1984 Program

This program was developed by the TSG in October
1983 and referred 1o the Academy on May 10, 1984, The
and one continuation with research funding of $680,000
(this includes funds for the two continuation projects
authorized in FY 1982/1983). Research agencies for the
two regular projects were selected at project panel meet-
ings in June 1985 and were placed under contract in the
fall of 1985, One hundred forty-two problems were can-
didates for funding. Once again, the level of detail and
quality of statements remained high in general. It is hoped
that the large number of candidates is indicative of a
growing awareness in the transit industry of what the
NCTRP is all about and a mounting interest in the service
it can provide. A larger funding base is needed so that
the transit industry can have a reasonable share of its
problems researched. A brief summary of the status of
these projects is:

31-2 Research is in progress
36-1(2) Research is in progress
48-1 Research is in progress
60-1 Four syntheses (TS10 through TS13) are

in progress

In line with the reporting requirements of Contract
DTUM®60-83-C-71226, Article XIX, Subcontracting Re-
porting Requirements, it is reported that no subcontracts
were entered into during the 6 months ending December
31, 1986.

A contract amendment is expected during the second
half of 1986 to provide additional funds ($213,000) re-
quired for technical monitoring and publication of final
reports on the 8 projects and 5 syntheses that remain to
be completed under the current contracts.

FY 1985 Pregram

This program was developed by the TSG in December
1984. The program has not yet been referred to the Acad-
emy by UMTA. The total funding level is not known,
but it should be somewhere between $900,000 and
$1,000,000, an amount sufficient to support but a few of
the 108 problems submitted for consideration.

FY 1986 Program

All work under this program is contingent on the
APTA contract for conduct of the TSG operation relative
to formulation of annual programs and other responsi-
bilities. The APTA process began January 1985 with the
call for problems. Problems have not been submitted to
the PTC for action. TSG activities have been suspended
pending a contract extension.

General—All Programs

Distnibution was made early in the report period of
NCTRP Progress Report 9 to UMTA and others partic-
ipating directly in NCTRP work. The Annual Summary
of Progress for 1985 was published near the end of 1985
and received wide distribution through the TRB selective
distribution process. Further distribution was also made
at the January 1986 TRB Annual Meeting.



Difficulties Encountered During Report Period

1. Staff activity relative to administration of the pro-
gram remains at a low-level, part-time basis for the rea-
sons given in Progress Report 7 and will continue so until
there is a realistic approach to the matter of costs nec-
essary for proper administration of the program.

Difficulties Projected for Next Report Period

As has been the past case, what happens here depends
on availability of funds to support the FY 1985 program
developed by the TSG. Certain administrative functions
can be carnied forward to some extent; however, the bulk
of program activity will have to await a contract amend-

11

ment by which funds to support subcontracts will be
provided.

PTC Activities in the Next Report Period

1. Routine surveillance of studies under contract.

2. Follow-up as appropriate on projects reaching ex-
piration dates.

3. Approval and acceptance processes on receipt of FY
*§5 program officially referred from UMTA.

4. Formulation of project panels and meetings to write
Project Statements for FY "85 research.

5. Solicitation of proposals.

6. Preparation for project panel meetings to select re-
search agencies.

7. Preparation of a 6-month progress report for the
period ending June 30, 1987.

AWARD-WINNING RESEARCH UNDER NCTRP

s NCTRP Project 40-3, “*Strategies to Implement Ben-
efit-Shaning for Fixed Transit Facilities.” In 1986, this
project, reported as NCTRP Report 12, “Strategies 1o
Implement Benefit-Sharing for Fixed-Transit Facilities,”
received the Category 111 Award of the National Capital
Area Chapter of the American Planning Association’s
1986 Awards Program.






PROGRESS BY PROJECTS

The following pages present detailed status reporis on
those projects for which there remains any type of contrac-
tual activity. The status of all projects can be found in
Table 1.
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AREA THIRTY: ECOROMICS

Project: 30-1, FTY '81
Title: Small Traasit Buses: A Manual for Improved Purchasing, Use,

and Maintenance

Research Agency: Arthur D. Little, Inc.
Principal Tnvestigator: Dr. P. Ranganath Nayak
Effective Date: November 8, 1982
Completion Date: August 7, 1984

AGENCY PERFORMANCE

Is the project on schedule? Yes Percent project complete: 100

Ts the research in keeping with the approved research plan: Yes

Subcentract Amount: 5$299,378
Estimated Expenditures to 12f31/86: §299,378

(- LV

Are the expenditures in keeping with the project propress? Yes

PROJECT DESCRIPTION

One of the important decisions facing both rural and urban transit decisicnmakers is whether to invest scarce
funds in more expensive or less expensive small translt buses, Available small buses (i.e., ranging from van
conversions to 31-ft heavy-duty small buses) are highly diverse in both capital costs and technology. Their uses
are alsc highly diverse, spannling the range from large transit fleets in major urban areas to small rural
operators, and including fixed-route, demand-responsive, shuttle and other services. The complexity of both
needs and posslble solutions has led to many poor choices of buses for specific duries. In addition,
uncertainties with respect to the small bus market have led to a lack of continuity in design and development;
perceived problems in bus cperation, maintenance, and reliability: a lack of clear definition of bus demand; and
litrle standardizatlon withln reallstic price ranges. Consequently, neo guidelines exlst with whilch transit
providers, seeking to purchase or replace small buses, can make cbjective decislons concerning the best bus type
to be procured.

The general objective of this research Lls to develep a workbook-style manual for lecal transit operators and
to identify key recommnendations that might feasibly be taken by transit operaters, local governments, states, and
UMTA to substantially improve the procurement, appropriate use, and maintenance processes for small transit
buses. The manual is intended for use by individuals experienced and inexperienced In the procurement and
operation of small rtransit buses. Furthermore, the manual Ls intended to assist indiwiduals in the
cost-effective procurement, maintenance, and operation of buses In a wide range c¢f local, instirucrional, service,
and operatiog environments. (Included Iin the definition of service and operating environments are maxlmum and
average loads; type of service; range requlrements (i.e., distance between refueling): wheelchair-lift or ramp
needs, and acrual usage: ty¥pes, conditiens, and grades of roads/streets; dwell-time constraints; weather

extremes; frequency and degree of acceleration/braking;:; communication equipment requirements: and fare collection

equipment requirements). The manual will be based on research requiring the collection, tabulation, and analyses
of primary information and data. While performing the research, investigators must he particularly cognizant of
bus maintainability and fuel efficiency. {Included In the definition of mairtainability are life expectancy of

the bus’s power train, body, and major components; minimum mean time before failure (MIBF) rates of components:
availability and cost of parts: maintenance and servicing faciliries required: skill levels and representative
times and costs required for servicing and repair: complexity of subsystems (i.e., lifts and air cenditioning).)
*uel efficlency studies should consider duty eycle, propulsion technelegy, maintenance, bus size and weight,
gearing, ete. Transit operators will be the principal users of the research results, although they stould also
be of interest to manufacturers and funding agencles. To accomplish this objective the fellowing tasks are

considered essential but not limicing:
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Project 30-1 continued

Task 1 - Determine the present capital and operating costs, and performance of small transit buses in U.S.
operations as affectred by (1) service and operating environments, (21 institutional environments, and (3)

malntenance availability and sophistication.

A, Develop a classification system for small buses by type {life expectancy, maintalnability, operating
cost) and size,

B. Pevelep a classtficarion system for operational enviromnments and maintenance programs.

C. Develep a detailed data collection plan for use in determining capital and operating costs for various
classes of buses, malntenance programs, and operating envircnments.

L. Collect data and summarize results for warious bus and component classes to provide transit operators
with relevant design characteristics and operating experience. Analyze MIBF data (as developed in this study or
available elsewhere), design characterlistics, and general operating experience for key components, subsystems,
chassls types, etc. that are critical to the development of minimum specifications for wvarlous service and
operating environments, appropriate malntenance actions, and realistic replacement intervals. Develop from these

data an englneering analysis of each bus class descrihing 1ts suitability for various types of service and likely

operating results. Assess the practicality of using life-cycle costs to assist in the description of operaring
results,
E. Identify problems for transit operators and manufacturers in using or producing small transit buses that

are supported by the data.

Task 2 - Develop practical recommendations for resolutlon of key problems, identified in the research, for
lmproving the purchase, malntainabiiity, and cost-effective use of small transit buses. These recommendations

should be oriented towards actions that can be taken by transit operating agencies to improve deltvery of

service.
Task 3 - Based on the results of Task 1, develop a workbook (flow-chart type} manual that can be used hy
transit operators to make approprlate small bus cholces. The manual should be designed to take as input such

planning factors as service type, anticpated passenger loads, typlcal speeds, maintenance and instlturional
factors. Its ourput should include the classes of small transit buses thar are best suited to the projeccted
operatlng environment, special specification items or options that should be required, the range of maintenance

and fuel costs llkely to be experienced, and special maintenance provisions that should ba undertaken.

STATUS OF RESEARCH

Research on this project is complete. A manual (HCTRP Repeort 11) has been developed that is based on a
method to determine life-cycle costs that are, in turn, based on a maintenance data base Tepresenting 187 smalil
buses from transit agencles geographically dlstributed throughout the United States. The method’s strength lies
in 1ts sensitivity to duty cycle, cllmate, and other factors. It calls for the analyst to (1) determine capaclity
requlrements,and (2) document the characteristics of the working environment. Through the wuse of simple
equations, the analyst is led te the service type of bus (van, bedy on wvan chassls, body on truck chassis,
purpose-bullt} providing the lowest life-cyecle cost. Rauges in life cycle cost for a glven bus type may alsc be
determined.

Inasmuch as maintenance costs were found to vary with changes in duty eycle and climate, an analyst can use
the maintenance cost results to determine appropriate operations for small buses.

The manual has been published as NCTRP Report il, "Small Transit Vehicles: How to Buy, Operate, and Maintain

Them.” The research repert has been modified in response to reviews. It wlll not be published.

AMENDMENT (5) THIS REPORTING PERIOD: None

PROBABILITY OF SUCCESS: The objectives have been successfully accomplished.

REPORT(S) AVAILABILITY: NCTRP Report 11, "Small Transit Vehirles: How to Buy, Operate and Maintain Them." Final

Research Report, "Selection, Use, and Maintenance of Small Buses," is available on a loan basis (see final page .

of thls document for ordering Information).



Project 30-1 continued

PRINCIPAL INVESTIGATOR(S) -

Dr. P. Ranganath Nayak

Mgr., Transporration Systems Group
Arthur D. Little, Inc.

Acorn Park

Cambrdige, MA 02140

617/864-5770

RESPONSIBLE NCTRP STAFF ENGINEER: Dan A. Rosen - 202/334-3231
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AREA THIRTY-ONE: FINANCE

Project: 31-2, FY *84

Title: Transit Capital Investment to Reduce Operating

Definlrs; Alternative Bus Replacement Strategies

Research Agency: Fleet Maintenance Inc.
Principal Investigator: Richard Drake
Effecrive Date: October 1, 1985
Completion Date: October 31, 1986
Revised Completion Dare: December 31, 1986

AGENCY PERFORMANCE

Is the project on schedule? Yes Percent project complete: 100

Is_the research in keeping with the approved research plan: Yes

Subcontract Amount: $150,000

Estimated Expendiltures to 12/31/86: $150,030

[T I T A

Are_the expendirures in keeping with the project progress? Yes

PROJECT DESCRIPTION

The prudent expenditure of already limlted capital and operatlng funds is especlally impertant as plans
to reduce federal contributions take shape. Budget proposals, if enacted, will eliminate federal operating
funds while reducing transic capital funds to the proceeds of the $0.01 gasoline tax. Beyond the federal
cutbacks, ralsing money at state and loeal levels becomes increasingly difficult as transit programs are
forced to compete with other community needs.

In the past, tradeoff decisions between capitai and operatlng budgets were not necessary because funds
were segregated by program cartegory. More recently, Lt has been posslble te use capital funds for
operating purposes under certain conditions. Transit authorities are being asked to review the bases on
which both capital and operatlng expenditures are made. Past policies and practices have tended to favor
capital expenditures based on federal and state contriburions as well as on regulations and requirements of
different levels of government.

Since there are reasonable expectatlions that the availability of some level of capital funding will
continue, even as operating assistance declines, 1t is prudent to explore the hypothesis that selected
capital investments can reduce the need for operating funds in indivldual transit agencles.

There are numeérous areas where capltal expendirure can have a favorable lmpact on operating costs. For
example, building  a new maintenance facility, installling a two-way radloe system, providing automatic
vehicle monitoring, developing a computerized maintenance capabillty, replacing aging vehicles -- these and
many other projects can be evaluated ln terms of theilr impact on operaring dollars. In particular,
development of an appropriate strategy for replacement of the bus fleet 1s an area where zddirional
research could result In significant operating cost savings. Past UMTA policy prescribed a minimum l2-year
lifespan before a 40-ft conventional bus was ellgible for replacement. UMTA 1s considering 500,000 miles,
or slmilar yardsticks, as alternative bases feor replacement. Because no replacement strategy has been
validated technically, capltal funds may be spent in advance of real need. Scarce ocperatlng dollars, in
contrast, may continue to be expended In an Inefficlent manner to prolong the service life of a bus at
Inordinately high operating cost. A well-timed expenditure of capital funds to buy new buses actually
could reduce the total of annual operatlng and capital costs, and improve rellability of passenger service.

The overall objective of thls research is to adapt or develop methoads for evaluating wvarlous capital
investment opportunities that would provide transit operating agencies and transit funding agencles the
means tO measure improvements in operating efficlency and service which reduce or help control operating

cests.,
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This study 1s expected to lead to the identificatlon of warlous types of transit capital projects that can
improve system performance Including ridership, vehicle preductivity, reliability, fleet availabllity, trip time
savings, and cost savlngs. The first phase of research will focus specifically on bus replacement strategles and
will include development of one or more methods for transit and funding agencies to evaluate alternative
strategles. Annual operating and capital cost lmpacts should be outputs of the method(s) developed. Tf funds
are avallable, Lt is possible that future research will concentrate on other types of capital expenditures.

The following tasks are suggested to further the overall general objective and to accomplish the specific
objective of Phase I.

Task 1. Identify capltal lnvestment opportunlties, other than bus replacement considered in Tasks 3 through
6, which would reduce transit operating deficits. From successes and fallures described 1n the literature,
recommend lnvestment oppertunitles for research in future studles.

Task 2. For two or three of the recommended Investment opportunities from Task 1, suggest tasks and data
requlrements mnecessary To accomplish possible future research, whlch 1s presently unfunded, to {a) develop
appropriate methods to evaluate thelr impact on operatlng costs and operating deflelts, and (b) develop
appropriate methods for translt agencles to prierltlize and select capital investment oppeortunities to produce
cost-effective Iimprovements in operating efficlency and service levels that reduce or help control operating
costs. Include time and cost estimates for the research on each lovestment oppertunlty.

Task 3. Swmmarize past and current research on bus replacement schedules, life-cycle costing analyses, and
bus purchasing guldelines. Describe the ratlonale for the l2-year replacement cycle. Identify the data bases to
be used for Tasks 5 and &.

Task 4. Identify current bus replacement practlces of selected U.S5. transit agencles of varlous sizes and

geographic locatlons.

Task 5. Develop or adapt methods for transit and funding agencles’ consideratlon to determine optimal fleet
replacement schedules for different environments and funding sources. Such metheds should consider

vehicle-miles, wvehicle-hours, duty cycle (cterraln, number of stops), climate, fleet size and mix, level of
preventive malntenance, spare ratlo, bus rehabllitation pollcy, and data avallabllity for use In the methods.
Taslkk 6. Provide a total of three geographlcally diverse examples of methods appllcatlon for hypothetical

cases reflecting the real worid for small, medium, and large agencies.

STATUS OF RESEARCH

All tasks have been completed, The flnal report has been reviewed by the project panel and a decislon te
publish the report in the NCTRP report serles was made. However, publicatlon of NCTRP reports has been suspended
pending executlon of a contract amendment te provide additional funds required for rtechnleal monitering and

report publication on currently actlve NCIRP preojects.

AMENDMENT (5) THIS REFORTING PERIDD

Amounts and/or

Date Ho. Type Dates (From{To Comments
9/11/86 1 T ime 10/31f{86 - 12/31/8& Extension of contract termination date to provide
(2 mos.) additional time for report review and flnal
editing.

PROBABILITY OF SUCCESS: Good

REFORT(S) AVAILABILITY: Final report, "Translt Capital Investment to Reduce Operating Deflcits: Alternative Bus

' 15 avallable on a locan basis from the Program Director, NCTRF.

Replacement Strategles,"
PRINCIPAL INVESTIGATOR(S): Mr. Richard Drake, Senier Assoclate
Fleet Maintenance Consultants, Inc.
12695 Whittington Drive
Houston, TX 77077
713/496-7717

RESPONSIBLE NCTRP STAFF ENGINFER: Dan A. Rosen - 202/334-3231
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AREA THIRTY-THREE: PERSONNEL MANAGEMENT

Project: 33-2¢{2), FY '82(B3
Title: Quallty-of-Work-Life Programs for the Transit

Industry-Regional Seminars

Research Agency: Publlc Administratlon Service
Principal Investigator Dr, Susan G. Clark

Effective Date: December 1, 1984

Completion Date: March 1, 1986

Revised Completion Date: September 1, 1986

AGENCY PERFORMANCE

Is the project on schedule? TYes Percent project complete: 10O

Is the research in keeplng with the approved research plan? Yes

Contract Amount: $52,434
Estimared Expenditures to 12/31/86: 852,454

wn e w N M

Ate the expenditures in keeping with the project preogress? Yes

PROJECT DESCRIPTION

Under an initial HCTRP  project, recomnendations were made on the potentclal applicatlon of
quality-of-work-life programs to transit agencles. These recommendations and the supporting research were
documented in two reperts: NCTRP Report 5, "Quality-of-Work-Life Programs for the Translt Industry - Finmal
Report,” and NCTRP Report 6, "Quality-of-Work-Life Programs for the Tranist Industry - Model Programs." In order
to eénsure proper consideration of these findings and recommendations, a second project is needed to disseminate
the results to the transit industry. After reviewing an array of strategies, NCTRP Project Panel A33-2 concluded
that wlth the help of incal sponsors, reglonal semlnars would be the most productive means, given the fipancial
rescurces antlecipated for the project. The Panel has also judged that sufficlent interest exlsts to warrant the
semlnar approach. The reglonal seminars will be based on the previous research and will address issues facing
management, practltiomers, laber, and others concerned with the development of human resources.

‘The objective of Project 33-2(2) Ls to conduct at least four reglopnal seminars at locatlons geographlcally
distributed across the natlon. MaxImum use will be made of wvolunteer, local sponsors and support ln arranging

and conducting the semlnars. The agency selected to accomplish the project objectlve will be requlred to:

1. Provide the lead In organleing and conducting the seminars including arrangements with local sponsors
for supporrt. The selected agency will be responsible for preparing and making announcements to

potential semlnar participants with NCTRP approval.

2. Provide the agenda and prepare all semlnar material, such as audievisual alds, lessen plans, and
handouts, Maximum advantage will he taken of the sequencing of seminars to appropriately modify the
seminar material as needed. The NCTRP will be given the opportunity for prior reviews of all seminar
material.

3. Turn over to the NCTRP, at the ceoncluslon of the project, all seminar materlals and a brief summarcy
description of the seminars conducted. The seminar material will be Lo a form sultable for use by
others in conducting additional group seminars and as Instructional infoermatlen for Indiwviduals. The

seminar material and swmmary will be treated as the final report for the project.
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STATUS OF RESEARCH:

All research has been completed. The four regional seminars were successfully conducted ar Flint, Michigan:
Washington, D.C.: Houston, Texas:; and Los Angeles, Callfornia. The researchers concluded that:

"Workshops designed to dissemlnate the results and application of research findings were judged successful by
the consultant team. Using & combination of transit speakers on substantive issues and ccnsultants on process
issues was particularly effective.

The transit speakers unifermly indicated that they beneflted, by taking a fresh look at their own programs as
they plamned presentations and as they responded to questions. Participants, as seen In the evaluartions, judged
the marerial to have strong applicabllity to their work. The unionf{management interactlon was particularly
stimulating. We think the workshops provided a unique opportunity for managers and union leaders to identify
areas of mutual concern and benefit through application of quality of work life.

The impressions we have galned from some seminar participants is that current condictlons in the translic
lnduscry may not be conducive ro further development of Quality of Work Life (QWL), at this time. But, this does
not mean QWL would ner be beneficial to the induscry. Quality of work life is an approach to organizational

change that stresses human resource development, employee participation in decislon-making, and productivity

improvement, ©Our impresslon of the industry 15 that there is consliderable variance of emphasls on productivity
lmprovement and human resource development. In some instances this tends to ihcrease adversarial
labor-management relations and diminish opportunities for joint problem solving. However, our research

demonstrared that QWL was appllcable to the transit industry, and it illustrated nuwnerous successes. We advocate

that Industry and union leaders take a closer look at thls approach to change."

AMENDMENTS(S) THIS REPORTING PERIQD: None

PEOBABILITY OF SOCCESS: GCoed

REPORT(S) AVATLABILITY: (1) Phase I reports, NCTRF Report 5, "Assessment of Quaiity-of-Work-Life Programs for

the Translt Industry: Research Report," and NCTRP Report 6, "Assessment of Quality-of-Life Work Programs for the
Transit Industry: Model Programs” {2) The Fhase II reports, "Summary Report (Quality-of-Work-Life Programs for

"

the Transit Industry-Reglonal Semlnars," 15 avallable on a loan basls (see last page of this report for ordering
information}. The summary report, rtogether with the seminar materials, is being planned for publication and

distribution by the U.5. Deparrment of Transporration’s Technolepy Sharing Program.

PRINCIPAL, TNVESTIGATOR: Dr. Susan G. Clark
Public Administration Service
1497 Chain Brldge Road
Sulre 202
McLean, VA 22101
703/ 734-8B970

RESPONSIRLE NCTRPP STAFF ENGIMEER: Dan A. Rosen - 202/334-3231
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AREA THIRTY-STX: ALTERNATIVE ANALYSIS

Project: 36-1(2), FY ’84

Title: Assessment of Current Planning Practice for Major Translt
Investments

Research Apency: Sydec, Inc.

Principal Investigators: Joseph R. Stowers

Effective Date: February 2, 1986

Coppletion Date: Qcrober 31, 1986

Revised Completion Date: Mareh 31, 1987

AGENCY PERFORMANCE

Is the project on schedule? No* Percent project complete: 25

Is the research in keeping with the approwved research plan? No*

Subceontract Amount: $30,000

Estimaced Ewmpendlitures to 12/31/86: 55,000

b L e

. Are the expenditures in keeping with the project progress? Yes

“Contract amended to reflect delayed starting date. However, project activity is now being delayed awaiting

issuance of the UMTA guidelines - See "Status of Research" sectiom.

PROJECT DESCRIPTION

Over the past 10 years, the Urban Mass Transportation Administration has developed and applied a structured
process for planning of major transit projects proposed for Federal funding assistance. The process is used by
both lecal and Federal officials to make a series of decisions on the location, nature, and deslgn of majer new
transit facllities.

Tdeally, the technical work cenducted in each phase of the process yields the informatlon necessary to permit
informed judgments at each declsion point. However, integration of the technical work Into declsicon-making has
proven to be challenging. While the basic premises and struecture of the process have remalned unchanged, it has
evolved as UMTA has made revisions in an effort to both streamline the technical work and clarify the declsion
points. Furthermore, the accumulated experlence in the various technical fields has improved the quality and
efficlency of many aspects of the analysls.

Tn an effort teo examine the degree to which the technical work actually contributes to informed
decislon-making, NCTRP Reporr 4, "Decislon-Making for Major Urban Translt Investments,” examlned a serles of case
studies that included projects developed within and outside of UMTA's early process. The report examined the
extenslveness of study reguirements, the role of technical Information in decislon-making at the local level, and
the management and costs of studles in varleous phases of the process. Whille the report was generally supportive
of the requlrements, lt also provided a serles of recommendations to Lmprove the process and the relevance of the
informaticn produced and ta promete more efficlenc and timeiy analysls.

Because of the focus on case studles ln HCTRP_PReport 4, its results and recommendations reflect UMTA's
requirements as they were several years ago. Meanwhile, the process has contlnued to evolve as set forth in more

recent references:
May 18, 1934, Federal Register pollcy statement.

1

2, "Procedural Guldelines for Alternmatives Analysis," January 1984,

3 "Sample Cutline for DEISs Produced in Alternatives Analysis,” January L1984
]

"Technical Guldelines for Alternatlves Analysis,” January 1984,
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Project 36-1(2) continued

Taken together, these documents reflect a matured technical process that strives to embrace “"best practice" in
all aspects of the analysis. The documents establish, for the first time, a clear benchmark with which te
examine UMTA’s recommendations on the process, the scope of the technical work, and the structure of the
reports. They provide an opportunity to evaluate what has become standard planning practice in the field, to
examine its conslstency with the recommendations in NCTRP Peport 4, and to racommend any further improvements
that may be needed.

The general objectlve of this research 1s to evaluate the stare of the art of technical work undertaken
throughout the planning process for major urhan transit investments with emphasis on the alternative analysis
phase. The evaluatlen should lead to recommended Lmprovements in UMTA's alternatives analysis guidelines
{speciflcally the technical guidelines and sample DEIS outline for DEIS) that wlll allow them to stand for the
coming years without major modification. The development of evaluation criterla should consider atr least four
areas of concern: {1} methods to produce, during alternmatives analysis, capital and operating cost estimates
that are more likely toe be conflrmed rather than substantlally revised during preliminary engineering: (Z)
guldelines on the depth of envlronmental analyses approprlate to the stage io the process; (3) measurement of
benefits; and (4) assessment of the financlal Implicaticns of both constructlon and operation of each
alternarlve.

The following tasks are antlclpated:

Task i. Partlcipate in a two-day project panel workshop conducted to ecritique the UMTA alternatlves analysis
guidelines. The workshop will involve assessments of the nature and level of effort of technlcal work that
should be accompllshed, to ameliorate the areas of concerns, during alternatives analysls for each of the seven
technlcal sreas covered in the guldelines (definitlon of alternatlves, conceptual engineering and capital costs,
operations planning and operating costs, patronage, environmental impacts, flnancial planning, and evaluatiomn),
Because of thelr interface with alternatlives sanalysis, the technlecal work done In both systems planning and
preliminary englneering may also be consldered, though only to the extent necessary to clarify appropriate
efforts during alternatives analysls, The findings of the workshop will lead to the development of a panel
consensus on porentlal improvements to the guldelines that could be expected to result in more approprlate levels
of technical work by transit agencles.

Task 2. Amplify the working plan to accomplish Tasks 3 through 5. Prepare draft survey of transit agencies
and others responsible for major translt studies.

NOTE: ©One month should be allowed for NOTRP review and comment on the amplified working plan. Tasks 3 and &
should proceed concurrently after UMTA completes any revlslons to the guidelines based on the panel workshop.

Task 3. Evaluate proposed lmprovements to guidelines.

Task 4. Survey appropriate transit agencles and other responslble officials to document success or probable
success of potential Improvements.

Task 5. Develop recommendatlions to UMTA on changes to guldelines for technical work and to transit and other
local agencies that will enable them to program appropriate technical work levels and otherwise improve the

quality of alternarlves analysis studles.

STATUS OF RESEARCH

The project panel met February 24 and 25, 1986, to evaluate UMTA's current guldance to translt agencles about
to undertake, or presently undertaking, alternatives analysls. At this meeting the research agency was gulded 1n
its selection of case studies to augment information galned from the panel. Task 2 has been completed. Tasks 3
and 4 have just begun following UMTA’s issuance of, "Review Draft, Procedures and Technical Methods for Transit

Project Planning.
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AMENDMENT (S) THIS REPORTING PERIQD

Amounts and/or

Date No. Type Dates (From/To

11/12/86 2 T Lme B/31/B6 - 13/31/87

(7 mos.}

PROBABILITY OF SUCCESS: Good

REPORT(S) AVATLABTILITY: None

PRINCIPAL INVESTIGATOR: Mr. Joseph R, Staowers
Sydee, Inc.
16C1 Washington Plaza
Reston, VA 22090
703/435-7075

Comments

Contract period extended to account for delay while
awaltlng UMTA's issuance of alternative analysis

guidelines.

RESPONSIBLE NCTRP STAFF ENGINEER: Dan A, Rosen - 202-334-3231
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AREA THIRTY-EIGHT: SYSTEM PLANNTING

Project: 18-1(2), FY *82/'83

Title: National Transit Computer Software Directory,
Phase II

Research Agency: COMSIS Corporacion

Principal Investigator: Diane Ricard

Effective Date: February 1, 1985

Completlon Date March 31, 1986

Revised Completion Date: January 15, 1987

AGENCY PERFORMANCE

Is the project on schedule? TYes Percent project complete: 100
1s the research im keeping with the approved research plan? Yes

Subcontract Amount: $50,000
Estimated Expendltures to 12/31/86: S50,000

[Z- I I

1S

5. Are the expenditures in keeping with the project progress? Yes

See "Comments" under "Amendment(s) this Repercting Perlod."

PROJECT DESCRIPTTCON

Project 38-1 has produced a HNational Transit Computer Software Directory contalning almost 300 transit
application programs. These programs are llsted in a catalog by: (1) the function they perform, (2) the
submitting organization, and (3) the type of hardware on which the program cperates. The catalog 1s accompanied
by full-page descriptions for each of the approximately 300 programs. Furthermore, software has been develaped
to retrieve programs meeting various speciflcatiens. The scftware for this search process 1s described 1o a
third document, "A Preogramming Gulde." It is the full-page program descriptions that wlll be of greatest
interest to transit agencles. These full-page descriptions need to be disseminated throughout the industry In an
effective way. Furthermore, addltional programs are known to UMTA which are belleved to be of sufficient
importance to add to the Directory immedlately.

The general objectlve of thils continmuation research Ls to supplement the Directory and disseminate program
descrlptions among Lnterested parties In the transit industry. Through dissemination of the program
descriptions, Lt 1s envisioned chat additional programs wlll be requescted of agenciles and subsequently added to
the Directory. The following tasks will be performed.

Task 1. Caregorize the full-page program descriptions by hardware type into six major grouplhgs as follows:

Approximate
Hardware Type Bumber of Programs
IBM 360/370 38
IBM 30xx Serles (3033,3081)
AMDAHL
BURRQUGHS 1855, 1955 29
TBM 43xx Series 50
(4331, 43413
IBM System 3x Serles 45

(System 34, 338)
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Project 38-1{2) continued

ALL GTHER MAINFRAME & MINI 64

(CDC, DG, VAX, DEC, HP3000,

IME, UNIVAC)

ALL MICROQCOMPUTERS 54
(Apple, PC, XT, TRS)

Hithin each of these hardware types, programs could be classified by functienal type. Fach of the six
hardware types should be bound separately and produced in sufficient quantity to satisfy user request.
Furthermore, each type should have an appendix containing the program documentation forms to be used for
submitting new programs for the Directory.

Task 2. Prepare a Research Results Dlgest of not more than 10 printed pages to describe the accomplishments
of Phase I, the availability of the six Directory material groupings, snd the opportunity to request program
descriptions meetlng more specific criteria.

Task 3. Contact shculd be made with Tom Hillegass of UMTA or his designee to ldentify those programs known
to UMTA that are not presently included ln the Directory. Documentation for these programs should be obtained
and added to the Directery.

Task 4. A follew-up should be made of requestors for program descriptions te evaluate the usefulness of the
irformation sent them and to request programs chat they might have that would be useful additions to the
Directory.

Task 5. Prepare a final report that will update the prellminary draft repert from Phase I. Thls report will
be reviewed by the NCTRP.

Task 6. Revise the draft final repert and submit the final wverslon in fulfillment of the technical

obligations under the centract for the project.

STATUS OF RESEARCH

All research is complete, The final report and the sofrware directory wiil net be published in the regular
NCTRP report series but will be avallable on a loan basis. The UMTA representative on the project panel is
currently working on arrangements for an electronle bulletin board as a more practical means of updaring and

disseminating the programs in the software directory,

AMENDMENT(S) THIS REFORTING PERIOD:

Amounts and/er

Date No, Type Dates (From/Tc Comments
In Process 2 Time 8/31/86 - 1{15/87 Additicnal time required to revise final report ln
{4.50 mos.) accordance with project panel commencs,

PROBABILITY OF SUCCESS: Good

REPCRT(S) AVAILABILITY:

1. NCTRP Research Results Digest 4, "Natlonal Transit Computer Software Directrary™ (see final page of this

document for ordering information).

2. "Software Directory", six-volume directory categorized by hardware type as described in Task 1,
contalning page-long descriptions of almost 300 transit-related computer programs is avallable on a loan basls

from the Director, CRP.
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3. Final report, "Naticnal Transit Computer Seftware Directory,
PRINCIPAL INVESTIGATOR(S): Ms. Dlane Rlcard

COMSIS Corperation
11501 Georgla Avenue
Bethesda, MD 20902
301/933-9211

RESPONSIBLE NCTRP STAFF ENGINEER:

Dan A. Rosen - 202/334-3231

is available on a loan basis.

27
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AREA THIRTY-NINE: ROUTE PLANNING

Project: 39-1(2)», FY ’'81
Title: A Modular Approach to On-Board, Automatic Data

Collection Systems--Seminar

Research Agency: The MITRE Corporation
Principal Investigator: Lawrence E. Delbel
Effective Dare: August 12, 1985
Completion Date: May 11, 1986

Revised Completion Date: July 11, 1936

Estimated Completion Date: August 15, 1986

AGENCY PERFORMANCE

Is the project on schedule? HNo* Percent project complete: 98

Is the research in keeping with the approved research plan? Yes

Subcontract Amount; 526,141
Estimated Expenditures to 12/31/86: $26,141

[ I VL S

Are the expendltures in keeping with the project pProgress? Yes

% See "Btatus of Research" section.

PROJECT DESCRIPTION

HCTRP Project 39-1 demonstrated the potential for using z medular approach to automatically collect data on
board transit buses. The findlngs of this project have been published in Mational Cocperative Transit Research &
Development Program Report 9, "Modular Approach to On-Board Automatic Data Collection Systems." The reporrt
contains technical speciflcaticns for various modular units and fer the totally configured system on board a
bus. Guidelines to help the practitioner evaluate the utility of automatically collecring data and to assist in
the design and implementation of automatic data collecrion on a systemwide basls are also provided,

The recommended medular configuration is intended to provide flexibility to transit agencies and encourage
competition in the marketplace, A truly modular system permits step-by-step implementation, which may be
required by budget constraints or percelved present needs. A modular approach also provides the capability to
accommodate unforeseen future data requirements or to update modules without the need to redesign or purchase an
entirely new system. However, because a universally applicable modular approach is net now stzndardized,
implementation of the concept will require agreement among at least several transit agencles or manufacturers, or
preferably both. Specifie agreement will also be necessary on a standard interface to allow the greatest degree
of flexibllity In the selection of the various modules.

The objective of Projeer 39-1(2) 1s to provide a forum for the discussion and advancement of cthe planning
techniques and the modular approach for on-board automatric data collection systems for transit buses as reported
in National Cooperative Transit Research & Development Program Repert 9. To accomplish this ocbjective, art least

the following tasks are eavisioned.

Task 1. Plan and make all preparations for the seminar that will inelude transit users and the manufacturers
or suppllers of automatic fare and passenger dara collection eguipment including assoclated hardware and
software. Contact with the American Public Translt Association (APTA) and the Urban Mass Transportation
Administration {UMTA) should be made for any additional support thelr organizations could provide. (For example,
thls seminar ceculd be conduscted in conjunction with other meerings attended by participants having similar
interests.) This rask will include maklng announcements to potential seminar participates with NCTRP approwval

and making arrangements for the seminar facilirties,
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Projecr 39-1(2) continued

Task 2. Provide the agenda and prepare all seminar materials, such as audiovisual alds and handouts. (A
supply of NCTRP Report G5 coples can be provided by TRB for rthe participants.) The NCTRP will bhe given the
opperctunity for prior review of all seminar material.

Task 3. Conduct the seminar. It ls expected that the seminar will include not only presentation but working
type sesslons to assess the findings of NCIRP Report 9 and draw conclusiens for needed future activity.

Task &. After complection of the seminar the contract research agency will provide a copy of all seminar
material, a summary of the semlnar, and conclusions and recommendations drawn from the seminar as a result of the

contract research agency’s overall evaluarions. Documentation of this task will constitute the final report.

STATUS OF RESEARCH

Research 1s complete. A Research Results Digest summarizing the research effort has been published and

distributed. Copies of the agency final report are also available on request.

AMENDMENT (5) TETS REPORTING PERIOD: HNone

PROBABILITY OF SUCCESS: Good

REPORT(S5) AVATILABILITY: NCTRP Research Results Digest 5, "Modular Approach to On-Board Automatic Data Cellection

Systems--Seminar,"” and coples of the agency final report for loan or purchase of xerox coples.

PRINCIPAL INVESTIGATOR(S): Mr. Lawrence E. Delbel

Associate Department Head
The MITRE Corporation
Metrek Division

1820 [Dolley Madison Blvd
MclLean, VA 22102
703/883-63910

RESPONSTBLE NCTRP STAFF ENGTINEER: Cravford F. Jencks - 202//334-2373
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AREA FORTY: IMPACT ANALYSIS

Project: 40-2, FY *B2/°83

Title: Estlmating Ineremental Costs of Bus-Route Service Changes
Research Agency: Sydec, Inc.

Principal Investigator: Joseph R. Stowers

Effectrive Date: November 15, 1983

Completion Date: August 14, 1985

Revised Completlon Date: February 2B, 1987

AGENCY PERFORMANCE

1. 1Is the project cn schedule? HNot Percent project complete: 90
2. 1Is the research in keeping with the approved research plan? Ho™
3. Subcontract Amount: $154,781
4, Estimated Ewpenditures to 12/31/86: $145,000
5. Are the expendirures in keeping with the preoiect progress? Yes
*Preject is behind schedule hecause of delays in malning transit agency participation 1n the testing, Task
E. In the absence of UMTA funding for transit agencies to participate, it has been necessary to identify

volunteers and to reduce the scope of testing. Further delays have occurred due to necessary reliance on transit

agency testing and in the withdrawal of one translt agency.

PROJSECT DESCRIPTION

In the face of continulng flnancial pressure on and within the translt industry it is increasingly impertant
to allecate rescurces In the most effectlve manner. Accordingly, a better understanding of the cost changes
accompanying both service expansions and reductlons is required.

To this end, waricus costing technlques have been developed and used by translt agencles to estimate the
incremental or extra translt costs that stem from elther service reductions or increases. Thus far there 1s some
doubt about the reliabillty, accuracy, and applicabillity of these techniques, especlally with respect to bus
route (as opposed to system) changes. As a consequence, there is a need to assess and valldate available or
lmproved techniques to provide simple, but more rellable and accurate, methods for estlmating the incremental (or
additional wvariable) costs stemming from service changes on bus routes,

The cbjective of this research 1s to develep simple, reliable procedures that permlt transit agencles to
estimate the incremental c¢ost 1lmpllcations of wvarlous bus-route-service changes in a variety of operating
environments f{e.g., those of differing density, system size, and rthe like). In a broad context, it should
provide a means for helping to address the questlon: If a specific service should be changed, what 1s the
incremental c¢hange 1n cost? More speclfically, it should provide procedures that 1ldentify the incremental
short-run costs to transit agencies of changes In bus-roure-service frequencies (seasonal, day of week, time of
day), expanding, curtalling or eliminating routes, or changing perlods of operariocn. The research should also
build upen and extend previous cost-analysis studies.

The research approach will ILnvolve, but not necessarily be limited to, the followlng.

A. Identify and evaluate existing cost medels (including those listed in the following citation: Booz-Allen
Inc., "Bus Route Costing Procedures: A Review," UMTA Report Ho. IT-09-9014-81-1, May 1981. Available from the
National Technlcal Informatlon Service, Sprlngflield, Va 22161, NTIS No. PB-82-105198, cost $13.00).

B. Reviewfupdate current industry practice {this sheould consist of polling properties te determlne the
models (or rules of thumb) that they currently use).

C. PDevelop simplified incremental cost estimatlon procedures., Criteria suggested are:
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1. Simpiicity (emphaslis should be on a reasonable Llevel of accuracy with a limited number of

varlables, and be easy to compute and apply).

2. Minimlzation of data collectlen requirements.

3. Wlde range applicaticn in terms of system size, type, route, and type of changes.

[ Easy update of the cost variables to reflect expected changes Lln component costs.

5. Design that facilitares the orlentation of key staff {scheduling, maintenance, and athers) to
incremental costlng methods.

6. Design that lends itself to intuitive interpretation of results so that it 1ls easy to explain to
decislon-makers and ls wviewed as reflecting reality by rransit staff.

7. Design that is disaggregate In nature so that 1t can be used to evaluate individual routes or
frequency changes,

a. Conslderation of the effects of fixed and varliable costs, different management operating policles,

different contract work rules, different service contracting procedures, and cost changes that
occur both before and after reschedullng.

D. Prepare an interim report that summarlzes the findlngs for review by the HCTEP.

E. Develop and implement a testing mathod for walidating the proposed procedure(s) and comparing the results
with those for existing procedures. Consideration should be given to existing procedures, such as the
two-variable cost model (bus-hours and miles), the Adelaide model, the Booz-Allen model developed from the UMTA
bus-route-costing study, and the preocedure currently being used by the particlpating scudy agency. It 1is
anticlpated that the preocedure will be tested at three translit agencfes-—a large agency (over 200 buses), a
medium-sized agency (100 to 200 buses), and a small rural Section 18 agency (less than 100 buses). As a minimm

the testing should address the following types of bus-service changes:

Effect of service changes at various times of day, days of week, and season.
Effect of route extenslons or contractions.
Effect of route conseclildatlons, additions, and deletions.

Effect of service frequency changes,

W o= w P

. Effect of hours of servlice changes.

It is desirable that the luocremental cest be measured both before and after run and driver assigmments
Testlng refinement should be done ILteratively as approprlate.

F. TIdentlfy planning - policy implicatlons and develop typical applications.

1. Show how precedures can help (a) assess service alternatlves, including deficitc/revenue
implications; and (b) make strateglc service change declsions.

2. Give sample prototyplecal applications of procedures,

G. Prepare a draft report for review by the KCTRP.

H. Revise the draft report and submit the final wversion in fulfillmenr of the technical obligations under
the contract for the projecrt.

STATUS OF RESEARCH

Tasks A through D have been completed and are documented in the Interim Report noted below, Important cost
concepts and their relationship to costing problems faced by transit agencies have been defined. An overview of
available models, including those developed as part of a tecently completed UMTA-sponscred study, has been
provided, The resuits of a survey of transit agencies, which was conducted for Task B, is presented. Among
other things, the survey developed information on methods currently in use, problems with these methods, and
suggestlons for Improvements. Simplified procedures have been developed as part of Task C. These include three
precedures for estimatlng the effects of bus route service changes on driver costs and a fourth procedure for
estimating non-driver lncremental costs associated with service changes. Agency participation from the three
agencles in Task E has been obtained with some difficulty Llnasmuch as intended UMTA funding for the agencies has

not materlalized. The nuwnber of testlng situatiens {service changes) has been reduced from 60 to 20 in order to
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match volunteered, translt-agency resources. Testing 1s complete at the three agencles. Tasks F and G are

substantially complete with receipt of the preliminary draft final report anticipated at the end of the period.

AMENDMENT (S) THIS REPORTING PERIOD

Amounts and/or

Date No. Ivpe Dates (Fromfto Comments
11/12{B6 2 T1ime Lo/30/86 - 2{2B/87 See "Status of Research," for reasons completion
(4 mos.) date exntended.

PROBABILITY QF SUCCESS: Geed

REPCRT(S) AVAILABILITY: "Estimating Incremental Costs of Bus-Route Service Changes™ Interim Report developed in

Task D. Available only on a loan basls from the Program Director, NCTRP.

PRINCIPAL INVESTIGATOR(S): Mr. Joseph R. Stowers

Sydec, Inc.

1601 Washingten Plaza
Resten, VA 22090
703/435-7075

RESPONSIBLE NCTRP STAFF ENGINEER: Dan A. Resen -~ 202/334-3231
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AREA FORTY-SIX: GENERAL DESIGN

Prelect: 46-1, FY 'B2/'B3

Title: Single Cable Comnunlcations Technology for Rail Transit
Systems

Research Agency: Polytechnic Institute of New York

Principal Investlgator: Cr. Frank A. Cassara

Effective Date: May 1, 1984

Completion Date: July 31, 1685

Revised Completion Date: September 30, 19835

AGENCY PERFORMANCE

1. Is the project on_schedule? Yes Percent project complete: 100
2. Is the research in keepling with the approved research plan? TYes

3, Subecontract Amount: $150,000
4. Estimated Expenditures to 12/31/86: $150,000

5. Are the expenditures ln keepl with the project preogress? Yes

PROJECT DESCRIPTION

Rail-transit systems vary from those that have been in existence since the early 1500's to syscems presently

under deslgn. These systems have typlcally used, or are planning the use of, mulciple cables for the
transmission of volce, data, and video informatlon. The wvarious cables provide feor long-haul trunk faciliries
and access to local dlstribution networks. Additionally, the necesslty for VHF ar UHF-FM radio transmissions ln

underground portions of the system may require a separate radlating (or leaky) coaxial cable.

The large numbers of multlpair and special-use cables used are expensive to install and maintaln. A
reductlon in the number of cables needed for the commnication requirements of translt systems can result Ln
reduced acqulsition, Llnstallation, and maintenance costs. The ultimate goal of this research is ta replace all
speclal-use cables with a single, multlpurpose cable.

The objectlve of this research is to identlfy and develop recommended system parameters that will permit use
of a single, multlpurpose, wideband cable to support all rapld-transit commumications requlrements including, but
not limited to: volce, daca, vldeo as well as VEF or UHF-FM two-way radic signals. For reliability, the
slngle-cable concept should allow for a backup cable and cable span switchlng equipment. This research proposes
a nonslte-specific solutlon that considers retroflts and extensions to existing rall-transit systems as well as
the requitements of new systems. Propeosed solutiens to the reduction in the number of cables should include
consideration of coaxlal cables, fiber opries, and other viable technologles. Any proposed solurtlon must also
take into account compatibility wirth exlsting communications equipment and systems, improved rellability and
maintalnability, reduced life-cycle costs, and system expansion (extension and spare capacity).

To accomplish the objective of this research, at least the following tasks are required:

Task 1. Survey the current communicatlon systems and Installation practlces of rail-transit agencies to
define the scope of the problem. (Some information on North American systems may be avallable at APTA.)

Concurrently, survey the electronle industry for developments that offer potentlal solutlens. Review the work of
rallroad, mining, and other industries that may be relevant to the problem and lts solution.

Task 2. Establish the operational parameters that will be required for a single-cable communicatlon
system(s) . Generate a range of technlical characterlstics that will define the nature of the proposed cable
system(s) and Its (their) configurations,.

Task 3. Using the operational parameters and cable characterlstics developed Ln Task 2, prepare design
crlterla teo establish the technical and economic feasibllity of the single-cable concept. Submit a fully
documenced feaslblllty study showlng all alternatives studied and the recommended solutlon(s) for review and

approval by the NCTRP. (Twenty (20) coples of the study report shall be submitted wlthin 7 months after the
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beginning date af the contract period. NCTRF approval will be required before the lnitlation of subsequent
tasks. It Is anticipated that the necessary review and spproval will be completed within 2 months after receipt
of report.)

Task 4. Using design criterlia established in Task 3, prepare a system description ln sufficient detail so
that user agencies can prepare procurement specifications for specific applications. In addifion, prepare a
sample system design fer a hypothetical 10-mlle rall-transit system (5 miles underground and 5 miles on the
surface) that includes basic equipment elements, leocal distributlen networks, and its attendant costs.

Task 5. DPrepare a draft report for review by the NCTRP.

Task 6. PRevise the draft report and submit the final version in fulfillment eof the rechnical aobllgatlons

under the contract for the project.

STATUS OF. RESEARCH

Research 1s complete and the agency’s final report has been recelved. The primary recommendarion for the
single cable concept 1ls a "closed loop filber optic" system. If a rall transit system includes tunnels, a
suggestion is made to place the optlcal fibers within the inner ceonductor of a leaky coaxlal cable to also
accomnodate radlc transmlssions and, yet, maintain the slngle cable concept. A hypothetical system deserlprion

and design are also provided.

PROBABTLITY OF SUCCESS: Good

REPORT(S) AVAILABILITY: Publicatlon of the final report in the HCTRP serles 1s expected. However, only agency

coples of the final report are avallable for loan or purchase, presently.

PRINCIPAL INVESTIGATOR(S): Dr. Frank A. Cassara

Polytechnic Institute of New York
333 Jay Street

Brooklyn, WY 12201

516/454-5075

RESPONSIBELE NCTRP STAFF ENGINEER: Crawford F. Jencks - 202/334-2379
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AREA FORTY-EIGHT: SPECIFICATIONS, PROCFDURES, AND PRACTICES

Project: 48-1, FY '88

Title: Corresion Attributed te DC Powered Transit Systems
Research Agency: IIT Research Institute

Principal Investigator: J. J. English

Effective Date: September 1, 1985

Completion Dsate: December 1, 19B6

Revised Completlon Date: March 31, 1987

AGENCY PERFORMANCE

Is the project cn schedule? Yes Percent project complete: 92

Is the research in keeping with the approved research plan? Yes
Subcontract Amount: $200,000
Estimared Expenditures to 12/31/86: §175,000

(L N

Are the expenditures in keeping with the project progress? Yes

PROJECT DESCRIPTION

Structural damage to transit system propertles and neighboring underground facilities due to corrosien raused
by DC stray currents 1s a significant, persistent problem. Existing procedures and materials for prevention or
mitigation are not sufficiently effecrive. The transit industry needs authoritative work that summarizes
existing knowledge of damage caused by DC stray currents. Furthermore, there is a need te demonstrate the
encrmity of the problem and to design a research program that can provide cost-effective prevention and
mitigation procedures.

The primary cbjectlives of thls research are te decument and call attention te the severity eof the cerrosion
problem caused by DC stray currents in terms of 1ts economlc, public safety, institutional and liabilirvy
dimenslons; to develep practlcal recommendations to transit sgencles based on today’s knowledge; and to design a
research program to provide cost-effective solutions. Emphasis should be gilven te quantifying the dimensions to
develop ecredibilircy. Furthermore, the research should stimulate coordination between key institurions involved
in the D stray current corrosion problem.

The following tasks are suggested:

Task 1 - Review, together with significant unpublished reperts in rail transit agencies, published literarure
from both Worth America and abroad. Such a review should include literature concerned with stray current
correalon problems stemming back to the turn of the century for DC powered rall translt systems. S5ignificant

issues wlth respect to economics, public safety, institutions, and iilabiiity should be identified and priorities
developed. From the review, elements of effective practice in such areas as track and structure construction,
power system configuration, negatrlve recturn and ground, and corrective methods teo reduce stray current magnltudes
sheuld be identifled and evaluated. Prepare a report synthesizing this information for use by transit agencies.
Task 2 - Conduct an indepth study of four transit agenices, and neighboring underground facilities, to
document the severity of the preblem in terms of economics, publie safery, invalved instituticns, and liability.
Furthermore, the study should 1dentify agency practices toe prevent or mitlgate the problems. Consideration
sheuld be given te Boston, Chicago, Washington, and Toronto to provide a range of age and type of rall systems.
Task 3 - Integrate the results of Task 2 intc the report developed in Task 1.

Task 4 - Develop a plan and conduet a workshop ro serve the followlng purposes:

a. Promulgation and review of the report,

b. Development of practical recommendations to transit agencies.
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c. Development of a research actlon plan that reflects problems faced by neighboring institutiens (such as
urllities and agencies owning underground structures) affected by stray currents. Identify means and
stimulate jolnt institutional support for such research. The plan should identify research projects and

previde estimates of times and costs.
Task 5 - Prepare reports to serve the followlng purposes:

a. To call to the atrentlon cf transit and buslness executlves, govermmental officials, and the media, the

stray current carroslen prohlem.

b. Tc present practical recommendations for improving transit industry practice for preventing and

mitigating stray current corresion.

c. To provide an annorated biblilography deflnlng areas cof importance for important englneerlng references

on the subject matter,

d. To present the research action plan that identifies means for interagency coerdination and imstitutional

support together with the ldentification cf research projects.

STATUS OF RESEARCH

The Task & workshop was successfully conducted on Nevember 4-6, 1986 and a brlef report on the results was
prepared. The researchers are currencly analyzing the data collected wia the llceracure, the workshop, and other
sources and are preparing the wvarlious research reports whlech will include a ceorroslon brochure, a summary of
engineering practices, an annotated bilbliography and the research action plan as mentioned under Task 5.d.,

above. All work will be completed during the next reporting period.

AMENDMENT (S5) THIS REPORTING FPERIOD

Amounts and/or

Date Ho. Type Dates (From - To) Comments
11/17/86 2 Time 12/1/87 - 3/31/87 Addlitlonal time was requested to lmprove the quallty
(4 mos.) of the final repert.

PROBABILITY QF SUCCESS: Goed

REPCORT(S) AVAILABILITY: Agency Interim Report: "Literature Revlew Report,” January 1986. Avalilable on a loan

basls from the Director, Cooperative Research Programs.

PRINCIPAL INVESTIGATOR(S}: Mr. J. J. English

Senlor Englneer

ITIT Research Institute
10 West 35th Street
Chicago, IL 60616
312/567-4000

RESPONSIBLE NCTRP STAFF ENGINEER: Dan A. Rosen - 202/334-3231
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AREA SIXTY; SPECIAL PROJECTS

Project: 60-1, FY '80 and contlinuing

Title: Synthesls of Information Related to Transit Problems
Research Agency: Transportatlon Research Board

Principal InvestigAToOT:! Mr. Thomas L. Copas

Effective Date: November 7, 1980

Completion Date: GContinulng

AGENCY PERFORMANCE

Is the project on schedule? Yes Percent project complete: *
Is the research in keeping with the approved research plan? Yes

Subcontract Amount: FY ‘84 5200,000

Estimated Expenditures to 12{31/86: $140,000

Mmoo W b

Are the expendltures in keeping with the project progress? Yes

®Project 1s carrled out on a continuing basls with new topics being lncorporated each year. See below for

status of each topie.

PROJECT DESCRIPTION

Transit administrators, engineers, and researchers are continually faced with problems on which much
information already exists elther in documented form or in terms of undocumented experience and practice.
Unfortunately this Information 1s often fragmented, scattered, and unevaluted. As a consequence, full
informatlon on what has been learned about a problem 1s frequently not brought to bhear on its solution. Costly
research findings may be unused, valuable experience may be overlooked, and due consideration may net be given to
recommended practices for solving or allevlating the problem,

In this project, particular transit problems, or sets of closely related problems, will be selected by the
NCTRP Technical Steerlng Group as toples for information syntheses.

For each tople the objectlves are:

To locate and assemble documented Information.
To learn what practice has been used for solving or alleviating the problem.
1dentify all ongolng research.

To learn what problems remaln largely unsolved.

[ R
I
Q

. To organize, evaluate, synthesize, and document the useful Information that is acquired.

STATUS OF RESEARCH

Thirteen synthesls toples have been referred to Project 60-1 durlng the flrst four years of NCTRP. Studies
on the firast eleven toplcs have been completed, and the remalning two are 1n varlous stages of progress. The
operations and procedures of the synthesis program are summarized In NCTRP Research Results Digest 2, published
in December 1984. The nine published syntheses of translt practice prepared under this project are listed in
Table IIT of thls progress report. Tople T8-6, "Traffic Contro} and Regulation at Transit Stops" (Synthesis 11)
and Topiec TS§-13, "Bus Inspection Guidelines" (Synthesis 10,), are in the editorlal and publication process. The

toplcs of concern and the status of each as cf December 31, 1986, are:
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T$-11 -- Transit Markebing: Successes and Fallures

Topic Consultant: Richard L. Oram; MNew York, New York
Effectlve Date: March 1, 1984
Explration Date: December 31, 1985

Many transit agencies have undertaken various marketing programs. The synthesls will study successful and
unsuccessful aspects of these programs and will Include the importance of marketing and the use of price,
service, and promotion in marketing, with emphasis on promotien. The final draft of the synthesis is being

reviewed by the Topic Panel and the Project Commitree.

T5-12 -- Use of Incentives to Attaln Specified Performance Standards in Collective Bargaining for Mass

Transit

Tople Consultant: Darold T. Barnum; University of Illinois; Chlcago, Illinois
Effective: July 1, 1984
Explratlion: July 31, 1986

Some transit agencles have employee Incentlve programs thar provide for awards based on arrainment of
spacified performance standards. The syathesis will examine use of lncentives as related to system performance,
identLfy cenditlons and attltudes necessary for use of lncentlve preograms, discuss results of these programs,
identify techniques for developing and measuring incentive programs, and discuss how to analyze a system to see

if an incentive program will work. The final draft of the synthesls s being reviewed by the Topic Panel and the

Project Committee.

AMENDMENT (§) THIS REPORTING PERIOD

None--Conrinulng Project

PROBABILITY OF SUCCESS: High - Experlenced lnvestlgators using a proven system ensure continued success.

REPORT(S) AVATLABILITY: See Table III

FRINCIPAL INVESTIGATOR(SY: Mr. Thomas Copas

Special Projects Engineer
Transportatlon Reseatch Board
Naticnal Academy of Sciences
2101 Constltution Avenue, N.W.
Washington, DC 20418
202/334-3242

RESPONSIBLE NCTRP STAFF ENGINEER: Harry A. Smith - 202/334-3236




HOW TO ORDER

Items for Sale

1. NCTRP Series Reports, Syntheses, and Research Results Digests (see Tables 11 and ILI for prices).
2. Research agencies’ final reports (see project summaries for prices).

3. Microfiche ($3.95 per report).

4. Other TRB publications.

A check or money order, payable to Transportation Research Board, must accompany orders totalling $20.00 or
less. Mail to:
Publications Office
Transportation Research Board
2101 Constitution Avenue, N.'W.
Washington, D.C. 20418

Items for Loan

L. Some research agencies’ final reports. manuals, videotapes, etc., are identified in the project progress reports and
are available on a loan basis upon written request to the NCTRF, 2101 Constitution Avenue, N.W., Washington,
DC 20418

2. Loan requests for Gims and tapes should be directed to:

TRB Audio-Visual Library
Transporiation Research Board
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Mailing and handling charges may be assessed, especially where 1st-class delivery is requested; an invoice will
accompany the loaned item.
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