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Inion railroads and the information provided by them on accident costs
and the economic impacts of safety standards.. In addition, Southern
and N&W provided extensive data and analyses on bearing overheatings
and failures. The Chessie System, the Canadian National and Canadian
Pacific also contributed relevant bearing data.

Additional input was obtained fl;om numerous interviews with rail
suppliers, the National Safety Council, 4the National Transportation
Safety Board, the National Highway Traffic Safety Administration, the
Brotherhood of Locomotive Engineers, and the United Transportation
Union, and the results of these interviews have been taken into account
in formulating our recommendations.

Special appreciation is due Mr. Richard Crisafulli of the FRA
Office of Policy and Plans for his guidance and helpful suggestions
throughout the contract. We are also grateful for the helpfu‘l comments
and constructive criticism of Messrs. Rolf Mowatt-Larssen and John
McNally of the Office of Safety.

The research documented in this report is largely the outgrowth
of the dramatic rise in railroad accidents in the late 1960's which
focused public attention strongly on railroad safety and generated
pressure for corrective legislation. Congress responded to this
situation by passing the Railroad Safety Act of 1970, which provided

the Federal Railroad Administration with a clear mandate to improve

iv



railroad safety. | Ti’xe FRA has a contimiing concern that safety stan-
dards applied to the railroad industry be cgsf effectivé and fully justified.
Although cost-effectiveneés should be a basﬂ:ic chaz{act'eristic of any
safety standard, it'is esplacially important in railroad applications
because of the weakenéd financial condition of much of the industry.

The methodology pres'ented in this report wﬁl facilitate fRA's
i assessmeﬁt of the cost-effe'cfiveness of the safety sta.ndard; being

de.\.reloped by the administration,
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EXECUTIVE SUMMARY

This report presents a methodology for evaluating the economic
impacts of railroad safety standards. The scope is considered broad
enough to permit evaluation of all the safety standards thus far proposed
by the Federal Railroad Administration and to allow for detailed analy-
sis of individual eéuipment, track and other standards. At the
same time, the details and examples are fai’rly specific in order to
present insight into the techlﬁques and problems which might be
encountered. Although pertinent conceptual issues are discussed, this
report is not intended as an exhaustive treatise on economic analysis.
Neither is it a substitute for the cost-effectiveness manual* which is
specifically designed as a step-by-step aid in performing impact
analyses.

An overview of the methodology is presented in Section 1.2 with
a summary in flow chart form in Figure 1. From a priority list of
safety-related problems, a standard, or set of standards, is selected.
From available data sources, information is extracted to provide cost
and benefit values for railroads and for society at large.

Yy
*Economic Impact Manual for Railroad Safety Standards, pre-

pared for the Federal Railroad Administration under Contract No.
DOT-FR-20057, December 1974.

i

ix



ry

E{ .

Majgr ra:k,ilx;;O'ad costs are due to inspections, maintenangg a?nd
replacements. Two important con’siideravti.on's,, somewhat 'int-e_rrelated,
are industry condition relative to the proposed:standard and the manner
and extent-of railroad compliance with the :standard. Other costs, such
‘as record iii‘eepiing and decreased utilization, rust be included in the
total compliance costs. Societal costs are the direct and-indirect costs
of safety standards not borne by the railroad industry. A -sample list
of such costs .includes the safety standard development.and implemen-
tation costs .axj.‘d 'i'nc,lj’ears ed A'ship_per cests from lack of cars.

Since reduction of accidents is the principal benefit resulting from
the promulgation of safety standards, a lal.rge part of the tabor in this
type of impact-analysis is in obtaining and processing accident:data. It
is :essential to determine the type énd frequency-of accidents which will
be reduced by the establishment of a particular standard, and to develop

\ : i
accident probabilities for use in forecasting future accident numbers.
Pertinent information includes a 15-year projection of prevented"
accidents and-also data on:accident.costs. Prevented accidents repre-
sent’benefits both to the railroad irfdu's:t\ry and .to-society at' large.

In addition to general and detailed treatment-of the above elements

of analysis, discussions are given .of other aspects of the methodology
such as the proper-analysis time span, the effects of inflation.and
interest ‘rate"s, qua.'ntificat:i'dn problems and the role of sensitivity

analysis,



Any.economic irﬁpact analysis is oriente‘d around data availability
which is a key cons‘id;eration. All the costs and cost trends as well as.
the present industry condition come from the data base. Probabilities,
"which play a major role in this type of analysis, are also derived from
the data base. Section 4.0 of this report discusses data deficiencies
and problems and makes specific recommendations to remedy problems
in this general area. Table 10 summa.rizes’ thé more serious data
deficiencies, in termé of availability to Federal Railroad Adﬁw.inistra-
tion personnel, along with.rvecornmendations for correcting or bypassing
these defi'ciencies.

Some deficiencies, on freight car component faﬂure,_ for example,
exist because that infqrmation has not been collected on thg FRA
reporting form. The remedy is fairly simple. Similarly, the inclusion

- of car and locomotive days lost on the reporting form would provide
lost utilization cost data in a simple manner. However, carriers are
very reluctant to provide other types of information such as coﬁrt case
awards for personal injuries. Fér this informa.tion,‘ court re;ord
perusals and estimation procedures must be used. .
Other problems are discus‘Sed,. such as the reporting th'reshold,

which confuses year to year comparisons and credibility, when the

rajlroads are asked to report their own violations.

t
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If a11 of !:he data requirements for conducting a cost- e"ffgg!;i‘veness
'a;na'l‘ysi's‘ of 'sa'f‘gtly standards were Tet, the :actual calculations could be
performed in a simple, straight-forward manner “with a minimum
expenditure of time and manpower. Thus, the cost.of conducting cost-
e’ffe’c’tiverfétss 'éina‘ly,s'iﬂS‘i’s 'd'irfe’ctly related to the data available for making
the basic calculations. Little of the necessary data is 'inun'e"d'i'ab‘él_y
available and substantial additional data development is ‘necessary in
order ito perform a complete analysis. The Federal Railroad Adminis-
tration '_(JF,RA,) does have the @authority to correct most of the data ;’gxa:{).fs
through ‘revig ions in the accident reporting system. We recommend
‘that this authority be exercised, not j.u‘q;t‘ifo provide information for
cost-effectiveness -analysis, but to provide the basic c‘fa't'a mecessary ‘to
quantify ‘what railroad safety really means to the railroad industry-and
to the.country-as a-whole.

A test of the cost-effectiveness methodology is petformed in
Section 5, 0, using those standards ;addressed to plain bearings . on
V,fre'ilg}it cars. The resultwas that strict enforcement -of the standards
would not be cost effective. The implications wof this resuli-are dis-
cussed in Section 5,11,

Although part of the cost-effectiveness.is due to increased
inspection and replacement costs, another more subtle factor is also

contributory. This is the infant mortality phenomenon, ‘that is, the

xii



relatively high failure rate of new insfaﬂations. Stx"ict adherence
to the above safety standard requires more frequent repacking and
replacement of hardware, which increases infant mortalities.

Courses of action are discussed in Section 5.11, ranging from
procedures to alleviate infant failures to accelerated conversion of
plain friction bearings to roller bearings. Also recommended is more
. research into the basic causes of bearing failures and earlier detection
of bearings in distressed condition.

In developing this report, a high priority was piaced on present-
ing workable procedures that can be-used immediately for economic
impact evaluation. Howevﬂer, any attempt to reduce decision makiwg,
in the area of railroad safetsr standards, to a cookbook procedure based
on economic efficiency is ill advised. Conversely, any decision making
in the absence of adequate economic information, is irresponsible.

The net cost of a project expressed as a single dollar value (or, more
realistically, as a probable range of values) is only one of the decision
making tools. Although it is a major tool, it omits two important
ingredients, unquantifable costs and benefits such as human values,

and exogenous considerations such as political and social feasibility,
organizational constraints and timing. Furthermore, a single measure,
such as net cost, masks inequities in the sometimes large redistribu-

tions of wealth which occur under a program. These incidence effects
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such as civifl penﬁlties, for example, are chronically neglected in-eco-
nomic analyses on the tacit assumption that -any maldistribution can be
rectified ~ex,post,§facto. Often a redistribution cannot be done in a
practical way.

In light of the above considerations, economic analysis is seen to
have limitations. It is entirely proper that certain ingredients can be
omitted. Cost-effectiveness is a powerful and indispensable tool for
decision making on public projects. It is neither more nor less than

that.



1.0 INTRODUCTION

The following report discusses a methodology for evaluating the
economic impa;ts of railroad safety standards and summarizes the
- results of wbrk completed in Task I of RFP-DOT-FR-20047 and the
subsequent updating and validating of ’thié wo\rk. This report is pre-
sented to assist in understanding the basic methodological steps involved
and to summarize the conceptual issues encountere_d in performing cost-
efdfecfiveness analysis. It is not intended to be an exhaustive treatise
of the subjeqt nor as a replacement for the cost-effectivepess manual
for use and applicati.on by the Federal Railroad Administration (FRAj,
and which is bound separately. The methodolbgy outlined here is con-
éidered broad enough to permit evaluation of all the safety standards
thus far proposed by FRA, and will allow for detaiiéd analysis of
specific équipment, track and human factors standards.

In developing the recommended procedures, CCNSAD sought,
through its field interviews, to solicit suggestions vx{hich would improve
the workability and comprehensiveness of the methodology to be
employed. In this regard, we are pax;tiCularly grateful for the assis-
tance provided by the Association of American Railroads -(AAR), ;nd
for the cooperation and guidance provided by membvie‘rs of the FRA staff

and individual railroads. We would iike to acknowledge, in particular,
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the helpfu-l suggestions ma,d..e»b‘,r the Frisco, Illinois.Central Gulf,
Norfolk and Western, Southern, Penn Central, Southern'Pacific, ,
Canadian Nati;onal,; Ca‘na_di_;n Pacific, Western Pacific and Union-rail~
roads, and the i~_nf9rmation provided by -them or.xu;a,c;c;izd_ent costs.and the
economic impacts of safety standards.

Additional in.put ‘was. obtained from:numerous: interviews: with
rail suppliers, the National Safety Council, :the "Naeti-o.nafll'T-r;a;nspo-r.tétio.n.
Safety Board, the Nationai ‘Highway Traffic. Safety Administration, .the
Brotherhood of Locomotive Engineers, .and the United Transportation:
Union, and the results of these interviews have.been-taken into accoeunt-
in formulating our recommendations.

In the development of this. methodoloy, considerable Atimpc;_r‘;tanc;e
was ‘placv»ed‘on constructing wo rkablel procedures ;t%ﬁ:a:t could: be.used.
immediately by FRA in determining the :ec.,o._no,mic:;impli.c.atiomé;:of{,tvhe

new safety standards, and-which would be:genenally accepted:by:the

railroad industry. Of the criteria used to evaluate-alternate approaches;

greater emphasis was placed. on .data.availability.and the general work-.
ability of the ‘metl'xods being recommended.

An important ‘part of .any economic .analysis:is: the data:base.
Probabilities, which play a major role in this-type of-analysis, are
-derived from the data base. Also.all the c;qs;ts,a:nd,c‘ost:.t‘rfendé;';_a:sarwg';ll,

as the present industry condition come from the :data.base. ‘However,;. .



two problems. are usually associated with data: acquisition and allocation.
In many cases, it is difficult to obtain d’ataj. at all, let alone up-to-date,
consistent and compatible data. And even with the best of data, there
is the considerable problem of allocating the appropriate nortions

to the safety st‘andard being addressed. For example, some plain
journal bearing data included Canadian equipment, some did not. Some
information, such as the percent of freig'ht/ca.rs which are stabilized, is
practically non-existent. Allocation is illustrated by the periodic
inspection standards. Obviously, not all the inspectign costs can be
allocated to bearings because all the other parts of the suspension and
draft system are inspected at the same‘” time.

A problem peculiar to failures and accidents is that of withheld or
altered information. For example, the probability of failure of a
bearing versus months after repack dependg upon the number of actual
failures and the number of cars of that repack age. Since overdate cars
are operating illegally, there is an undefstandable reluctance tosreport
their true age. This understatement of the number of overdate cars
exaggerates the derived probability of failure.

The crucial point in judging any method is, of course, its fitness

in solving the problem it addresses. In economic ayglysis, there is

L]
-

no single generally;aQCepted procedure to follow, since in practically

every analysis, procedures must be tailor-made to fit the particular



circumstances. Thus, the procedures outlined in the following report
have been tailor-made for FRA's application to safety standards and
incorporate considerations of data availability, application costs, and
potential impacts on the railroad industry and the generzl public.

Implicit in their design is the recognition that any economic
impact analysis performed by FRA, which subsequently leads to the
promulgation of a safety standard, would of necessity be subject to
review by members of Congress, the railroad industry, railroad labor
organizations, and other interested groups.

This report is organized into five sections. Section 2.0 and
Section 3. 0 treat the economic impact methodology, the former in
overview fashion, the latter in detail. Section 4.0 discusses data
deficiencies and problems and provides specific recommendations to
remedy problems in this general area. Tho cost-effectiveness
methodology is tested in Section 5.0 by examining the impact of the
new safety standards which cover plain jourhal bearings. Background

material is included in the appendices.



2.0 ECONOMIC IMPACT |
METHODOLOGY: OVERVIEW

This section éresents an overview of thé‘r recommended method-
ology for assessing the economic impact of railroad safety standards.
Flow charts, which are implementation-‘oriénted, are given for each
facet of ‘required éné,lysis. All of the material in this sectiop_is dis-
cussed in detail ‘in Section 3. 0.

The overview summary is presented in Figur‘e 1. From a pri-
ogity list of safety-related problems, a standard, or set 6f standards,
is selected.- From available data souxl'ncgs‘, i,n'forma.tion:is extracted
to ptdvide cost and benefit values for r-a,iirqaés-and for society. at large..
A problem with benefits (and to some exten.t,ﬂ with costs) is that dollar
values cannot, or 'shéuld not, be assigned to alll'ty‘pes of ben_efits. For
example, | it is difficult to put a dollar value on, say, a benefit of 35
lives saved per year. Furthermo;e, there are typ_és of ben_efit‘s. that
are difficult even to quantify, let alone evaluafe in dollar units. Some
examﬁles of these are the alleviation of bereavement,. iricr,easéd feel-
ings of security, and the increased relié.bility of shipping.

After benefits and costs have been calculated, quantified and

~evaluated (in dollar units) as far as is feasible, it is necessary to

separate out initial costs (benefits) and ongoing costs (benefits). Any

dollar amounts which occur in any year other than the analysis year



(that is, the year chosen for compari.so.x.‘l. of all dollar amounts) must
be discoux,ltu_ed’ (?Ar ‘brought forward) to the analysis year. .Onlyji.:hej,n can B
all dollar amounts be summed.
The results are presented as a package which includes the net

(discounted) cost, a l_i's.t of quantifiable benefits and a list of intangibles,
along ‘with 'qualifying and descriptive comments to provide the basis for
- the ultimate acceptance or rejection of the subject safety standard.

| Data sources and procedures for railroad industry costs are
given in Figure 2. | The major costs are due to inspections and replace-

ments. An important consideration is the manner and extent of indus-

try compliance with both inspection and re,.pla@ement regulations. Rail-

roads, especially those in deep financial trouble, are highly motivated.

to ignore or move slowly in compliance with costly standards. If there
are pgnalties for non-compliance, the railroads will tend to minimize
the sum of compliance costs and penalties.

Another important consideration is the condition of the industry
upgrading -cost data will determine the part replacement compliance
costs to railroads. Other costs, such as record _keeﬁqg and decreased
utilization, must be included in the total compliance costs.

Societal costs are the direct and indirect costs of safety stand~

ards not borne by the railroad industry. -A sample list of such costs,



shown in Figure 3, includes the safety standard development and imple-
mentation costs and increased shipper costs from lack of cars.

A large part of the labor in assessing the impact of safety stand-
ards is in obtaining and processing accident data. Since reduction of
accidents is the principal benefit resulting from the promulgation of
safety standards, it is essential to determine the type and frequency
.of accidents which will be reduced by the establishment of a particular
standard. The flow chart presented in Figure 4 illustrates the steps
involved in matching up the standards with the accidents addressed by
that standard, together with the procedures involved in forecasting
future accident rates. Pertinent information includes a 15-year pro-
jection of ''prevented'' accidents and also data on accident costs. Pre-
vented accidents represent benefits both to the railroad industry and to
society at large.

An important by-product of any analysis of accidents is an assess-
ment of data deficiencies. Since there is probably no better way to
discover these deficiencies, it is important to document them along
with recommendations for improvement. This output is indicated by
the box midway through Figure 4.

The methodology for calculating benefits accryjng to the railroad
industry and to society at large.is flow charted in Figures 5 and 6.

The principal railroad benefit is reduced costs because of accident
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reductions. The:principal societal bemefits: are:the avoidance:of those:
accident: costs: (because: ofia. reductiom inm: accidents) which are not: paid:
for-directly: by t1:1e railroads.

Different technigues are: needed:for. initial.and ongoing:co sts and.
benefits;. as Mustrated in Figures. 7 and* 8., However the: railifbag?s;
finance: tli'ei‘ r cofnpl'i"ance: expenditures; : the- ihiiti’:ai’ﬁ year orr yr.e'aarhs;: willl
probably. diff:”er-f'rom: sué:ceed’ing:; years: with: respect to:amounts: and:
methods:. S"'o-.ci’,e.tal,; costs; similarly;. will.be:characterized:by- i’:‘ni-ti?a'lf‘:ﬂ

program:implementation:expenses andi ongoing: monitoring; and: admin~—
istration:expenses:. !

The. distinction:between: immediate: and’ ongoing; benefits:is: even:
more: difficult tordraw- than:for-costs;. but it: i's: safe to: assume: that: all
Benefitss willl mot: begin:to: be:received: immediately- after: implemrentation.:
ofithe: safety’ standaxrds.. Inspection:of a:lzrge: portion: off the: track:andi
of the: freight: car fleet: willi have: to: occur;, and!then: some:portion: off the:
replacement: and’ nepaifr: wil'l:i be: necessary;. before: Benefits: awe: felt., IE
the: implementation: of’ equipment: standards: takes: about: two: years;, ass
hass the: implenrentation: of the: track: standards;. it:i's: reasonable-tos
assunre: that: much: of the: benefit: willi be appearing; at: the: en;i‘ of: the:
second; year; and!alll of these: benefits willl have: reached: a- stable: level.

by- the: end: of’ the: founth: year..



FIGURE 1: Cost-Effectiveness Methodology:
Overview of Basic Steps
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FIGURE 2

‘Flow .Chart for Cost-Effectiveness
‘Methodology: Railroad Costs
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FIGURE 2 (continued)

Average
Material
Cost

Average
Labor
Cost

. Average
Overhead
Cost:

LY

I3

' «

Deterfnine How
Railroads are likely|

“1to Comply With

Standards, Manner
and Extent of
Compliance

1
)

~Techniques for ;
Cost Determination!

Determine-Average
Cost of Compliance
(Part Replacement)

- Joint FRA
Industry
Task Force

Y

| RPI, Suppliers,

Carriers, AAR,

Etc.

Secure Estimates, |

1
i

Estimate Average
Replacement Cost
Use AAR Inter-

- line Billing Costs
Where Applicable

Multiply No. of
Below-Standard
Units of Repair oy
Replacement to
Determine Total
Direct Costs '

)

11




[l
P

FIGURE Z :(continue
g

p

ix

. d‘

!

W .

b
]
i
)
|

!
§

Industry ‘Costs
;| Resulting From
‘Cempliance

|-t -Any)

[Petermine Ofher |

vy
;,/ i e

A

ISR -

‘Sample List of
Other Co Sté:"’

Vorist a1
|'Resulting Costs;

3!

-

A
|
;
:
i

k2

fCost of Training .

Inspectors, Rall- .

- ‘road iEmQ'ia'YéeES:;. ol

Print, Distribute

‘Tand Administer
JFRAStandards

|Record-keeping -
1'Costs -Associated
.. ‘With Standard

1 Loss of Equipment

"Utilization

| ‘Car Replacement
‘| Costs): )

i

| Loss of. Traffic:Due
I to:Downgrading
['Track, ‘Reduction

+in Service, Increa=
:sed Transit Time, |

#bandonments _

1 Oppor tu:-ni,,_tyﬂc,qsts . '
‘I Loss. of Investment
| Opportunities. Due ||

-to;'Spending: for:

1 Safety. Compliance. |-
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FIGURE 3
Flow Chart for Cost-Effectiveness
Methodology: Societal Costs
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FIGURE 4

Flow Chart for Cost-Effectiveness
Methodology: Accidents
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FIGURE4-(continued)
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FIGURE 5

Flow Chart of Cost-Effectiveness
Methodology: Railroad Benefits
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FIGURE'S' (continued)
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FIGURE 5 (continued)
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FIGURE, 6
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Flow Chaxt for Cost-Effectiveness

Methodology: Societal Benefits.
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FIGURE 6 (continued)
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FIGURE 7

Flow: Diag ram for Calculating Initial Costs: gndf‘ Bes
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FIGURE 8

Flow Diagram for Calculating
Ongoing Costs and Benefits
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3.0 EC @NQMIC IMPACT METHOPOLOGY:
' DETAILED DESCRIPTION

b o

The m]ajor ;ac;tu»nsz" which: are pertinent torrailroad safety-stand-
ards are c:o:s.ts*v‘“and’%: ‘benefits; both:to: railroads: and:alse to-seciety. In
thes pree.ed"i:r;égs:eéft»‘is?on;g .an. overview of the economic impact methodology
for railroad safety was presented; w.ithr,d?i?asg{xa;msg to: show how various
separate procedures and calculations: a;z.r:e:» necessary to assemble all of
the benefits and costs which are realistically associated with railroad
safety and accidents. Inthe fbi&Iom:ing;’S‘e'cﬁioms;, segments of this over- '
all methodology are explained. more:fully.. Sample calculations.are.
i\ncludt.e&..;a—]és:o‘,‘, wsing reugh estimates of 1a:b~o>r:,a:nd'..rnaferiral costs, and
estimates of: va;rioiws:‘;xa:ilr:oadi and. societal bewefifs:. These estimates:
lack-the: precision: whick will be: obtained when each:type-oficost-and.
benefit-is. specified for the years during which tl'rey' are expected: to.
occur.

The: ﬁbl&a‘_wing;; sections do:nat.iniany 'Wﬁa:;yr'i?nten&.':t& produce a. conmy=
plete totalk cost-or: total benefit to berobtaimed from any one: safety stand-
;nd*,} ox from several standards.. The:rcalculations: use estimates to
illustrate: hiow ‘concepts: and precedures necessary forra complete analy-
sis: can be applied.. Since: infoermation onraccidents, a principal mea-—
sure ofl safety conditions, is-am important:part of both. cost and benefit

caleculations;, this:topic: is treated.inrdetail.
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5.1 Background of Economic Impact Analysis

[

There are no hard and fast rules for deter_l;nining which factors
are relevant and which factors are irrelevant to a particular economic
analysis. Since i;he type of methodology which is best for comparing
costs and benefits aepends on the particular study, this review was
performed to determine which techniques are most applicable to the

assessment of railroad safety standards. The literature sources,

many of which are listed in the annotated bibliography in Appendix A,

-. fall into three major groups:

3

. The general literature on economic impact studies,

. Cost-benefit studies made of-automobile and highway
safety standards, and ‘

Cost-benefit and cost-effectiveness studies associated
with the railroads.

In the case of railroad safety standards, there are four assess-

ments to be made: the costs and benefits to the railroad industry and

‘also to society at large. In this section, a discussion is given of these

assessments and of other considerations which are pa;rt of an econom~ic
impact analysis. Detailed procedures are discﬁssed later.

-3. 1.1 Terms and Approaches : ‘

The definition of cost-b._enéfit analyéis is made difficult by ‘an

array of terms which are used interchangeably and i1ave different
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‘meanings-for-différe nt: groups-of. p:ef0pl'e-:r.~'», THhese-terms:. include:'' cost
benefit;.'" "Benefit-cost;.'' "cost-effectiveness;." "cost.utility; ' "sys---
tems:analysis; % 'and? "operations analysis: """ SincertHere is:no:commonly
accepted:terminology-in.cost-benefit.analysis,. it-isvdesirable.to:discuss:.
briefly-theme éhingga-of'i the:various: terms-before:proceeding: to:distuss:

particular-methodolo gies:s.

Cost-benefit analysis:and benefit-cost:analysis;are ihiterchange~
able terms.. Both:terms.refer to:a:systematic:examination; andi compaxi-~-
son: off alternativercouxses:{0r: the achievement:ofiazspecifiediobjective-
in.some. future:period.. Critical examination:ofialternatives:-typically
involves: two:major-considerations:: first;. the:assessment. of-cost and,.
second; the:assessment:of benefit pertaining -to:eachi.of the. alternatives:
being compared:. Therassessment: of/cost andithe assessment-of Benefit:
are:usually-expressediin: terms. of dollar-values;. although- other: mear-
suring-units. canrberused:

Various: approachestare: possible; for-examples::

. Fikxed benefit:approach: —~-Eor-a: specified:level-of:

benefit, the.analysis:.attempts:to:determine-that:
alternative: orzfeasiblercombination: of alfernatives:
likely: torachieve:thesspecified:level. of 'Benefit at: thes
lowestreconomicrcost.,

. Fixed:budget approach: -~ For: a:specified hudget:
level to-be:usediin:the:attainment:of some. given:
objective,.. the:analysis-attempts to.determine: that:
alternative: or:feasiblercombinationzofsalternatives:

likely-to produce. the:highest benefit for:the given:
budget level..
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Either or both of these approaéhes may be used, tdep-en‘ciing on'the con-
text of thve problem and it is often useful fo, m<->ve from one to the other
in order to determine which program of safety features is optimum.

With any approach, a major difficulty, especially in ht‘>ne sphere'
of safety, is in quantification of suich things as human life, peace of
mind, and goodwill. If éll- the non-qﬁantifiable, ‘infangible, anci secon-
dary effects are de;lt with satisfactoriiy in .some way, * there are still
problems with the quantifiable factors.

Irn a cost-benefit evaluation of the quantifiable effects of safety
standards, there are two ways to procede. The fil;st‘is to compute the
net benefit of each safety standard and then to select fhat alternative
with the highest net benefit. The net benefit is obtaine;i by subtracting
the cost of implementing the safety standard from the gross. benefit
obtained from the safety standard. Both costs and‘ gross benefits are
discounted at the recomn;ended discount rate to determine their present
worth. The second approach for comparing alternative safety standards
is to compute the ratio of gross benefits to costs and then to sele‘ctbthat
alternative with the highest benefit-cost ratio.

In cofnparing the merits of the benefit-cost ratio with that of the

net benefit criterion, it is useful to make a few preliminary observations.

*For example, the number of lives saved may be the same under
cach candidate safety standard.
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If ;pross 'benefits rexceed osts ithen ‘the met benefit Wwill 'be jpositive and
ithie ibenefit-cost ratic will ibe greater ithan one. &h @lternative ito ithe

re e L apedt S POy WU . PEY b Lo % aosdgle
ratio of igross 'benefits ito wosts ii's sometimes wsed, This is ‘the watio.

¢ s L r 3 e g i Pgoang Te.. . . I MY T et E® 4
‘of inet tbenefits «to ccosts. IIf the met benefit is positive ithen the ratio of

met benefits to costs willtbe jgreater than zero. The xatio 'of net bene-

" \

Fits ito ‘costs ‘can alws ys ibe derived from the ratio of jgross benefits ‘to
‘costs by ‘subtracting ‘one fromithe watioc of gross ibenefits ito costs. b
for any alternative the jgross ‘benefits are B and the tosts are € then
‘the ‘net ‘benéfit #s B ~C. The ratio of gross bewefits to costs is BYC.
“The ra'tio ‘of net ibenefits ito wcosts -;iiis; (B = CHC = BIC ~ 1.

‘When reither ‘fhe Tevel ©f benefits or ‘the Yevel of wosts is Fixed, it
A's ;poss i’bife ‘toconsider seach alternative safety standard with ¥espett to
the-criterion «of the ‘benefit-cost ratio. Howeven, if the kevel of benetits
oY i osts fis mot fixed :as ii's #nost ©iten the ‘case then the uwse of the behne=
it~ cost Tatio Teads o results which are difficelt to interpret. Consider
f~€iz‘he:‘i:fz<51'1‘ow?in'g ‘hypothetical illustration:

Benefit 'E(%sB‘s) Cost (L) BYC B~ €

Alternative A g 40 20 2 - 26
Alternative ‘B ‘400 2100 . 2 200

Here, ‘the ‘benefit-cost ratio. is fhe same for each alternative (B/€ =2),

‘but the et 'benefit is-different for each dlternative. For alternative A,

the net ‘benefit (B - C) is. $20, whereas Tor altetnative B, ‘the net benefit



(B - C) is $200. If the benefit-cost'raltig is ﬁsed‘ 'a’s the criterion of
choice the FRA would be indifferent between alternative A and alterna-
tivé B. If net benefit is used as the criterion of choice tﬁen FRA would
choose alternative B. B

The blenlefit-cc;st ratio provides no information as to the scale of
the benefits and costs involved in the analysis and a,‘sl can Be readily
- seen, the scale or value of the.benefits and costs \;vill be of prime
impqrtancé to the FRA in selecting alterhatikrg safety standards for
implementation.

There is another reason for rejecting the benefit-cost ratio as a
criterion for choosing a particulé.r alternative safety standar‘d.‘ I;: is
often not clear whether an iteln éhould be consicie:ed a;s a beneafit '0r as
a cos/tsavinlgs. For insté.\nce, where do you allc.>ca.te’a. savings in rna'in-'
tenance ;:osts? Is the savings a benefit or a reduction in cost? ‘If;it is -
a benefit then the savings ip mainteﬁance cost increases the numerator
of the benefit-cost ratio. If the savings in maintenance cost is a reduc-,
tion in cost then the denominator of the beﬁefit-cqst ratio will be
decreased.

These two methods will not lead to the same numerical result,
thus. reducing the validity of the benefit-cost ratio as a consistent cri-
terion of choice. Elaborate accounting rules would have to be devised

to keep analyses comparable. No similar ambiguity is present when
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ausing net benefits as long as the algebrajc sign and the year in which
benefits and costs accrue are known. The net benefit criterion is par-
ticularly quefli} whé:n the fixed costs approach to cost-benefit -analjfé‘i 5

is taken for then it'is possible to state the problem as one of maximiz-

4

o4

ing net .b-e‘ne‘fi'(:si :su'b}-ec.t-to cost and budgetary constraints. ..Finall‘;r':r”%riet
benefit can be llsr-e:‘setnt\ed as the ,quan‘ti“fiable {in dollars) por:t-ien‘of a cost-
fefféc‘tiveness -evaluation in conjunction ;with other quantifiable measures
(such -as number of lives saved) and the non-quantifiable factors. All

of \t‘he items comprise the economic impact of each candidate s ai?ety
standard.

Cost utility analysis often has the same meaning as cost-benefit

a.na!.ly.si'si._ It should be noted, however, that the utility value of benefits
may be different from lthe'.monet’a'ry value of benefits. This distinction
.rarlijs:e:s from the recognition that money has.a d’i?fi‘e,r.entvalue or utility
to :‘éi££etrent segments of society. An added dollar of wealth may have
‘considerably more meaning to:a poor man than toa rich man. S’imi~
larly, an increase in safety standards on the railroads may be worth
more to one group of customers or employees-than to another such
_;g:jréu'p. While recognizing these differences in utility to different
people, c.os:’t—ébén’eﬁﬁ: analysis -.c-.on.sl\i'deer,s. that the determination of bene-

fits in general is already inexact and that the inclusion of utility consid~

erations would not lead to a better estimate of the benefits to society.

30



Indeed, comparison of utility between different people is impossible to
perform in a non-arbitrary manner and will be excluded from the meth-
.odology proposed for this study.

Cost-effectiveness is a term which often is aésigned the same

meaning as cost benefit. Occasionally, however, it is used to mean a
process of evaluation in which a finai dollar value is not placed on the
benefits to be derived from, say, introducing improved safety standards
on the railroad. In this form of cost-effectiveness, the candidate safety
standards are compared on the basis of cost and different.{ factpré of
effectiveness such as lives saved, reduction in the number of accidents,
etc. No attempt is made to combine these factors of .effectiveness into
a sméle measure of the benefits to be derived from the safety standards;
neither is an attempt made to measure the total benefits .in te;-ms of |
dollaxr value. Pr‘oponents of this approach to cogt-effectiveneSS con-
sidexr the objective measurement of many forms of effectiveness as
unfeasible and hence not reducible to a single dollar value.

Gross Benefit, Cost, Net Benefit
and Consumexrs' Surplus

In the private sector of the econemy, the prices of >goods are
deterﬁined in well-developed marketé through the interaction of the ‘
supply of, and the demand for, those goods. However, for goods pro-
vided by the public sector, theré is no market structure which estab-
lishes prige. Moreover, for public éoods -- goods such as national

ot
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defense or television transmission which can be consumed by more.,
than one person at.a given time at no additional cost and for which the
exclusion of -éotenfii‘al customers involves significant costs -~ the crea-
tion of such.a market structure is undesirable, if not impossible.
Unfortunately, in the absence of a reasonably .competitive market"fo:
a particular good, no direct test of the economic justification for the
provision of the good is available. ‘Ratfxer, indirect methods must be
-devised to evaluate the desirability of these goods.

Safety standards for railroads are public goods in that, first,
th,éy provide protection r,o.n‘ the same basis to all individuals who are
potentially affected by -railroad accidents and, second, the exclusion
of any individual from ;th-i‘»s protection is clearly ;i~mpiacﬁi’cal. Conse~
quently, direct market tests cannot be ;r,e;lvi:_ed upon for the economic
evazlu'a,tion of these standards. Therefore, 'f:'h,,e -r;,ém‘ain‘der of ‘this sec~
tion will be devoted to the development ._of an indirect methoddlogy for
performing this evaluation.

The first step in this development is the establishment of some -

basic terminology. The gross benefit obtained by anindividual from
‘his consumption of a good.or service is the maximum amount of moeney
that he would be willing ‘to pay for the quantity .of the good or service

that he receives. The cost to the individual of this good or serviceis

the expenditure that he actually makes. The net benefit is the gross
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benefit less t‘he cost. For a public go.od', or any other good which com-
mands a market price of zero, the net benefit and gross benefit are
equal. In general, a consumer will purchase a good or service onlsr
when the net benefit to him from doing so is positive (that 'is,‘ when a
net benefit exists). The total net benefit derived by society from the
consumption of the good or service -- the sum of. the net benefits
‘obtained‘ by the individuals consuming the good or service -- is
:feferred to as the consumers' éurplus.
An improvement of safety standards on the railroad will gererate |
a benefit to society\ in three parts. First, there is an increase in the
net benefit to the present customers and.- employees of the railroad.
Second, the newAsafety standard may encouragé more customers either ’
to travel by the railroad or to transpo:ft their goods on the railroad as
a result.of improved, more r.eliable service. Finally, noh—customers
will experience an increase in their net beﬁefit from the decrease in
the risk that they will be involved in or adversely affected by railroad
accidents. The sum of the net benefits to éxisting customers plus the
net benefit produced by attrac'ting mére custgmers to the railroad plus
the net benefit obtained by non-customérs who are potentially affected
by railroad accidents is the consumers' surplué aésociated with the

safety standards.
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Z?Inu;o.mlave:x..t ‘to éggxeasu-xe"{fhe"n'et..bten'efit.or the ?cﬂt‘x’sume‘r"s' surplus of
zapublic;good :such.as safety, 'it-is'necessary to ‘know how ‘much:people
-arerwilling ‘to payito .h;tve":tﬁi?‘s -public good ?a:valilai‘b““l;"e. 1t seems ‘reason=-
able-to -measure-the ‘value of iincreased. safety asitlre willingness:to pay
"f or increasedisafety by ‘theibeneficiaries of ‘the safety impaﬁov:émt'e’nt.
For ‘example, ‘a rdilread «carrying 100 people:safely from point.-A to
point B theoreticdllyshould be operating .at-aneguilibrium point where
the cost:of “marg’inai‘i safety improvement {a "r.‘e‘ﬂu”&;;"i‘Onzin the probability
of an accident occurring?) ds just-equal:to:the *:sumf;'d’f ‘the ‘amounts that
\e‘ac’l‘l of these 100 people would be willing ‘to "f-pa;y‘f:ﬁ;ﬁr ‘this .’.imp‘rov.‘e'a
sa:fety. However, since‘there ‘s no morket ~'s:t1:ut;:ure for public goods,
it.is difficdlt to determine ‘how much people.are willing to “:p‘a‘& forusafety.
Modalisplit, which ¥s auanexsure of ridershippreference under ‘existing
;tte‘;ms:a‘na conditions, ‘is.a functionof many factors, only one of ‘which
4s safety. -Opinion:surveys, in'which a sample wof dffected persons are
:asked what they.are willing to pay for :safety, ‘are expensive.and notor-
fio-xl«sly'~ikn'a{ctcuna;tfe..
:C.dxrs:equ-'ent-ly, ‘the determination of how:much people are willing
to pay:for a particuiar good oftenihas ‘to rely on estimates derived from
-similar situations. Forexample, ‘it'may ‘be’possible.to infer sorme
approximate estimates of people’s willingness to'pay for improved rail-

road safety from the dollar ‘@amounts “which they*have spent voluntarily



for safety standards on automobiles and from the involuntary expendi-
" tures which they have tacitly accepted.

Pl

3.1.2 Costs and Benefits

Invan economic impact ana'lysisAl.- we are concerxé'xed \ﬁi:th the costs
and benefits of a public good such as railroad safety standgrds. A public
good is often supplied in a large éuantity to society o? it is not supplied
at all; hence, it often has eff.ect”s whiﬂ; go beyond the immediate area
of introduction. These effects (extern_a;litiaes) ::an be bbth beneficial and
costly to different segments of society. For instance, the externalities -
of an airport can represent benefit to the corﬁmunity which it serves,
and also a cost to those members of the community who are affected by
airéra.ft noise. The aircraft noise is a societal cost which should be
considered by an airport planning agency.

The benefits derJ;.ved from safety standards on the .:;-ailwa.ys can
be. subdivided into three major categories: (1)_dgcréases in property -
and railway car damage, (2) decreases’ in losé of life o.r injury caused
by railroad accidents, and (3)' increased level of qatisfacfion of railway
gmployees, customers, and other members of gociety as a result of
the first two categories.

e

To determine the gross benefit derived from these three major i

G
o,

A _ ; Yy
categories, it is necessary not only to measure the changes in the prob- *

ability of their occurrence but also to be able to attribute dollar values.
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r};;o:;ea.qh:;Qa\tvggévr,vaagxd:;—s;u:b,c,;:‘a,-tgg@rry. .The problem, of attributing dollar
=valuess tO::;ﬂat.a.1'1';iti~e~s;'. -injuries:and.changes, in-satisfaction has been dealt
-with:in;recent years and:is.currently-employediby.many agencies of the
~:g0ve:::n~;m~:_-ent:=as---..'a;nf:;e'v.-algaa:tiz\ﬁex,t,o;gl- "Cnrrel}t;cJO'st’r.ﬁ.?nef_it methodology
+suggestsrthat such-intangibles.as.psychic.satisfaction and a reduction
-of pain;and-suffering. should be:listed.as anbenefit. 1n .any._.economic anal-
~ysis.

i I;naaa;cldfi«tiéna.~1:z0f;;f::he-;exfcem.al -costs imposed upon society through the
‘ .introduction-of-a;public. geod, the.establishment of railroad. safety stand-
-ards imposes. an.opportunity cost upon.all members of society.  The
adevelepmgpt,;n.-.pmml.lu;lgaﬂ:i@?: sand-enf orc_e-m.fentaof,;,..s‘.;afqtsf, stand%r?i s -cannot
+be.accomplished-without-the application of some. societal. re s@#l:cesn
“Sincethe funds.available for ?tlﬁe;;aplz ovision.of:public goods are limited,
-theifunding of-railroad:safety-standards,necessarily-will absoxb
~resources-whichzalternatively s;ou.,ld‘».l? esdevoted.tojother public.or. pri-
svate;progzams. 7The ~value.of'these foregpne programs constitutes:the
.-;-rszpp@rtgn_iztw.o;o»étv,,pff dntroducing.the standards. ~This cost, in,addition
to the externality costsidiscussed-pr ewious% ~rust;be considered as
wa:component;of societal-costs.

s~hs.afurther example-of such. cﬁohs:t,s ,- consider the decision to
<:abandon;a:x a.i‘qua&- serving-a-particular community and-.the s\';tb,sgque'nt

~substitution of motor carrier, bus,.and automobile transportation for
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rail transport. The main societal costs which arise in this instance
are:

. Those related to passenger trips or freight traffic
diverted to other forms of transportation. This
includes the higher incremental costs of the alterna-
tive transport mode and costs associated with the
value of additional transit time, where such addi-
tional travel time is involved.

. Those costs which arise from products no longer
transported and available to the community. This
is a direct loss to the community.

. | Those costs imposed on other members of the com-
munity. For _exampie, there is a cost imposed on
motorists and other road users due to the added

congestion and maintenance of highways which is
created by the additional motor vehicle traffic.

It is important to recognize that neither the decrease in revenue
earned by the railroad nor the increase ip expenditures ﬁpon other
carriers direcfly constitutes a societal cost. This shift in expenditure
patterns is primarily a transfer of benefits from one seément of the
community to another segment ofrthe same community‘ and does not
affect the overall level of societal cost. Only if the increased expendi-
tures on other carriers exceeds the re‘duced Aexpenditur;s on railroads
is there a net loss to society.

In a similar manner, as a result of the abandomﬁent of the rail-‘ i

road, certain factories and industries may decide to close down or

relocate. While this constitutes a loss to the individual community
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affected, it may not be an édditional loss to society as a whole. If
other communities benefit from the closing through employment of
either the displaced resources or an equivalent amount of previously
unemployed resources, the inclusion of the losses incurred by the first
community as a poftion of societal cost in the analysis would result in
double-counting.

One community's cost may be another community's gain, and one
individual company's losses may likewise be another's benefit. Conse-
quently, in computing societal costs, it is necessary to include each
member of society, thus to guard against purely distributional effects
of benefits and costs. While it is desirable to take distributional effects
into account when choosing betwcen alternatives, the results will not
affect the overall dollar value of costs and benefits.

Yet, the sheer enormity of the task of accounting for all direct
and indirect effects of a particular public policy upon each member of
society makes the conducting of a comprehensive cost-benefit analysis
of an issue as far-reaching as the imposition of railroad safety stand-
ards impractical if not impossible. At some point, the increased pre-
cision of the analysis which results from the evaluation of any remain-
ing indirect effects fails to justify the efforts required to accomplish
the evaluation. At this point, further analysis is unwarranted. For

this reason, the methodological test included in Section 5 of this report
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which studied the economic impact of .thie imposition of journal bearing
standards concentrated ;)nly on the direct costs and benefits attributable
to these standards. Thus, the analytic technique employed in this study
can be described more accurately as cost-effectiveness analysis than
as cost-benefit analysis;

In addition, it is this restriction of the analysis which necessi-
- tates a choice between net benefit and the benefit-cost ratio as a cri-
te;rion for decision—making. If all benefits and costs can be isolated
and evaluated, the two criteria become indistinguishable. | Thus, an
expansion and standardization of the collection of information describ-
ing thé causes and effects of railroad accidents, the direct and iﬁdirect
costs and benefits of compliance would cause the existing distinctions
between alternative efficiency. criteria to‘fade and would pefrmit the
conducti.ng of a cpst—benefit analysis of railroad safety standards.

3.1.3 Seclection of the Time
" Period for Evaluation

The time period for the evaluat_ion of the effectiveness of the
safety standards employed on the railroad depénds on three main fac-
tors: (1) the time spa;n of reasonable predictive ability, (2) the serﬁce |
life of the safety stax;da;'dé, and (3) thé é.nticipated pefiod of applica-

tion of the safety standards.
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The tim;e spé.n of reasonable predictive ability depends in afr_li%\gge
part on eventi ext%;'rnal to the railroads per se. As predictions are
made farther ;i;nto rl:he future, the reliability of the predictions decreases.
There could be .a change in the demand for rail transportation through
the emergencg of e: competing form of transportation. For instance,
magnetic 1evi£atioh and linear induction propulsion may render current
forms of rail transportation and railroéd safety standards obsolete.
Hence, it is desirable to restrict the tirne span:for calculations to about
15 years whi‘.c_'h is within the lim—it‘s of rea’sona‘l.ﬁe predictive ability.

While safety standards are generally felt to be ongoing in nature
and of indefinite length, the service life of the safety standards depends
both on the:technological life of the major physical components that it
addresses and the limits of the useful life of the safety sta;'ldards due
to changes in the-demand for that mode of transportation.

"The anticipated period of application of the safety features is.a
third restriction onthe time period for evaluation. It may be desirable
to make an assessmernt of the contribution and cost-effectiveness of the
safety standards .after .a short _pe:r:i»oa of time. If the safety standards
are not ~t.0’s‘.t‘—ef£ecfive, then they need not be renewed for future periods

of time.
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"3.1.4 Sensitivity Analysis

Since most important decision problems involve major elements
"of uncertainty, an analysis of such problems must.provide for explicit
treatment of uncertainty. Suppose in a given analysis there are a few
key variables about which the analyst is uncertain, then i;xstead of using
a ''typical expected value" or a "best estimate, ' the analyst may use
severgl values (optimistic, mean, pessimistic) m an attempt toisee
how sensitive thé results (the ranking of the alternatives being consid-
ered) are to variations in the uncertain variables.

For instance, in determining the present value of hﬁman life, it
is pqssible to use a figure corresponding to the immediate costs of
death (medical services, | fﬁne:al costs, etc.) and another figure which
in addition to the immediate costs of death includes the present value
of future expected earnings and measures for the costs of pain and suf-
fering, etc. The analysis can be performed twice to determine how
sensitive the safety standards evaluations are to differing ‘estimates
for thé cost of death. If the occurrence of fatalities is exfremely low
compared to fhe occurrence of property damages per track rrlile, then

it is Ul\ikely that the computation of net benefits will not be sensitive to

"the value placed on human life.
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A good example of the use of sensitivity analysis is presented:in::
Section:'5. Since quiteé a bit of uncertainty exists about'some of the -

parameters (for'{:.exairhple, the percent of freight cars which have. stabi-

lized bearings), these parameters were varied over‘a wide range of

FH 3

| values. This exercise is useful at several stages_in a study; iman
early stage;. it can bé-uszed.‘tou‘indicate the a’ccur.:a;zl:y necessary in each
-parameter. Also, in.many cases (as in Section*’IS‘)",, if a computer pro-
gram is written to perform: the basic arithmetic in the analysis, the-
sensitivity analysis can subsequently be done by sirhply rerunning the

program with the changed parameters,
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3.2 Railroad Costs

The safety standards to be implemented under the Federal Rail-
road Safety Act of 1970 (PL 91-458) are required to cover all areas of
railroad safety. The FRA has developed safety standards in the areas
of track and equipment, thus providing a basis for analyzing the costs
to be incurred by the ra.ihjoad industfy in implementing these standards
in situations where track and equipmen£ presently do not meet the new
and proposed standards.

The types of costs likely to be incurred by the rail carriers
include material costs, labor costs, and administrative and managerial
costs. Since the new and proposed standards are stated in terms of
existing technology, such costs as research and development and reor-
ganization are assumed to be negligible. The types of costs will vary
in size among different rail companies, but. some costs will generally
be higher than others, as indicated in Table 1.

The discussions in this section are keyed to.the methodology flow
chart in Figure 2.

3.2.1 Guidelines for Calculations

Many problems arise in calculating the exact costs carriers will
bear as a result of the new standards, because any carrier is expected
to integrate additional inspections, repairs, or administrative work

with his present operations.
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TTABLE. 1
IEstimated Relative:Size
wof Implementation Costs*

ot

“Materials

N ,L‘a\bor

{Administration/

Management
‘(includes
‘'record keeping
-and overhead

"Track :Inspection

WLivw

 4+High

“Moderate

“Repair/ .
“Replacement

{

‘Moderate

"Moderate

Moderate

~Equipment :Ins pér:!tion

Low

' Moderate

High

"Repair/ »
LER:e,pIae,emeqt

" Moderate -

* Moderate

“High

“#NLow, ' Y“High, "-and "Moderate'' are terms-relating to:costs
~generally.borne:in:the-regularday~to~day railroad.operations. In
~other words, ‘the above assessment is intended to-réflect the addi-
~tional burden likely toibe incurrediby.the.carriers-.due to the standards.
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Since many of the requirements ‘of‘ the standards are likel); to be
merged with existing procedﬁres, it will be important to mbnitor imple-
mentation ?nd effects carefully to assess whether implementation costs
are, J:Ln fa.ct-, in line Qith estimates resulting from the cost-benefit
methodology.

One of the most important steps for insuring the overall reason-

- ableness and accuracy of the analysis is the determination of exactly
how réilroads will, in the aggregate, comply with the standards. For
example, in calculating inspection costs, it will be necessary to ascer-
tain.how railroads will likely condﬁct the inspection -- what items Will
be inspected and how they will be inspected (visually-disrhantling). It
is; also important to estimate thé ektent of the railroad industry's com-
pliance with a standard. The early exi)erience‘ of the FRA has been
that the .r'a.ilroads slip into devlinquency especiaily if a particuiar stand-
ard is more stringﬂent than the appropriate.inteirchange rules. If less
‘than full compliance will be tolerated, then the railroad industry's co:st ‘
should be based on this amount of complia.xice. If penalties are pro-
\}ided for non-compliance, then these are part of the costs borne by the
railroads. o

Althéugh benefits from safety rules are generally conceded to

extend into perpetuity, a 15-year period has been,éstablishéd for the

present study. This assumption means that all costs must be extended
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over a 1’5»-ygar period also. ‘/Sl'ince S‘omé. of .the costs of implementing
tl;xe,s,.ta;nda.‘rc;’_i‘}.s W111 be borne over a much shorter period, the costs and
benefits must beiequalized in terms of comparable dollars. The pro-
cedure for this equalizatiou involves calculating specific year-by-year
values for each go‘st.a‘n‘d‘ each benefit.. Estimates not obtained bythls
annualization p’:r‘cgc’:fediure are not strictly compara.‘ble.

- 3.2.2 Implementation Costs

ii’np'lement‘a‘ti.on' cost estimates can be verified by data obtaineci;
from a:series- offii:;ro‘cedu'r‘e’s: and sources;, as-indicated on the method-
ology flow chart in Figure 2: ‘ '

FRA field inspection reports;

Sampling maintenance records. and:other -records
‘kept.by carriers,

Results of special studies performed.by AAR,.
REE, and.others;

Modelling the.costs of standards using engineering
data on components. plus. other data on:costs and
procedures, and.
Obtaining: more-reliable estimates from a joint
FRA and rail industry task force-or panel to pro-
vide: ongoing feedback om costs:.
It:would be.evern more. desirable tor obtain: implementation cost: )
data: fromr a.series-of two. or more:- of the above procedures. Describ-

ing-in: detail a:program for-the use. of these:procedures. is, however,

outside: the scope: of the present report.
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Thé FRA-Industry Joint Task Force is a concept by which repre-
sentatives from the railroad industry, ﬁnions, and FRA would meet to
provide expert opinion and recommendations for FRA in the cost-benefit
analysis of safety standards. This concept was suggested by one of the )
railrcads interviewed and has been reviewed with other railroads and
union officials in subsequent interviews, and has received vigorous
approval, along with indications that participation wouljld be widespread.

For specific technical problems, other specialists and technical
representatives from AAR, RPI, and variou; firms would be included.
In any case, a deteymination of the effeCtivgnes_s of a given standard in
reducing accidents will require a high deg'ree of technical competence,
an unders_’ca.ndiing of accident causes, e_tc. T‘his is an important and
sensitive calculation in the cost-benefit énalysis of safety standards,
and one for which expert opinibns should be sought wherever possible.

In addition, the Task Fofce could act in a consulting capacity
duﬂng the rule-making procedures to work out changes and definitional
problems in proposed standards before they are issued.

The serious lack of data on safety is another problem that the
Joint Task Force could élsé address, and perhéps through the auspices

of participating members, additional data requir;éme_nts coula be defined

and mutual action undertaken to insure effective development.
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3.2.3 Ipspection Costs

The. costs to _;ra_il carriers of implementing new and proposed
sa;f,)ety‘sta,ndarzds ha;.,v.e, for the purposes of this study, been divided ir}f;q
two,maj_orvcos.t categories: inspections and repair/replacement. The
. reason for thig division is clear from the present.form of the-new track

standards, and from the proposed equipment standards. Both sets of
. rules. ha-ve_s.pélcifi;c:“,i_nspection requirements which must be met inde~
pendent of other rules.

The:inspection costs for both track and rail standards have been
divided further into "direct costs' and '"other costs.' Direct costs are-
the:,, c\ov.s,ts‘ of actual ins,pectidns of eithexr track or:equipment consisting
primarily of labor costs. Other costs are those.associated with the
hiring and training of inspectors,; transpertation-of-the-inspector to the
track to be inspected, movement of freight cars to and from the repair-
track,. a_.;r;dr. the lost car-utilization resultvingf,romzthef inspection. It is
assumed for this-study-that the time lost in utilization of tré._ck while it-
is Eeing inspected is negligible.

"Other costs; "as -féppolsed-_to-direct costs; are discussed-in:the-
following:section, 'Direct costs' involve only inspection time, and
cxﬁde estimates of ‘tl}1e;se costs are te be obtained by es.timatingAthe&

- number, of man-hours of inspection time required:for-an appropriate-

unit and multiplying it by the total number. of units: (cars, track miles,
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etc. ) to be inspected. The total a‘nnual cost i;f inspection for all units
is then projected by the estimated average number of inspections
required each year over a 15-year period and a 15-year total cost
obtained. |

In both the track and the equipment stan;lards, two types of basic
.units are defined, based on the type of service in whicl? they are
gmployed. Thus, main line track is di'stinguished from yard and switch-
ing traéks, and high utilization cars are distinguished from othew cars.
Separaite inspection costs must be calcuiated ?or each category of tfack )
and cars.

Actual time spent on inspections may vary widely depending on
the item or unit being in§Pe§:ted ‘and on the inspector's e_;cperience. For

freight cars, estimates of the time required to periodically inspect all

L

truck components plus couplers and draft systems have ranged from 12
man-hours to 30 man-hours.* Thgse estimates generally assume that
some car components such as jourhal lb-earings and wedges would have
to be physically dismantied to proper1~y.;gauge wear and condition. In
the case of track, 4a rule-of—thuml; of 20 miles pe>r diay was mentioned,
but actual times might.run from one mile per hour to five miles per '

T

hour, or from eighf to 40 miles during an eight-hour day. A sample °

*Visual inspections can naturally be accomplished in a matter of
minutes. '
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calculation for inspection of main line track is shown in Table 2.

These calculations are only rough estimates for illustration purposes
only, because separate calculations were not made for each year in the
15-year period and the costs were not discounted.

The number of personnel assigned to track and equipment inspec-
tion now varies considerably among railroads. It can be assumed,
however, that each railroad may find it necessary to hire and train
additional track and equipment inspectors and other personnel in order
to comply with the standards. Although there is little formal structure
for such t-ra‘.ining at present, it is possible to calculate how much such
a program would cost, based on the as:—*urﬁption that the major expense
would be the time of the instructors and the trainees. Some railroads
might merely assign trainees to existing inspection personnel.

3.2.4 Average Industry Condition

To calculate costs of implementation of standards, an estimate
must be made of the extent of substandard track and equipment in the
present system. Also, age and wear data must be used to determine
when track and equipment will, in the future, fall below the proposed
standards. Estimates of the track and equipment which must be up-
graded or replaced in order to achieve compliance with the proposed

FRA standards can then be made.
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TABLE 2

Sample Calculation of Inspection Costs Over 15 Years

Note: Figures are preliminary estirnates of yearly (undiscounted) costs,

Track
Inspections

Cost of Unif

Frequency Multi-

‘| hour), For 205,000
‘| miles of main line,.
| there are 10,250

4| 20 -mile units,

$113,92

| spections.
1 are 780 weeks in a :

| track, with 24-hour

period between in-
There

Unit cost per 15 yrs:
$227.84 x 780 =

1$177,715

15-year period., 1

Actual Time of Inspection | Frequency of plied by Unit Cost | Total Fifteen
Inspector Per Unit|at $14,24 Unit Inspection | to Get Total Year Cost
' Per Hour*. { Cost/Unit - {undiscounted)
8 hours per 20 | Twice per week {Unit cost per week:{ $177,715 x
| miles (2.5 miles/ for rnain line $227.84 10,250 =

$1, 821, 581, 000

o

. *This is the AARBilling irate for general labot chaxges iga of August 1, 1974,



"The :maintenance:costs-resulting from-compliance activities are

v

anot Yikely to be %cnown before formal adoption.df‘the standards , »a;d
“therefore: i:?_l‘:e se ‘,‘Zamount,s ‘must be estimated for inclusion in -the‘; total
‘:implementétio~n .cost-of the standards. The estimating ;procedure
" -requiresrsome V,_asis;s;e;s\s:ment -of the degree or level .of substandard track
.and -equipment =Vi;hich;:pr esently :exists in the rail -‘s.:ystem and ‘the extent
4o ‘which ‘the railroad industry will-upgrade-its-condition. Making this
.assessment is-.simplified when the proposed -safety standards are ‘sim-
ilar to:the-rules*-which the rail industry (AAR)has already promul-
.gated, .as inithe:case -of the proposed track.and :equipment standards.
.In:these instances, ‘the AAR may have ongoing 'ir;;e’;:S orts-or t-é*_s-t ‘results
~which-will-measure-the-condition of the i.t—gr;r.ls:z:and ‘the -extent of ;indus-
“£ry. -é:ongll‘ilianc:e with'ith e:zr;e._c ommended -practice. 7This .information can
beof enormousihelpto the™FRA in estimating the-general -industry con-
vdition. »,o;r:_ sprebable numbers of defective units
| The-xesults of the-inspections required-by the mew,safety stand-

.ards should ;provide carriers with.a clearer picture of-which:conditions

“on'their-railroads:areleading to accidents. "The:averred .intent.of.the

“*While the AAR -interchange rules have not:begen legally binding
:on-the -carriers, ‘they have served over the .years:as guides:as to:when
Jitems and components should :be repaired and:replaced. 'These main-

tenance guidelines have+been:established by the FRA.as minimum
':,saf:ety -standards.
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p%oposed st;.nda.rds, and of the Federal Railroad Sg.fety VAct gf 1970,

is to ameliorate these conditions and therebsr i-edu_.cé the occurrence of
accidents. Since accidents, having remained at moderate levels over
the past 15 years, ére recently increa"‘;ihg‘,g-it is likely that significant

amounts of additional maintenance investment wi‘_llobe required to
i ' )

»

achieve the objectives of the Act.

3.2.4.1 Track Condition

The general procedure for detérmining ﬁresent condition of track
aﬁd roadwgy gnd its future condition is illustra.tea by the work Qf thé
Labor and Management Committee Task Force II on Track and Roadway
(April 13, 1971). The overall cost of the program reéommended by
this report is $208 million per year for tie replacement, and $325
million p\.er year for rail replacement. The report recomnéends that
the tie replacerhent program be implemented for at least a six-year
period, and the rail replé,cement progra;m for ten years. .

Although the prograrn outlined by the Track and Roadv&;ay Task
Force is designed to produce a very high quality rail system, with 98
percent of mainiline track beiné converted to welded rail, not all of
that program would be necessary to achi.ex‘fe compliance with the FRA
track standards. Nevertheless, the procedure emplvo.yed by the Ta;k

Force is suitable for use in the .recommended cost-effectiveness meth-

odology. Some clmaﬁges must be made in parameters such as average
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tie me_,pla_ggrngpt aécxs—;t, now substantially higherthan in April,; 1971, and
in overall ,dbjj?ctiivefs:, since safety .cons‘:i'd-:e'fa':ti“on.s alone cio not require
the sa;me,_;jdeg;ﬁee of improvement as is required for maximum, as well
as A;af‘e,, operating »performanc"e.

3. i 4.2 ‘Equipment Condition

The p.re-;'s;é?xt _‘p‘hi‘lostéphy underlying FRA isafety standards activity
is 'that the redu:gti!on -of accidents to be expected from the proposed
equi'pmelnt standards will occur because of increased inspections and
the Ii;mme’dﬁiate replacement of worr components. Under present prac-
tices, defective equipment parts are not necessarily discovered ‘b:ef-o;e
_f.ailur:e,, a.‘nd;e,ve-n when a worn part’is discovered, it is not necessarily
replaced immediately, because of time, labor, facility, and capital
constraints. This phitosophy is reflected in the following prominent
features of the .éc}u:ipme'nt standards:

b

w The proposed standards are defined for wheels, axles,
‘bearings, couplers, anddraft systems. Other com-
ponents are referred to in a ''‘miscellaneous’ standard.
In othier words, the standards.for - equlpment apply to
rail car components.

;a.rds._a.lrea.dy in use and, Wld*el_y .a.cc,e.p_ted These stand‘ -
. ‘ards generally involve measurements of components to
determine wear and potential failure.

. In spite of present standards and inspections, a .sub-
stantial number of component failures occur. Addi-
tional inspections are required with the intent of
detecting components which are worn below standards.
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The main purpose of. this discussioh is to estimate how many
more components of certain ty'pés will be found to be worn than are
presently found, and how many oflthes_e will be replaced under the pro-
posed standards.

Much of the data oh equipment components must be estimated on
the basis of the following factors:

N

Age of freight cars in service (UMLER File),

Age of installed components where known or
recorded (carrier records),

Present and expected inspection rafes,

Usage or service rates of freight cars (dedicated -
unit trains, free running, local captive movements),

Replacement and repair parameters such as man-
hours, component costs (carrier records).

The first step in developing the needed estirnates is to summarize the
types of .service »in which freig_ht cars are employed. The reason for
this approach is to derive a range of wear for a freight car of a given
age and a mean or most likely estimate for a given class of service.
Because f;reight cars in service vastly outnumber the passenger gérs,
the présent report will deal with freight cars only.
The types of service vary widely along at least five dimensions:

Speed,

Axle weight, )

Track (including track condition and terrain),

Climate, and .
Annual car mileage (high vs. low utilization cars).
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There @re other dimensions, «of zcou-’r::se.,' ‘but these five are necess ary
at least 'to adequately describe freight tar operations.

The proposed FRA equipment standards ~zsfe§avrate the types of ser-
vice for freight «caris into heavy and light, or high utilization and low
utilization. ﬁ?:}:vl‘igh?ﬁtilization car is defined to Ab‘_e; & car that is !.‘de‘lsagvé’:;led
‘to carry "t;ru'ckst or trailers, -or is one which operates on:a contihuous
- round-trip Acyclle,, ‘or ‘travles more ‘than 50, 000 miles annually. The
ffequ-enc;r ‘of periedic -i;l's,pe ction -r-equ‘irernenfs’ originally proposed by
FRA :and the most recently revised requirements are shown in Table 3
on‘the following page. .

‘These periodic inspection requirements néed not add to the sched-
uling prébl:eﬁﬁ.fs of freight car usage be"cau:se.: t'_he'-ffpi'oposeleRA rules .do I
“not reduire that each freiglit car be iﬂséecte_d exactly at the -end of
150, 000 miles, or :.exa‘véftly every 50, 000 n‘file"'é-, 'Ihua, the inspections
can be accomplished at anhy time a car .is oﬁi% ;rtgéa‘ii- track. However,
the required scheduling of inspections :Ena‘y-—'avddfo the time that cars-are
in -shops.and may result in increased repair and :rzeplacement costs,
:since mote wb'fn;andv.def:e'c't’ive components i".n?y ‘be ‘detected.

The calcilations, presented in Tvaﬁle 4, illustrate a method of
estimating-the distributions of worn components in the freight car fleet.
The parameter values ére hypothetical and the Tesults apply only .in the
:‘a'g"grc:g'-ate-—'&the"life “of any one component’ on one ‘particular freight car
-caﬁnot'?be estifmated in this manner. The asisumptions are:

56



TABLE 3 )
Ingpection Frequencies for Freight Cars

Originally Proposed Standards, Federal Register, September 22, 1972,
Vol, 37 No. 185 ) . :

New Reconditioned
Initial |Subsequent| Initial Subseguent
. Once Once _ Once Once
High Utilization . ~ |during every during every
' first 50, 000 first 50, 000
150, 000 miles 150, 000 miles
miles ‘Imiles
Once Once Once Once
Normal Utilization [during every 2 during every
first 7 - |years or |first 50, 000
years or 50,000 - |7 years or | miles or
150, 000 miles - 150, 000 2 years
miles 3 miles

Revised Standards, Federal Register, November 21, 1973

New - Reconditioned
Initial |Subsequent| Initial Subsequent
Once . Once Once Once
High Utilization during = |every during every
first year first year
2 years 2 years
Once- Once Once Once
Neormal Utilization | during every during every
{ first 4 years first 4 years
1 8 years 8 years
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‘! '-}'*Hypothetxcal Dvstrxbutlon :of "Wioxrn’ Frelght CarComponents

JAge: SfiCar
. InYears

IStatis t1c al

TPist rlb ution. <of

iDraft: Systems
Eailures(%)*

Statistical

Failed’Roller
Beartings: (%)" ok

“Distribution of -

“Statistical
Bistribution.of /
¥Failed ‘Wheels
L

FTotal Wiheel

Wear-0Outs
in. Eac¢h

04 AL 2.0 2..00
558 | k T 14,0 - 14,04
19-12 30t ) i 34,0 .. B4.56 "~

g :37.34
" 225,33
' 24724 g
30,48 - 4
230..44 :
327,65 .
iReplaced. or 27,70

! -3 ‘Rebuilt A 5 3 729..04 'I

© 34,0
14,0
2.0 )
#A11:Replaced:or |
FRebuilt '

22,70
1450
34,70
34.70
214,70
22,70

lasaxe | -
; xm 20 b ‘

7
7
1

f Overa48

IFREIGHT CAR WHEELWEAR-OUTS

13

305

TGROUGP
HRerscent

(Y7~ 72le 25- 129- 533- i37- 24l- 45-
720 24 228 332 36 40 <44 A48

SCARMAGE IGROUR, YYears

Q.2 Y2 115~
k6

1All-entriesrape:the percents:-éfitheroriginalzcomponents=which
_fall.in the indicateditimepperiod. [It'iszassumedithat-6%:of:all:newidnaft
:systems ‘haveifailedratithe end-of I'Svyeaxs.
kA ssumenantaverage.life;of:500,:000: m11es~<and aryearly:niileage;of
720,000 miles.
vk Assume:. thermean-wheel lifeiis: I3uyeanssand the wear occurs:.in
~amnormal:distribution.
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. In 1971, the avgr;age freight car traveled about 20, 000
miles per year (Railroad Facts, 1971), and '

The mean period of time to reach maximum allowable
wear levels was:

Wheels 13 years,
Draft systems - 25.5 years, and"
Roller bearings 25,0 years.

‘

The ISercent figure for each of these components show what perc;:ent of
‘the remaining components from the original group (population) would be
e;s'pected to fail inspection during the time periods shown in Table 4.

In other words, the freight car fleet can be viewed as a collection
of qdmponents which were new when each individual car was bought and
placed in service. As the cars continue in service, the total colleciion
of all componenté begins to wear. Some components of a given type

(wheels, journals, etc.) wear out fairly early, and must be replaced.

;
/

By the egd of the mean iifetime of any type of component, about 50 per-
cént h:;,ve become.worn, and of that 5/0 peréent, mostlof those compon-
ents that have been detected have been replaced.

The components that have been replaﬁed 3lso begin to wear out,
~ and under the same 'operating conditions, it.is ;lsumed for estimation
purposes that wear is a constant fa‘ctc;r. By knowing .the approximate
age and class of service for a given car and probable operating condi-

tions, and the mean service life components, an estimate of the com-

ponent wear can be made. By summing the individmal car estimates,
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an-estimate;for-the:entire:fleet can.berderived.. Finally; from the dis-

b

'

tribution:of worn components: for:the: entire fleet; and an-analysis of the
c‘ondition;',O’fzﬁé;il.é:cl'.component's.; the probability:of component failure -can.
be: calculated.

'IlHeréf"orte-}& itris-possible to rioughiy estimate the-:p:e,rc«:e‘nt-"of"wdrn
components. in:any age: group of railway 'c::‘a;r's;:.l According: to the percent
shown-in Table 4,. two-percent of the wheels: are:worn in the g‘r;.),up,:.»
less:than four years ofiage: Fourteen percent:of the-wheels: are worn-
in the:five-to-eight: year: group; but-two perc entsof the wheels: in this
group: have. al‘r.-e-ady "been" replaced. These new:wheels: formra new
younger- g:'r:oup“»with' the-same wear-distributionsas: the original group- .
Hence.ther worn wheels: in the-five-to-eight‘year-group are 14’'percent
of ‘the:original group .andi2. percent:of the new group for-a total of 14: 04
percent of’all theruniverse:of/wheels,  as- shownin Table 4. There are:
now- three:different:age:groups,. each withridentical wear distributions..
Continuing in- this:fashion:the: probable: wear-outs for the entire fleet
in.each age group are:.given in:the last column of Table 4. These-
numbers: are also: plotted underneath: Table. 4" torshow that the wear=outs
arerapproaching a.constant rate: of about: 7" percent per year..

in ordé-;'-’ to-calculate-the: distribution of worn components:in.the

fleet, . the: following alternatives should:ibe: considered:



1.  Computer process the AAR UMLER File to determine
the age of cars by car type and estimate wear factors,
considering probable service environments.

. \

2, Use individual carrier reccrds to determine the aver-
age age of cars and probable condition of components.
This can be done with FRA/carrier cooperation.

3. Examine carriers' shop records to ascertain the fre-
quency of repair and replacement of given components,
The carriers' replacement rates can be used as a
rough approximation of industry defectives. Obviously,
the more carriers that can be included in the base esti-
mate, the better.

4, Query suppliers who have marketing information,
including projections. Large suppliers have a good
idea of the total market also and can sometimes either
verify or contradict the railroads' data. !

5. The ideal, but perhaps most expensive method for
determining the average industry condition of given
components is to field sample a sufficiently large
number of cars to produce statistically reliable esti-
mates of the distribution of worn components. FRA
could treat their own field inspection reports of
carriers’ compliance as a broad representative
sample of component ccnditions /wear which could
be used to establish the approximate distribution of
worn components for the entire rail fleet.

6. It may also be possible to approximate such a distri-
bution by a computer simulation, providing sufficient
data can be obtained on the age and operating environ-
ments of cars and components. This technique will
often provide a cost savings over field sampling.

In the methodological test which is discussed in Section 5 of this

report, the data on component condition, that is, the number of freight

cars with plain bearings (versus roller bearings) and the split of the
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were estimated in various ways. The AAR provided a fairly rough
estimate, ifr’xd"iv'fl‘dual roads provided very rough (different) estimates,
and data from initial reports of FRA field inspectors' forms: a some-
what rand,dggm bul limited s-a-mp]..e of 337 cars. Projections of the ‘I;‘Inite,d
States freight car fleet composition used similar: ’s ources.- with the addi-
‘tion of a major bearing manufacturer Who, disagreed emphatically with
a claimed 6, 000 conversion per year from plain bearings to roil.er-
bearings. Data on bearing failures c‘:a‘mé in by much the same sources.
Vo Itis i.rnportarnt‘ to realize that there are great differences: in oper-
ating philosophies, record keeping activities, and willingness to share
information.‘ among railroads, among suppliers, and among agencies |
and committees. Even within an ind’i—vidual supplier, for example,
projections will sometimes come from the marketing départm,e,nt and ‘-
sometimes from the metallurgical or so,me;- other department.

3.2.5 Compliance Cosis

The Labor and Management Committee Task Force Il'on Track
and Roadway presented a report on April 13, 1971, on a recommended |
upgrading program. Their results, sumamarized in ’i‘abla 5, illus-.
. trate the c;ostjn*g procedure and provides a comparison for the FRA

track standards cost. The FRA standards require a more modest pro-

gram aimed at safety rather than better operating performance. Neither
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TABLE 5

f

Comparison of Track and Roadway Requirements: Task Force II Program versus

FRA Standards.

Minimum
Number of
Years Total :
Maintenance Required | Program Mainte- Total
Program Objectives and Cost Per Year Required nance Cost
Rail 98 percent of main Relay 7,500 miles " 10 75, 000 $3.50
line must be welded per year-and convert ' miles of billion
Track and - rail to welded rail; rail '
Roadway $325, 000, 000 N
Task Force II - '
Ties All ties must be less | Replace 26,000, 000 6 236 $1.9
than 35 years of age ties per year; million billion
$208, 000, 000 ties $5.4
Normal maintenance; billion
$160, 000, 000 4
Rail Rail is maintained in Replai/ce rail which is |Annually 30, 000 $1.8
condition to comply worn below standards |(continuous) miles of | billion in
FRA Track with standards and improve overall raijl 10 years
Standards ' ' maintenanee; ’
$180, 000, 000
Ties Ties are maintained Replace 20,000,000 |Annually 20 million| $1.6
' in ¢condition to comply| ties per year at $8/ |(continuous) ties billion in
with standard tie; $160, 000, 000 10 years
per annum $3.4

billion in
10 years




ke a
programs' total costs are discounted. b:;).t:th‘ey“fa;r:e» somewhat comparable:
over’ the ten'years since both are rouglyannual costs. Hewever, at .
the end of ten years, the Task Force "sipro‘_g'rﬁam. is finished; é;‘ﬁdéf.expend-
itures can drop ;io a maintenance level. The FRA program continues.

Thg ma1n pofut’ of Table 5 is not a cost comparisonbut the
illwstr;a;tign ‘of hc,omplié:nc:e. cost calculations which are more -c‘:ompletgl-y,
described in:the Task Force II report.

Compliance co*sfs: for equipment -are calculated in:much the same
way. Fbriﬁteight cars, for example, labor-and material costs are
fairly easy'to get. A good source is AAR billing allowances which are
arrived at by polling the major roads and’.ﬁca:lé.ulating avierage costs.

A railroad is:motivated to neither 'ove.rs.tate:;nio)r‘undr.;ezr;s:ta,te a.charge
because they-are-alternately producers and.recipients of the charge.
The-schedules of charges by car manufacturers and renovators provide.
~averification of how closely the AAR billing .charges come 'to actual ;
’céfst'sv (“s:e’e- Table 6).

There-are other costs associated with safety standard-compliance,
"of”c‘bu.‘r's‘*e. For example, taking a car-out of "’sre‘ryice (an :average of
three days.for shopping a car) incurs:a'per-diem charge-of $4.20 per
‘day against the roead shopping the:car. Sfe.tt'i‘ng‘ off the car costs two
man-hours ‘and $55. A large intangible "cost' is- th_e‘wra.thtof ‘a cus -

tomey whose shipment is dveilra;:yred those three-days.
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TABLE 6
Approximate Unit Costs of Freight Car
Component Replacement

¥

Materials ($) Labor ($)
Wheel 112 20
Axle (100 ton) 209 20
Journal bearing 15-30 20
Rolle‘l5 bearing 75-104 10-23
Coupler 126 15-20
Draft gear 100-168 15-20

Source: Interviews with car manufacturers and renovators.
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3.2.6 Other Costs

4 -

As ~notedx;prev?iously, a number of other costs are assoéiateq with
inspections, a{i,d mé>st of these costs have similar components in the
repair and replacement category of safety maintenance. Some over-
lapping or dupii:ii‘cati‘?bn occurs, which will reduce the actual cost, as,
for example, in the: case of record kéeping. Although records may be
required to be kept of freight car inspeétions, the same recording pro-
cedures that now exist to handle interline repair billing can be erﬁployed.

Further examples of indirect costs are loss of equipment utiliza~

tion, loss of revenue from downgraded service on substandard tracks
or eliminated service on abandoned tracks, and loss of investment
opportunties due to use of capital for achieving compliance with safety
standards. An example of intangible cost is the wrath of the shipper
whose order is delayed because a car is shc?pped'f'or compliance with

a .safety standard. Undoubtedly ot;tle;* costs will be added to the overall
methodology for calculating the total cost of implementing a specific
standard as experience with cost-effectiveness evaluations of such

standards is gained. Although these are important costs, they will not

be as h1gh as the basic repair and replacement costs, and their overall

v
)
L1

importance in the cost-effectiveness analysis may well be left to the

n

judgment of policy decision-makers.

66



3.3 Societal Costs -

The societal costs resulting from the p:bmulgation of rail safety
standards are defin;ad to be those direct and indirect costs that are
incurred by society as a result of the develoPmen‘t é.nd impiementation
of safety standards. In the context of this analysis, they refer to any
éogts not borne directly by the failro.a,d industry. This definition
excludes societal or governmental lost ;Jpportunity costs, that is, what
the alternative retu;ms would have been had funds invested in rail safety
standards been invested in other areas, for example, highway safety.
For discussions of lost opportunity costs with r.esp‘ectvto‘ govérnment
investments; see Dorfman® and Margolis. **

- Examples of direct societal costs al;e FRA'S administrative costs
to develop and promulgate the safety sta'11dé.rds‘; and expenses of state
governments and/or commissions in conjunction .with this effort. Cal-
culating these cpsts for an individual safety standard will require deter-
mining what portion of the total FRA expenses will be s'éent developing
a particular standard and proration of general expens es which cannot

be attributed to any specific standard.

- *Dorfman, Robert (ed.), Measuring Benefits of Government
Investments, Washington, D.C., The Brookings Institute, 1963.
**Margdlis, Julius {(ed.), The Analysis of Public Qutput, National
Bureau of Eco;’iomic Research, 1970.
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The .current and projected salaries and expenses of all FRA field
inspectors and state inspectors reguired to police and implement the
safety sta.nd_ards should i)e included in the societal cost calculations,
along with any other direct costs not specifically borne by the railroad ,
industry.

Consideration should -alé‘o be :gi.ven to indirect societal costs
which would result from the promulgati.-on of safety standards. How-
‘ev;er, these costs are frequently a transferral from one sector of
society to another, having a negative be‘\nefit for one and positive bene-
fit for another. Fo#‘ example, the costs of stﬂ-ngent track safety stand-
ards may result in successful efforts by railroads to abandon certain
branch lines with the fol»low‘ing;r .non—~railr‘oad costs:

. Increased shipping costs due-to h‘ighef transportation
costs for those affected,

Certain businesses may be forced to close due to
higher transportation costs,

Local communities may have difficulty attracting new
businesses due to the lack ¢f rail service, and

. Individuals living in the community may suifer some
diminution in their total welfare due to the absence

of rail transportation.

On the other hand, this same abandonment may have the following

positive effects:
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. Increased business for motor carriers, and/or other
transportation companies,

. Increased business for other competitive companies

resulting from the failure and closing of the affected
companies,

~

Stimﬁlation of the development of other regions due

to the increased business afforded by the inability of

the affected community to compete, and

Individuals served by the rail carriers in other com-

munities and areas may benefit as a result of financial -

strengthening of the carrier.
Since the list of indirect societal costs and benefits affected by the issu-
ance of rail safety standards is rather long, 6n1y the major indirect
costs and benefits .ShO‘l‘lld be considered. In calcula.ting the net cost-
effectiveness of a gi.ven safety standard, if indirect items are included,
care must be taken to avoid vdouble—cou'nting.
3.4 Accidents and Accident Data

Safety and safety standards encompass more ?han accidents.

Adequate safety is lacking in thé case of a shop worker's gradual hear-
ing loss even though no "accident occurs. Similarly, battered cargo
results from exposure to an unsafe environment. However, sincé the
major impact of most safety s’tandardAs will be on acci_dent_s, éccident
data will be the principal measure of economic impact. As indicated

in Figure 4, these data will form the basis for calculating the principal

benefit component, namely, the reduction in total accident costs. It

69



i1l be ;néé"e"'s'}s’ai‘y?‘t“dde’f‘efrﬁine the total ¢osts of all accidents addressed
by ‘the proposed stardards, keéeping separate ‘fﬁ‘ds"é costs that railroads
-arte paying for difectly and those that they do not pay for, n‘a.mel&, fhg:_
societal costs. The principal sources for this data are naturaliy the
railroads themseélves who are re‘édfdiﬁg fat rmoxe iﬂfo‘rn‘i’atiox‘i"t:hvan- is
-Jc.;u:r‘re'n'fly be‘iﬁg’. reﬁdrtéd to the FRA. Based on ctirrent reporting rules,
only those acciderits are reported which result in ‘the death of a person,
or an’injury which incapacitdtes a person for iiofe Eﬁa;l 24 hours, Or
which incur $750-or .mote in damagés to railroad property, excluding
‘wreck-¢learing costs.

Thus, somie rathéer important co'st eleffients nefessaty for cost-
éffectiveness analysis areé as follows:

. The ‘total number and cost of non-repdrtable accidesits,

» The cost £6 clearing wrecks,

. The ¢ost of loss and damage to lading,

. The personal ifijury costs resulfing from fatalifies and
injuries,

‘The costs of darmage fo non-railroad property,
The costs of service distuptions -and delays,

The costs of community services pr‘c’)‘viafed (fire, police,
Red Cross) for major railroad accidents, and

Daiage to structures, other than track.
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 The accident investigation reports of the NTSB provide some

measure of total damages and do enumerate the numbers of persons
injured or killed in major railroad accidénts. However, since 1967,
only 18 such reports have been issued, providing good; but limited,
data on the costs of railroad-accidents; Several states, California,

' /
‘Oregon, lowa, Missouri, Illinois, and Pennsylvania, accumulate sta-
tistics on railroad-highway grade crossing accidents but do not cover
other types of railréad accidents..

The Interstate Commerce Commission (ICC) publishes in

"Account 415*the costs of clearing wrecks and in AccOunt 420%* the costs
of injuries to persons which include clzims, legal fees, witness
expeﬁses, etc. These cost figures are useful for establishing an aver-
age wreck-clearing expense and an average injury cost for all accidents.
) Investiéhai;ions of accident costs, hbwever, reveal tbat certain types of
accidents, e. g those resulting frbm journal bearing failures and
wheel failures, are significantly more_éxpensive than other types of
accidents, e.g., pas sed' couplers, and therefore the use of a broad
average would tend to introduce inaccuracies in the cost-effectiveness
analysis. |

*Interstate Commerce Commission, 49 C.F.R. -Part IZOL
Un‘;form System of Accounts, Railroad Companies, October 1, 1973.
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The AARpllPhshe; freight loss and damage figures for tramacm -
dents, but, since this: information is not: brokendown by accident type,
it is of limited'use in-the consideration ofa5pecnflc safety standazd.. . |
3.4.1 Wreck Clearing Cests: . - . e

Thestotal, cost for clearing wrecks in 1971 amounted to. $38,477, 000
for-all railroads.* Since this is: a major cest component of accidents,
it is:essential that it-be included in any cost-effeetiveness analYms of

safety standards. -On.xequest, a number:of carriers. supplied data on

their avexage wreck-clearance cost, which;, in. 1971, amounted to

states: costs:for single car deérailments; which constitute the majoxrity
-of :accidents;. .and greatly-understates: costs. on more severe:accidents.
‘Fox calculation-purposes, it is recommended:that.an overall average

cost: on:.cans:besdeveloped for each. category: of ‘accidents being consid=

ered;.and-that: ERA:obtain such estimates from cooperating carriers.

3.4.2 Liossand Damage to Lading:

AARreports a:total.of $36, 782, 768 inireight'loss and damage
due. totrain.aceidents in 1971. This:information-is: currently- @ey@e@@
‘by-all carriers and is zeported on a regularbasis te the AAR. There

- FHCC Acecount 415,
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and the settlement of all claims .‘ Therefore, it may be necéé:sa.ry to
use fairly old data and compensate v;rith inflators.

3.4; 3 Personal Injury Costs:

Personal injury costs are possibly the largest and most signifi-
cant component of rail accident costs. While current FRA accident
reporting requirements provide the number of persons injured or
killed in an accident, the costs of the injuries are not provided for a

given accident. Included in these costs are the following items:

Compensation: actual claims paid to survivors and-
relatives of the deceased, or injured parties,

Accident investigation fexpenses,_
Legal fees and adminisirative expenses,
Witnesses - outside counsel,

. Claim personnel, administrative expenses, .and

. Other personal injury expenses Borne directly by
the railroads.

There is considerable sensitivity about providing this information,

on a regular basis and strong feelings on the part of the carriers that
some aggregation would be ne‘cessé.ry to avoid disclosurés which would
divulge average settlement costs‘. Considering these reservafions, and
'the time delays which wlill necessitate matching claim settlements and
. other personal injury costs against past accidents, it is rec'o,x'nl;nend.ed
tha.t an estimating progedurg be followed for developing persohal injury

costs.
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Tfiiioﬁ”ghf interviews:with the:car 'r'-i"e‘ﬂr s. and: byic¢areful perusal of -
Federal.court records;. average settléments can:be:established for each
category . of injury. For example, our-interviews produced the follow- _‘
irig; datafr om ox%é “carriery

Average costper-employee death $33,922°
Average costiper-employee: m_]ury . $.5,756"

and from another cartriery

Average: le ggl‘« expenses.per-accidént’ $.3;000.
Average: witiiess:expense. per:witness: $ 200"

and. fromianother carrier::
Number:Injured: Total Compensation:

1972: _and: Killed. . ___ Payment
867 $5,.300, 000 .

Construction:of anraverage personal’inju ryc ost ‘table for:fatalities,
permanent nt'ot‘alii'.s-dai"i;: abilities » and ?e'»rfrian‘entifp'_art.‘ifa'.’l‘ idisabilities, would
thus élp’r’o‘.\'r'i:d;"e’ -\af:'me'af;fé of oi;?' estimating: ,t;he ‘per siona:l; injury costs of ::th"e‘ dif-
férentiaccident cate gories’ add‘i"e ssed byptHé- safetyystandards in question:

3:4% 4/ Damage-torNon=Railroad:Property’ |

The: cost of ‘darﬁag ges tornon=r a‘il‘”r.oe;dﬁzipgr:op'_e rtyy. for which thesraif-
road’may 0T may;notimake:compens ation; . sh‘gu’l}d&z berentered:in the-
economic impactcaleulations’ of any r ail safety.standard.. The vast
ma‘jlo rity of prope rty-damage-and pe rso nal.injuries are paid-for by the-
railroads: Hewever; minor or incidental costs:arising from accidents:

are.often:ignored. The.costs of community services such as fire and:
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and the settlement of all qléims. Therefore, it may be necé;sary to
use fairly old data and co;npex;sate with inflators.

3. 4 3 Personal Injury Costs"

Personal injury costs are possjbly the largest and most signifi-
cant component of rail accident costs. While current FRA accident
reporting requirements provide the‘nurhber of persons injured or
killed in an accident; the costs of the injuries are not provided for a

given accident. Included in these costs are the following items:

Compensation: actual claims paid to survivors and-
relatives of the deceased, or injured parties,

. Accident investigation expenses,
Legal fees and administirative expenses,
Witnesses -~ outside counsel,
Claim personnel, administrative expenses, and

. Other personal injury expenses borne directly by
the railroads.

There is considerable sensitivity about providing this informai;ion
on a regular basis and strong feelings on the part of the carriers that
some aggregation would be necessé.ry to avoid disclosures which would
divuige average settlement costs. Considering these resefvafions, and

't_he time delays which will necessitate matching claim settlements and
other personal injury costs against past accidents, it is reqo;;nfnend.ed
tha.t an estimating pro_cedurg be followed for developing persohal injury

costs.
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‘Through. ifiteryiews with'the carsriers-andibywareful perusal of

Federdl-courtipecords, ‘average settlements canibeestablistiéd’for each

‘category of injury. "Foriexample, ouriinterviéwsiproduced the follow-

‘jng ‘data’from ohe cirrier:

Average costiper employee death . 433,922
‘Average costiper-employee injury  %$ 5,756

5ot

sand fromsanother carfier:

Jlegalrexpenses:periacdidernt ¥ 13,5000
{Average witness expenseperiwitness $ 200

iand fromsiandther carrier:

. Nurriber Injured | TetdldCompensation
1972 _cand:Killed . o REYIOETIE
45,300, 000

f

“Cous tm‘:tmn Sfsanaverage ‘:.—Ife?ﬁ‘éfof:fél finjuryrcost table for fatalities,
jpermanent ift"»dt-é‘lfidfiﬁi’s"féib.ieii;ﬁi;%é‘;;; a'ndPermanent?partlalédlsablhnes, would
| ithus provideatiieans for estxmatlng the ;gp‘eéi‘flsv;cjhé}I%l; njury-costs ‘ofithedif-
‘ferent acciden ticategories addressed by the sedfétystandardsrinquedtion.
B.4.4 Datrage to NoniRailroad Propetty |

; The wost6f ‘damagesito non+raifroadd;property, ‘for which the rail-

woad miay lor ey notimakescompensdtion, 'shodldibe eitered in'the
«conomiciimpact cileildtions of any fallsafetystandard “Thewast
’maJontyof pr operty damidge and r_pe'r,s’o"t_’fa'fl; infjuries tare paid for By the
wailroads. ‘However, “minor for ,_i_'mci;a.éﬁﬁar,l co¥ s fising from acdidents

sareroften’ignored. “The costs of community services such as fire and
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police assistance, Red Cro;é, and Natioﬁal Guard assistance can be
substantial in the case 6f major rail accidents. - For example, in 1‘;70,
a serious accident involving hazardous materials occurred in a mid- .
western town (Crescent City)' due to a fa-iled friction bearing. The -
resulting damage to the town was.estimated to be about $1. 7 million.
The societal cost of this disaster was estimated to .be approximately
$356, 000 in damé.ges and los sés tﬁa.t went uncoml;ensated by the rail-
roads. | |

3.4.5 Service Disruption and Delays -

In reviewing the fact that accidents may frequently tie ui) cars,
locomotives and trains, a number of cafriers pointed out that these
éosts should be taken into con‘sideratioxz in a cost-effectiveness analy- A
sis. The cost items should include not only the immediate equipment
invol;red in the acc;ident, but all other trains é.nd .cars that were held up
§r delayed by reason of the track _b.eing blocked. Often, the effects of
an accident are very widespread, especially if it occurs where 'é,lter-
nate routing options are few. .One interview respondent sug'gésted
some railroad managers really had little idea of just how much an acci-
dent can a.ffect. its., overall costs. In his words, '""We may be paying now’
for an accident tha’:t oécurred i:en days aéo. " However, these delay
costs are significa:nt and, for this reason, one carrier‘ regu._l;rly devel-

ops this information as part of its internal accident reporting system.
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Loss of goodwill is more difficult to assess. Several interview
respondents  stress ed that shippers react swiftly and substantively to
delays. Reveniie loss may amount to 1% or more, ‘of the total accident

3
\

cost.

3.5 Rail Indus:éry Benefits

Most of tfle'b,enefits to the rail industry froxﬁ 'safe-tyi standards will
come from reduced accident costs. 'Th-e‘» procedure for-assessing these ‘
benefits is .ou’tline_d‘} in Figure 5. Di-f‘:f"e‘r'ént types: qf accidents will
require d'i.:ffe'zfent technii.‘ques for lana;,l)vrs,-,is-.

The FRA sysv:t,e'm‘of. tabeiating ztic;ii-de'nts. on.railroads uses the
c‘at’egori-esl "train', "train service', a;'xd'{"‘non-r.t-fa:in" to designate the
three ba‘si.‘c.: types of accé.id'eﬁts. | It isa.;no‘t! likely that the FRA track and
é’r‘opose‘df eq-ui,.pmé;ﬁt"'szta.n;i‘arrd's Wil’lvred.uce- the a:cci&eﬁt's in the ﬁow-train
category, so this: study will c-o,x‘x-.ce*ntir:a%te/ on 1:-1;aai‘~n' and train service acci-
d;eﬁts-., Tr?.-'i*-:n accidents are clias-s"-;fied as 'e‘itt;jhe'»r“ derailments, collisions,
or other, and it is fikgly that the track and the -equipm-en’t standards will
directly affect these categories. | N

Train s ervice _’z‘t«cci“d’engs are an impo*r’@a@t category because it
iunc’:ludesr» most highway grade c‘ross:i:ng. accideni»:s‘/. However, the stand-
ards thus. far p‘r;oip'o,s_sed aqd [{Jrorn‘ulga‘ted for ‘track and equipment are not
likely to directly reduce this sp.e\ciﬁc type of a;c:c'ider;'t. Train service

accidents in which employees of railroads are victims should experience
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reduction in number and severity beca.us"e of the safety standards pre-
sently defined. As standards are later developed for more areas of
railroad operations, reduction of a greater number and variety of acci-
dénts should occur,

3.5.1 Pertinent Data .

For the types of accidents likely to be redg.ced by the track and
. equipment standards, both reduction in injuries, as well as reduction
in property damages, will result, and the beﬁefits from these reduc-
tions will accrue directly to the rail carriers in a large nﬁmber of
accidents. It is not known what proportion of the cost of accidents. are A
eventually paid by the ré.ili:o’ads, of by their insurance funds, but tf:lose
claims paid by the railrc;ads are known to bé high. At least one type of

[

property damage, i.e., darriage to railroad-owned property, is tabu-

lat‘ed in the FRA Accident Bulletin,

Other types of data which 'reflect beﬁeﬁ.ts to be gained from acci-
dent.reduction have been discussed. previously,. and it is likeiy that some
proportion of the cost of any type of a.cci_den; damége accumulating over
a period of time will be paid by one or more carriers. In other words,
whatever type of aamage occur_s‘, there will bé some occasion on which
a carrier must bear the cost of this damage. Even t_houghv the actual
claims paid by carriers may be difficult to obtain, some notion of the
average size of such claims is obtainable by a survey of court tran-

scripts and newspaper files.
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‘Other 's_é?urce\:s‘”” of accident -cost data which can be used for calcu-

lation of benefits ajre:
‘Cé‘sts of ‘Clearing Wrecks -- 'This variable was
described previously and can be :estimated from the
carriers' most recent experience ($1, ‘500/car). The
ICC's Account 415 can also be used.to construct gross
estimates for all accidents to use as a benchmark or -
‘check.of costs derived from carrier estimates.

Loss and Damage to Lading -- The vast majority of
this damage is paid for by the railroads, -and data is
available from ICC accounts -and from the Amencan
Railway Car Institute.

Damage to Non-Railroad Property Paid by Railroad
-~ This damage will be difficult to divide between
that portion borne by the railroad and:that portion
borne by society. Here, a survey .of-court records
‘and newspaper files may beé necessary.

. Fatality Costs —- the Numiber of fatalities is tabulated
by .FRA, and a standard value or range of wvalues can
be assigned‘to each life.

Injury and Disability Payouts -- The number of injur-
ies- by type is tabulated by AAR, .andistandard insur-
ance company values can be used in.assigning dollar
values.

Accident Investigation Expenses -- Many railroads
maintain an accident investigation staff, and by deter-
mining budgets for these staffs.and the number of
accidents investigated, an average value for the inves-
tigation of an accident, and possibly of accidents of
different types can be calculated. '

Legal Expenses -- Again, budgets for legal staffs-can
be ascertained, and the nurnber .and type of accidents
requiring their attention can be compared to these
budgets. Similar values, such as witness expenses
and non-staff legal expenses, can be obtained in inter-
views with railroad legal personnel.
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Costs of Service Disruption -- There are likely to be
several components to the costs arising from service
disruption, including the loss of use of the freight cars
and locomotives delayed, the delays to passengers,
and the freezing of the capital represented by the
freight. In the last case, an estimate of the cost per
year can be obtained by applying an interest rate to
the value of the average freight shipment. The period
of delay for a mainline accident is estimated by assum-
ing that for each collision, two trains were delayed for
one day each. An alternate approach calls for esti-
mating the customer and customer traffic lost as a
result of accidents and accident-induced service
delays. This approach was utilized in the cost-
effectiveness test of journal standards.

Locomotive Costs -- The value of a locomotive-day
will be multiplied by two and used as the value of the
loss of the locomotives' time in delays from collisions.

. Lost Customer Traffic -~ A complete assessment of
lost customer traffic would require an analysis of acci-
dents and declining ton-miles on specific routes, or at
least on a large number of railroads. The latter anal-
ysis can be performed to test the relationship between

loss of traffic and accidents of different types. The
cases of declining ton-miles can be converted to rev--
enue losses. '

3.5.2 Allocation of Benefits
to Types of Accidents

Types of accidents for the purpose of cost-effectiveness analysis
include the train accidents as attributed to various causes in the FRA

Accident Bulletin.” The types of accident causes are summarized in

" Table 4 (page three of fhe 1973 Bulletin), and are shown in detail in

Tables 102, 103, and 104. These causes are all subdivision_é of the .

train accidents classification, which in 1973 totaled 9,375 accidents.’



The three basic causes are negligencé of employees, failures of equip-
ment, and improper maintenance of way and structures.

Based on the proportions of each type of accident cause relative
to the total number of train accidents, the value of damages and other
dollar amounts has been allocated proportionally among accidents by
type of cause, so that an estimate can be made of the losses and dam-
~ages due to bearing accidents, draft gear accidents, etc. In some
cases, the total losses due to accidents must first be allocated among
the broad categories of train, non-train, and train service accideats,
before dividing the damages among types of causes, which are only

provided in the Accident Bulletin for train accidents. This procedure

will provide a rough estimate of the accident costs for given categories
of accidents and thus provide a check or benchmark for the other more
specific aggregated cost data.

An example of how such data on damé,ges and expenses can be
allocated to accidents of various types is shown in Table 7. Although
this figure only shows percentage allocations for the three basic types
of accidents, the allocations could be applied for types of accident
causes within the broader categories. The expenses of clearing wrecks

would not be associated with non-train accidents, so the figure tabulated

by the ICC in Transport Statistics is allocated to train and train service

accidents. The "Injuries to Persons'' data are figures of total personal
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- TABLE 7
Samiple Allocation of Railroad Costs of Accidents, 1971
, 3

4

Fatalities Wreck
Total and Injuries Clearing Injuries to
Accidents (and percent) Expenses ($) Persons ($)
. ]
Train Accidents 7,304 865 14,236,490 4,722,080
37% (4%) (37%) (4%)
Train Service 12, 562 13, 963 61, 074, 603 79, 094, 840
Accidents ' 63% (67%) (63%) (67%)
Non-train Accidents - % 6,154 * 34,235, 080
. (29%) (29%)
TOTALS 20,982 $38,477, 000 ﬂil 18, 052, 000

19, 866

*Non-train accidents omitted because total accidents figure is not relevant to costs

of clearing wrecks.




Lemt

injury and f'a:talit'yl' awards in rail accid;ant cases, also published by the
- I€C. These data are allocated among the three major types of acci-

dents. i

3..5..3 Estimation of Reduction
in Accideunts.

Research thus far has revealed that the cost-effectiveness
approach:to evaluating rail séféety? sitam'i'ardfs is not limited at this time
by deficiencies: in: a;nﬁa'v.ly-.ticavil nﬁethodolo“gy;. Rather, the principal limi-
tations are the lack of substantive infq;mat’ipnx on the nature, costs,
and. causes of railroad accidents. Unfortunately, there is no set of
pi‘o‘ced"ur‘e‘sf that will provide exceptional p'ene;tra“ti-r;g. power or reliable
épp‘r‘o‘xi'ma;t»e' answers to problems characte:r_iéie‘d:. by incomplete or poor
data and. large uﬁC‘ef;i'a~ihti?e's‘.

In completing -a“nzy cost-effectiveness analysis, perhaps the single
mnost sensitive c‘alicul-’a:ti:o“nz' required is the determination of the probable
numbers of accidernts that will be: prevented by a given safety standard,
since this calculation will de»i;er‘m‘ine the magnitude of benefits to be
derived from promulgation.

The ability to. measure overall effectiveness and indeed to pré s~
clyflifbe effective sa;fef;y staﬁda‘r‘d‘s in the"rf'i’rst. p’l&‘ce“,- is goverrned toa

‘Yarge extent by th;:‘ degree of understanding of what is ha:ppe.:’n'.i‘ngr in

accident situations. A considerable amount of descriptive information
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is reqqired‘before diagnosis and remedial action can be put on an
objective policy. Developing a féiéa.r picture of the det;ailed" cause and
effect relationships, the. intéract’ing' of multiple causes in a typical acci-
dent creates demands for quantitative information and relevant data
Which must be satisfied.

In order to calculatg the root causes of railroaci accidents, it will
be necessary to formulate hypothes es and measure the relationship and
association between factors found in the accident environment. Obser-
vation dataﬁmust, as a cons equence,A consider human factors, the -
actions taken by participants -- crew members, gnvironmehtal factors
~-- weather, visibility, etc., ope:ra,f:ingr cond'_itio.ns -;- spéed, track con-
dition, train dyné,mics, etc., and equipment or component conditions.
Interactive conditions must Be, identified; 'th.e classic example in rail-
road accident analysis ié perhaps Lthe case of a worn wheel picking a

-,worn svﬁtch point. Much' of the present understanding of such inter-’
relatiohéhips is inadequate and consequently, 'the data tasks must be
‘completed in order to provide a foundation for subsequent analysis.

Once established, a number of techniques can be followed in diagnos-

ing accident causes. Briefly summarized, they are:

. Descriptive Modeling,

. Regression Analysis,

. Designed Experimentation,

. Computer Simulation, and -

Use of Expert Opinion-Delphi Approach.:
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SDres,:cziéiﬁtiiggaj:Moﬂ’élmg"can help to explicate the association that

“‘*ae'a'cist's~-‘:i?i'h0r1:g';a'£'"cf’¢id’éht types, contributing factors, and remedies, -but
suchia process ‘¢in reveal that mdny elemernts are unrelated to others,
and ‘fhat the humber of interconnections is'generally too high to permit

‘the ’;pﬁ’s-’-t:?iﬂéiﬁiéh‘df ‘simiple relationships. Directimeasurements, as a
consequence, 'become difficult’as iany of the relationships are often

mon-linheatr in-character.

Regression Analysis canbeused to measure the strength of rela-

’ti.o‘rréﬁiﬁé of variables to-accidents. In the €a¥ly stages of this project,
CONSAD 'd’é‘ﬁélb“ﬁ éd -a method for predicting ‘accident reductions from
‘the promulgation of a safety :'sta;n':cia’i‘d by us ing regression analysis'to
firéla?fe .numbetrs of -accidents to-a ''condition Fatio, "' whichis éxplained
Adater. ‘Since theinput.data Tequi“re"ci?witb us‘e’.-th‘ie.‘équattions in a predictive
mode were difficult, if not impossible, itocome by, the technique could
not'be relied upoh ‘as the principal technigue for predicting standard
-é'f’f—-e:c'tivéné,s s. Nevertheless; in many situations, particularly-in the
cost-effectivenéss ahalysis:-of track standaids, ‘this technique can’'be
-applied as there is considerable data a¥vailable from the ICC “on rail-
road exp'énaitures in given track and ‘roadway categories (ties:and rails,
for example). Accordingly, a general description of how the technique

was used in compiling the numbers of accidents prevented is presented

_ in the new few paragraphs.
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As noted previously., the additio'naii effort in maintenance will
result in additional maintenance expenditure, 'whethe.r in track or
equipment or other categories of railroad operatiéns. »If traditionally,
accidents of specific types have been reduced by making increased
expenditures in the maintenance category, then» it should be possible
to predict the number of accidents that will be prevented by using

. increaséd maintenance expenditures as the basis for the prediction.
Thé number of accidents to be prevented would be a statistical predic-
tion, i.e., it would have.s.ome érror or uncertainty associated with it,
but at least it would serve to identify an approximate degree or rate
by which accidents would be reduced as maintenance expendituré
increased.

To identify the relationship of aéc,iaents to maintenance expendi-
ture in the past, a third factor must be.éonsidered: the use rate or
work performed by the track and equipnieﬁt. ‘Consideration of this
factorvi's necessary because it is a measure of the forcés working in
opposition to maintenance effort. In other words, in order to reducg
accidents, the effort exerted must overcome the work and wear
imposed on the system, and must improve the sYsterh condition enough
that failures are réducgd.

The work imposed on the éystem divided into thé maintenance

effort is a measure of the relative intensity of the two factors, and is
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réf.erred’ to as the ''condition ratio.' The measure-of work used in the
example that was considered is the number ,of ton-miles travelled by
the trains on ,aﬁra.‘ilt:s;ys,-t_em.- (Alterr;ati;re_ly,, work can be measured in
train-miles.) '

The general form of the equation is:

Total Number of Accidents fTotal Investment in
Due to Failures in Track . = A - .'B-"",\_jTI“'a.Ck in That Ye,ar)
in Any Given Year = Total Ton-Miles /'

This expression states that an increase in the magnitude of the condi-

tion ratio (at"_her,_more; maintenance dollars or less work) will increase
the subtractive term which produces fewer accidents. The equation is
valid only over a limited range; obviously, a large enough investment
will not produce a ;n_e_,ga‘tiive number of accidents as the algebra would
indicate.

When accidents, investments, and work have been determined
for past years, regression procedures are applied to determine the
relation .of {m_ai:nt_e.na,rxc.e to the occurrence aof a»c:::;id,ents.. The regres-
sion procedures produce a .series of eguations which can be used to
predict the reduction in accidents on the basis of increased mainte-
nance expenditure, ‘providing a reasonable forecast of work can be
made. These equations will give a rough estimate of how many dollars
n‘m'st be inves_tecﬂl in maintenance for each ton-mile, or for each train-

mile, for a given level of accidents..
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There arekseveral other problems with this application of regres-
sion analysis. One of these is the lag in the effects of track and road
investments. Deferred maintenancé, in some cases, will take several
years to impact safety. Howevef, this regression methodology is a

\

powerfal tool if the associated problems are handled satisfactorily.

besgzned Experimentation can be used to éstimate the effective-
ness of any pr0po-sed safety standard. However, actual establishment
of field exPeriments may be costly depending on the nature of the stand-
. ard involved and may be risky to undertake. In the real world, the
establishment of failure conditions may involve the deliberate exposure
-of people and goods to high-risk situations. .

Laboratory experimehts, on the other hand, while very safe{,
often lack some of the ingredients which are instrumental in certain
types of accidents. For example, the switchover from cotton waste to
manufactured pads improved the lubrication environment éonsiderably
for plain friction bearings on freight cars.. But it also increased the
pilferage rate from journal boxes because the pads burn for hours in
stoves and gfiils;, ';Misisiling‘. pad" is ;é?‘standéa.;:'t:l hot box "cause" hoh
many railroads’ feporting forms.

Computer Simulation, a far safer approach, and one often used

by military planners, is to simulate the various processes of interest

in order to measure overall effectiveness. With this technique,- input
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elements can ;;sapi‘eséﬁt s,i,;x_gle functions or distributions that ,can.l‘be
Ameaﬁurcd%gna:gbiguously and by random sampling to generate .éic‘_:id;ent
§;itu;'at;ion_'sf: ”thé failures or accidents' can be counted under t_f'ialzl
exposure conditions. Accident severity distributions can be included
as part of ‘the éémpled’ elements. In this manner, many sequehnces of

designed experiments can be carried out, rapidly and economically,

. ing information concerning the effectiveness of various factors that

bear in accidents, it may be difficult, if not impossible, to determine
relative effectiveness of any standard strictly on the’ basis of objective
analysis and scientific :evi‘.“c’.i‘e:‘:me.-l 'Inllpractic,e;-,, reliance on expert ;),Pin,- '

ion is often necessary, and may. be the best approach for FRA to con-

i)

ider in determining overall effectiveness. The Joint Task Force,
discussed in previous sections, is one manner in which a body of
expert opinions can be established and utilized in the determination of
standard effectiveness..

The experts opinions can be drawn: by u“;ing a Delphi approach
whiéh has evolved as a fairty systematic method for the soli,cit.atio.n
and collection of informed judgrﬁ_ents on a specified topic. It has a
high communication content, especially of a feedback nature, which is

enhanced by a high degree of anonymity on the part of the participants.
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3.5.4 Summary

The preceding discussion has reviewed how the vahrious‘ benefits
to be obtained by railroads from accident redu;ti'on can be measured E
in the recbmmended cost-eﬂe?:tiveness methodology. These benefits.
can be measured in dollars, or in number of accidents avoided, and
they can be related directly to types of maintenance, in both the way
and structure and in the equipment c'ategories when regr_éss.i.‘on tech-
niques arevemployed.v The criteria for selecting the mosf appropriate

C
techniques would naturally be determined to a great extent by the stand-
ard being evaluated, the data available, the complexity of the accident

environment, and normal budgetary constraints.
_-3. 6 Societal Benefits .
Sociefal benefits are defined to be the total sum of all benefits

which sbciéty receives frﬁm the promulgation and implementation of
rail safety stax;dards.‘ This surn does not include those benefits whicht |
accrue directly to railroads. Calculating these benefits is one of the
most important featurés_ of the methodology outlined here, inasmuch

as past resoufce allocation decisions made .by'FR_A, DOT, and
Congress, with regard to railroad safety, may have been limited to
evaluations baseti on direct out-of-pocket costs. This approach has

conceivably resulted in an underutilization of funds for safety and a

misallocation of resources among varicus types of safety programs.

89



v : LA

- In principle, all conceivable costs and benefits should enter into
the evaluation of-railroad standard tradeoffs, in practice, however;
there are major ba;—riers to doing so. The principal barrier is the .
danger of double-counting or listing an item as a cost element and then
listing it a_g;lin a;, a benefit element. In order to avoid déu‘ble-counting,
we have included, in the design of our methodo,ll,o'gy, the calculation of
. all.direct and indirect railroad industry costs, along with the direct
sdéietal costs and benefits. (A direct societal benefit is, for example,
the avoidance of accident costs.)

The inclusion of indirect societal benefits was rejected to avoid
double-c%;.nti'ng. | For example, a particular safety standard will
require a.:wr.a'i'lroad" s purchasing: additional material and hiring addi-
tional perfgbnne‘l to.effect compliance. This represents a direct cost
to the railroad and an entry in the cost side of the cost-benefit ledger.
These same expenditures, however, repré.-sent ifndix;ect societal bene-
fits to the material suppliers and those that are hired. However, by
including these indirect societal benefits in our compilation, we would
be double-counting.

Since economic activities are largely circuitous and double-
entried, the more complete the enumeration of costs and benefits, the
more,dfi-f_fi.;cult_ it.is to avoid double-counting -- which is why a line must

be'drawn at some point to minimize this possibility. This is not to say .

90



that fhe indirect sociétal benefits should not be calculated and consid-
ered by the evaluator. Indeed, we think it of 'paramount'f’—_i,mporta.nce -
that recognitio# be given to the potential indirect benefit.s,;"that railroad
expenditqreé Will have on labor, railroad indu;try suppli;,ers,' and other
potential beneficiaries. For many public decisions, the sole justifica-
fion is in the distribution of indirect benefits. However, -for the pur-.
Ppose of rationally evaluating th; overall cbst-effectivenes s","éil;.'l\“q.ll:erna-
tive standards, we cannot permit double-counting.

5

In summary, all direct and indirect railroad costs will be calcu- '
latgd, .along with all direct societal costs.and benéfits. Indire_ct soci-
etal co\sts and bénefits will be taken into consideratibn by the evaluator
but would not be entered info the calculations of costs and benefits sum-
mations.

In the light of the above discussion, t}le mé,jér part of societal -
benefits are really the benefits that will result from the elimination of
accident costs. Therefore, in the ensuing di\'scussion, wheﬁ societal
accident costs are referred to, we are reaily describing potential
societal benefits. There are, of course, other benefits i:'ha.t society
will r'eceive‘ as a conseqﬁence of prqrﬁulgating réilroad safety stand-
a;‘ds, and other safety countermeasures. However, the elimination

of accident costs is by far the largest and most important potential

benefit.
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It was the recognition of the societal costs of railroad accidents

5 .that prompted Congrés.é"té ﬁas's the Railroad Safety Act in 1970. The

catastrophic consequences of the rash of accidents that occurred in

1969 dramatically reg‘iste?red on the public consciousness. the cosis of

' serious railroad accidents and mandated some type of corrective legis-

lation action. Often the real societal costs of smaller, less spectacu-

- lar, accidents go unnoticed in: "comparisdn, but' they are nonetheless

real and far more numerous. Consider! for example, the pain and
suffering of those injured, or the grief agd'be-r'gavement of families
that .have lost loved ones, a father, mo_ther or child: in railroad acci-
dents. These are i’iﬁpo'rtant, societal costs that must be considered by
the FRA in properly fulfilling its respons.ibili't'tes to. the'railroad indus~-
try a.ﬁ,df the p.ublic.-—at:—»l"a;;rg-e;.‘

It is well r.e.cog;n‘ijéze'-id1 that it ie impossible to place a value on a
human life and: no less difficult Editljuly' gauge the losses resulting from
injuri.es or disabilities. ‘Undoubtedly, the value that any i.nd-ivi'dual
plac;.és. onv' his or her i:iffe.: is infinite. Neve.x"theles s,. for co'st;-effective.-
ness analysis, some measure of the. economic.losses to society of rail-
road éés.ualties is necessary. Our approach has been to identify all
known societal costs ahd’ then present quan,tif:ati{ve estimates of as many
of the losses associated with railroad accidents as is possible. Even.

if data are lacking, we feel it essential to provide some reasonable
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dollar estimate of the cosi:, inasmucﬁ as a failure to include some cost
W@uld imply that a zero (quantitative) cost is a..ssumed.

A gompiete epumeration of all societal costs was considered
n@@gés_ary in oxrder to:

. Facilitate the determination of funds to be spent
improving railroad safety, [

. As;sist in determining the most cost-ef_fectiire safety
standards among the many possible candidates which

have been, and are being, developed, and

Enable previously established standards to be reviewed
in light of their cost-effectiveness.

'In interviewing the railroads, the existence of societal costs
resulting from accidents was never questioned, ra;thér, the question

ves raised as to the extent to which the industry could afford or should

%

ord to pay for tixese costs, and the dollar values that should be
assigned to each component. |
We have not attempted to determine who should pay for railroad
safety nor to debate lhe reiative merits or issues involved. Obviously,
- it eould . be argued that these societal costs result from railroad acci-
dents and therefo-re the i_ndustry/ should bear the brunt of all costs to
eliminate or reduce such accidents. However, (this would ignore the
gexitical financial‘condition of the industry and its importance to the

nation as a whole. By any economic measure, a further weakening of

the railroad industry through the imposition of safety standards that
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are grossly gqs:t—;;i’meffffe‘dti‘ife: could not be ciou'nte‘na;n';::e'd., It is rather
the: re;sponsi?i?li:ty of the FRA to determine the delicate line between
what is' too n:mch?and what is too little to pay for saft;;y, having before
itra. c,omp’lfet'e:, and comprehensive cost-effectiveness analysis of the
standards involved. |

36,1 Compr"eﬁ:erfs:i‘v‘e:. List
of Accident Costs

Reduction: ox eli‘rnin‘a'ti‘dn': of accident costs is the principal bene-
fit: inuring to. society as: a-consequence of safety standard implementa~
tion:. The:following:list: of."a;:'c;id'eﬁti cos ts was developed to insure that
no: s:o;é-ietal._c:o.é:ts: wouI&L be: oivetrlgo'okedv iﬁ'.the. analysis of safety standards.

Societal Benefits. - Summary Table
- (Societal-Accident. Costs)

Property, Damage:to.Non-Railroad Property
(Not: Paid: for by Railroads)

CommunityrCosts (Not Paid for by Railroads)
Evacuation Costs:
Fire;. Police:
. National Guard”
Othex

Personal Imjury and. Fatahty Costs (Not Paid for
by Railroads)’

Wage: Ilosses: -~ Rallroad Employees

Wage Losses -—Non-Railroad Employees: Adult; Child:

Hospital Costs:

Other-Medical Costs

Funeral:.Costs.

Insurance:Administration Costs-

Pain. and:-Suffering:

Home. and.Family Duties"

Timerand Money Losses. to Others

Community-Services.

Assets.
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Societal Benefits - Summary Table (cohtinued)
Total Personal Injury and Fatality Costs
Less Railroad Payouts (Compensation)
" Total Societal Cosis -- Personal Injury and Fatalities
3.6.2 Data Sources
'For the most part, data for measuring the societal costs of rail-

road accidents is limited, thus constituting an _irhportant data gap affect-

ting implementation of the economic impaét methodology. Regularly

published data appears in the yearly FRA Accident Bulletin and the

inéividual rai}yl:oads' Annual Reports to the _ICC, both of which publica-'
tions havje'-been mentioned previously‘. These cost .d‘a.ta., however,
represent only a portion of the difeqt ra'zl;‘oad i)rOperty losses and
_damage incurred in r;ilroad accidents. Thus, the real potential bene-
fits to society and to the railroadv Iindustv‘ry of s‘afety i'rnprovementsA are
‘l o-bscur=ed by a lack of statistics .measuring the total societal costs of
railroad. accidents, as well as, ceftain categories of direct costs wﬁigh-
thé railro.ad.s-must bgar, e. g., cost of clearing wrecks.

There is some inforrha.tion provided in the Nati>o_na1 Transporta- :'
tion Saf;aty Board's acc-ident investigation reports ugder tile' headings |

"Damages' and ""Casualties, ' but it is also limited, and covers only a

few of the major accidents that occur during a year. .State statistics
on railroad accidents are largely confined to data on railroad-highway : -

grade crossing accidents and insurance companies have, as far as we

" could determine, little information which would measure societal costs.

95



2
3

g

P
. &
b

The A*Ai};gcblleét‘s ;iﬁf‘ovrr’na‘tion,on pérsbnail'injury or fatality com-
:pensation; however, 'dzlz'e--;to-:é‘c‘bﬁg_v)‘my measure'-s, the AAR -Was forced to
-abandon its zc6i1~:’e‘cti§n activities for :Sevefal ye“a~r;s. The AAR has .
'irgfsumedcollé'&itifon" of .these *da',ta;"a‘t ‘the r‘equest:’df a number of rail-
"‘Ioads, .and :arﬁi‘-ciﬁpéte:s tha_.iiﬁg p.;yo'ut 'dé‘,ta on a regular 'bési‘s. 'While. ’
this- i'-nfo.rma t'i'g n 'fi‘s : 'ué:‘e“f-ﬁl for ""me‘a‘s'-u"l.-.in g the railroad settlement
.'cos.ts‘f'or“p'ers-ona;i ;injur’i’és ;a‘nd‘:j"cl'ai"m‘s ,. it.does not.provide any mea-
sure \‘-of ‘.v'th‘é ‘societal ‘.‘éiOis-t’s involved. .Qbviously there are many.cases
“where -:e‘fn;i'l’oyeefs -are killed or injured through mofault of the railroad
‘but through their-own'negligence, .and in these.cases, the railroad may
-make 5oni~y atoken ‘settlementor contribution to ‘compensate for the
:enzployé‘e‘s itotdl losses. Other measures and data sources are thus
.:re,qu{ii'.:‘e‘d.
’l’:'[‘fheiN:a;titouélll’;HighWa,{y Trdffic Safety Adlrriiﬁiés;tration (NHTSA) has
,

produced a2 preliminaryrepo rton "The s ocietal Costs .of Motb‘r Vehi cl“c/a
.‘Agci&,ents"' whi¢hwas ‘helpfil’in reviewing ‘the types of societal costs
ﬁ:;peiftinefnt: to railroad ;::a"c'cii"d'e‘nt'sf. “‘We have used their estimates of the
‘less tangible a.ait:c"i'.ate‘nt ‘:c"osts,-"Whé‘r‘é.;a;ppli?cabl‘e, in lieu of alternative
i:avai.ilabl‘é ‘data. NH TSA' s. e:s timates are la rgely derived from highway
:acici‘denf; o sti&ata, cand -"wefse"li‘n ::s.'ome.f‘i'nﬁst‘ance:s ‘based on studies which
-'wéuld not permit precise e‘s"ti‘mation‘. Caﬁtioﬁfs use should be made

-of their estimates since:



"It is clear that current data are inadequate for pre-
cise estimation of societal costs. There are problems
of comparability, reliability, and comprehensiveness
with the studies that have produced data on the various
components. Therefore, the estimates produced for
this analysis should be viewed as interim measures
and subject to revision as new data and methodology
become available. ' * ' A

In view of the scarcity of data on éociefal costs of railroad acci-
.dents, greater reliance has been plaéed on ‘estimation techniques in our
méthodology. However, it is recommended that a research program be

iniﬁated tc; determine the naturel and extent of railroad accident costs.

This recommendation will be discussed subsequently in greater depth.

3.6.3 Property Damage to Non-
Railroad Property

In determining this cost, it is-important to recégnize that rail-
roads are already paying for a portion of the total damage to non-rail-
road pr0perty,. and consequently, it will be ﬁegessary to determine
those damages f.or. which no compensation is made. A careful ‘review

" of the FRA accident statisﬁcs and T-Reports, along with the NTSB
reports, should be undertaken to determine the relative size and cost
of the accidenp types under consideration.. Generally speaking, the
lafger the accident, the greater the probability that theré will be some

. societal property damage. |

*U. S. Department of Transportation, National Highway Traffic
Safety Administration, The Societal Costs of Motor Vehicle Accidents,

p. 8.
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‘Additional;queries-can.be made-of railroad ;saf ety, ‘operating; and
‘¢laims pers c;nne,l‘ffarri‘il'ia:r "with accident ".ci'rcu.rrr’stance s to-asc eé_rt_ai-_n ‘the
extent of no’n ~-rdilroad f:'dama ge-and.degree of-compens ation r endered by
the railroad. ‘In most-cases, it will‘besdesirable to'question local offi-
 cialsfamiliar vith the:zaccident-and-the non=railroad .parties-direstly
-affected to determine‘the %:e%t-‘eﬁt of ‘.ﬁﬂc‘io mpensated losses. [In.this
manneér, an-estimétetofithe :iéxtze'ﬁt cof ssociétal ;propertyud ama'gfe"ic an'be
d'e{rélép*éd for :’e»a’éh ~ta‘c"é.i"dfe‘nt ;t_‘ylpe , ;along with:a:measure-of.the amounts "
involved inithe typicdlsacc i’d’eﬁt . \ “This:information .can.be used.to-cal-
‘culater-an :ave"ra‘g'e .CO8 tf’for ;é‘sio.ciet‘ail P r,g‘:p*e:rtyfi”d amage for .that specific
-accident:category. {Inithe'meéthodologicalitest, :which willtbe discussed
in Section.3.0f thisrreport, ;the ffs.O‘é e tf?".l wcosts fa;{ssg:o.éi‘ated :‘Wiﬁh saccidents
fdu’é-:lt‘o,; journal failuresiwerecdevelopedithroughsextensive -phone inter -
~viewing-of individuals:.invélved-orifamiliarwith:the accident circum-
-stances .. | “Thisiprovedito.be.a’ hlghly ssuccessfilrmethod: forde t‘err;ii‘ni:ng
. ‘j:hex“natu‘r,e ‘ofsnon<c¢ompensated acéident.costsand - basedon therresponses ,
it was felt that"FRAvwouldthaverequal ssuccessiin'measuring ssocietal
saccident-coétsiisingrthisitechnique..
3.6, 4 {Community“Services
‘Large tailro a‘“d‘?:a'c.ié identsifrequently: requiretassis tanceifrom
local police, -fite, “andcother;groups ‘. likerthe'Red Cross-and/or National
-Guard. “In our: ra:,fil‘r’(.)ad‘.'“ interviews, we Llfe“-.a;r.r} ed. thatu.s‘ome .of: these..casts
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may be pa{d l;y the railroad but more‘frequvently are absorbed by the
local community. As an example, one of the .carriers being inf;erviewed
discussed a rgcent accident tha;.t necessitated the evacuation of an entire
'town: "The decision to evacuate the town Q#s made by' local officials as
a general safety precaution; \Why should wé h;ve to pay for this? "

In order to develop some mea"s'ure of the economic costs of com-
munity services expended in rail accidc;.nts, it wif.ll be necessary to.
follow the procedures outlined in the previous section on npn-réilréad
property damage, e#amining all available reports on the accident in
question, and then following up with on-site investigations to deéerinine
. the extent of compensation for éommunity, services. 'The reéuif;s of the
methodological test suggest that while railroads often make some resti-
tution for the costs of community services engaged in a rail accident,

in many cases, no compensation is made.

3.6.5 Personal Injury and
Fatality Costs

As an introduction to discussing how the societal costs of ?e;-
‘_sonal injuries and fatalities can be calculated, it iS‘ins'tructi:ve to con-
sider in how many ways a railroad acci,derit,\yhich fatally -injures a
person can diminish social welfare. Consider tllze following example,
given in the NHTSA study on ”T_he, Societal Costs qf Motor Vehicle

Accidents, " of an individual fatally injured in an accident:



; ’ @iz
"TABLE’8

“Personal Injiry Costs

L1 S 1Permanent fNo = 7,
JFatality [and Total 1 *Fartial [Permanent

|Disability | :Disability |Disability '

“CostiComponent™ .}

% fHospital . T % vasr |% 5618 |$ 14,798 |$ 129

| Other:Medical - : 478 " 3,146 | 01,348 - 225
‘| Funeral S 25011 | N T I _ -
‘|'Liegal:and ‘Court ' A zpg2n ] 304 a3 BEETORE
{Insurance :Admin, . . 24,382 - 4,157 4,157 449 A-“
l;j..?;’iLds:se‘sﬁ:‘o‘fOt"h‘e;r,s “1,461 . 11, 236 - 1,348 , 112 :
T‘E;fnf'}i)‘.-l'p_y;erii-]:-;ozs:s:ési o 21_;;1152:’4' g 1,124 . - e
:,“Cbmmﬁ'ﬁity?Seir;vi‘Ctes;ijilfnf - V5865 7,865 2,022 | . - |

|Pain and Suffering 11,236 <) 56,180 | 11,236 | 442

' *Horme sand ‘Eariily ) y SR ; o
| ‘Duties ]B2079 | 39,326 | 0,142 56

f;k’s,fé;ét‘s‘ Coplusiers | 2,247 e —

|"Total, Per - S S T EE ] P
| _Occurrence. | 7%73,9962 | 133,933 132,864 .| 11,1095

“#¥The waluesrinithe itable are estimates of 1973 -costs 'per.accident.
“The :assumptieniisimadeithat railroad accident costs are similar.to

“~auntomobile accidenticosts.,

e
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"1.

" The individual was a p'rod’ucerlof goods and

services. The value of his output can be mea-
sured by his wages. With this income, he and
his faimily derived welfare through the consump-
tion of goods and services.

As a result of the accident, there were medical
fees, vehicle repairs, insurance and legal costs,
time and money spent by friends, and relatives,
etc. These are all losses in welfare and can be
defined in terms of opportunity costs. The vehi-
cle repairman could be building schools, the
doctor could be treating illnesses and diseases,

- the lawyer could be engaged in some welfare-

producing activity such as consumer protection.

The individual experiences pain and suffering,
and his family and friends grieve. His children
now lack parental guidance and companionship.
There is no way of accurately measuring these
very real and very significant losses to éocietal
welfare. However, a very gross approximation

of how society values such losses can be derived

by what preferences have been revealed in the

~past.. Court awards for pain-and suffering are

an example. o .
It should be made clear that changes in societal
welfare have little if any relevance to the gross
national product (GNP), -

Also, the incidence of a’.‘.welfare loss has ﬁpt
been a consideration in this analysis. Although
an individual may be more than adequately com-

-pensated by his insurance company and he feels
. that he is now even better off than before the

accident, there has still been a loss to society
~-- the incidence in this case is on those paying
insurance premiums. Additionally, it is not
relevant that:some losses are compensated by
insurance payments or court awards and others

are not. The loss has occurred in both instances."
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Each: of the: basic: components: of personal: injury costs: which should be: . .

b

initiated in. a:cost-effectiveness: analysis: off proposed. safety standards.
k 2 / . :

tas: vB:e_-en: i’(l:ie-:rﬂii“zecfa:xi&”wifllﬁ Be di*‘scu*sse&?ﬁ in: turns. ‘ L] :
3:.6..6¢ W’a‘gge::Eoss’el_s; - - L
The: la,r):c;est S;ihgji;"ef societal: cost: component: resulting fi',Qm.‘ ;é.i,l-,-»
road. ac ci’cfé:nt;; is: the value: to: society of: the last: earnings: that- the ipd*ii.-s
vidual would. have: received. hé.di‘vlie% lived ox- @onti?nuze.d‘: in an: uni‘nj’n_xédi,
state..

o . ;L
In. ordex-to: calculate: the: value: of these: earnings, we recommend

.tHa;‘t* three: categories; of people: killed or injured. by railroad accidents

be-utilized:: adia:lf s,. children,, and’ ra;i-‘hf'oa'd", e;n;_p-]:o:ye,gs;. The la.t:te:;y
br.éakout% i?s,:f;surg gested inasmuch. as. average railroad. ;mplo-y ee: earnings .
ar:pé- somewhat higher: th'éz_:m the median incém,ezs;,_fio:-r all other types: of
workers: and. their wage. IQS;ngs; to society Would be. greater. In addition,
FRA accident statistics: readily- distinguish between employee: and non-
en:;pil"oyee; injuries: so: that: this: data: is. available to facilitate: these calcu-~

lations..

In computing the value. of wages: lost, it is'necessary to deter-

mine first the: évefrag.,e.— number-of working: years: available to the indi~

[/

" vidual had he lived. We have assumed the mean age of all railroad

em-ﬁldyees ki}-lled; in rail accidents to: be 45 years,, correspo‘n‘ding' to

1.02:



el

the mean age of all living railroad er_ni)léyees. * Consequently, the
fatally injured empioyee ‘will have had an average of 20 years of pro-
ductive life remaining. Computations of future wage earnings should -

consider possible increases in real income-productivity increases,

and we have assumed a 3 percent increase per year based on an extra-

polation of past productivity increases.
'In addition, the future flow of earnings should be discounted to

present values to reflect society's time preference for the immediate

~

‘return versus the less certain future return. The rate'selected for

discounting future wage losses to society is the mosi;‘ important sinéle‘
factor in the earnings ca.lculation'.‘ since a sli\ght' change in the disccunt
rai:e can make avmajor difference in resuits. We have utilized a 10
percent discount rate, which is considered father high by many experts,
but is the rate currently recommended by OMB to be used to calcula- |
tions of this\nature. As iil_ustrated in Tab'.le' 9, the discount factor
tends to concentrate 75 percent of t'he lést wages into the first 12
years. |

A similar approach is being followed to calculate the average

value of lost earnings for employees who are perman‘ently or partially

disabled, and for adults and children that are killed or injured as a ’

*Data provided by Railroad Retirement Board.
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TABLE 9
Cost of LostiWagés

Y] N
e 13

“Probable Average

Income - Assuming.

 a 3% Net Gain Due to

Discount Factor
10% - Recom=

Present Value
of Lost Future

I

o4

Year | Productivity Increase| mended by OMB | Wages
1973 13, 000 . -
1974 13, 390 x .909 = 12,172
1975 13,792 x . 826 = 11,392
1976 14, 206 x .751 = 10,669
1977 14, 632 x .683 = 9, 994
1978 15,071 x L6210 = 9,359
1979 15,523 x .564 = 8,755
1980 15, 989 x .513 = 8,202
1981 16,469 467 = 7,691
1982 16, 963 424 = 7,192
1983 | 17;472 f'x . 386 = 6, 744
1984 | 17, 996 " x L350 = 6,299
1985 18,536 x  .319 = 5,913
1986 19,092 x  .290 = 5,537
1987 19,665 x  .263 = 5,172
11988 20, 255 x .239 = 4,841
1989 20, 863 x  .218 = 4,548
1990 21, 489 x  .198 = 4,255
1991 22,134 x  .180 = 3,984
11992 22,798 x - .164 = 3,739
1993 23,482 . 149 = 3,499
TOTAL $139, 957



result of railroad accidents. These calculations W111be presented as
table::sl in thé cost-benefit manual being prepared for FRA personnel to
facilitate calculating the societal costs .of lost wages for each category
of accident being considerea;
3.7 Special Problems and Methods
| In performing,economiﬂc impact analy;es, some special problems

arise.. For example, all dollar amounts should be compaféa as of the
~same point in time; this requires discounting.,. Also, to a.voidl the con-
sideration of events into the infinite futuré; a reahstlc time span must
be chosen. These é.nd related prdblems, along W1th recommended solu-
tiéns, a.1"e discus'sed below. ‘

3 7.1 Initial Costs and Benefits"

In ?he case qf‘ ir;nplerﬁenting the salfety standairds, some railroads
will choose to capit‘alilze much of the compliance cost through long-fefm
financing, while ot£ei; ;vill choose to cover the entire cost of the impie-
mentation from thei:‘c.'"a‘;mual oI;érating budgets (expensing). In order to
enable the cost-eff.e.ctiv_eneus‘s methodology to be applicable to a .variety
of plans, the as sum.ptidr%_.is made that some of‘thg costs of implementa-
tion are treated as .iz.n.r-n'e.d'iatei‘apital costs, and some are treated as
ongoing operating:gc{sts.' "Ihe immediate capital costs are called the
inital costs, and tile .rc‘ac‘.\-n"fing opefating costs are treated as ongoing
costs. A procedure fosx.':"gss§:ss‘.ing imx;nediate or initial costs and berie{-

i

fits was outlined in Figulre 7.
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Ewven in the case of the immediafe capital costs, these may be
"Mong-term'' if the capital is obtained specifically from bonds or long-
term loans. For estimating a relatively severe cost which might accrue
to a railroad which had difficulty securing long-term financing, for
example, the cost-effectiveness methodology is designed to consider
a portion of capital costs as immediate. Some costs will probably
require long-term financing of some form (equipment trust certificates,
conditional sales agreements, mortgage bonds) as, for example, the
cost of replacing all freight cars over 50 years of age. Even if the
railroad industry as a whole replaces all the obsolete cars fairly soon,
the costs will be spread over many years. For this reason, the renlace-
ment of obsolete cars has been listed under ongoing costs in Figure 16.

The distinction between immediate and ongoing benefits is even
more difficult to draw than for costs, but it is safe to assume that all
benefits will not begin to be received immediately after implementation
of the safety standards. Inspection of a large portion of the track and
of the freight car fleet will have to occur, and then some portion of the
replacement and repair will be necessary, before benefits are felt. If
the implementation of equipment standards takes about two years, as
has the implementation of the track standards, it is reasonable to
assume that much of the benefit will be appearing at the end of the
second year, and all of these benefits willl have reached a stable level

by the end of the fourth year.
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FIGURE 9
Distinction Between Immediate and
Ongoing Implementation Costs

-

Immediate
Track ' . Equipment
Hiring and training _Hiring and training new
new inspectors inspectors
Replacing ties and : Replacing components
rail B ~ ’
Ongoing
" Track Equipment
Maintenance to track , Replacihg obsolete cars
Inspections Ins pectiohs
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3,72 gpgpri\ng; Costs. and Benefits.

Based- Q{_x_-::e.st;imates:,ofz some: carriers: to acquisition rates for
freight ca:x:s,;-v&lzii:ch'i;are-;,normally depreciated for IRS purposes over a:
. 15 year: p_e:riiod{‘,. w¢ have: selected this time 'hori‘z.om for calculating all
cAonti'nu‘in‘g;c.o;s‘ti:s;a;r;d benefits. The procedure-for-these calculations was
ou‘t.li'ne,di i F‘i’é?ure- 8 . Certain impf ovement-costs. resulting . from com-
pliance. a.'-.ct:ir\n-"-f:i'ezs:'1 such-as: relaying rail and" replacing ties and recondi-
tioningsr of :equipment.cam.be: expected: to. continue indefinitely, hence,
beyond: the:15: year-period, as. will the c:;rres‘p‘ond'ing.-‘b,en'éfits derived..
Nevertheless, this planning-herizon will provide:sufficient time. for
most replacement andi.repair-and for benefits to. reach their long -term:-
sta;b']je--«;leve\l;. Extending the period. of calculations: further into the future
raises-the:uncertainties: of longer-term: {inancing and the effects  of t.ecf.h,-
nological shifts: om‘op;jez-raﬁiﬂg;and‘- ma,rketi"ng_j_pﬁatte;rn's:., In 20 years; rail-
roads may be operating: il:a.completely different environment with sub--
srté;ntia"lly' altered technology  which. may or may not-be: affected By: safety
st«and»a;rdfsxdevelopedfftod"a;y; Thus, limiting-the. calculations of costs aﬁd?.
. benefits:to 15 years:.is a .reasonable compromise.between long-term:
uncextainty and the:need. to:"'me‘v‘a—tsu'r.e fully the beneficial effects of the:

safety standards..
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| 3.7.3 D/iscounting Future Be\ne.|t'it;.s

Some of F:he risks of costs aﬁd ei:t’ended benefii:s for an indefinite
pefiod of time into the future' can be compensated for by discounting
future flows. Economic irr'lpa.ct analysifs is concerned with recommend-
ing whether specific invéstments should be undertakeh here and now
in order to gain benefits in the future. Safety standards are introduced
- in the present so as to gain tﬁe bén'efit‘of reduced accidents in the future.
Two major reasons exist for. discounting the future flowé of costs and
benefits derived from introducihg safety: standards: (1) toA reflect a
societal preference fof earlier over. later benefits, and (2) to reflect °
the opportunity cost of investing in safety rather than in other possibil-.
ities. Each of these two rea;‘,ons are discussed in more de'tail‘ in the
following two paragraphs. J

Individual ‘consumers in our society are contfmuall;é faced with
the problem of Whefher to spend their mon.ey now or whethér to invest
their mone}'r for a greater future benefit. If the future benefit gained
through investment is not in excess of the i)resent benefit gained
throﬁgh s_peﬁdin‘g, then consumers in-géneral will spend their money
now. Similarly, society will only invest funds t6 gaiﬁ future benefits
if these future benei;its exceed the present benefits from usiﬁvxng the funds |

here and now. If society makes an investment now and has to wait a

long time for a return, then the value to society of the benefit is
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normally: regarded. as:less than'if it were available:earlier. The dis-
count rate:used.to.discount:the -value of future flows.of benefits is com-
monly. assumed.to. reflect soci ety's preference for present benefits-as:

opposed. to futul\'.lefbeﬁefit‘s.. The:OMB recommends the use of a 10 per--

i

cent discount.rate to discount the future flows: of Benefits arising from.

the application: o{ff"ra;il'n'oadlssaffe‘ty" standards® This implies that society
is indifferent:between;,. say, $100.million of benefits today and:$110
million of benefits next year: The.-higher the discount rate which is
employed to:discount:the:future flows of benefits, then the more-weight
which is given to the:earlier benefits of public.investment and the:less.
weight which is:given:to benefits: exp’e'cte'di in the more distant ‘fu’fure’-
(say 4101to 30 years:from now).

. The.decision of society tosinvest in-safety standards for the-rail-
roads generates: an:opportunity cost for society in'that funds allocated:
ﬁ or safety standards are no:longer available for usinghere and now nor:
<_f,or?ma‘léiné:o‘ther:"inV'E‘Sitrn'ent's-‘a Sbc‘i‘ety‘ha‘s"l’im‘”itedﬁfﬁnds at its disposal-
which it'needs:to allocate in:suchrar way as to maximize the benefits to
society. Investment invsafety standards: for-railroadssis an.investment
to.obtain benefits to society over-a.relatively long period in the future:
. The discount rate-is:chosenrso as.to. reflect the:opportunity cost of
investing in safety standards-forthe:fuitdre rather-than of investing.in:

- another project whose:benefits'are realizable soonexr:

*¥DOT 5000.1, OMB,. 6-30-72.
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3.7.4 Discounting Future Costs

Not only is it necessary to discount future benefits to their pres-
ent value, but the same procedure must also be applied to the flow. of
cos'i:s incurred over a multi-year period. The reasons for discounting
costs down to their present value are similar to t}mée given for dis-
counting benefits. Not only is the ﬁohey being used for a purpose other
than earning interest, but also the costs incprred at present appear
higher than costs incurred in the future. .

Thus, if track and equipment maintenance costs are éxpected to
be an amount of X dollars in the future, the amount appears smaller
than if the X dollaré had to be spent at once. To calculate the total
cost of the maintenance program over several years, the cost for each
later year must be é.dded to the fi.rst year's cost,. but they must be
added in\dolla.rs fhe same size as those spent in the first year, which

8 appear larger than those to be spent later, Therefore, the later costs
are reduced by'discounting. o

A separate factor iﬁ the size of costs and benefits is inflation,
which has the effect of raising costs and benefits over time. Because
goods and ser‘vic'es in the future become more expensive and valuable,
the dollars paid and received for them are more than if they wére-
bought or sold at present. If the rates of inflation for both costs and

benefits are the same, then actual increases are not calculated in the
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imf)‘a'zcaﬁz a,n“a.*ltysis;-pr:_oc:edurse,. Under a single inflation rate assumption,
all future d’o‘:l-l‘%‘r: a‘néxo:unts, may be expressed in constant dollars and the
present value. ,;r{nasyébesob.ta'ined by the use of a single discount rate such
as the 10 percént recommended by OMB. ’

3.5 Net Cfgas;tf— Effectiveness

Two -fuzrﬂthe,.r‘:‘éﬁtep's:‘\vill be necessary before-the cos't‘-‘effecti\‘reness
methodology will yield aispecific comparison between costs and benefits.
First, the expected number of accidents must be projected 15 years:
into the future (1988). This projection will be done on the basis of an.
analysis of pasttrends coupled with a fore¢ast of dynamic factors influ-
encing -the future trends,. without the saietsr standards. The expenses
associated with the projected accident rate will b'e”c.a.lculated, but the
important result will be:therdifference between the projected "undis=
turbed'" number of. accidents; . and the number expected with the safety.
standards:in-effect.. The reduced number -will be-calculated using the
procedures-discussed.earlier.

The second important step thus is the calcul?gtioil of savings from
the: reduced. leveliof ‘accidents. These: savings W111° be calculated ZQS‘ing"
the p.fr'O'c'edu‘-r:e ‘described earlier, in which'a specific amount of dollars
to be saved ' from a.specific type of accident was determined. In-other
words,  the total number of :accidents avoided is allocated to -a series

of.typesxo‘f ‘accidents and:the value or ez;:penSe associated with each
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type of accident is added to those of all ;:ypes of accidents to produce

a total amount expected to be avoided. For each type, after the total
benefits over the 15 year period are calculated, the total costs will be
obtained, and then it will be possible to calculate the difference between
the two, the net savings or net cost-effectiireness. The results of this
calculation for a given safety standard can then be compared to other

" similar cost-benefit results to determine the most cost-effective safety

standards. The entire procedure is outlined in Figure 10,
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FIGURE 10 Net Cost Effectiveness Procedure
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4.0 SUMMARY DATA DEFICIENCIES:
RECOMMENDA TIONS FOR CORRECTION
In previous sections, the pfincipal data components necessary -
for cost-effectiveness analysis have been discussed and recémmenda-
tions have been made for developing or estiﬁating data not otherwise
available. This section will briefly summarize the principal data
~deficiencies that have thus far b_gen identified, and will recapitulate
the recommendations for develgpment. It is obvious that data derived
from estima.ti‘on techniques are oft times poor éubstitutes for exact
| figﬁres; ngvertheles’s dﬁe to the shortage of certain data components
some estimating proced‘ures must be followed. |
. We have arranged the listing o£ data gaps in three groups
corresponding to that which is rea.dilyA available, little available, and
relatively unavailable. Certain types of data that are readily ayail-
able to carriers or perhaps the AAR may have been categorized as ‘
unavailable, if it was feit that the FRA would not be able to .secure

them. Thus, the ordering and identification of data deficiencies required

a subjective evaluation of the extent to which FRA could develop the
gecessary information.

In the far right hand column of the following summary Table 10), -
we have listed recommendations for either estimating or dev'elop'mg

the data components. If all of the data.requirements for conducting

‘-'\
iy
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La 'z*,coust«-:éfg}e ct igretne:s:s.:ian'aly_s"i‘!s: of fsa-'fet.yf;'sta‘rrdati'ﬁs ‘were .met, the actual
ccalculations :could be :performed in:a-simple, :straight-fo rwa rd manner
rwith-a rmmmqu ;expenditure of time:and-manpower, Thus, the cost of
~conducting cost-effectiveress analysis.is:directly related to the data
- -available ‘;‘. or:making:the basic calculations, T
Our research thus far ha’s:‘ﬁéh own?:‘that;l-»i;ﬁé -of the necessary
_ fda.‘lta‘:i's immediately-available to FRA and-that ~:'sub's»tant-i al:additional
:datavdevelopment:is: necessary-in order:toperform complete cost effective-
mess-analysis ~with-minimal expenditure of £unds. "ERA, by virtue
of’its legislative mandates and powers, :does have the authority to
correctmost.of ‘the:data :;gaps through revisions in the accident re-
‘porting SYS%'EH}. “TWee crecommendsthat . this ;authority.be exercised,
not: just to-providerinformation for:cest-effectiveness analysis, but
#to providethe basicidatainecessaryto. quantify-what ra .il"r‘oaid ~safety
-rea l'l'yk.,ll’neams “torthe-radilroad:industry-and:to-the:country as a whole.
The-relativercasts of providing this-irformation, -whichmust be.borne
- directly. by therailroad:-industry, shouldmaturally be takensinto

rconsideration beforesmaking any revisions in:accident <reporting.
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TABLE 10 DATA DEFICIENCIES

Availability of

Description of Data Deficienoy

Recommendations for Correction "

Data to FRA of Data Deficiencies S
Relatively Number of defectives, equipment components, Field sampling program to determme any .
Unavailable track components, S condition.
Component failure that cause accxdents manuf Revise T-form reporting criteria, urging the
facturer name, date of manufacture, serxal, the ig‘ep;iffic_?tign & description of components
that have failed.
ﬁl;:jebsegnocfa531;tmfr}:§ec:’orit;onents, , Joint research program funded by FRA,
expected life, expected mean time to failure. | AAR, and RPIL
True accident causes . Expanded accident information system;
’ Accident diagnostic analysis; multi-
) disciplinary accident investigation teams.
Societal property damage. Revise reporting criteria, carrier to provide
estimate of damage on T form.
Societal personal injury costs, Est1mat10n, procedure
Societal costs, community serv1ces (fire, Est1mat1on, re__sea.rch NTSB reports.
pohce, ¢tc. ). : e
, The m..moer, type, and costs of non-reported Est1mat1on, develop multiplier.
accidents. . o L e T
Age of non-employees involved in ra11 "Revise reporting criteria for T-form.
accidents. ) o .
Cost of service d1srupt1ons and delays to Revise reporting criteria for T-form, have
railroads, estimated total delays, in car and locomo-
tive days reported by carriers. <
Little Installatlon costs (labor), replace defective Can be readily estimated based on d&ta
Available components. provided by carriers. 8
Cost of clearing wrecks. Revise reporting criteria,report on T-form. '
Loss and damage to lading. Revise reporting criteria,report on T-form.
Cost of personal injuries and fatalities paid Develop estimates through carrier assxstanCe
by railroads. - and research of court settlements:fdr mdx- -
” v1uua1 accident types.
Readily - Loss and damage to railroad property (cars, :
roadway). ™,

Availabie

Cost of replacement parts, track equipment,
etc,
Nature of fatality and injury in rail accidents.

‘Age and description ofemployees.

FRA costs to develop standards.
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4,1 Specific:Data Deficiencies, and Recomméendations

¥

Some -examples.of, problems encounted during this task are given.
below. The prébléms. are illusirative in nature and are not meant.to..‘
be-def in;,iti?rie >

The method used:.in-détermining what accidents invoiv.ing hazardous‘;.
ma_te1:i_vals_-_were,;ca—g}sl\edab.y failed journals.was tedious. and time con-
suming:: Every-time a.railroad.experiences an accident involving .
hazardous materials -such as.explosives, flammable liquids.or gases. ‘
and poisonous-liquids.or-gases; the carrier must file a Hazardous.
Material Accident Form;. indéependent of the T-fcrm, to.the FRA. This
form-is filed and;‘inf;o__rm;a‘,t_ignv~fr_om;it and from a subsequent in~vestig§tion1
if found-necessary, is condensed and logged in-a summary book or.
bibliography of Hazardous:-Materials Accidents. Nowhere, in-this sum-
mary of‘accidéngs-is fth;e;;ca;useof_"the accident listed. As a result, it
was necessary-to.review.the-T-forms. for friction bearing accidents,
record. the-date, location:and Hazardous Accident Summary in order to
dete:rm-inenwhat accidents -involving hazardous materials were caused:
by friction bearing failures. This work would have been enormously.
~ simplified with the.addition. of the accident cause code to the Hazardous
Materjals-Sammary and/or.some cross-referencing to the applicable-
T-form-: After locating these ac»cident.s in the summary, the corres-

ponding hazardous madterial file was reviewed to determine if any
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:societal costs had occurrea because of the accidents. Finally, after
the accidents with these poter;tial societal costs were located, an investi-
gation of the major acci‘dents;was made to detgrmine the extent of the
societal costs that re§qlted. If is recommended that the Hazardous
Materials Surhmary be revised to include the acqideht cause (code),
or, at least, a cross re.ferénce to the T-forx% or the new Rail Eciuipment
" Incident Report.
For any I;ind of cost effectiveness study it is important to have
a1<1 the costs of é,n accident. For example: The total cost for clgaring
wrecks in 1971 a_rrllounteduto $38,477,000 for all railroads. * Since this
is a major cost component of accidents, it is essential that it be included
in any cost-effectiveness analysis of safety standards. It is therefore.
-recommended that this information be included on Incident Reports by
«, the ,railroads, and that thé reporting criteria be revised accordingly.
All rdilroads have this daéa readily available due to ICC reporting
requirefments and should be able to furnish it at minimal additional cost.
B - Wreck clearance costs are another piéce of information which is
-lacking except from carriers' estimate of averages. This average
figure overstates costsvfo“r single car derailment which cc;nstitute the

-ma‘j'ority of accidents, and greatly understates costs on more severe

#ICC Account 415,
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accidents. For calculation purposes, it is recommended that an ov.e-;-
all a'vézr.‘a“g'ez cost on: cars be: developed for each category: of accidents’
b;::in*.g: c:vons;idé.r'eﬂd-'-a;nzd{ thfa:f FRA obtain such es tim7a§ess; from: cooper étin"g '
carriers.

AAR répo..réé, a total of $36, 782, 768 in f'r.‘e:i' ght loss: and. 'd:azmé g\e
due to train accidents for 1971, Thi';.s information. is currently devel-
oped by all carriers and is reported o.n. arregular basis to ther AAR. It
is. recommended that. the reporting criteria be revised to include freight
loss and dasml‘a‘gse: estimates on the Rail Equipment Incident Report. Even
though: there is often.a significant delay between the time: of an: accident
and the setftlement of all clairms, the initial e's:t:i"lna;te:: would: provide. a
basis: fqr‘ estimating eventual costs:.

It is not recommended: that personal injury cests, other than. as:
reported on the: Railroad Ijury and IHlness: Summary, be reported..
Personal injury coests are: possibly the largest and most significant
component of raill acecident costs., \Wiﬂfé? current. FRA accident reporting
r‘e;q:u:iirfe,mte;nﬁs; provide the number of persons injured or killed: in: an
accident, the costs of the injuries are not prowided for a givem aceident.
Included in these costs are the following iteras::

Compensation: actual claims pzid to survivors:
and relatives. of the deceased, or injured parties,

. Accident investigation expenses,,
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. Legal fees and administrative expenses,

.  Witnesses - outside counsel,
. Claim personnel, administi‘ative expenses, and
. Other personal injury expenses borne directly

by the railroads.
. , : 3
This information could conceivably be provided by carriers on an

annual report summarizing all personal injury expenses by accident

el

codes. However, frequent revisions of th_e‘ i:»(e’ijsqnalj injury costs for
each type. ;)f accident bwoul-d héye'tb be made aé _clain;s génerally take an
average of two, years.to be settled according. to the ra'il‘r.oad claims age_nf/s
interviewed. In addition, the é_ubnxissi'on and pﬁblicatiqn of this dlazta 'I
opens up the risk of inadvertently‘d'ivulging figures .whic.:h x_hay be used
-against the railroads., There is consi‘deral’:ie sensifivity about p_rqviding
this information on a regular basis and feeli.ngs"o‘nvthve pa.rt’ of the carri‘eré
that some aggreéation Would‘ beqnec‘essary t’o q.Vdid dis clo(sures wﬁich
would divulge average settlemeht costs:‘_ Consit\iering these reser;zations,
and the téme delays which will .necessi‘fate matéhing 'clair'n séttlements
and other personal injury costs against Ipas_.t a_cc.idiye'nt's, it is‘recomrr.lrend-
ed that an estimatiné proced‘ufe.be followed ‘fo‘r developing personal
injury cos%s, rather than have‘ carriers make e‘stimates’ on the Incident
. ’ . -/

- Forms.

Similar r‘ea.soning-applies to damages to ﬁoh-railroad property'.
If is felt that limited description in NTE:B reports and individual

. N
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carriers* data will provide better inforrnation than would estimates made.
i X ! © oy e
e R B

at the time of an a“cici'dent‘.v
. In reviewing: the fact that z;;‘ccid‘ent's may frequently tie up cars, -

locomotives and trains,. a-number of carriers pointed out that these
co~s'ts should be takén into consideration in a. cost-effectiveness analysis.
One respondent s.ug"‘gestevdf some ra.iIr'oad'mfa‘nar.ge.r.s realiy had little idea
~of just how much an accident can\ éff'ect its overall c?s?:t’s. in his wor:vd.s,.
"We may be paying now: for an a‘cz;.:.ide.nta that occurred ten days ago. " ‘
In order to provide a means of qué.nti’fzyin g the effects of service. delays
caused by accidents, it is su‘géesté:d that the total car and locemotive
days lost, as a result of the a%ccﬁ’de#t: be-entered on the Rail Equipriznt
M-cident Report (Item: 551’ presently lists numpber of units involved).

This. e's.ﬂt-im’atev can: be: then u‘s‘eid- by ERA to compute, uS"i'n'g per
diem: averages, a measure of the economic: costs of service delays..
In. estitating this figure, the carriers should i'n*clud"é: not only the:
immediate equipment involved in: the aceident, but:all other trains:and
cars that were held up or delayed b'.y' reason: of th‘ej track being blocked.
One carrier regularly develops this information as: part of its internal
accident reporting system. It is recommended that the reporting rules
be adjusted to develop this important accident cost, c‘om‘pone-&x}t‘.

Ano,tﬁe r useful item: would be: th*e: age of both employees and mon-

employees killed or injured in railroad accidents. This information
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wh1ch could be prowded on. the Annual Summary Report of Ra11road
Injury and Illness (Form FRA 6180 56a) facilit"a:’te'calculahon of the
mean age of all persons'kllled or'm_]ured in railroad accidents which

will improve the preciseness of lost wage and earnings calculations,
4.2 Summary Total for Accident Costs

It is strengly recommended that a summary table of all accident

costs be developed for inclusion in the Accident Bulletin, along with
-appropriate individual tables listing total accident costs by carrier and

" by type of accident. Our reasons for making this recommendation are

LIt

"as follows:

. The real costs of railroad accidents need to be
established and published in such a way as to
provide guidance to management and govern-
mental planners. : ’

. Efforts to improve safety fun'ding. frequently founder
on the lack of knowledge of total costs of rail accidents
and thus the potential benefits of safety efforts. Some
of the carriers' safety personnel made the comment
that if their managements really knew how much
accidents were costing them, they would give safety
greater emphasis. Many expressed the idea that
safety is difficult to sell because it's an intangib_le
thing, but by being able to show the total costs of
accidents, they felt safety efforts wbuld be strength’eried.

. By. prov1d1ng a summary of all acmdent cost ‘FRA

- can heighten public awareness of rail safety and the
Jmprovements that are being made, '
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. Individual carriers 'and FRA, through cost-
effectiveness analysis of safety programs, can
detéermine those measures which will be most cost-
effective. Tables providing cost data on individual
accident categories will greatly facilitate this
analysis.,

A sample summary table which has been constructed for illustrative

’

purposes is -g_ivé.n in Table 11.
4,3 The Reporting Threshold

In early interviews with Bureau of Safety personnel, it was learnet?l )
that consiaerati'on had been givén to revising the $750 reporting threshold
for al}‘ accid”enté.. It was believed that with the continuous rise iq p‘rilc’es.h
over the last 10 years, a substantially greater percentage of totél
accidents was being reported each year and thus there would be some
justification for raisitig the reporting threshold in order to prq\;ide more
uniform year-to;year reporting, Furthermore, by raibs'in’g the report;
ing thrcshold..,. 1t ;x(ould cut down on the number of rie*po;ts the carriers
would have t(v.)vrna.t_ke to the FRA and hopefully impvave:the quality of the
accident repd;‘ting.

There is no question that a fixed dollar threshold will distort any
-'year—to-yez'tr cbmi)arisons or statistical analysis of aégi‘dent-t'rends due
to inflatiénary price im-:reases. If this were the onl_y "pr.oblem N_With the

$750 fhresh'old, it could be resolved by inflating the cutoff point for
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TABLE 11 Sample Table Recommended for Inclusion in the Accident Bulletin
1971 Railroad Accident Cdsts (Illustrative)

Railroad »

- {Industry Costs ~Societal Costs ' Total_Costs
Property Damage 109,784,045 | 5, 000, 0007 114, 784, 045
Wreck Clearing Cost 38,477, 0007 500,000 | 38,977,000
Loss and Damage 4 _
to Lading 40, 000, 000> 500,000 i 40,500,000
Personal Injury and '
Fatality Costs _

Est.. Fatzalities 15, 000, 000 | 334,000,000, 349, 009, 000

Est. Injuries 60, 000, 000 | 284, 580, 000 344,580,000
. Other, Legal Fees, 43, 052, 000 .- 43,052,000

Eie, .. '

Total 118,052, 000%! 618,580,000 736, 632, 000
Delays and Service : :
Disruntions _ _7,000,000°| 1,000,000 . 8,000, 000
Communitvierbices |~ - 1,000,000%] 4,000,000 ' 5r000, 000
Non-~Reportable A : -
Accidents: Property 22,500, 600 100, 000 22,600, 000
Damace Liosses . -

Total ‘ ' 336,813,045 | 629,680, 000 966, 493, 045
““.x.h"‘ ta’“le, whﬁ.ch is nrovie*" as an 111.;:‘;:“&*&‘_'“1 for a Ccot O‘F Railroad &c¢

= :

hzghv.c.y‘g*adn crossing accidentg, which account for an estimated 60% of
the total fatality costs, 17% of the irjury costs, and 3% of the property
damage, wreck clearing, and loss and damage to lading costs.
lRepqrted to ¥RA on T-forms.
21CC Account 415: Wreck Clearing Expenses.
3AAR reports a total of 36, 782, 768 in freight loss and damage due to train
accidents for 1971. We have added 3,217,232 as an estimate of the loss and
damagse resulfing from unreported accidents that was listed under the head-
ings of Iznproper handhnc and Concealed Damage.
41CC Account 420: Injuries to Persons, estimated 15, 000, 000 fzatalities;
60, 008, 630 injuries; 43, 052, 000, other legal, administrative expenses.,
BPouoh estimate based on percent of all carloads being delayed due to
accidents. 25,000,000 carloads x 1% = 250, 000 carloads. The average
car is delayed fou r days at $5/per diem; 250, 000 x 20 = $5, 000, 000, Loco-
metive delays 2t $2,:000, 000 = 100, 000 hours x $20/hour. B
bEstimate based on brief review of NTSB reports and other FRA accident
reports, ‘ : ' -
Estimated non-compensated propcrty damage losses resulting froem each
accident, :
82, 000 x ($200, 000 - $33, 000 xuilroad payment) = $167,000 i 2, 000
- 334,000, 009 fatalitics; 18, 972 injuries x 20, 000 - 5, 000 railroad pa,y—
ments) = 15, 600 x 18, 972 = 284, 580, 000. Note: these are very rough
, preliminary valuations. . Wc have,, therefore, excluded fatalities in the
last row of the table' oo that’ ‘the reader can male thia rm‘np:\rmon.
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gucceedixgg years by an app:roximate pri"ce inflator; and then adjusting
the ‘tgta wvgg):ccid_gents reported, based on the inflated_-cutdffs', - In this
fasilion, the $750 reporting figure could be retained; however; only the
figures e:&ceeding the adjusted cutoff would be reported in thé* accident
bul_l,etins,“' providing a 1:nore realistiq base for year—tq-year trend analy-
sis. Future tables and gr'aphs presented in the accident bulletins could
: refl"ect this price adjustment.

However, a far more serious question is the extent to which the
$750 cutoff masked and obscures the true safety picture. Put more
succinctly, "Just how fnay accidents occur in the $750 and under caté—
gory and what is the total cost of these accidents ?'"" In order to dete;-
mine the answers to this question, CONSAD sought in each railroad
interview to determine the total numbér of accidents occurring dnfeaiciﬁh
railroad as reported internalily and the total number of accidents re-
ported to FRA in order to calculate what percéntage of to‘ta]t gccidenté
are now being reported. Based on the figures provided in this limitgd
sample, the results indicate apprbximatel& 15 percent of all ac,cide'n'_ts
are reported, while 85 percent are unreported. One carrier provided
us with a .complete listing of all accidents by cause which ihdi/c,ated t.fiz}t
human and track failures \x;ere the principél»type‘s of accidg_nts dccu:-'
ring on their road, while equipment failures were a relatively smraLll

component.
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Other examples of significant but unreported accidents occur at
railroad-highway grade crossings. A train may demolish a $5, 000
unoccupied automobile with little resulting damage to railroad equip-
ment. Such an accident is unreportable. In a Report to Congress on
Railroad-Highway Safety in August, 1972, by the FRA and the Federal
Highway Administration, it was pointed out that, while 3, 377 vehicle-
train accidents were reported by the railroads to FRA during 1970, an
estimated total of 12, 400 vehicle-train accidents occurred at grade
crossings, based upon information available from police reports and
other sources.

Utilizing the total train accidents reported in 1971 as a base
(7,304 accidents), we calculated that total unreported train accidents
for 1971 amounted to 48, 700 accidents. In order to estimate the dollar
value of these unreported accidents, we calculated the average cost of
each accident to be $1, 000, based on the following assumptions:

In our interviews, we found that a number of
carriers actually discouraged reporting acci-
dents that were slightly over the $750 cutoff
by requesting that the accident circumstances
be carefully reviewed by the individual making
the assessment to insure that the estimates
were accurate. Invariably, the accident was
noi reported. Thus, instead of using an aver-
age cost of $375 for unreported accidents, we
have estimated the figure to be approximately

$500 per accident, as illustrated in the follow-
ing graph. ‘
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; Estimated Cost Distribution of
Unreported Accidents
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P _« This $500, of course, only covers the loss and
-damage to railroad property -- cars, equipment,
track:and roadbed, It.does not cover the cost of
.¢learing the wreck (rerailing cars, hiring mobile
cranes, etc.) nor does it cover any losses and
‘damage to lading or losses resulting from track
tie~ups and .delays. We suspect that-some por-
stien of the freight loss and damages reported by
.carriers to the. AAR under the headings, "con-
cealed damage" and "improper handling not
.otherwise provided for, ' resulted from unre-
';-p,O',rt.ed train accidents. Therefore, we have
estimated .per accident costs .of loss and damage
‘to lading to amount to $225, the costs for wreck
i clearance .at $200, .and the average cost of dis-
, ‘ruption to service and.delay.at $75. These esti-
| mates seem conservative:since many of the
.xinreported accidents described to us by .carriers
‘were-considerably more costly. In certain acci-
dents, there is very little damage done to cars
per-se, but nevertheless considerable expense
involved in clearing the awreck, but under the
current reporting rules, these accidents go
anreported. The estimated total cost of unre-
ported accidents amounts to $1, 000 per accident,
broken down as follows:
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Estimated Unreported Accident Costs Per Accident
Damage to railroad cars, track, equipment, etc. $ 500
Wreck clearance costs $ 225

Loss and damage to lading $ 200

Disruption to service delays, etc. . $_75
Total $1000

Estimating the number of unreported accidents for 1973 at 45, 000,
the total cost of unreported accidents would amount .to.' $45, 000, 000,

This figure is sufficiently large to warrant consideration of eliminat-

ing the $750 reporting threshold entirely, and is the first of three

- alternatives which will subsequently be explored:

. By requiring carriers to report all accidents, the
volume of accident reports being submitted to
FRA would increase by a factor of seven, neces-
sitating increases in FRA personnel and a redesign
and streamlining of the accident reporting system.
In addition, there would be an increasing in the
railroad costs for collection and preparation of
the reports, although perhaps not as much as
might be expected inasmuch as most of the rail- -
roads interviewed are already preparing reason-
ably complete accident reports for their own
management information.

An alternative to eliminating the $750 reporting
threshold would be to determine which accident
types are generally excluded by the reporting
criteria, in order to develop a multiplier to
calculate the total number of accidents involved
from the sample being reported. In this manner,
reasonable estimation procedures could be fol-
lowed, based on sampling carrier accident reports
to determine the total number of unreported acci-
dents. i .
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. Liastly, ithe :reporting criteria can be kept as is

{at $750), ;recognizing that the ‘total cost of unre-
‘ported accidents may. account for as much as-40
"percent :of.the :reported costs.

We I‘ig'C'orflm'enﬁ:fhat.:the.'se'con'd alternative be pursued in view of
‘obvious need ';to;rde:vé_];qp more 'complete' infqrm*ation on unreported acci-
‘dents, -the‘i)r_ohéﬁle ‘budgeting limitations that-may minimize e xpan’s‘ion
of ‘Bureau ."o"ff«:Szf'fret;;y ‘perssonnel, ;and the potential distortion .in‘the cost-
benefit.r e"s.ult.s.""that‘mo.lil:a cresult from their exclusion,

'Thé new 'threshold of ‘$.1'7.'5-0 still retains all of the problems.dis-
cussed-above. “The provision of a yearly adjustment to this threshold
does :make year<to-year data comparisons a_little more ‘meaningful but

all of the .other.cbjections .stated .above .remain.
4,4 .Concluding Remarks

“Any :serious €ffort to prevent or reduce accidents ;:‘h*a:s cas-a funda-
mental prerequisite ‘for success, .the establishment of clear-cut cause-
-and-effect.relationships. "Throughout-all-of the interviews with carriers,
FRA, AAR, and.others, :a:comrsiderable number of ques:t"iorrsvwe.re
raised ‘c;jnzce:r_riiq;g“fthe :accuracy of the data-provided on T-forms, the
potentials f.o:i'- ‘codingerrors, the guestion of multiple accident causes,
-difficulties of :‘c’.o;nr'ei’ct.l‘y";.pe:r'c;éffi\tirx;'g all-accident causal factors, and.the
pelitical'-nuances affecting what .Waté -and was. *t;ot.ne:p:orrt.ed. "We have

not attempted to highlight any of these-difficulties as we have found that
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their cogni_éance is widespread and well understood, and has been sum-
mariéed in previous research work completed for FRA. It is clear
that every effort should 'be_made to improve the qqality and timeliness
of the accident-reporting system and indeed. substantial efforts are now
under\;vay,to accomplish this goal.

The need to provide more complete data on equipment and track
failures is obvious and we can ohly add our endorsement to suggestions
that have already been made for'expa'nding thé reported data. Informa-
tion on equipment the;t has failed, thus causing an a’ccident, such as the
manufacturer's name, date of manufacture, serial number of the part,
and/or type, is essential in order to establish sﬁch things as mean
time to failure, a\'rerage life exéectancy, etc. This,’,in‘forﬁlation can be

summarized and analyzed to determine the relative cost-effectiveness

of alte-;’hative' equipment makes and designs. There is a well-recognized

need\_iﬁ_ the railroad industry for component failure data which would
enable railroads to improve their planned maintenance .activitie;s and
purchasing effectiveness thro,uéh prediction of failure, wear rates and
costs -per unit of ser\‘/ice. The";prowision of identifying data on accident
reports could enabl.eA FRA to pufblish?this information for industry; use.
| The potential for substantial progress in accident cost reduction
is still very re-ai irAl.the. railroad industry and the commensurate bene-

fits attending improvement in railroad safety and maintenance effective-
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1
ness:are:likewiser reall.. But progresssin’ reducing: accidents: is dependent.
on: knowrrrg what: actionisheould: be: taken:;,. and:the: current: accident report-
ing: sty;-st‘erri;: provides: fax-too: little: data: with: which these: decisions:‘can,
be: mades, »~{-"'I§H“e';‘?~.'sm:gg.§-;s:tit’an‘sz offered:here: for: improvement: dosnot seek
to: totally- répl%.ée tﬁ'e}: basic: reporting: system: as: it now: exists;. rather

& more: coiﬁpliejté: reporting: is: recommended,. especially of component.

failure: mformation:.
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5.0 TEST OF THE COST-
EFFECTIVENESS
METHODOLOGY .

This section describes a test of the cost-effectiveness methodol-
ogy described in this report. The safety standards chosen are those
addressed to plain journal bearings on freight car.sv a'nd are detailed in
the Nbvember 11, 1973 issue of the Federal Register as amendéd in the
July 11, 1974 issue.

This test exercise follows the flow charts pr.esehted m Section 2
using the procedures discussed in Section 3. In the following sections
the scope of the test/cost—effectiv.eness analysis is defined ana ba‘ck—_

) e
ground information on journal failures is provi.dgd. Subsequent secf';ons
follow the majo“r procedgral steps outli.ned‘ previously, namely,’ the :
cornp.utati‘on'of: | |

Railroad Cost of Compliance wi>th"the Standard, -
Societal Costs, ' o -

. Railroad Benefits,
Societal Benefits,

. Determination of the Number of
Accidents Prevented, and

. Summary Evaluation.

Throughout the discussion, numerous references will be made to

the procedures followed in completing the analysis in order that the

—

reader may correlate the activity with the‘principal méthodological '

steps.
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5.1 Study Scbpe
):- ) 1

In -1C10D."S|£jd’e}rig'g what standard ‘v:;oﬁ'l'a ‘be most . suitable for testing
the cos t—.»effeé,timefrsle-s:s ‘procedures, preference was expressed’by F RA
for “e'va‘l.u'a.tmg “one-.of it:ﬁe“:ne&vly proposed, but as yet unofficially pre-
scribed, ;eqvu;;)me:nt standards. Mutual agreement between FRA and
CONSAD centered .on‘the desirability of testing these s ta'n:datr.ds ;address -~
ing journal failures on cars equipped with frict’ionbea:rings, v,.i“nassmu'c'h
as these failures ":pf#efszent'ly cause ‘more damage to railroad property
-and equipment than:any other s in'gl'e accident cause.¥ A:c::cideun‘ts caused
by burned off journals (an.undetected hot ."b';ax) are generally ‘-know,ri to
be more-serious than other types of accidents {(a passed.coupler for
example) and more likely to resultiin third party damage | (societal costs),
which, 'in terms of .the.analysis, '‘would.exercise more of the recom-
mended ‘.meit-hodiéliqgfi;cza"i wsteps. This was an important.consideration in
iselecting a representative standard for testing. It'was also.anticipated.
that'there would"be better data available -on the ;cau.s es.of jeurnal bear-

ing failures, which.would in turn help overcome the acknowledged

deficiencies in-accident data necessary for cost-effectiveness.analysis.

-¥In terms .of ‘loss «of life and damage ito non-railroad property,
rail highway ;grade crossing accidents are the most.severe; however,
in terms of .the .immediate costs to railroads, accidents caused by
journal failures -are singularly most damaging.
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These data deficiencies, which were summarized in S_,ect;ion 4, repre-
sent potentially:. ‘serious constra.infs limiting FRA's uability to complete
realistic cost-effectiveness analvy_ses:

Thé proposed s&fgty standards initially coﬁsidered in this cost-
effectiveness analysis were an integral part of the overall minimum
safety standards proposed by FRA for railroad freight cars, and pub;-
lished in the Federal Register of September 22, 1972. |

Basically, these equipment standardé were orga;nize(‘i into eight
sections with Subpart A covering the Ia.vpplic_atic;n',‘ scope, dgfinitions,
responsibility for complianCe, mc.)ve‘men.t”of c_llefe'c’tive cars for repair,
civil penalties, designation of qualified pefsqns, and waivers. Subpart
B, 215.23 prescribed reéuirements for visuai_inspectidns and Section
215,’2\5 detailed the‘l;equireme,nts for periodic iﬁspection. This latter
secfion also defined high and low utilizatior; cars and the unique inspec-
tion re;,quiremeﬂts for éach, and fﬁrthér specified that each railrdad
submit a program outlining how it will brihg its rolling stock into
compliance on or before Jénuary 1, 1976.

Subpart‘s C thrbugh H covered the spe.éiﬁc‘ ‘equipment standards
for wheels (C), axles (D), journal bearings (E), other truck coinponent%
{F), couplers (G), and draft systems (H). »

The specific standards initially evaluated were those contained in

i

Subpart E, applicable to Cars.equipped with friction bea;ings. It was
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understoed that the FRA was c.onsiderit;fx.g'a lubrication standard which.
would require all plain bearing cars (both unstabilized and stabilized) to
be repacked on.a 24imonth cycle. The AAR interchange rule was, and
is, a 24 month ' repack. requirement for unstabilized cars and a 30 month
" repack requirement for stabilized cars,

I—Io,'Wever,‘ﬁ the proposed lubrication standards published in the
November 17, 1672 issue of the Federal Register allowed a 30 month
repacking interval on .the stabilized bearings.

The rule making process for railroad freight cars is nearly
completed and is stated in the November 21, 1973 issue of the Federal
Register with amendments stated.in the July 11, 1974 issue of that
publicati;)n. The standards (which are effective as of January 1, 1974)
which are pertinent to this methodology test are:

Subpart E-Journal Bearings
215.81 Scope

This subpart prescribes minimum safety requirements for
journal bearings on railroad freight cars.

215,83 Defective plain bearing boxes

A plain bearing box is defective if it has any of the following
conditions: o o

(a} It does not contain free oil,

(b) The box lid is missing, broken, or otherwise not prevent-
ing contaminants from entering the box.

(c) It contains any foreign matter which has a detrimental

effect on the lnbricant. -
(d) The box is cracked or has holes so as to permit leakage.
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215,85 Defective journal lubricating system

A journal lubricating system is defective if a lubricating pad is’
missing or has any of the following conditions:

(a) An exposed core or metal part contacting the Journal

(b) The pad is not contacting the journal,

(c) A scorched or burned area. )

' (d) Glazing over half the pad surface.
{e) Deteriorated or decayed fabric.
(f) A tear along the top, front, back, or side more than half

" the length of the pad.

215.87 Plain bearings and wedges required
Each railroad freight car must be equipped with the full number of
plain bearings and wedges for which it is designed.

215,89 Defective plain bearmgs

A plain beanng is defective if it is" not located in its design
position or has any of the following conditions:

(a) A break, or crack. ‘ '

(b) Overheating as evidenced by--(1) melted babbit; (2) smoke
from hot oil; (3) journal surface damaged; or (4) journal temperature
of 400°F or more.

(c) Wear at either end which reduces its length more ‘than one-
fourth inch. ' _

(d) Combined wear that reduces its length more than three-
eights inch., '

(e) A lug worn more than one-eighth inch.

(f) Combined wear on both sides of the lug e‘:tensmn more
than one-fourth inch,

(g) A loose lining or section of lining broken out,

(h) Lining worn through to brass more than three-eights inch
above the lower edge of the brass sidewall.

215, 91 Defective plain bearmg~wedges

A plain bearing wedge is defective if it is not located in its design
position or has any of the following conditions: '

(a) A bend, break, or crack. ,

(b) Wear measured at the contact surfaces which reduces its
overall length more than three-sixteenths inch.

(c) A bottom surface unevenness of more than one-sikty fourth
inch, ‘ _
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{d) Wear on:top:beyond:the-following Iimits:

‘Nominal Wear limit flat Tength-
journal.size, A ‘ wise, inches

inches: "

4 14 by 8 314

sby9 ~ s

5 .1/2:by 10. | y 41/2

6 by 1L . 5

6 1/2'by 12 5 1./2

Subpart B --Inspection.

215, 21. Scope

This: subpart: prescnbes requirements for inspection of ra11road:
freight cars..

215,23 -Safety inspection required: ' .

() After NMay 3i,. 1974, each railroad. freight caw in-a train
must be given a safety inspection;. imaccordance with: instructi
approved: by the Federal Railroadi Administrator, b'y' a- qualified pergon:
designated under 215:; 15 at thespoint-where the- caris placed. in the®
train, However,, exceptatithe point-where: the train is originally niade
up, if a -qualified person.iss notion-duty &t the poirnt where: the caris:
placed in the train but:thewcar is: inspectediby available personnel {6
conditions. adverse:to safe:movernent. ther safety inspection rhay ber
performed.at.the next pointienrrouteswhere:-a: qualified person is: ond:

(b). Before Eebruarysl,. T974;,, each: railroadithat: istin operatich
on January 1. 1974;. andioperates railroad.freight. cars to whith this:
| part-applies: shalllsubmit tosthe: Federal: Railroad Administrator for
approval undex: 21'5; 29+ three copies: of its:instructions for safety”
tnspections .of railroadifreight: cars: required by this section,. Each:
railroad. that: commencies: operations: affer Jamwary 1, 1974} shall sub--
mit its instructionssto:thes Adininistrator:for approval atileast 90 da;“r”s‘
before. the date: it ‘commencies:operations:. Instructions: sub: mitted te"
the Administrator,forrapproval mustiinclude procedures to b‘-'ez:,fbﬁow@aif
by qualified:persons:torassure: compliance with-all applicabler require=-
ments of . this: parti.

215,25 Periodit: inspectionirequired’
(a): After December:31;, 1978, a: raxlroa’d ‘may, not operate’ a
railroad freight car’unless::

13382



(1) In the case of cars other than high utilization cars, the car
was inspected as prescribed by 215.27 within the preceding 48 months
or was originally constructed or recond1t10ns within the preceding 95
months; and

(2) In the case of high utilization cars, the car was inspected
as prescribed by 215.27 within the preceding 12 months or was originally
constructed or reconditioned within the preceding 24 months. However,
a high utilization car for which a railroad maintains and makes avail-

- able to the Federal Railroad Administration a mileage record sufficient
to show that the car traveled less than 25, 000 miles during the preceding
12 months may be operated if that car meets the inspection require-
ments of paragraph (a) (1) of this section and is stenciled in accordance
with 215, 11(c)(6). .

(b) For the purpose of this section, a "high utilization car"
is a car: '

(1) Specifically equipped to carry trucks, automobiles, con-
tainers, trailers, or removable trailer bodies for the transportation
of freight; or

{(2) Assigned to a train which operates in.a continuous round
trip cycle between the same two points.

(c) Before June 1, 1974, each ra11road that is in operation on
January 1, 1974, and has in service railroad freight cars to.which this
part applies shall submit to the Federal Railroad Administrator for
approval under 215.29 three copies of a program to bring all those cars
into compliance with paragraph (a) of this section by January 1, 1977.
Each railroad that commences operations after Janﬁayr 1, 1974, shall
submit a program to the-Administrator for approval at least 90 days
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