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PREFACE

The study herein reported was conducted for the National Transport-
ation Research Division of the Transportation Systems Center under sponor-
ship by the Office of Safety of the Federal Railroad Administration.

Ms. Donna Woodman and Dr. Theodore Glickman of TSC and Mr. William A.
Black and Mr. Michael Child of FRA were the monitors of the study.

This study addresses the question of effectiveness and cost of re-
routing and speed reduction of trains carrying hazardous materials when
in proximity to population centers. It focuses on particular movements
in two case study corridors within the Conrail system. Tt is a companion

to a macro-level study of routing of hazardous materials trains, which

was conducted by the same agencies.

The study would not have been possible without the provisions of
data on train operations and traffic movements, and certain other inform-
ation provided by Conrail. Mr. J.B. Stauffer, Director of Operations
Teclmology and Mr. John Hitchcock of the Transportation Department, both

of Conrail, were particularly helpful in providing key assistance on the

study.
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1.0 INTRODUCTION

There has been considerable concern in recent years about the safety
of transporting hazardous materials (HM by railroad due to several serious
incidents in which injuries have occurred and communities have undergone
the disruption of evacuation.* Incidents within the past two years have
taken place at Mississauga (near Toronto), Ontario and Boéton, Massachusetts,
résulting in increased concern over the possibility of HM releases in heavily

populated areas.

Within the Federal govermment, the responsibility for the regulation
of M rail transportation rests with the Federal Railroad Administration
(FRA) within the Department of Transportation (DOT). Working with the Trans-~
portation Systems Center (TSC), the FRA has commissioned this research pro-
ject to analyze the impacts of operating restrictions on HM railroad traffic
normally routed through population centers. Since macro-le?el aftalysis
using the national railroad network and the One-Percent (railroad) Wéybill
Sample cannot adequately describe railroad operations which affect railroad
routing and population exposure, this research has focused cn a detailed
analysis of actual train movements in populated corridors through a case

study approach.

Five primary objectives have influenced the direction of this analysis.
They are the following:

1. Identify a limited number of readily implementable
policies (i.e., prohibit, reduce speed ...) to
improve the safety of HM transportation;

2. Outline possible operational responses to these
policies by the affected carrier(s);

3. Estimate the effects of these operational
changes on delay, car-hours, train-hours and
other operating characteristics;

*For the purposes of this report hazardous materials (HM) are those
transported commodities covered by 49CFR172.101; this involves all
"placarded" rail cars, includiug placarded empty tank cars as required
by the regulations.

1.1
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4. Mcasure the costs incurred by the affected
carrier(s) due to implementation of the safety
policies; and

5. Indicate the effects of policies on risk factors
such as population exposure to HM.
With these objectives, CONSAD analyzed the impacts of safety policies
on railroad operations for two case study sites. The results of this

analysis are presented in this report.

Chapter 2 describes the range of options available to Federal rail
safety officials which would work to affect the routing of HM traffic away
from populated areas. The options analyzed in detail, prohibition and re-

duced speed, and the basis for their selection, are described.

The cases selected for detailed analysis are then described. 1In Chapter
the selecticn of the carrier of interest is treated, while the selection of

the two specific cases analyzed is covered in Chapter 4, -

The analysis of the first case study, Indianapolis -~ Columbus, is
covered in Chapter 5. Both descriptions of the methods employed and the

results of those methods on that case are given,

The analysis of the second case studv, Pittsburgh-Harrisburg, is pro-

vided in Chapter 6.

Finally, comparisons of the two case studies and observations on the

results of the study are covered in Chapter 7.

1.2



e

’

2.0 SELECTION OF REGULATORY
OPTIONS FOR ANALYSIS

A necessary component of the study was to identify implementable reg-~
ulatory options which would result in improved safety in the railroad trans-
portation of hazardous materials. The study also identified the laws and
regulations which provide the bases for these options. In light of both
of these concerns, discussions were held with representatives of the:

® FRA Office of Chief Counsel;

. FRA Office of Standards and Procedures;
® AAR Safety and Special Services Division; and
. AAR Bureau of Explosives.

The comments received are presented below for each of the possible

options. However, a number of general observations were also made.

In discussing regulatory options for enhanced safety, repreéentatives
indicated that specifying a "designated route" for the movement of HM is
likely to be a sensitive political issue. It was felt that few, if any,
individuals would readily accept the rerouting of HM trains through their
community. They also indicated that policies should not be subject to
broad interpretation by the railroads to avoid placing the FRA in an
"adjudicatory position'. Therefore, the purposes of the policy should be
obvious and self-implementing a2llowing a railroad to readily determine hoﬂ

to comply with the intent of the law.

The following regulatory options were initially identified for further

consideration:

] Prohibit;

® Reduce speed;

® Emergency response capability of railroad
train crews and other personnel;

' Yard handling restrictions; and

e Enhanced compliance.

2.1
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2.1 Prohibit

This policy specifies '"highly populated" routes over which HM shipments
would be excluded, except for on-route pick-ups and deli?eries, considered
non-prohibitable since shippers and recei&ers located on these routes cannot
be denied rail transport. Where possible alternative routes do exist for

on~line shipments, they would be utilized.

Baged upon the interviews, a prohibit option is legal and implementable;

threshold levels defining "highly populated" rail lines must be established.

2.2 Reduce Speed

This policy requires that trains carrying HM on designated 'high pop-
ulation” routes travel at speeds not to exceed the FRA posted speed limit
of the next lower track class. The reduced speed should further decrease
the possibility of an accident as well as decrease the possibiliE} of a

HM release in the event of an accident.

One concern with this policy was its effect on total throughput of the
railroad system. The slower speeds of trains carrying HM is likely to
significantly affect other trains in the corridor, although the degree of
this influence depends upon various operational and physical factors, such
as number of trains, percent carrying HM, and frequency and length of pass-
ing sidings on particular corridors. However, most of the transit time
for railreoad traffic occurs in yards and terminals, on which a reduction

in line-haul speed would liekly have no effect.

Reducing speed within certain defined limits is not a policy subject
to broad Interpretation. In addition, it provides the benefit of pro-
viding the railroads a choice of routes (either the present route at a

lower speed or a rerouting away from population}.
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2.3 Other Policy Optilons

A third option was that of "Emergency Response Capability of Railroad
Personnel". Trains carrying hazardous materials would be required to be
equipped with reliable communications devices for both train-to-train and
train-to~dispatcher communications. This option might go so far as to

have a crew mewber on-board who is familiar with the handling of HM spills.

Two general comments were offered in response to this policy. First,
interviewees felt that the principal responsibility of the crew should be

restricted to notifying the appropriate authorities in the event of a de-

railment. Second, there was general uncertainty as to the degree to which

emergency response capabilities improve safety.

Another policy placed restrictions on the number of yard handlings for
HM cars. Several points were made in response to this policy. It was rec-
ognized that the policy might not be implementable due to the need to switch
cars into outbound and out of inbound trains. Also identified was the nec-
essity of interchanging cars between railroads. The conclusion was made
that only under a very special case, where large numbers of cars would be
moved directly from shipper's siding to receiver's siding, would this policy

be feasible,

The last policy considered was "Enhanced Compliance" requiring that
all railroads carrying HM over the specified route be subject to increased
and more stringent inspection. The point was made that this policy should
attempt to achieve compliance with general safety regulations. The degree
to which a higher level of inspection would affect the rate of HM spills
would be very difficult to derive. Furthermore, compliance has been and
will continue tc be a major on-going effort for the FRA and the railroad

industry.
2.4 Summary
Cf the five possible regulatory options mentioned, only two, Prohibit

and Reduce Speed were felt to be readily implementable and therefore of

primary interest in this study. In addition, both options can have a

3]
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positive impact on safety: the Prohibit policy through the requirement that
railroads reroute trains away from heavily populated areas thereby reducing
the number of individuals exposed to HM; Reduce Speed by the improvement of
safety through reducing the severity of accidents. The other three options

were eliminated from further analysis.

2.4
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3.0 SELECTION OF CARRIER FOR STUDY

The procedure for the selection of the case study sites involved two
phases of analysis. The first was the identification of an appropriate
railroad on which the case study would be conducted. The second involved

the specification of case study sites,

The selection of a carrier focused on four measures:

® Car-miles of HM;

° Population exposure to HM;

] Accident rates; and

. Feasibility of alternmative routings.

3.1 Car-Miles

A recent study by Hornung and Kormhauser* focused upon 41 railroads
carrying HM in 1977. Those 41 railroads accounted for almost 4.8 million
car-miles of HM shipments; 1l were responsible for almost 90% of the 1977

total. Statistics for these 11 railroads are shown in Table 1,
3.2 Exposure

Hornung and Kornhauser also analvzed population exposure to HM for
each railroad. Annual exposure was defined as the number of persons re-
siding within a quarter mile band along each section of track, times the
number of HM cars moving along the track. The levels of exposure that

the authors found are shown in Table 2. As in the case of WM car-miles,

the same 11 railroads accounted for almost 90 percent of total exposure,
It was also noted that Conrail had high levels of both HM car-miles and

exposure.

*Hornung, M.A. and Kornhauser, A.L. "Population Avoidance Routing
of Hazardous Materials Traffic on the U.S. Railroad System", A.L. Kornhauser
& Associates, Princeton, N.J. October 30, 1979.

3.1



Table 1:  tinzardous Matcerial Car-Miles for the Eleven
Major Carriers

_Railrvoad L 1977 Car-Miles (103) Percent of Tertal
ATSF 683.5 14.)
BN 246.1 5.1
co 2642.8 5.0
CR 510.0 10.6
ICG 306.1 6.3
MP 574.9 11..9
NW _ 115.5 2.4
SCL 583.4 12.1
SP 523.8 10.8
Sou 319.0 6.6
up ' 230.6 4.8
Sub-total 4,335.7 89.7
Other 496.0 10.3
Total ' 4,831.7 ' 1100.0

SOURCE: lornung, M.A. and Kornhauser, A.L. "Population Avoidance
Routing of Hazardous Materials Traffic on the U.S. Railroad
System," A.L. Kornhauser and Associates, Princeton, NJ,
October 30, 1979. -



Table 2: Hazardous Material Dxposure for the LEleven
Major Carriers, 1977

RR Exposure® (x ]06) Percent of Total
ATSF 28.8 8.2
BN 11.0 3.1
co 29.0 8.3
CR 101.1 , 28.8
ICG 18.3 - 5.2
MP 32.7 9.3
NW 11.3 3.2
SCL 21.1 6.0
SP 31.7 3.0
soU C22.1 6.3
UP 7.5 2.1
Sub-total 314.6 89.6

Other 36.7 - 10.4

Total 351.3 100.0

*Exposure = Residential population living within % mile of rail line
times aunnual number of BM cars passing over the line.

Source: Hornung, M.A. and Kornhavser, A.L. "Population Avoidance
Routing of llazardous Materials Traffic on the U.S. Railroad
System'" A.L. Kornhauscr and Associates, Princeton, NJ,
October 30, 1979.



3.3 Accidents

CONSAD Research Corporation assembled data on accident rates through
the use of the Federal Railroad Administration's "Railroad Safety Statistical
Report'".* The accident rates in terms of accidents per million car-miles
for the 11 railroads are shown in Table 3. While the railroads tend to
cluster, the ICG, SCL, and Conrail are shown as having relatively high ac~-

cident rates.
3.4 Teasibility of Altermative Routes

The availability of alternative routes within the system of a given
carrier was evaluated in several ways. The first approach involved an ex-
amination of certain results reported by Hornung and Kornhauser. After as-
signing traffie to estimate historical flows, the authors conducted an
experiment in which HM traffic was assigned to the railroad network so that
total population exposure was minimized. The resulting changes in car-miles
and exposure relative to historically observed values are shown in Tables 4

and 5.

0{ the 11 railroads considered, Conrail exhibited the largest absolute
increase in HM car-miles as well as the largest absolute decrease in exposure.
This analysis suggested that Conrail would be a most interesting road for

the case study.

The second approach to case study selection utilized graphic represent-
ations of Hazmat flows for each of the 11 railroads. Through the visual
inspection of data from the "Railroad Safety Statistical Report', in the
form of graphic displays of HM flows, it was found that Conrail moves large

volumes of HM traffic on various routes. The data also showed that Conrail

*"Railroad Safety Statistical Report', FRA, Office of Safety,
Washington, D.C., March 1979.

3.4 .



Table 3:

Rai ]._1‘0:_11]

Accident Rates for Eleven Major Carriers, 1977

Accident per Million Car-Miles

. 136
. 240
.372
.392

- 499

.162
<142
482
.184
.233
.128

Source:

"Railroad Safety Statistical Report', Yederal Railroad

Administration, Office of Safety, Washington, DC,
March 1979, p.72.
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carried significant HM flows in the most highly populated region of the
United States. Further, inspection of Conrail's system map revealed that
many alternative routings exist for the rerouting of traffic on HM within

the Conrail system.
3.5 Summary

CONSAD's analysis showed that Conrail met the requirements for the
case study with high levels of HM car-miles, population exposure, and a
high accident rate relative to the other carriers. In addition, Conrail
possessed a variety of alternative routes for the movement of HM traffic.
Therefore, the carrier was chosen for study and steps were taken to identify
candidate case study sites. Conrail was contacted directly and approval was
given to study certain Conrail corridors in-depth. In addition, Conrail
agreed to provide CONSAD with necessary data on train operationsy HM flows

and physical characteristics of trackage.

3.8
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4.0 SELECTION OF CASE STUDY SITES

Selection of the case study sites procecded by first identifying major
flows of hazardous materials on the Conrail system. 1In order to identify
these flows, Conrail provided CONSAD with the results of a computer simu-
lation providiug an approximation of Conrail train and tonnage movements
(for both HM and non-HM traffic) on a representative day. A description
of the simulation model is supplied in Section 5.2.3. Major railroad

yards through which heavy 1 flows travelled were noted.

Approximately ten possible railroad yard pairs (two yards connected
by a Conrail mainline) were initially identified through the use of the
Conrail simulation model (for HM flows), the Conrail System Map (for iden-
tification of mainlines) and Conrail's Manifest Train Schedule (for iden-
tification of yards and trains operating between yards). Of these,
however, only four pairs appeared to have both heavy HM flows and feasible
rerouting options. The four yard pairs considered were:

® Avon Yard (Indianapolis, IN) to Buckeye Yard
(Colunbus, OH)};

© Buckeye Yard (Colubus, OH) to Conway Yard
(Pittsburgh, PA);

® Collinwood Yard (Cleveland OH) to Bison Yard
Buffalo, NY); and

o Conway Yard (Pittsburgh, PA) to Enola Yard
(Harrisburg, PA).

Upon review of data from the Conrail simulation model, it was discovered
that the mainline from Conway Yard to Enola Yard carried the largest volume
of WM traffic (in tonnage). Table & shows that approximately 17,000 grosé
tons of hazardous materials moved daily between these two yards., Similarly,
of the four yard pairs, the mainline from Conway to Enola carried the
largest number of trains with IM. The second largest values were for the

mainline from Avon to Buckeye Yard.

Based on discussions with representatives of Conrail and review of the

Conrail System Map, it was found that alternative routings exist for traffic

4.1
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Table 6: Mazmat Flows, 1979

Approximate Hazmat

Tonnage  Carrvied on

Main Linc (gross tong

Approximate Average
Number of Trains
Carrying Hazmat on

Fnola Yard (liarrisburg)

Yord Pairs ) oper défin___ __kain Line (traeins/day
Avon Yard (]ndianapoliu)

to 10,000 12
Buckeye Yard (Columbus)
Buckeye Yard (Columbus)

to 9,000 10
Cohway Yard (Pittsburgh) )
Collinwocod Yavd (Cleveland)

to 9,000 11
Bison Yard (Fuffalo)
Conwvay Yard (Pittsburgh)

to 17,000 18

Source: IJrnformation presented in this table was compiled by CONSA
Research Corporation from simulation model results supplied

by Conrail.

I~
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moving between all four yards. Each alternative route: had lower pop-
ulation densities than the main route; currently handled trains which
could accommodate rerouted HM cars; and, would enable any rerouted train
or car to arrive at its destination as directly as possible. At least
three such rerouting options werc identified between Avon and Buckeye
Yards. No more than two were available for the three remaining yard

pairs.

Review of the information on hazardous material flows, population
densities and reroute options showed that the Conway to Enola Yard pair
provided an opportunity to dramatically reduce population exposure with
an uncomplicated rerouting scheme. The Aﬁon to Buckeye Yard pair allowed
analysis of a much more complicated, hence a more realistic situation which
could be faced by the railroads. For these reasons the Conway to Enola
and Avon to Buckeye Yard pairs were chosen as the most appropriate for

further analysis given the objectives and constraints of the study.



Table 7: Population Densities, 1979

e e . _ -
Population Density
(Personsg per Mile of Track)
: Current Obvious Percent
Railrecad Yard Pairs ) Main Line " Reroute . Change
Avon Yard (Indianapolis)
to | 622 465 - 25
Buckeye Yard (Columbus)
Buckeye Yard (Columbus)
to 641 : 822 + 28‘A
Conway Yard (Pittsburgh) l
Collinwocod Yard (Cleveland)
| to 1,036 618 - 40
Bison Yard (Buffalo)
Conway Yard (Pittsburgh)
to 683 254 - 60
Enola Yard (Harrisburg)

Source: Information presented in this talble was compiled by
CONSAD Research Corporation from the computer tape of

"U.S. Rail Link Population Densities'", November 1979,
supplied by TSC. :
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5.0 INDIANAPOLIS-COLUMBUS CASE STUDY
5.1 Description

Conrail's mainline from Avon tn Buckeye Yard counects two large urban
areas which act as major hubs on the Conrail network. The railroad distance
bctween the yards is approximately 194 miles. The mainline extends easterly
from Avon Yard thrpugh the City of Indianapolis, then in a northeasterly di-
rection through several small cities and the larger cities of Anderson and
Muncie, Indiana. The line continues easterly through Union City (at the
Indiana-Ohio line) and Urbana, Ohio to Buckeye Yard located west of Columbus,
OH, Figure l is a schematic representation of Conrail showing the corridor.

5.1.1 Trackage and Train

Operations

Data has been collected on physical characteristics of the wain and al-
ternative line. Table 8 contains information on link length, number of tracks,
track class, and major yards on the mainline. This particular line is a high

density double track mainline.

Utilizing the information provided by Conrail, CONSAD identified all
HM and non-HM trains on the mainline. Figure 2 is a schematic representation
of this information. This traffic was then rerouted on a number of available

alternative routes.
5.1.2 Population Methodology

Estimates of the population residing along the mainlines and secondary
lines were obtained from two sources: (1) The City County Data Book;#* and
(2) United States Geological Survey (U.S.G.S.) quadrangle maps (available

from the United States Geological Survey, Reston, Virginia).

The following methodology was used to estimate the resident population
directly at risk from accidents involving trains carrying Hazmat on the main-

line.

*1677 County and City Data Book, U.S. Department of Commerce, Bureau
of Census, Washington, D.C.
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For rural areas, a onec-half mile wide band (one-quarter mile on cach side
of the track) was constructed on a set of contiguous U.S5.G.S. quadrangle
maps (7% minute series). The number of dwellings (which are shown on the
maps as darkened squares) within the band were counted for each county.

A county-specific estimate of persons per dwelling unit* was multiplied
by the number of dwelling units (recorded from the maps) for the county,

to obtzin a population estimate within the one-half mile wide band.

For urbanized areas, U.S.G.5. maps generally do not identify dwelling
units; rather the area is shown shaded (usually pink). In the shaded areas
a one-half mile band was constructed along the rail line. Using data from

the 1977 County and City Data Book, average population density values for

individual political jurisdictions were estimated.** These jurisdiction-
specific population densities were then multiplied by the shaded area (square
miles) within the one-half mile band, with the resulting value being total

population for the area of interest. -

Population estimates for both rural and urban arcas were summed tc oh-—
tain total population within a one-half mile band width along the mainline
from Avon to Buckeye Yard. Similar estimates were made for other lines over

which traffic was rerouted.

*Using the 1977 County and City Data Book, 1980 estimates (by county)
of population and dwelling units-were made by extrapolating 1975 values
provided in that report. The 1975 valué for population was extrapolated
to 1980 by applying the reported percentage change from 1970 to 1975,

For dwelling units, reported 1975 and 1976 two-year new housing starts
were multiplied by five to arrive at the approximate number of housing
strats from 1970 to 1980. This value was added to the total number of
dwelling units reported for 1970. The calculated 1980 population estimate
was divided by the calculated 1980 estimate of dwelling units to obtain a
ratio of persons per dwelling unit by county.

**The population density value for jurisdictione without detailed coverage
of dwelling uuits by the U.S.G.S. was calculated by dividing total estimated
population by land area in square miles. Land area was obtained from the
1977 County and City Data Book; 1980 population was extrapolated by applying
percentage change in population from 1870 to 1975 to jurisdiction specific
1975 recorded population. The 1980 cstimate for population was divided by
land area to obtain a population per square mile value.

5.5



Population estimates are shown in Table 9. Approximately 49,000
persons are estimated to reside within one-hzlf mile of the mainline
from Avon to Buckeye Yard. Of the 49,000, 30,000 persons (61% of the
total population) live between Avon Yard and Union City. A population

profile is presented in TFigure 3 for both the main and alternate routes.

Union City is approximately 98 railroad miles (over 50 percent of
the total 194 miles of the mainline) from Avon Yard. The mainline from
Avon Yard to Union City passes through heavily populated areas of Indi-
anapolis, Anderson, and Muncie. The remaining portion of the line from
Union City to Buckeye passes through smaller communities and does not enter
Columbus, OH (Buckeye Yard being west of Columbus). Because the majority
of population is located between Avon and Union City, it was determined that
all policies aimed at improving safety should apply to that portion of the
mainline. Since Union City is a junction point for trains entering and
leaving the mainline, it is a logical terminus point in terms of "railroad
operations. Thus, for purposes of the analysis of the Prohibit pelicy, all
Hazmat traffic (other than on-line originating or terminating Hazmat traffic)
will be prohibited from moving on the portion of the mainline from Avon to
Union City (Conrail links 30-752-753-758-131-132-133-134). The Avon to
Union City segment is also the portion of the mainline to which the Reduce

Speed option will be applied.
5.2 Prohibit Hazmat Traffic

After review of the specific train and traffic movements over the
prohibit segment of the mainline, it became evident that there are
several possible rerouting alternatives available including:

1. From Avon: south of Indianapolis to Thorne, IN:
thence easterly through Richmond, IN., to West
Manchester OH; at West Manchester traffic could
move either north to Meekers City and east on the
Avon to Buckeye Yard mainline, by-passing Dayton,
OH, toward Buckeye Yard (and the reverse for
westerly traffic from Buckeye Yard) or south to
Carlisle Junction through London to Buckeye.

5.6



Table 9:

Population Along Main Line from Avon to Buckeye Yard

Population

(within % mile Percent
Conrail Segment__“ Community band of track) of Total
30~-752 Avon Yard to West 3,429 7
Indianapolis
752-753 % West Indianapolis 521 1
to Indianapolis
753-758 * Indianapolis to Fast 3,522 7
Indianapolis
758-131 East Indianapolis to 8,907 18
Anderson, IN
131-132 Anderson to Muncie, IN 5,510 11
132-133 Muncie to Winchester, IN 6,280 13
133-134 Winchester to Union City, 1,785 4
IN
134-785 Union City, IN to Meekers. 750 2
OH
785-156 Meekers to Bradford, OH 1,245 2
156-792 Bradford to Urbana, OH 10,421 21
792-798 Urbana to N. Buckeye Yard 6,817 14
798~160 N. Buckeye Yard to Buckeye 49 0
Yaxrd
Total 49,236 100
Source: CONSAD Research Corporation

*Segments 752-753-758 pass through Indianapolis and total only
4.8 miles.




From Avon: continuing as in the first al-
ternative route to West Manchester; then north
to Ansonia and on to either Stanley or Berea,
as the final destination dictates.

From Avon: north to Logansport, IN; then
southeast to Marion toward Union City; at
Unicen City traffic would continue on the

mainline to Buckeye Yard. Or from Marion
would travel north to Elkhart and then if
necessary on to Stanley or Berea.

There are numerous other routes available for the movement of HM traffic

prohibited on the portion of trackage from Avon to Union City.

CONSAD

determined that it would be unwise and unrealistic to specify any of the

above ag the alternative route for two reasons:

5.2.1

First, certain BM traffic on the line from Avon

to Union City does not continue on the mainline to

Buckcye Yard (Refer to Figure 2), but moves north
to various yards on Conrail. Thus the specifi-
caticn of an alternative from Avon to Buckeye
Yard would not address or accommodate HM traffic
which is not constrained to reach Buckeye.

Second, not all HM traffic moving between Avon
and Buckeve Yard has the same origin and des-
tination on Conrail. Therefore, it might be
advantageous for Conrail to reroute traffic
bound for various locations by a number of
routes. By not specifying an alternative route
for prohibited EM, CONSAD has allowed Conrail
considerable routing flexibility as a more
realistic approach to the rerouting of traf-
fic around a prohibited segment of trackage.

Rerouting as a Response
to Prohibition

As previously described, all HM traffic (except that which

originates

or tcrminates on-line) would be prohibited from moving over the Avon Yard

to Union City mainline segment and no singular alternative route for this

traffic has been specified.

constraints were imposed concerning the rerouting of MM traffic;

° Only HM traffic moving on the trackage from
; Avon Yard to Union City will be rerouted.

5.8
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Non-HM traffic will continue to move on
the line if it is to Conrail's advantage to
do so.

. HM traffic originating and/or terminating on
the prohibited trackage will, by necessity,
continue to move on the line. Conrail will
continue to serve shippers and receivers located
on the line.

e Conrail may choose to reroute HM around the
prohibited portion, but back on to the mainline
at Union City.

™ The ultimate origin and destination (on Conrail)
of the HM traffic will not be altered by the
Prohibit policy. HM traffic between two points
will continue to move between those points,
but by an altered -route.

° Traffic moving east from Avon Yard will be re-
routed beginning, not prior to, Avon Yard. Traf-
fic moving west from Buckeye Yard will be rerouted
beginning at Buckeye Yard.

5.2.2 Operating Rules for Rerouting
Under Prohibition

While the above assumptions establish boundaries within which the re-
routing can occur, considerable latitude as to specific response to pro-
hibition remains. Therefore, CONSAD has defined four Operating Rules to

represent the range of responses that may occur.

Operating Rule A. Present train patterns and schedules
will not be altered. All Conrail trains will continue

to move on their current routes at scheduled times. HM
traffic on the prohibit segment will be switched at Avon
or Buckeye onto existing trains which do not operate on
the prohibited segment. HM cars may be switched as often
as is necessary to deliver them to their destination.

This rule restricts the rerouting, or altering of schedules,
of existing trains for the purpose of picking up HM traffic.
All HM traffic must, therefore, be dropped off at yards or
junction points serviced by existing trains. In order to
deliver UM to its point of destination, it may be necessary
to move a HM car on two or more consecutive trains. In
order for this to take place, there will be no restriction
on the number of M cars a train may pick-up.



CONSAD anticipates that under the constraints of this
operating rule, HM car-miles, car-switches, and car-
hours will increase. It is expected that HM cars will
wait in yards and at junction points for pick-up.

Operating Rule B. All HM traffic on the prohibited seg-
ment must be rerouted on existing trains. JTf a train on
the prohibited segment currently contains more than 20
percent HM cars, that train will be rerouted. However,
no other trains may be rerouted or rescheduled.

This Operating Rule is identical to A, except for the
stipulation that any HM trains on the prohibited segment
which carry more than 20 percent HM would be rerouted.
As in A, HM cars will be moved from yard to yard until
they reach their ultimate destination.

CONSAD expects that the results of B will yield increases
in car-switches which will be less than those in A.
Obviously, there will be increases in train-hours,
locomotive unit-hours, crew-hours, caboose-hours, train-
miles and locomotive unit-miles since whole trains, not,
just HM cars, will be rerouted. Operating Rule B will
tend to cause a less significant increase in car-hours for
HM cars on rerouted trains, since they will no longer be
held over in yards, waiting for a scheduled train to pick
them up, however, non-HM cars will now be rerouted causing
increase in both car-miles and car-hours. The final net
increases in both car-miles and car-hours carnot then be
determined and could either be greater or less than that
for A, depending on the alternate route chosen. Obviously,
car-miles will increase over those in Rule A since non-HM
and 1M cars are being rerouted in all trains carrying 20%
hazardous materials.

Operating Rule C. All HM traffic must be rerouted on trains
carrying more than 20 percent HM. MM cars will be held in
yards until enough cars are available to add to and comprise
at least 20% of an existing train scheduled to move on the
prohibited segment. The train will then be rerouted.

While HM cars ave held for pick-up (wait may be measured in

days), the train to be rerouted will continue to operate on

the prohibited route carrying its non-Hf carge (BM cars will
be dropped off for pick-up later). When sufficient HM cars

are assembled, the next scheduled train will be rerouted.



An example of application of this Operating Rule might in-
volve a hypothetical train called SLIO which operated daily
from Avon to Buckeye Yard carrying 11 HM and 80 non-HM cars.
On day one, SLIO would continue to operate on the prohibited
route but would cnly carry 80 non-HM cars. The 11 HM cars
would remain at Avon Yard. On day two SLIO enters Avon Yard
with 11 new HM and 8C non-1M cars. It picks up the 11 HM
cars waiting from day one and the train is then rerouted
since it now consists of more than 20% HM cars (22 WM and

80 other cars).

Operating Rule C is substantially different from A and B in that
M cars can be revouted on any existing train not moving

on the prohibited route. HM cars do not have to wait until a
train with 20 percent HM cars can be assembled. In C, however,
HM cars do not move until a train (which currently operates on
the prohibit route) is assembled with more than 20 percent HM;
that train is then rerouted away from the prohibited segment.
We would therefore expect that delay times would be greater

in C than in A or B. However car-switches should be less since
the only additional switch in C would be to put the car into
the rerouted train, where in A and B HM cars would be switched
from train to train.

Operating Rule D. This is the most straightforward Operating
Rule. HM cars will be held in yards or at junctions until

solid HM trains of 50 cars or more can be assembled. These

HM trains will be rerouted and will drop off cars at the ap-
propriate destinations. The new HM trains will be rerouted
daily (if there is sufficient UM traffiec to meet the minimum
requirementt of 50 cars) with their own itineraries and schedules.

This rule is different from C in that it requires the creation
of new HM consists, not just the rerouting of existing trains.
Also, the ncw trains carry only HM. In addition, all HM on
the prohibited route must move only on solid HM trains.

Rule D will cause overall increases in train-hours, crew-hours,
caboose-hours, locomotive unit-hours, train-miles and locomotive
unit-miles, since new trains will be created. However, these
increases will probably be less than those in Rules B or C,
where more trains are rerouted but greater than in A where

only cars are rerouted. Increases in car-miles will most
likely be identical to thoses in A, while switches will be less
and car-hours probably less since there will no longer be waits
in yards along the alternate routes. Car switches will be
greater than those in Rules B or C since all HM-cars will need
to be switched.




5.2,3% Data Used in the Analysis

As noted above, Conrail provided CONSAD with printouts from computer
runs of the Conrail simulation model, That model merges actual 1979 fourth
quarter carload traffic data with a Conrail blocking and scheduling strategy
specifying how traffic will move through the Conrail system. Traffic and

train volumes data is tabulated from the model.

Conrail also provided CONSAD with the operating results of the equiv-
alent of a single day's traffic.mbvements. This was done by loading the
fourth quarter 79 data, running the model, and adjusting the results to 1/75th
of the quarter's total. The 1/75th represents a typical day of the fourth
quarter since Conrall calculations are based on the assumption of 25 typical

days/month (300 per year) in the three month period.

Conrail staff indicated that the computer printouts do not precisely
duplicate a day of actual traffic movements on the system. The data was for

the fourth quarter of 1979, unadjusted for seasonal fluctuation.

The data provided contain information on train and traffic ﬁovements
(both B and non-HM) by each Conrail train on the system by name. Data on
the origin and termination of the train, the number and itinerary of the
locomotives, the number of cars on the train (IIf and non-HM can be specified),
and the major locations (usually yards or junctions) through which the train
passes (including arrival and departure time)are also provided. In addition,
specific information is provided on blocks (a group of cars with the same
origin and destination which are moving together). For each bleck, data are
given on the origin and destination (on Conrail) of the block, the number of
cars and tonnage, and the point and time of pick-up (receiving a car from a
yard) and/or set-off (leaving a car at a yard). Using this data, it is
possible to follow the movement of a block from the time it joined a train

until it leaves that train.

Unfortunately, the block specific data do not identify blocks by name.
Therefore, if a block is dropped from a train, there is no easy way to de-
termine which train picked up that block. This means that if a block is not
carried by a single train from origin to termination on Conrail,it is im-

possible to follow that block beyond the portion of its journey on that train.



The data provided also give summary performance data on all Conrail
trains. Each train's symwbol is given with accompanying information on
train-miles, car-miles, train-hours, car-hours, and gross ton-miles. Thus

summary data can be assembled on train performance.

Both sets of data have a very useful purpose. Tor the Avon to Union
City corridor for example, information on current operations can be compiled
very rapidly. KXnowing the name of all trains on the prohibited trackage,
it is possible to identify all HM blocks moving on the line (as well as

itineraries and other data on HM cars).

Conrail identified all trains operating on the prohibited trackage as
well as the trains operating into and out of major yards, based on the
Conrail Manifest Freight Train Schedule. CONSAD therefore was able to iden-

tify scheduled trains on the entire Conrail system.

In addition, Conrail provided copies of regional time tables containing
data on the physical characteristics of all trackage within the system.
Mainlines are listed by name with information on mile post locations and
stations along the line. Certain sections also contain data on number of
tracks, speed limits, signalization, weight restrictions, and other physical

characteristics.
5.2.4 Rerouting Methodology

The methodology for identifying HM traffic, compiling statistics on
current operations, and hypothetically rerouting HM traffic on the prohibit-

ed route involved a number of steps.

° All trains operating over any portion of the pro-
hibited trackage were identified;

° Data was collected from computer printouts on cur-
rent train operations consisting of information on
origin and destination of HM and non-HM traffic,
train arrival and departure times, and various
other information on train and car movement data;



® Tabulations were created showing the itinerary of
each train including arrival and departure time.
Each individual EM block was identified and flagged
for rerouting;

® HM cars (blocks) were grouped by terminating locations
on the Conrail system, assuming that blocks bound for
the same location would Le routed together; and

® Summary statistics were compiled which presented
information on train-miles, train-hours, car-hours,
car-miles, etc., for each train and for all affected
trains.

The 1M traffic was rerouted according to each of the Operating Rules.

The followin; steps were taken:

1. All blocks bound for the same destination on Conrail
were given an identifier.

2, A list of the different destinations of each of the
groups of blocks was compiled. -

3. Conrail system maps were studied and alternative
routes for the HM traffic were found. As stated
earlier, the Manifest Freight Train Schedule was
referred to in order to identify trains for re-
routed traffic.

4. Blocks of HM trafific were switched from current
trains (on the prohibited route) onto existing trains
bound for the appropriate destination. In some
instances, cars were late for train connections and
therefore were forced to wait a day or two for pick-
up by trains on alternative routes. Since the model
gives times at intermediate points, CONSAD was able
to estimate delay times for all HM blocks.

5. In rerouting cars, CONSAD made the assumption that the
shortest possible route should be taken. Further, re-
routing constraints described in section 5.2.1 were
taken into consideration.

6. Hazardous material cars were rerocuted under each of
the four Operating Rules. TFor Rule A, all HM cars
were assigned to appropriate trains. For Rule B, HM
cars were assigned to trains; in addition, trains on
the prohibited route with 20 percent HM were rerouted.



Under C, 1M cars were assigned to trains such that

the train to be rerouted had more than 20 percent

HM. Trains were rerouted and all HM cars were de-
livered. Solid HM trains were created under Operating
Rule D, and all HM cars were delivered.

5.2.5 Metheod for Cost Estimation

After all MM cars were hypothcticélly rerouted, CONSAD cstimated the
change in cost to Conrail of the Prohibit policy under each Operating Pule.
Only variable line-haul costs that would change as a result of changes in
operations were estimated. Line~haul costs have been broken down into
six major components: maintenénce of way (MOW) costs; maintenance of equip-
ment (MOE) cost; equipment cost: transportation costs; switching costs; and

car costs.

Maintenance of Way. Maintenance of Way (MOW) costs which vary with
gross ton-miles include: ties, rail, other track material, Ballast, track
laying and surfacing, roadway machines and fringe benefits associated with
the labor associated with these costs.® CONSAD developed MOW costs per gross
ton-mile for Conrail by reviewing expenditures for MOW from 1976 to 1979 for
each of the accounts mentioned previously. The dollar values were inflated
to 1979 dollars and summed to total dollars spent on maintenance of way (for
each year). Total expenditures for each year were divided by gross ton-miles
to yield 0.0217 dollars per gross ton-mile for Conrail MOW. To calculate
the change in line-haul MOW costs, this factor was multiplied by the change
in gross ton-miles due to the Prohibit policy.

Maintenance of Equipment. Equipment maintenance cost was calculated as

a function of train-miles. The following ICC R-1 accounts were included:
administration, locomotive repairs, machinery repairs, fringe benafits, and
casualty and insurance. These costs were adjusted to 1579 values, summed,
and divided by total train miles for Conrail to obtain a cost of $6.91 per
train-mile.

Equipment. CONSAU did not rely on ICC accounts to caleculate the costs
of owning equipment. The annual cost of equipment (locomotives and cabooses)

vas calculated (using the practice preferred by railroads of replacement cost)

#Annual Report to the Interstate Commerce Commission, Conrail. R-1
Reports for Class I Railroads, 1976 to 1979.
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as the fully financed equivalent annual payment necessary to replace the

equipment, as follows:

Given:
Purchase Cost (§) = PC
Life (years) =
Interest Rate (Cost of Capital) = i
Salvage Value (§) = SV

The equivslent Annual Payment (FAP) is equal to:

Ee]
N bL

EAP = 4(P0)- 1[SV/(141)]

- (D)™

Discussicn with various suppliers of locomotives and related equipment
indicated that the average cost of a six axle locomotive is approximately
$642,300, with an average life of 30 years and an approximate salvage value
of $64,230. Assuming a ten percent interest rate, the equivalent annual

payment for a locomotive would be:

1 (642,300) - 0.1 [64,230/(1.1)3°1 = 67,744
30

1 -~ (1.1)

Dividing this annual figurc by 4,164, the average annual number of
locomotive service hours on the Conrail system, yields an hourly cost of

$16.27 for ownership of a six-axle locomotive.

The ownership cost of a caboose was developed by the same method. An
average 1978 puréhase price of $53,239 was obtained from Railway Age and
updated to 1979 using an index of railroad prices (1.095). Assuming a 30
year life, with a ten percent rate of interest, the annual cost cf a caboose
was calculated as $6,149, Using an average utilization rate for a caboose
of 2,237 hours per year results in a unit cost of $2.75 per train hour (as-
swning one caboose per train).

Transportation. Transporvtation costs include all of the elements re-

quired to operate the trains including dispatching, clerical and accounting,
grade cvossing protection and inter-locking protection, and loss and damage.

~In calculating the cost impact of implementing each policy option, CONSAD



included only those costs that were expected to vary in the short-rurn with
the rerouting of trains. Assuming that many of thec costs listed above vary
only in the long-run, transportation expenses such és crew costs, fuel
costs, and locomotive servicing accounting for 60 percent of total trans-

portation costs were the only items used in CONSAD's calculations.

Crew costs are directly related to train-hours of operation. An hourly
wage plus fringe benefits cost of $62.69 was obtained from Conrail for a

five-man crew as follows:*

Four-man crew $297.33
Fireman _74.18

Total wages 371.50
Fringes at 35 Percent 130.02
Total (8 hour shift) $501.52

= $ 62.69 per hour

This $62.29 value can be directly applied to train hours to obtain total

crew costs.

Fuel costs were based on recently estimated energy efficiencies for
freight transportation.** Rail freight requires 667 BTU's per ton-mile.
Asguming 138,700 BTU's per gallon of diesel fuel, it requires 4.81 galloas
of diesel fuel for every 1,000 gross ton-miles. Using $0.82 per gallon, a
figure provided by Conrail, a fuel cost of $0.003%96 per GTM was derived.
Multiplying this factor by the increase in gross ton-miles for the Prohibit

policy results in the incremental increase in fuel cests.

The annual cest of servicing locomotives was obtained directly from

Conrail. The cost for calendar year 1979 was $9.2! per operating hour.

Since published data does not provide details on intra-line switching
costs, a value of $12.05 per car-switch supplied by Conrail was used in

this analysis.

Similarly, for car costs, quotations from Conrail of $0.04 per car-
nile plus $0.25 per car-hour for the average cost for the total Conrail

car fleet were used for non-HM cars.

*CONSAD was informed by Conrail that virtually all trains on the cor-
ridors of interest operate with five man crews.

#xTrangportation Encrgy Couservation Data Book, Edition 3, Oak Ridge
ational Laboratory, 1979.



For MM tank cars, however, a higher, more realistic leasing rate of

$0.62 per car-houvr was used in the cost calculations.

In rerouting the HM traffic under each operating rule, CONSAD esti-
mated changes in gross ton-miles, train-miles, car-miles, car-hours, loco-~
motive-hours, caboose~hours, crew-hours, and car-switches. The cost re-
lationships applied were the following:

Maintenance
of way

$0.0017 per gross ton-mile

Maintenance
of Equipment

]

$6.91 per train-mile

Equipment
Cost

1l

$16.27 per locomotive-hour
plus
$2.75 per caboose-hour

Transportation
Cost

n

$62,29 per crew-hour
plus

$0.00396 per gross ton-mile
plus

$9.21 per-locomotive~hour

Car Cost = For HM Cars:
$0.62 per car-hour

For Non-HM Cars:

$0.25 per car-hour
plus

$0.04 per car-mile

Switching
Cost

il

$12.05 per car-switch

The total cost associated with the rerouting option, for each Operating Rule,
is obtained by summing the product of each of the abuve six cost elements

and the observed operating changes.
5.2.6 Results of Rerouting

Using information provided by Conrail, CONSAD identified the traffic

and trains moving over the prohibited segment from Avon to Union City.

5.18



Table 10 summarizes this data, includiung traffic carried (carloads and
empties) for all commodities and for HM, the gross tonnage moved, train-
miles, car-miles, and gross ton-miles. [ifty-three M traius per day oper-
ate over some portion of the segment, with their HM cars accounting for
17,000 gross tons. However, not all 53 trains operate on the entire pro-
hibited scgment.

Changes in Operating Statistics. The results of the rerouting are

shown in Table 1l giving changes in operations, due to the four options,
relative to the current situation. For four of the six operating statistics
presented car-miles, gross ton-miles, car-hours, and car-switches - Operating
Rule A, which calls for no change in train patterns, shows the greatest in-
crease, all due to HM-car reroutes. Similarly, Rule D (solid WM trains)
results in the greatest increase in train miles. Operating Rule C, on the
other hand, produces the smallest increases in car-miles, gross ton-miles,

car~hours, and car-switches. -

In Table 11 a number of negative values (decreases in operating statistics)
appear. In some instances, HM cars were rerouted in a manner which was
actually shorter than the current route, resulting in a net decrease for
mileage-related statistics. As shown in Figure 1, new routes are not neces-
sarily longer than the current route. Thereforc, the direction of change
(either positive or negative) for operating statistics can not be precisely
predicted and will vary according to the physical characteristics of the
indjvidual case study site.

Solely on the basis of minimizing impacts on operating statistics,
operating Rule C appears to be the most attractive. Total delay under
this rule increases by 2,305 car-hours for 197 cars for the one day of
operations, a mean increase of 11.7 hours per car. Howe?er, the median
increase is 16 hours per car. For cars with less than the mean delay,
the delay is primarily due to rerouting travel time. For cars with
longer delay times, the vast majority of delay is due to schedule dif-

fereaces,

5.1Y9



Table 10: Summary Measures of Current Operations on the

Indianapolis to Columbus Corridor

Prohibited Portion
From
Avon to Union City

Mainline from
Avon
to Buckeye

No. Trains

All
Hazmat

No. Cars
All
Hazmat

Gross Tons
All
Hazmat

Train-Miles
All
Hazmat

Car-Miles

All
Hazmat

Gross Ton-Miles

All
Hazmat

40
33

2,622
193

153,580
12,980

2,692
2,289

156,730
17,340

11,668,000
1,428,000

63
53

4,371
251

260,040
17,470

4,197
3,588

314,960
31,510

18,933,000
2,117,000

Source: CONSAD Research Corporation.
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Operating Costs. The costing metholology previously described was ap-

plied to the change in operating statistics shown in Table 11. By simply
multiplying the results in that table by the appropriate dollar factor
from page 5.16, the increascvs in daily operating costs shown in Table 12

were obtained.

Cost impacts are the grecatast for Operating Rule A, with a daily in-
crease of over thirteen thousand dollars. However, if Operating Rule C
were implemented, total costs would increase by $3,856 per day, the
least c¢f the four Operating Rules.

Population Exposure. For the Avon to Union City case study, CCNSAD

has used as a measure of risk the "person-gross—-tons-per-day' exposed

to HM, defined as the total number of persons living along the one half-
mile band around the trackage in question muitiplied by the gross tons of
HM traversing that route per day. Although the level of risk is also a
function of time on route, number of handlings, and train speed, this
study observes population exposure before and after rerouting as a

simple measure of the level of risk assccicted with rail movements of

hazardous materials.

The methodology used in calculating exposure consisted first of estiwmating
the population within a one-half mile band width of the trackage along the
prohibited segment as well as along all possible alternative routes by the
methodology described in Section 5.1.2. Each HM car.currently operating on
the Prohibit segment was identified and the Conrail links over which is
traversed (both on the prohibited and non—prohibited pertions of the routé)
were recorded. For each of the Operating Rules, the links over which the
HM cars were rerouted were tabulated. All links which were the same under
current and rerouted operations were ignored. Only links which differed
were ultimately used in the calculation of exposure. For each of these links,
the number of HM teons traveling oun the link was multiplied by the estimated
population. The valucs obtained (in person-gross-tons) weve summed for all
links traversed by I for currvent and reroute operations. The difference in
person~tons for the bnse case (current operations) and reroute operations,

provides an estimatce of the change in exposure.
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Table 13 shows the changes in population exposure due to the rerouting
of hazardous materials cars currently operating on the preohibited section,
Operating Rule B produces the greatest reduction in expeosure, over 55 million
person-gross—tons per day. The rerouting in B requires the shuttling of HM
cars over many alternative routes. In most instances these routes are not
high density mainlines and do not pass through heavily unbanized areas, .

thus accounting for the large decreases in exposure.

For the other Operating Rules the reduction in exposure was less significant
due to the fact that HM trains as well as cars were rerouted. When trains
were rerouted, the reroutings were generally shorter than in B and through
more moderately populated areas, accounting for the smaller reductions in
exposure. If C or D were adopted, the total exposure would be reduced by
only 220,000 and 400,000, respectively. Although Operating Rule C has the
least impact on railroad operations, and therefore costs, the reductions in

-

exposurc are minimal.

Figure 3 provides a population prefile for the prohibited route and the
various reroutes for the BM traffic, indicating that the highest population
density exists along the prohibited segment of the Avon to Buckeye mainline.
Although population densities Qary on each of the reroutes, they are generally

less than those on the prohibited route.
5.3 Reduce HM Train Speed

Reducing the speed limit of HM trains to that of the next lowest track
class on the high density portion (Avon to Union City) of the Indianapolis
to Columbus mainline was the second safety option considered. This option
is based on the raticnale that reduced speed will mitigate accident severity.
CONSAD identified all HM trains operating on any portion of the mainline
from Avon to Union City and gathered data on total travel time (train-hours),
car-hours, and delays for these trains. CONSAD then estimated the additional
time to traverse the Avon to Union City portiocn of trackage under the Reduce

Speecd option. Delays and other non-running times were factored out of the

5.24
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Table 13: Population Exposure from Avon to Buckeyo

Prohibit Handling Assumptions |
Population#* Millions of Person Grogs~Tous)
Lxposure A B C D
Current 542 542 542 542
Prohibit 496 486 541 541
Percent Change| -8.5 -10.3 -.2 -.2

*Exposures levels are attributed to hazardous material traffic
which currently operates on prohibited segment.
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analysis to estimate only the change in running time duc to a reduced

speed policy using the following procedure:

Q@

The length of each link from Avon to Union
City was obtained from the time tables.

For each of these links the maximum speed limit
(as identified in the time table) was converted to
track class using Table 14. Thus a current track
class was determined for each link in question.

Average running speeds (for a typical train) by link
were obtained from Conrail's Division Fngineer for the
Indianapolis region. These running speceds do not in-
clude delay and are an average for freight trains.
Time table speed limits were also verified.

For each link, an average running time for current
operations was calculated. This was done by dividing
link length by the average running speed quoted by the
engineer, in the following manner:

For example: 11 miles < 45 m/hr = .244 hours

Time table speed limits (for rcduced speed) were
established by reducing current trsck classes by one
class.

Average running speeds (for reduced speed) were set
equal to the reduced gpesed limits. Under current
operations, most of the trains wore observed to ap-
proach current time table speead Limits. If speed limits
wvere reduced one track class, it was assumed that traine
would slow down to the upper limit of the revised speed
limit (reduced speed) in order to minimize time lost due
to running at slower speeds.

For each link, revised average running timc {(for reduced
spced operations) were calculated by dividing average
running speed into link length.

Current average running time was subtracted from reduced
speed running times to obtain the difference in running
times due to implementation of the policy.

Since changes in running times due to reduced speeds

were assumed to be the only delay due to the policy,
changes in time related statistics were calculated by

5.28



Table 14: Conversion from Spced T.imits to Track Class

Maximum time
Table
Speed Limit

Track Class

50
40
25

10

IV

ITI

II

Scurce: CONSAD Research Corporation.




multiplying by the clhange in vunning time. Car-miles
and train-miles would not change since the routings re-
main the same.

[ Changes in operating statistics were added to the op-
erating statistics obtained {rem the original Conrail
data in order to estimate total car-hours, train-hours,
etc. for each train affected. 1In doing this, all delays,
etc., were added back into the operating statistics.

A number of simplifying assumptions underlie this methodology. First,
it dis assumed that delays at yards and on line (due to interference, etc.)
are not changed if train speeds are reduvced. They are estimated in the
simulation model and are simply added back in after changes in running
times are calculated. It was also assumed that although initially the
reduction in speed for HM trains would not significantly slow non~HM
trains, in the long run any trains traversing a particular segment of
track over which HM train speeds are reduced will be similarly slowed.
Therefore, the slowing of all trains on the prohibited segment is taken
into account in the cost estimation of the Reduce Speed policy. One
final consideration is the problem of freight trains undergoing har-
monic roll while travelling at speeds of 17-22 mph on jointed track.

For consistency in speed reduction this possible prcblem was ignored;
however, if such an alternative were to be adopted this fact must be

considered in sctting operating speeds.

Table 15 provides the changes in daily operating statistics as a
result of reducing speeds of HM trains and slowing of all trains.
Running time increases by only 0.45 hours for the portion from Avon
to Union City, but total car-hours increases by 956 per day. Also,

train hours for all HM trains, will increase by 13 hours per day.

The costing method described in Sectiom 5.2.5 was applied to the
changes in operating statistics shown in Table 15 to obtain estimates
of incrcased costs due to the Reduced Speed policy. These costs and
total costs on a daily basis. As shown in Table 16, the reduced speed
option increases Conrail's daily costs by approximately $1,900. oOf
that amount, over 87 percent is due to increases in line-haul costs

(crew costs, equipmeant costs, ete).

5.30



7851 ‘uoriexaodio) yoxeassy (YSNOD :190InOG

7 T
| | 1
z9°0t 1€°¢T | ezrgs S 06°2 e _ g6 i wIOl
! et €9° ooy 0T - or III oy oz oY AL | oS . TT-€CT
SE°¢ S9°1 ¢yrotr 90" sg* oY 1L oy 6%° 5% AL oS 4 ceT-cel
| i
; $9°2 1 e SR T co” Su° oy I1I oy 07° 34 AL 0 o1 ARt S
|
v6°¢ $6°Z €07 081 60" 08" oy pos! 0y 1 s¢ | Al us AN Y4
2176 65°¢ 9157 €1 oy* ot I o1 Lz 51 iI sz gcr-ge!
€5°s 1v°2 tgreot Ly oc* 01 I o1 £1° (94 i1 ST ¢ £$1-75¢
547 TAA LL-gL £0° J ez” cv 111 oy LTAN 5y AX s 11 76L-0%
|
1 AATIOTOI0T FANOU-UTTIT | FINC[{-IT) ﬁ wil Furwuny | (-s1f) ouTl poads SSeTD aTwy (*s11y) ouwry paadyg M EELASEER IS £-1¢ R ieds
eT adueyd uy aSuwys 1 uy 9durvy) uf aduwy) Sutuuny FyoeaT paodg Furauny Buruunyg wowzry | poods
1 L 20 InAY vy : DIRIVAY _ o
! 39K SNOILVETJC (TEIS 2000y ! |

wor3dp pavdg Donpay 03 IAN(C I3INoY
£31n uworufl 03 WOAY uo sOT3ISTIelS Buraewasdp ATTBQE UT SeFuEYy) 1G] 9IqTL



*T86T ‘uorieiodio) ydaeasay (YSNOD :93IN0G

_ ;
0  po'6£2 0 | 6£27 | 0T°TS9°T|  10°'Z8T 0 | CY°5€8 | 05°9¢ 61786% 0 0 WICL
0 T0°L2ZY 0 Lt 25°828 Ly Iyl 0 | LL°8TY | LE8T 16692 0 0 Isam
0 RO ZTT 0 IIT | £9°228 26 0%t 0| £€9°61y | €2°81 87°8%C 0 0 Isey
g150) Te20] 3T |anoH Tea0l SUTOTAING| $3S0D S350) 5350) 5180) Jusudinby jo den 10 £21) uojun
BUTYO1ITMg E&R a2g JaTIOWOD0Y| Tong 191) | 9S00QE) |PATI0L0DO] @OUBLDIVLRY | IoUrLIIUTER 03 syjTodeurypul
Te30L
S1S0D ¥VD SLS0D TAvVH INIT TVIOL

A3TH uwoTU) 03 UOAY
£o1T0d poads poadnpsy IoJ Siso) 3urieixadp ATIeqg ur a3uey) 9T d[qel



5.4 Summary

Table 17 summarizes the changes in operating statistics found in
this case study for both the Prohibit and Reduce Speed options. For
all statistics except train-hours, the reduced speed policy results in
the smallest increases, since the 1M traffic will continue to move
on the current route with only a small reduction in running speeds.
The Prohibit policy, however, involves switching and yarding of cars

producing delays as well as increcased mileage.

Table 18 summarizes information on the effect of each policy on the
cost of moving the traffic. Reduced speed is the least costly of the
policies followed by Operating Rule C of the Prohibit policy. Opera-
ting Rule A which requires the rerouting of HM cars only is the most
costly of all the alternatives because of the circuity involved in

the rerouting.

Operating Rule A results in the greatest reduction in exposure but
also the greatest increase in total costs. Of the remaining Prohibit
options, Operating Rule C results in the smallest decrease in exposure
but alsc the smallest increase in total costs. The Reduce Speed policy
is by far the least costly of all but there is no reduction in exposure.
However, to the extent that safety is improved by reducing speed, this
alternative is also attractive due to the relatively low cost of imple-

mentation.
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6.0 PITTSBURCGH-HARRISBURG
CASE STUDY

6.1 Description

The second case study site is Conrail's mainline between Conway Yard
(ncar Pittsburgh, PA) and Enola Yard (Harrisburg, PA). The railroad dis-
tance between the two classification yards is approximately 270 miles with
the line passing easterly through heavily populated areas of Pittsburgh as
well as through Pitcairn, Greensburg, Johnstown, and Altéon;. The cor-
ridor of interest is graphically depicted in Figure 4. Unlike the Indi-
anapolis-Columbus study area, one alternative route can be defined and is
also indicated in Figured .

6.1.1 Trackage and Train

Operations -

Data has been collected on the physical characteristics of the main
and alternative line. Table 19 contains information on speed limits, number
of tracks, link length, and major yards on the mainline, a2 relatively high

specd portion of trackage with between three and four tracks.

Utilizing the information provided by Conrail, CONSAD identified all
I¥M and non-HM trains operating on the mainline. FigureS summarizes trains
and traffic on the mainline and the alternative route. The portion of track-
age from Conwsy to Conpit has a minimum of 27 trains per day (of which 20
carry H¥), and over 115,000 gross tons per day (of which 6,000 are HM); the al-

ternative route has considerably less tonnage and fcwer train operations.
6.1.2 Population

istimates of the population residing within a one-half mile bandwidth
of the line were obtained from several sources using the methodology pre-
sented in Section 5.1.2. Population estimates arc shown in Table 20, while

Figure 6 provides a population profile of the main and alternate routes.

The total population along the mainline from Conway to Enola is 117,400.
0f this total, over 76,000 (65 percent) are located on the 86 mile segment

between Comway and Conpit. CONSAD therefore determined that restrictions
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Table 19: Physical Charactoristics of Pittsburgh to flarrisbury Main Line

Length No. of | speed Limit
Link No. (Miles) Tracks Hax Hin Track Ciass Major Yards
Conway East
230-927 18 4 50 50 IV
927-232 1 4 40 40 III
Island Avenue
232-549 1 2 20 20 Il
Federal Street
549-831 2 4 20 26 II
831-832 1 4 20 20 II
832-835 5 2 30 15 1II/1v
835-228 10 3 45 35 IV/111
Pitcairn
228-243 13 3 50 45 Iv
. Radebaugh
243-237 13 3 50 45 1v
Latrobe
237-634 5 3 50 45 v -
Derry
634-849 17 3 50 45 v '
849-238 18 4 45 30 II1
] ‘ Coniemrugh
238-239% 5 4 50 45 L
‘ South Fork
239-644 10 4 45 30 III/1V
Sonman
644-285 6 4 45 40 IV/II
4 Cresson
285-294 15 4 45 15 /11
' Altoona
294~295- 14 4 50 40 IV/I11
. Tyrone
295~296 20 4 50 40 IV/1I1
Huntingdon
296-297 12 3 50 40 IV/III
Mt. Union
297-298 25 3 50 35 IV/IIT
- Lewistown
298-877 54 3 50 40 IV/ITI
877-301 2 4 50 35 IV/111
Enola West

Sourcce:  CONSAD Research Corporation.
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Table 20:  Population Along Mainline from Conway to Enola Yard

Population -
Community (within %5 mile Percent
Conrail Segment (all within PA) band of track) 0f Total
230-927 Conway to Pittsburgh 13,104 11
927-232 Pittshurgh 3,547 3
232-831 Pittsburgh 3,233 3
831-832 Pittsburgh 2,286 2
832-835 Pittsburgh 13,740 12
835-228 Pittsburgh to Pitcairn 22,526 19
228-243 Pitcairn to Radebaugh 8,488 7
243-237 Radebaugh to Latrobe 4,944 4
237-634 Latrobe to Derry 1,749 1
634-849 Derry to Conpit Jct. 2,948 3
849-238 Conpit Ject. to Conemaugh 6,614 6
238-239 Conemaugh to South Fork 831 1
239-644 South Tork to Sonman 3,092 3
644-285 Sonman to Cresson 2,290 2
285-294 Cresson to Altoona 6,492 5
294-295 Altoona to Tyrone 4,338 4
295-296 Tyrone to Huntingdon 1,561 1
296-297 Huntingdon to Mt. Union 3,095 3
297-298 Mt. Union to Lewistwon 2,560 2
268-877 Lewistown to Banks 9,809 8
877-301 Banks-West Enola 181 0
Total 117,425 100

Source: CONSAD Research Corporaticn
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on I traffic would be on this line segment (links 230-927-232-549-831-
832-835-228-243~237-634~849) .

Unlike the Indianapolis-Columbus case study, over 90 pefcent of all
trains operating on the restricted trackage travel the entire line between
Conway and Fnola. Further, the only logical alternative routing for HM
traffic is a line from Conway to New Castle, north to Dorset, then east to
Newberry passing through Reyneldville and Driftwocd, and finally south
through Northumberland to Enola., Whereas therce are a multitude of reroute
possibilities for the {irst case study, the specifics of this site limit
feasible reroutes to only one {links 218-219-821-820-653-641-857-858~
878-301).

6.2 Prohibit Hazmat Traffic

Under the Prohibit option, all WM traffic which does not include that
which originates or terminates on line would be restricted from moving on
the mainline between Conwav and Conpit . and would be rerouted over the one
designated alternative route described above. The methodology and assumptions

for rerouting the HM traffic are identical to those described in Section 5.2.

As in the previous case study, HM was rerouted according to the four

operating rules which are repeated below.
6.2.1 Operating Rules
Operating Rule A, Present train patterns and schedules

will not be altered. HM traffic will be switched onte
existing trains moving over the alternative routec.

ObQFEEiEE_EHlE_ﬁf All HM traffic moving on the pro-
hibited route must be routed on existing trains operating
on the alternative route, but if a train on the pro-
“hibited reute currently carries more than 20 percent

HM, that train will be revouted.

Operating Rule C. All 1M must be rerouted on trains
currently operating on the prohibited route so that upon
rerouting {to the altecrnative route), the train will
carry grcater than 20 percent HM. Therefore, WM cars
will wvait in yards or junctions until a train (cur-
rently moving on the prohibited route) can be rerouted.




Operating Rule D. MM cars will be held in yards until

a solid WM train of at least 50, but not more than 150,
cars can be created.

The data on HM traffic used in the rerouting procedure is described
in Scction 5.2.3 and was collected for current train operations on the
segment of trackage from Conway to Conpit. The data for this particular
case study are presented in Table 21. The traffic was then rerouted
using the same mcthodology and assumptions as those in the Indianapolis-—

Columbus case study; the costs under each operating rule were estimated.
€.2.2 Results

Changes in Operating Statistics. Table 22 summarizes the changes in

operating statistics due to rerouting for each of the four Operating Rules.
Under Operating Rule C (which calls for the holding of HM until a train
having more than 20 percent 1IIM can be rerouted) three of the six operating
statistics (car-miles, gross ton-miles, and train-hours) show the greatest
increases because trains with non~HM cars are rerouted. It should be noted
that the results in this case study differ greatly from those in the Indi-
anapolis-Columbus one where Operating Rule C had the least impact on the
car-mile and gross ton-mile statistics due tc the fact that the alternate
route is shorter than the main route. In the Pittsburgh-Harrisburg case,

however, the alternative route is longer.

Operating Rule D, involving the assembly of solid HM trains, pro—.
duces the least total delay to traffic (in car-hours) with an increase of
2,456 car-hours for 838 affected HM cars, or a mean of 28 hours per car.
Generally the delay is due to rerouting travel time for cars with less
than the mean delay time and schedule differences for those with delays
grcater than the mean. Under Rule A, car-related statistics of car-hours
and car switches show the greatest increases. This is due to the fact
that rerouted 1M cars must be held over (often for more than a day) in
yards along the alternative route while waiting for a scheduled train to
pick them up and move them further toward their destination. This is due
to the fact that some segments of the alternate route carry very little

scheduled traffic.

6.8



Table 21: Summary Measures of Current Operations on The

Fittsburgh to lHarrisburg Corridor

Prohibited Portion
From Pittsburgh
To Conpit Junction

Mainline ¥rom
Pittsburgh
To Harrisburg

No. Trains
All
HM

No. Cars
All
M

Gross Tons
All
HM

Train-}Miles
All
HM

Car-Miles
All
HM

Gross Ton-Miles
All
M

59
40

5,987
88

299,323
9,231

9,240
6,265

731,764
13,782

46,877,000
1,457,000

183
42

14,987
93

928,410

12,152
6,731

993,790
14,906

65,906,000
1,576,000

6.9
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Operating Costs. The costing methodology described in Section 5.2.5

was applied to the changes in operating statistics. The increase in daily
operating costs for line haul, car hire and switching are presented in

Table 23.

Operating Rule C is the most'costly with an increase of over $45,000
per day resulting from large increases in line-haul costs. The high
relative cost of Operating Rule C in the Pittsburgh-Harrisburg case (in
contrast to the first case study where it was the least costly of the
operating rules under Prohibition) iilustrates that the length of the al-

ternative route is a critical variable governing the impact of the Rule.

Operating Rule D is the least costly. There ave high volumes of Hi
in this corridor therby minimizing time involved in assembling WM trains.
In addition, since the majority (over 90 percent) of MM traffic moves from
Conway to Enola Yard, it is not necessary to drop off cars along-the alter-
native route. Therefore, train delay and car hours are minimized. Because
of the unique characteristics of this case study site, it is more efficient
to create new trains than to switch the HM traffic from train to train on

the alternative route.

Population Exposure. As in the Indianapolis-Columbus case study,

CONSAD used the number of person-gross-tons per day as the measure of ex-

posure as described in Section 5.1.2.

Table 24 presents the impact of the rerouting of Hm traffic on pop-—
ulation exposure. The first column gives the absolute exposure on the main-
line under both current and Prohibit operations, as wéll as the percent de-
crease in exposure due to the rerouting of traffic. The second column pro-
vides exposure levels for the alternative route which already includes some
HM traffic. With the rerouting of M off of the Conway to Conpit track
segment, additional traffic will move on the alternative route. Colunn
three presents exposure summary data. The Prohibit policy results in a net

decrease of 347,000 person gross—tons.

Unlike the Indianapolis to Columbus case study site (see Table 13,

6.12



Table 24: Population Exposure from Conway to Enola Yard

Population Exposure

(Millons of Persons~Gross Tons)

+

Main ! Altr Total
Current Operations 1,065 138 1,203
Prohibit Operations 19% 837 856
Percent Change -G8% +50% ~297%

*Exposure on the main line will not be reduced to zero due to
the presence of on-line Hazmat deliveries which will continue to
move even under the Prohibit peolicy.

Source: CONSAD Research Corporation.



p. 5.27), the reduction in exposure is the same for all operating rules
since only one alternative route is used. Although the HM will be handled
differently under each operating rule, it will move on the same alter-
native route (for each operating rule), thereby exposing the same number

of people to the hazardous material traffic.

Figure 6 (page 6.6 —— above) provides a population profile along the
main and alternative route. The highest population exists on the main

route. Populations are less on the alternative route.
6.3 Reduce Spced Conway to Conpit

The methodology for estimating the impacts of reducing speeds from
Conway to Conpit is explained in Section 5.3. Table 25 shows changes in
operating statistics due to this option. Running time increases-by (.25
hours resulting in an increase of 719 car-hours, and ten train-hours per

day.

Having applied the costing methodology to the changes in line-haul,
car-hire, and switching presented in Table 25, the changes in costs are
shown in Table 26. If the reduced speed option is implemented, the daily
costs to Conrail will be approximately 51,500, Of that amount, over 87

percent is attributable to changes in line haul costs.

Under this option, costs would increase and exposure levels would
remain unchanged since HM continues to move on the same route. Although
population may be exposed for a longer period of time under this option,

accident severity is expected to be less than under current operations.
6.4 Summary

The results of CONSAD's analysis for the Pittsburgh-Harrisburg case
show that the reduced speed policy is the least costly alternative at

§1,545 per day. Of the Prohibit policies, Operating Rule D is the least

costly, at $23,150 per day, over 14 times more expcnsive than reduced spced.
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The Prohibit policies do, however, reduce exposure by 347 million person-
gross~tous., Although the improvement in safety under reduced speed has
not been quantified, this option is attractive due to its relatively low

cost.

Table 27 compares the changes in daily operating statistics for each
alternative while Table 28 presents the cost increases caused by these op-

crating statistic changes.

6.15
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7.0 COMPARISOW OI' CASE STUDY
RUSULTS AND CONCILUSIONS

Duc to the variety of geography, traffic patterns, and train oper-
ations on the national railroad system, great care must be taken in gen-
cralizing the findings of these two case studies. Nevertheless, it is
useful to compare the impacts on railroad operations and costs observed

in these two sites.

7.1 Definition of Unit
Measures of Impact

The magnitudes of changes in operating statistics and costs of the
Prohibit and Reduce Speed Options are given in Chapters 5 and 6. 7To eval-
uate these magnitudes, it is necessary to reduce them to unit measures.
Fowever, there are three possible bases by which to derive such measures.
The first basis is all cars moving over the restricted high population
density segment. However, under certain of the Prohibit Options only a
portion of the traffic would be affected directly. Therefore, the second
possible basis is the number of affected cars. Finally, the third basis
for deriving unit neasures is the number of 1M cars moving daily over the

restricted segment.

The number of cars in each of the three categories for the two case
studies is shown in Table 29. In deriving unit measures of impact, the dis-
tinction must be made as to whether the basis is all cars, referred to as
"per-car'); only cars which arc affected, either by rerouting or reducing
speéd ("per-affected-car'"); or only HM cars ("per-affected-HM-car"). The
comparisons which are made later in thislchapter are careful to distinguish

among the three bases.

7.1



Table 29: Number of Cars Operated Daily on

Restricted Segment

Hazardous

Total Materials
Cars Cars
Indianapolis~Columbus:
Avon-Union City
Current Operations 2,622 193
Affected Traffic Under:
Prohibit A 193 193
' B 471 193
C 541 193
D 193 193 .
Reduce Speed 2,622 193
Pittsburgh-Harrisburg:
Conway-Conpit Junction
Current Operations 4,241 88
Affected Traffic Under:
Prohibit A 88 88
B 206 88
C 333 88
D 88 88
Reduced Speed 4,241 88




7.2 Baseline Opcrations

In order to draw conclusions, it is also neccessary to have clear de-
finition of measures of performance of the "Baseline", i.e., the pattern
of traffic and operations which exists in the absence of any restrictions
as to handling of MM traffic. This issue raises a number of significant
methodological questions. The original concept of the study focused on
rerouting tralfic moving on a mainline corridor between two major rail-
road classification yards. lowever, since HM traffic of interest often
originates prior to one of the major classification yards and terminates
beyond the second, carriers are likely to reroute prior to the restricted
track segment. The traffic data used in the two case studies did not dis-
criminate between traffic which originated or terminated at the classifi-
cation yards defining the corridor from that which moves on or off prior to
or after the yards of interest. Therefore, the base case could4pot, neces-

sarily, incorporate traffic movements from origin to destination.

The definition of bascline traffic used by CONSAD focused on the points
between which the rerouting diverges from the current route and converges
back onto that route. Any change in operational measures which occurs with

rerouting can be compared with this baseline measure.

For the Pittsburgh-Harrisburg case, the point of route divergence
is at Conway Yard and convergence is at Enola, For the Indianapolis-Columbus
case, a much more complex situation exists since the affected trains have

numerous origin and destination combinations.

Table 30 gives the baseline daily operating statistics for the trains
and traffic which would be affected by restrictions, It also provides an
estimate of the operating costs for the traffic of interest. Note that the
statistics provided do not account for movement between origin and destination

points, but rather between points of route divergence and convergence.
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7.3 Comparison of Case Study Results -

7.3.1 Operating Statistics

Operating statistics for car-miles, car~hours, and car-switches for
the bascline and under restrictions on M, for the two case studies, are
given in Table 31. Both totals and unit measurcs are given. The unit
values which represent the least adverse impact (increase) in the operating
statistiecs are highlighted in the table. In both cases, the Reduce Speed
restriction results in the least impact.. For the Prohibit restriction,
Operating Rule C shows the least impact for all measures in the Indian~
apolis-Columbus case and the greatest for car-miles in the Pittsburgh-

Harrisburg case.
7.3.2 Operating Cost

The key measure of impact from the viewpoint of the railroa& companics
is operating cost. The comparative summary of unit cost impacts is shown
in Table 32 with the lowest coust impacts highlighted. The Reduce Speed al-
ternative is the least costly in all measures. Of the Prohibit restrictions,
Operating Rule C is least costly for Indianapolis-Columbus and the most
costly in the Pittsburgh-Harrisburg case. This agsin illustrates that it
is difficult to predict the impact of an operating rule on cost without

knowing the sgpecific alternate route which will be chosen,
7.3.3 Population Exposure

A comparisicn of population exposure in the two cases is given in Table
33.7 It shows that the Prohibit alternative in the Pittsburgh-Harrisburg
case promiseg a greater dcgree of reduction in exposure than was found in
the Indianapolis-Cclumbus case study. For Operating Rules C and D for the
Indianapolis-Columbus case, there is virtually no exposure reduction,
Although trains are rerouted away from the population concentration between
Avon and Union City over the best available alternative, the overall pop-
ulation exposure remains constant. However, there are less very highly pop-
ulated arcas aloang the alternative routes as shown by the population dis-

tribution prefile on pages 5.23 and 5. 26.
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Table 33: Comparison of Population lLixposure Effects
Betwaen Case Studies

Exposure (Millions of Person-Cross-Tons)
Percent
Total Change
Indianapolis-
Columbus
Baseline 542
Prohibit A 496 -8.5
B 486 -10.3
C 542 0
D 541 ~ Q
Reduce Speed 542 Q
Pittsburgh-
Harrisbury
Baseline 1,203 o
Prohibit
A,B,C or D 856 ~-28.8
Reduce Speced 1,203 0
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Carriers arc likely to react to a Prohi-
bition Policy by choosing the least cost
alternative sincce all result in signifi-
cant increases. In both case studies,
forming solid HM trains was a relatively
inexpensive option. The risk impli-
cations of a railroad choosing this
strategy, however, have not been ad-
dressed in this study.

The inpacts of an operating rule cannot
always be predicted, as illustrated by
Operating Rule C which was the least
costly of the Prohibition options in

the Indianapolis-Columbus case and the
most expensive in the Pittsburgh-
Harrishburg one. The critical deter-
minant of the ccst impact appears to be
the availability and choice of alternate
routes, of which there may be several.

A change in route does not necessarily
lead to a change in population exposure.
Unless an improvement in safety through
population exposure reduction cutweighs
the costs, a Prohibition Policy may not
be worth implementing.
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