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Executive Summary

In 1990, the Safety Board investigated three major
accidents involving collisions and deraflments of
locomotives that resulted in diesel fuel fires from

~ ruptured locomotive fuel tanks. Seven crewmem-

bers fatally injured in these acddents suffered exten-
sive burns and smoke inhalation. These accidents
heightened the Safety Board’s concern about the
potential for diesel fuel fires in raflroad accidents to
fatally injure trapped crewmembers, consume
cargo, contribute to hazardous materials fires in the

~ train, and endanger nonrailroad property near the

accident site. Because of this heightened concern,
the Safety Board inttiated a study of this subject.

The safety issues discussed in this study are:

o the adequacy of the current design of the locomo-
tive fuel tank; ) : _

¢ the factors that affect the current design of loco-
motive fuel tanks; and

» the sufficiency of research to imprbve the integ-

rity of fuel tanks or to Improve fuel containment.

As a result of this study, recommendations were
issued to the Federal Railroad Admirnistration of the
U.S. Department of Transportation, the Assoclation
of American Rallroads, General Electric, and the
Electro-Motive Division of General Motors.




IntrOductibn |

In 1990, the Safety Board investigated three major

. accidents involving collisions and deraflments of

locomotives that resulted in diml fuel fires from
ruptured locomotive fuel tanks.! Seven crewmem-
bers were fatally injured in the first two of these
accidents, all of whom suffered extensive thermal
burns and smoke inhalation The investigation of
the third major accident? involving a passenger
~ train in a tunnel, revealed that dic el fuel spiiled
from a ruptured locomotive fuel tank. The fuel ig-
nited and the resulting smoke and fumes increased
the level of hazard in the postcrash phase of the
~ accident, hindering emergency response and rescue
activity. Seven rescue personnel were treated for
smoke inhalation and many passengers complained
of smoke conditions.

These accidents heightened the Safety Board’s con-
cern about the potential for diesel fuel fires In rail-
road accidents to fatally injure trapped
crewmembers, consume cargo, contribute to haz-

ardous materials fires in the train, and endanger -

nonrailroad property near the accident site, Because
of this heightened concern, the Safely Board indti-
ated a study of this issue.

As part of the study, the Board reviewed data from
its Investigations of 29 rallroad accidents involving *
locomotive derailments that occurred in 1991.* For
most of the accldents, the Investigators were able to -
obtain basic information on fuel tank damage and
fuel spill from a review of photographs and other
documentation obtained during the course of the
investigations. The Safety Board recognizes that its
data are limited and biased toward the more severe
accidents.

The Board also investigated three locomotive derail-
ment accidents 1 1992 to document in detail the
sequence of events assoclated with fuel tank dam-
ages and diesel fuel spills. A fuel tank information
form was developed to obtain precise information
conceming the events in which the fuel tanks were
damaged, the type of damage sustained, and what
caused the damage. This form was used during the
review of the 1991 accident investigations and for
the investigations of the 1992 accidents. Also, a met-
allurgical examination was conducted of the loco-
motive fuel tanks involved in two of the three 1992
locomotive derailment accidents to determine the
general condition of the fuel tank and the cause of
the fuel tank fatlures (overstress, fatigue, or corro-
sion).

' (a) Nationa) Transporiaton Safety Board, 1991, Atchison, Topeka and Santa Pe Raliway Company (ATSP) freight trains ATSF 818
and ATSP891 on the ATSF Rallway, Corona, California, November 7, 1990. Ratiroad Acddent Report NTSB/RAR-91/03.
Washington, DC. (b) Nationial Transportation Safety Board. 1991, Collision and derailment of Notfolk Southern train 188 with
Norfolk Southem train G-38 at Sugar Valley, Ceorgis, August 9, 1950, Railrosd Acddent Report NTSB/RAR-91/02,

Washington, DC

2 The cause of death of two of the fatalities was attrfbuted to severe trauma.

3 National Transportation Safety Board. 1992. Deratlment and coltision of Amtrak passenger train 66 with Massachusetts Bay
Transit Authority commuter train 906 at Back Bay Station, Boston, Massachusetts, December 12, 1990, Railroad Accldent Report

NTSB/RAR-92/01. Washingion, DC

* Substantial forces are involved in « locomotive derallment, which may result in fuel tank breach. In addition, the fuel tank is

located dose to thie track, where it is vilnersble to being

by the rall or other debris when the locomotive deralls.

Consequently, the review was Limited to acddents in which one or more of the locomotives involved deratled.




The first section of this report provides an overview
of the three major 1990 accidents, The second secion
highlights existing data, from sources other than the
Safety Board, on diesel fuel spills and locomotive
derailments. The third section provides the results
of the Safety Board's review of the 1991 acddent
investigations and details of the 1992 accident in-
vestigations, The fourth section provides back-
ground information on the Nation’s locomotive

fleet, fuel tank size and design, Federal regulations

and industry standards regarding locomotive fuel.

tanks, Industry initiatives to improve the integrity
of locomotive fuel tanks, and diesel oil fuel proper-
tles. The relevant issues, in the Safety Board's view,
regarding the integrity of the locomotive fuel tank
as a result of a locomotive deraliment are discussed
in the final section. -




Overview of Three 1990 Azcidents
Involving Rupture
of Locomotive Fuel Tanks

In 1990, the Safety Board investigated three major
accidents involving collislons and derailments of
locomotives that resulted in ruptured locomotive
fuel tanks and diesel fuel fires, There were seven
fatalities and several reported cases of smoke inha-
lation in these accldents, which occurred at Sugar
Valley, Georgla; Corona, California; and Boston,
Massachusetts, ,

Sugar Valley, Georgia

- About 3:13 am. eastern daylight time on August 9,

- 1990, northbound Norfolk Southern (NS) freight
train 188, traveling about 25 mph, collided with
southbound NS local freight train G-38, traveling
about 50 mph, near Sugar Valley, Georgta, The
- postaccident investigation determined that the en-
gineer of train 188 failed to stop the train at a stop

signal at the north end of a siding becanse he was
elther asleep, distracted, ot inattentive. Train 188
continued through the tumout at the north end of
the siding, striking train G-38 nearly head-on.

The lead locomotive undt of traln 188 derailed and

- carne %o rest about 90 feet to the west of and ata 90°

angle to the track. Both locomotive trucks were
separated from the undt, and the unit’s fuel tank was
dented and ruptured. The leaking diesel fuel ig-
nited, and the resulting fire damaged the short hood
and the part of the long hood that was over the fuel
tank (fig. 1). The interior of the cab was extensively
damaged by heat. The lead locomotive unit of train
G-38 derailed to the east of the main track; it lay on
its right side with the long hood pointed south, The
locomotive was off its trucks, and its fuel tank was
torn off (fig. 2). The leaking diesel fuel ignited and -

- Pgure 1.~Damage to lead unit, NS 8641, of train 188 at Sugar Valizy, Georgis.




Figure 2 —Darnage to lead unit, NS 2799, of train G-35 at Sugar Valley, Georgia. (Unit was uprighted after accident.)




_the resulting fire caused extensive meﬁm! damage_

~ to the cab interior; there was no apparent structural
damage as a result of the derailment. The second

* locomotive unit of G-38 derafled and came torestoh

its right side. It sustained structural and thermal
damage; the fuel tank was punctured and the leak-

~ ing fuel ignited. Hquipment damage was estimated -

at $1,260,680.

The conductor on train 188 and the conductor and
engineer on truin G-38 were fatally injured. These
three crewmembers, who were riding on the lead
~ unitof their respective locomotives, suffered smoke
inhalation, burns, and massive injuries.

Corona, California

On Wednesday, November 7, 1990, about 4:11 a.m.
- Pacific standard time, two Atchison, Topeka &
Santa Fe Rallway Company (ATSF) frelght trains
collided head-on at milepost (MP) 25.6 in Corona,
California. The westbound ATSF freight train 818,
which was traveling from Barstow, California, to
Hobart yard, City of Commerce, California, was on
the Corona siding,. The train passed the stop signal,
and the lead locomotive unit reentered the main
track, blocking all movement on the main track as
the taain came to a stop. Eastbound ATSF freight
trair 891, which was traveling about 29 mph on the
main track from Hobart yard to Chicago, Dlinois,
coliided with train 818, The left front comer end sill
ar:a of the lead locomotive unit of train 818 collided
with the left front comer end sill area of the lead unit
of train 891. All three locomotive units and five rail
cars of train 891 deralled. Four units of the five-unit
locomotive consist of train 818 and three rail cars of
that train derailed. The total damage was estimated
to be $4,400,000.

Each train had three-person crews. The entire crew
of ATSF 818 and the brakemar: of train 891 were
killed.

A posteollision fire enveloped both equipment and
personnel. The fire was fed by diesel fuel that spilled

from two ruptured locomotive fuel tanks. 'n\e- |
postaccident investigation of this collision revealed

that the fuel tanks on both the first and third loco-

motives of train 891 (fig. 3) were ruptared and their -
contents released. During the colliston, one tankk was
punctured by a set of wheel trucks, and the other
was ruptured either by debris or by the impact of

~ landing on top of the lead locomotive of train 818,

Some of the fuel was sprayed into the air, making it
highly combustible.

According to the coroner's office, the three crew-
members on train 818 died from snioke inhalation
and thermal burns. The brakeman on train 891 was .
killed and suffered traumatic injuries and extensive
thermal burns,

Boston, Massachusetts

At8:23 a.m. eastern standard time on December 12,
1990, National Railroad Passenger Corporation
(Amtrak) passcnger train 66, consisting of a two-
unit locomotive, two material handling cars, five
passenger cars, one dining car, and two baggage

cars, derailed and struck Massachusetts Bay Transit |

Authority (MBTA) commauter train 906, consisting
of one locomotive, six passenger cars, and one con-
trol car, as both trains entered Back Bay station in
Boston, Massachusets.

Operated by an apprentice engineer, Amtrak train
66 was traveling 76 mph, within a 30-mph speed
restriction, on a 9°3(’ curve when it derailed and
struck MBTA train 906, moving about 5 to 10 mph,
on the adjacent track. A fire ignited after the colli-
sion. On Amtrak train 66, 7 crewmembers and 43
passengers sustained injuries; on MBTA train 906,
5 crewmembers and 391 passengers were injured;
7 firefighters also sustained injuries and many pas-
sengers complained of smoke conditions in the tun-
nel, Estimated damage exceeded $12.5 million.,










Existing Data on Locomotive Derailments
and Diesel Fuel Spills

The 1990 accidents involving locomotive fuel tank
fires discussed In the previous chapter prompted
theSafety Board to review available accident data to
determine the prevalence of fuel-tank-induced fires
in rail collisions. The Safety Board concluded in its
report of the 1990 accldent at Corona, California,
that “nelther research nor accident data exist about
the effect of ruptured or leaking locomotive fuel
tanks in rallroad accidents in which postcrash fires
occurred.” The Federal Railroad Administration
(FRA) does not record data on locomotive fuel tank
- breaches, diesel fuel spills, or diesel fusl fires. The

Safety Board, therefore, recommended that the FRA |

take the following action:
R-9140

To enhance current accident data collec-
tion and analysis, require the reconding
of data pertaining to postcrash fires in-
volving locomotive fuel tank rupture
and spillage, as well as types of locomo-
tive units involved.

The safety recommendation was Issucd to the FRA
on August 23, 1991, On January 8, 1992, the FRA
responded to the recommendation, stating:

The FRA is currently reviewing and re-
vising its accident/incident forms and
reporting procedures. Information on
the performance of locomotive fuel tanks
and the types of locomotive will be in-
cluded in the new reporting procedures,
In the interim, we will instruct the rail-

roads to include this information in the
narrative portion of the report form. The
{nformation will then be included in our
accident/incident data base and avail-
able for our joint use in accident analysis.

Ina letter of April 1,1992, the Safety Board acknow-
ledged FRA's response and classified Safety Recom-
mendation R-91-40 as “Open—Acceptadble
Response,” pending a progress report on FRA'S ac-
tivity in this area. On May 18, 1992, Safety Board and
FRA staff met to discuss several safety recommen-
dations that were being held in an “open” status,
including R-91-40. At the meeting, the FRA indi-

~ cated that the review of report forms and reporting

procedures was continuing: A further meeting be-
tween FRA and Safety Board staff was to be sched-
uled to provide guidance in developing the data
forms. On September 30, 1992, the FRA provided

~Safety Board staff draft coples of revisions to accl-

dent/incident data reporting forms that address
fuel tank damage and fuel spills.

* Data exist on locomotive derailments. According to

the FRA, in 1991, there were 237 accidents/incidents
involving locomotive derailments; a total of 494 lo-
comotives were deralled in these accidents Asa
result of these accidents, 7 onboard locomotive
crewmembers were killed and 214 received various
degrees of injuries. Table 1 highlights FRA data
related to the 1991 accidents involving derailed lo-
comotives that resulted in the fatal injuries to seven
crewmembers.

. Railroads are required tonhmmth!y sccident/incddent repoets with the FRA's Office of Safety in sccordance wl!h Title 49 Code
of Federal Regulations (CFR) Part 225. The reporting threshold that determines which sccidents must be repotted ls adjusied to

refiect the effect of inflation on damage costs. The

g threshold in 1991 was $6,300. According to the FRA, there were 2,658

train socldents reported in 1991, SumdlefaFRA’nwumofmlnwddmt,mmddmbmd nontrain lnckdent.




Table 1.—FRA data on 1991 accidents involving derailed locomotives that resulted in

i Date

| . Convers, WY
6/19/91 ‘ [Bi!l, wY]

8/30/91 ‘ Flower, MT
- {Ledger, MT]

9/17/91 NW Knox, IN 58

§ 9/30/9 DRG Cliff, CO 60
w [Pinechffe CO} |

S ——
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According to the FRA, in 1991, there were 22 faiali-
ties among employces on duty involving the move-
ment of raflroad on-track equipment. The 7 fatalities
to crewmembers onboard lccomotives that derailed
represents about 30 percent of the 22 fatalities, The
remaining 15 fatalities primarily involved employ-
ees on duty who were struck by moving equipment.
The FRA data also indicate that in 1991, there were
13 additional fatalities among employees on duty:
12 from nontrain incidents and 1 from a motor vehi-
cle accident at a highway grade crossing,

The Clean Water Act® requires that diesel fuel spills
be reported to the Environmental Protection
Agency through the National Response Center
(NRC).” NRC data indicated that 182 reports of die-

sel fuel spills were made by the railroad indusiry in
19918 Of these reports, 32 corresponded to acd-

dents reported to the FRA involving derailed loco-
motives. An additional 8( to 90 of the reports made
to the NRC involved locomotive fuel tank rupture
or puncture as a result of derailments or the tank
striking objects on or near the roadbed. However,
the damage may not have met the FRA reporting
threshold (the NRC reports did not indicate the
amount of damage). Other causes of f el tank spills
according to the NRC reports included leaking gas-
kets, maifunctioning fuel pumps and fuel sensors,
and overfill due to operator error. In several in-
stances, the cause of the diesel fuel spill was listed
as unknown.

® The Rederal Water Pollution Control Act of 1974, as amended, 33 US.C. 1251 et seq, i also known as the Clean Water Act.

-7 The Nationa) Response Center, located in U.S. Coast Guard Hesdquarters in Washington, D.C, is & continucusly staffed
communications center that receives felephonic notification of major pollution incidents and transportation acddents, and relays
that information to the appropriate Rederal agency.

¥ According to the Assoclation of American Rallroads (AAR), because of the tniricacles of the reporting requirements, member
railroads hMave been instructed (o report all dtesel fuel spills.




Description of the Nature of 1991-1992
Railroad Accidents Involving
Locomotive Fuel Tank Breaches
and Fuel Fires |

Summary of 1991 Accidents

h. support of this study, the Safety Board revicwed
tne data it had collected in its investigations of rail-
road accidents in 1991 that involved a locomotive
derailment (as previously mentioned, there were
237 locomotive derallment acddents/incidents in
1991, according to FRA data).” The purpose of the
review was to document, to the extent possible, fuel
tank damage, fuel spillage, fuel fires, and crewmem-
ber infurles in these derailments.

The location, the date, and the raflroads involved in

ihe 29 accidents investigated by the Board in 1991
that involved a locomotive derailment are listed in
table 2. The derailments resulted from various types
of accidents, including head-on collisions with
standing trains or cars; rear-end collisions with
standing trains or cars; head-on collistons involving
two moving tralns; sideswipes into standing or
~ moving consists; collisions with track maintenanoe-
of-way equipmen(; grade crossing collisions; track
conditions; debris on the track structure; and
washotts, :

The number of locomotive units on the accident
trains varied from 1 locomotive unit to 10 units. A
total of 123 locomotive units were on the trains
involved in the 29 accidents, of which 83 units de-
railed and 23 did not derail.'’ (See appendix B,
table 3.) For the remwining 17 units, it could not be
determined if the units derailed. In some instances,
the locomotives were removed before Safety Board
investigators arrived on scene, and the position of
some locomotives involved in the accident had not

The Safety Board examined various factors with

respect to the derailed locomotives, including tank

damage, fuel spillage, and fire. Of the 83 locomotive
units that deralled, the fuel tanks on 55 of these
locomotives (66 percent) sustained various degrees
of damage.'! (The fuel tank on only 1 of the 23
locomotive units that did not derail was also docu-
mented as damaged.) The fuel tanks on 12 of the 83

~ locomotive units that derailed were known not to

have sustained damage. The condition of the fuel
tanks on the remaining 16 locomotives that derailed
was not known. (See figure 5.) Again, in some in-
stances, the locomotive was removed from the scene

’ The Safety Board investigated a total of 100 railrsad accdents in 1991, 29 of which Involved the derallment of one or more
locomotives. The Board’s criteria to investigate rallroad accidents is based primarily on safety issues. Purther, the Safety Board tends .
tolnvudphﬂunmmmwddmbhwhﬁdammcmbuhﬂuﬂumd fatalities are likely to oocur,

0 Of the existing
(GE). (See discussion In the section

bcomoﬁvcﬁeet,abou?!pmtmmnuhmdbycmmlMotm(Gwmdﬁp«mtb General Electrie
Information on Locomotive Plet Size, Puel Tanks, and Diesel Fuel”) Of the 83

unite that derailed, 20 (24 percent) were manufactured by G, 47 (37 paxcent) by GM, and 3 by other manufscturers, The make of 13

 undis was not recorded.

" Of the tanks damaged, 15 wMummnhaumdhycla?(wpcmﬂbym andlbymtlmmnnufacturer The

mw«mmwmm-mnm-n




Table 2.—Location and date of the 1991 accidents involving locomotive
derailments reviewed by the National Transportation Safety Board during
its safety study on locomotive fuel tank integrity

Event

number Location of accident

Date of
accident

- NTSB
accident
number

O G o B 0N =

B v b mud ped ek wd ek ped el ek
S W3O T AW N = O

SHERERBR

BEY

Roebuck, SC
Northbrook, IL
Waterfall, WY
Lompoc, CA
Peotone, IL
Gypsum, KS
Melrose, MT
Sodorus, IL
Chase, MD
Roper, KS
Frisco, TX

Bill, WY
Baltimore, MD
Fountain City, Wi
Dunsmuir, CA
Douglas, WY
Dobbin, TX
Sprague, WA

- Ledger, MT

Knox, IN

Merriill, OR
Mountain Home, ID
Pinecliffe, CO
Gouvemeur, NY
Minneapolis, MN
Harrisburg, OR
Belen, NM

Palatka, FL
Cottondale, FL

01/19/91

02/27 /91
03/04/91
03/19/91
03/27/9
03/28/91
04/04/91
04/05/9
04/12/91

05/28/91
06/16/91

06/19/91

06/28/91

07/08/91
07/14/91
07/28/91
07/30/91
08/18/91
08/30/91
09/17/91
19/17/91
09/22/91

09/30/91

11/10/91
1n/22/7
11/22/91
12/05/91
12/17/9
12/20/91

NYC91FRO04
CHI9IFRO18
CHI91FRO19
LAX91FROU7
CHI91FR021
CHIS1FR022
LAX91FRO09
CHI91FR024
DCA91FROUS
CHI91FR028
CHI91FRO30

' LAX91FRO11

NYC91FR019
CHI91FR033
LAX91FR013
LAX91FR014
CHI91FR034
LAX91FR016
DCA91MR009
DCA91MRO10
LAX91FR018
LAX91FR019
LAX91FR022
NYC92FRO04
CHI92FR006
LAX92FRO(3
LAX92FRO04
DCA92ZMR001
NYC92FRO05
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Figure 5—Status of fuel tank damage on the 83 locomotives that derailed.




before Safety Board investigators arrived. In other
instances, the fuel tank was either partially or
deeply buried, and, consequently, the condition of
the fuel tank could not be ascertained. In most in-
stances, however, if fuel was notspilled and fire was
not involved, the condition of the tank was not
documented. Based on the assumption that none of
the tanks on the undocumented locomotives was
breached, it can be conservatively concluded that at
least two-thirds of the fucl tanks on the locomotives
that derailed were damaged.

Of the 83 locomotives that derailed, fuel was docu-
mented as having spilled from 47 tanks (56 percent).
(Fuel also spilled from one locomotive that did not
derail.)'2 Of the 55 damaged tanks, 41 (76 percent)
spilted fuel (fig. 5). (Fuel spilled from four tanks that
were notdamaged and from two tanks, the damage
of which was not known. (See table 3 in appen-
dix B.)

Of the 83 locomotives that deratled, 23 units (28 per-
cent) caught fire from the ignition of spilled diesel

fuel from their tanks. (See figure 5.) Two additional

locomotive units were documented as having
caught fire, but fuel spillage was unknown. (In these
two Instances, the locomotive units were believed to
have caught fire as a result of leaking fuel from the
tanks of adjacent locomotive units that ignited.)

A total of 33 crewmembers were onboard the 25
locomotive units that caught fire; the fires were a
consequence of nine accidents. A total of seven

crewmembers were fatally injured on locomotives

that caught fire in four of the nine acctdents: Bill,
Wyoming (one fatality); Ledger, Montana (three fa-
talities); Knox, Indlana (one fatality); and Pinecliffe,
Colorado (two fatalities).” (Five locomotive units
were involved in the four accidents: in two in-

stances, two crewmembers that were fatally injured
were onboard one locomotive unit that caught fire.)
Nine other crewmembers onboard locomotive units
that caught fire were seriously injured; another nine
received minor injuries, and eight were uninjured.

Crash Dynamics and Nature of
Damage of Fuel Tanks in Three
1992 Accidents

To learn more detatls about damage to fuel tanks in
derailmeats, the Safety Board documented the se-
quence of events associated with fuel tank damage
and diesel fuel spills in three accidents in carly 1992
in which a locomotive derailed. The accidents in-
cluded (a) a low-speed head-on collision in which
one locomotive overrode another, (b) a rear-end
collision with locomotives derailing and overturn-
ing, and (¢) a side collision that also resulted in
locomotives derailing and overturning. Metallurgl-
cal examinations of the fuel tanks involved in two
of the derailment. rere also conducted in conjunc-
ton with the onsite investigation. Details of the
accidents and fuel tank damage follow.

Kansas City, Missouri—~About 3:00 p.m. central
standard time on March 7, 1992, Kansas City South-
ern Railway (KCS) freight train 81 South, traveling
at a reported 10 mph through a 90°-angle railroad
crossing, struck Gateway Western Railway
{GWWR) train 1-332-07 East at Kansas City, Mis-
souri. Train 1-332-07 East was traveling at 25 mph.
Train 81 South struck the second locomotive unit of
train 1-332-07 East. The locomotive of train 81 South
consisted of two General Motors (GM) locomotive
units, KCS5714 and KCS725. The locomotive of train
1-332-07 East consisted of three GM locomotive

12 Of the tanks that spilled fuel, 14 (29 percent) were manufsctured by GE, 31 (65 percent) by GM, and 1 by another manufamara
The manufacturer of two of the tanks that spilled fuel was not recorded.

*3 The cause of death of two of these crewmembery was attribubed to thermal burns and smoke Inhalation—one in the Kniox,
Indlana, sccident, and one in the Pinecliffe, Colorado, sccident. The cause of death of the other five cTewmembers was am-lbuted to

biunt traumatic injurice suffered before the firo,




units; SF2354, SF2052, and GWWR2037. The three
crewmembers on train 81 and the two crewmem-
bers on SF2354 sustained minor injuries jumping off
the trains prior to impact.

The first unit of the three-unit locomctive consist for
train 1-332-07 Bast, 52354, had just passed the rail-
road crossing, The second undtof its consist, SF2052,
was struck just behind its lead trucks from the side
by the first locomotive unit of the two-unit consist
of train 81 South, KCS714. The force of the collision
of the KCS unit derailed SF2052. As the collision
progressed, locomotive unit SF2052, while derailed,
continued to move forward, as did the striking loco-
motive, KC3714. KCS3714 overturned, and a fuel leak
occurred at a crack in the bottom of the tank as a
result of these events. KCS714 was dragged along
the side of locomotive unit SF2052.

The fuel tank on SF2052 was severed from its
mountings as the fastening bolts sheared, The tank
on this unit subsequently struck the rail and track
structure, As the tank bolts and fastenings sheared,
the tank was driven back about 30 inches. During
the course of this event, both filler pipes were

sheared at the center sill access holes and the tank
disengaged and dropped to the ground. The fuel
tank on locomotive SF2052 was punctured at two
locations on its bottom and torn at the lead and trail
end walls (fig. 6). The derailed locomotive unit,
SF2052, was shoved and rotated by the following
locomotive unit, GWWR2037. The GWWR2037 then
came incontact with the overturned locomotive unit
KCS714 and the upright SF2052. The sidewalls of the
fuel tank on the left side of locomotive unit
CWWR2037 were torn open {fig. 7), as was the weld
that fastens the trailing fuel tank bulkhead to the
side wall on the right side of the locomotive. The
 lead locomotive unit of 1-332-07 East, SF2354, was
also rotated to the south and derailed.

The derailment marks on the bottom of the fuel tank

. of SF2354 indicate that the tank struck the rail and

track structure. The impact on the tank resulted in
rall impact dents to the tank bulkhead at the leading
and trailing ends of the tank. Heat discoloration on

the metal surfaces, indicating high temperature, oc-
curred on the trailing bulkhead, probably created by
the friction of the tank moving over the rail. The
weld fastening the trailing fuel tank bulkhead to the
sideof the tank and the tank’s bottom piate structure
separated in the weld. A hole about 20 inches in
length developed along this tank tear.

A condensation water-collecting tank drain was at-
tached adjacent to the rear bulkhead of this tank. The
weld o this structure was also torn at an area adja-
cent to the terminus of the tank drain plug bolt.
Because this is the lowest point in the tank, water
collects at this location and can be drained from the
fuel tank at the drain plug, The tuel from the tank
drained out from this trailing comer location from
both the water drain collection unit and the tear.

As a result of the collision damage, four of the five
fuel tanks involved in the collision were ruptured
(the tank on KCS725 was not ruptured), spiliing
most of the fuel contained therein in the derailment
area, No fire occurred. Safety Board investigators
examined the tracion motor and other electrical
cables, some of which were severely damywed and
sovered. No evidence of arcing at or near the loco-
motive fuel tanks was observed.

The metallurgical examination revealed no pre-ex-
isting corrosion damage. All fractures examined
were typical of overstress separations,

Fulton, Kentucky.-—On March 22, 1992, at about 5:03
a.m. central standard ime, [llinois Central Railroad

- Company (IC) train Extra 9570 North, traveling

about 9 mph, collided head-on with IC train Extra
3105 South, traveling about 20 mph, at the southend
of a 1° curve at MP 403.9 in Fulton, Kentucky. The
weather was clear.

IC train Extra 9570 North consisted of three locomo-
tive units: 9570, 9607, and 9450. All were GM units.
IC train Extra 3105 South consisted of three GM
locomotive units: 3105, 3128, and 3124.

When the two trains collided, units 9570 and 9607—
the first and second locomotive units in the consist
of train Extra 9570 North—deralled, but the fuel




Pigure 6—Damage to fusl tank on locomotive unit 72052 at Kansas Clty, Missousd,
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Pgure 9.~Danage to fuel tank of overriding locomotive unit 3105 at Fulton, Kentucky.




Figuate 10 -Damage tethe leading, end of the tettom of the tael tank trons losamotive anil b v s
View looking up and opposite the direction of travel (Eygheton, Visgima )

The first unit of the lixvomotive consist, NS3963,
struck the rear coal car of the standing train. As this
event accurred, the coupler dratt gear of this loco-
motive onil was restrained by the coal car-as the
locomotive nit moved forward. Subsequently, the
Jocomaotive draft ;:,-van‘ pocket wan sevenad from the
lead end {dircetion of travel) of this locomotive unit.

The Tocomotive derailed. The unit’s front trucks
overrode the draft gear p chet ™ A rail was frac-
tured and was overtumed  The locomaodive began to
overturn to the mside of the curve, The dernbed
locomotive’s air reservorr fovated Lo the front of the
fuel tank was punctured by a rail, Subsequently, the
lead end (by direction of traveh of the fuel tank was
struck by disengaged locomotive compaonents and
by the rail. The overturned rail punctured the bot-
tom of the fuel tank, but there was no fire,

A large hole, about 2 feed in diameter, was found
the bottom surface of the fuel tink .:qu'l\t o the
feading end of the tank. As shownin tyguee 10, Haps
of metal from the permeter of the hole were bost

Aupward into the tank. i addition, some of the tank

internal structure in the vicimty of the hole was
heavily detormed and orn,

The bottom of the fucl tapk was ale breached in
three other areas. A locahzed area ot the tank bottom

near e leading end and approxmatels above the
rigght rail had been crashed upwasnd and the bottom
plate splil in two locations. Tso aanch Tong, pune
tures were toand one-third of the was back trom e
leading end along the left side of the tank bottom.
The sediment chananel at the trashiny; end ol the tank
had been crnshed (see e 11, with preces of the
channel splayed opposite to the direction of travel:
Other seraped and dented anvas (that did ot result

" The dratt gear pocket provides the lateral, vertical, and Jongitudinal litnsts of couples traved




NS3963

I‘Igure 11~ lhmngi to the sidiment channe! at the tralling end of the fuel tank on locomotive unit
NSWH3. View Imkmg In the direction of travel at the tratling end.

tn tocalized bm.lchln;, 3 of the tank) were noted onthe
tank buttum | |

~ The fullnwm'g locomotive unit, NS3951, also de-
- ralled andoverturned to the inside of the curve. The
bottom of the fuel tank from this locomotive unit

~'was breached in two locations. A puncture was
 found in the tank bottomabout 6 feet from the trail-

_ing end of the tank, The puncture was above the

© right rail and measured 4 inches long by about
~ 3/4 inch wide {fig. 12). In addition, the sediment”
- _channel at the trailing end of the tank was crushed

 and splitin an area above the nght rail, as shown in
figure 13. |
Unit BN7021 alsa durallod but remained upnght

.Thc bottom of the fuel tank of this locomotive was
-bri.achr.d in one location--in the sediment channel

_ atthe trallmgu\d of the tank. As shown in figure 14,

the channel was cut in a shape that matched the base
- of an overturned rail. The brace in figure 15 indi-

cates the portion of the cut in the channel that would

correspond to the bottom of the rail. Lips of metal

. extended in the trailing end direction from the pe-
,Vnmetc uf the cut area, consish nt with the fucl tank

mOVing forward over a stationary object. The bot-
tom of the tank also contained a Jong crease that
extended from the channel cut toward the lead ¢nd.
A portion of this creast: is visible in figure 14, indi-
cated by the arrows. The crease is also indicated by

~ the arrows in figure 15, in a view looking opposite

the dircection of travet

No evidence of corrosion or preexisting cracks was

found on any of the fuel tanks examined.

The fourth locomative fuel tank wits ot d.mmgod
or breached.

On the first two locomotive units, heavy electrical -

cables to the traction motors and other lcxatmns
were observed to be severed or damaged. No evi-

dence of arcing at these locations was observed by

the Safety Board investigators. The fuel tank over- -

flow pipes could have contributed to the fuet loss on

the breached tanks; however, this could not be de-
termined because the two lead locomotive tanks
were also breached by the collision with the lucomo-

tive and track structure components.




NS3951

Figure 12.—Puncture ares on e bottom of the M'tnnkoh ocomotive
m'ilt NE3951. Arrow lndhtu the dlmt!m of mvd

Plgun 13 —Crushed and spl!t udlmml channel on the mulng end of the fuel tank on looomouve
unit NS3951. Amw indicates the direction of mvd
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Figure 14.—~Damage (v sediment channet on the balling ond of the fuel tank from locomotive un it
UN7021. View looking in the direetion of travel, Thebrace Indicates a portion of a cut that corresponds
to the bottom of a rail. Arrows Indicate a crease that extends from the cut toward the feading end.

BN7021 ~¥7

Figure 18.—Arrows Lndicate the crease on the bottom of the fuel tank
from BN7021. View looking opposite the direction of travel. The cut in
the sediment channel Is indicated by the brace,




Background Information on Locomotive
Fleet Size, Fuel Tanks, and Diesel Fuel

Locomotive Fleet

The Safety Board recelved information from the
Assoclation of American Railroads (AAR) regard-
ing the Natlon’s locomotive fleet size. Figure 16 i}-
lustrates the number of locomotives in service and
" the age distribution of the locomotive ﬂeet as of
December 31, 1990.

Fuel Tank Design

The Safety Board contacted the two major locomo-

tive manufacturers—Ceneral Electric and the Elec-
tro-Motive Division (EMD) of General
" Motors—regarding the design of locomotive fuel
tanks. Of the existing locomotive fleet, about 78 per-

cent are GM-manufactured locomotives (fig, 17)

and 25 percent GE-manufactured locomotives
(fig. 18). However, since 1989, about 60 percent of
the new freight locomotives have been manufac-
tured by GE.

According to the EMD, the fuel tank size is specified
by the customer based on the distance between the
customer’s refueling facilities. The largest fuel tank
currently built by the EMD holds 5,000 gallons and
18 23 feet long, The end plate is 3/8-inch thick, and
the fuel tank side wall thickness is 3/16 inch; both
the end plate and the side wall are made of steel,
According to the EMD the fuel tank is a “light-
welght, monocoque!® structure” designed to .-
port the weight of the fuel and to accomodate fuel
sloshing, To accomodate the pressure loading dur-
ing automatic fuel filling, the fuel tank has been
designed to withstand a pressure load of 3-6 psi. The

bottom of the fuel tank is 6 1/4 to 6 1/2 inches above
the top of the rai), |

General Electric also indicated that the fuel tank
design is not typically specified by the purchaser

‘beyond “a performance requirement (i.e., capac-

ity).” The usual request, according to GE, is to pro-
vide the largest fuel capacity possible within
applicable design limitations or constraints. These
primarily include the “maximum allowable total
locomotive weight and the available space (vol-
ume).”

According to GE, current design and construction
practices include; a minimum wall thickness of
0.25 Inch, an end plate thickness of 0.50 Inch, provi-
slons for purging impurities (water/sediment), and
removability in at least one direction. A minimum
é-Inch clearance between the top of the rail and the
bottom of the fuel tank is a criterion for a newly
constructed locomotive fully serviced (with fuel,
water, oll, sand).

Federal‘Regulations and
Industry Standards
Pertinent Federal regulations applicable to the loco-

motive fuel tank are contained in Title 49 Code of
Federal Regulations (CFR) Part 229, as follows:

229.45 General Condition.

All systems and componenta on a loco-
motive shall be frec of conditions that
endanger the safety of the crew, locomo-
tive or train. These conditions include:

15 A metal structure in which the covering absorbs  large part of the stresses to which the body is subjected.




BUILD DATE OF LOCOMOTIVES

(es of December 31, 1990)

1075-79
23.5%

197074
20.5%

Date built

01/01/90 - 12/31/90
01/01/85 - 12/31/89
01/01/80 -12/31/84
01/01/75 -12/31/79
01/01/70 - 12/31/74
Before 1970

Total

__1980-84
16.1%

. Pre-1970
27.2%

Locomotives in age bracket

(Number) (Percent)
608 3.2
1,989 10.6
2837 15.1
4432 238
3852 205
3117 272
18,835 100.0

Plgure 16.—Age distribution of U.5. locomotive fleet, as of Decmmber 31, 19%0. (Source: Association of
American Rallroads.) _
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insccure attachment of components, in-
cluding third rail shoes or beams, trac-
tion motors and motor gear cases, and
fuel tanks; fuel, oil, water, stcam, and
other leaks and accumulations of oil on
electrical equipment that create a per-
sonal injury hazard; improper function-
ing of components, including slack
adjusters, pantograph operating cylin-
ders, circuit breakers, contactors, relays,
switches, and fuses; and cracks, breaks,
excessive wear and other structural infir-
mities of components, including quill
drives, axles, gears, pinions, pantograph
shoes and homns, third rail beams, trac-
tion motor gear cases, and fucl tanks.

229.71 Clearance above top of rail.

No part or appliance of a locomotive ex-
cept the wheels, flexible nonmetallic
sand pipe extension tips, and trip cock -

~armsmay be less than 2 1/2 Inches above
the top of rail,'®

Federal regulations vegarding the inspection of lo-
comotives are listed in appendix C. The fuel tank is
not specifically mentioned as an item to be checked
during the various inspections. Federal regulations
do not address the design, size, or performance of
fuel tanks.

The FRA informed the Safety Board in a jetter dated

July 28, 1992, that it is studying the need for addi-
- tional Federal requirements for locomotive fuel
tanks. The FRA’s letter further stated:

Aocidentdatalsbeingreviewed todeter-
mine the frequency and consequences of
locomotive fuel tank fatlures. In addi-
ton, FRA's fleld personnel have been
asked to collect on-site information
about the extent of structural damage to

locomotives involved in collisions. Fuel
tank damage is an item of specific interest.

The AAR, Mechanical Division, establishes clear-

ance standards for railroad equipment. (See appen-

dix D.) The standards list the maximum width, for

various truck centers, and the height to which cars

(including locomotives) can be constructed. The

standards also indicate that 2 3/4 inches above top
of rafl is the absolute minin.um under any and all

conditions of lading operation and maintenance.

Industry Initiatives to Improve
the Integrity of Locomotive
Fuel Tanks

Safety Board staff contacted several industry repre-
sentatives and visited facilities of Ceneral Electrie
and the Electro-Motive Division of General Motors
to discuss current and future considerations for im-
proving the integrity of locomotive fuel tanks. Rep-
resentatives from these two locomotive
manufacturers indicated that the performance of
fuel tanks in the collision and derailment environ-
ment has not been routinely monitored and that,
consequently, the performance of fucl tanks has not
dictated changes in the design.

Electro-Motive Division of General Motors.—Accord-
ing to information received from the EMD, there
have been relatively few changes to the fuel tank
design during the last 30 years. The most recent
change in the deslgn occurred about 7 years ago,
when the fuel tank length was increased by 7 inches
and the height by 2 inches, resulting in a fuel tank

- capacity Increase from 4,500 gallons to 5,000 galtons.

The EMD has considered several changes in the
past, including increased strength material, in-
creased thickness materials, compartmentalized

16 According to the FRA, the above-the-rall clearance has historically been 2 1/2 fnches, dating back to the period of steam englnes.
The dearance was established, in part, because of deviations in the track structure and the profile conditions of highway grade

rossings.




fuel tanks, bladders in fuel tanks, raised fuel tanks,
and rerouting of the fuel tank vent to minimize
spillage. The EMD stated that feedback from one of
its customer railroads indicated a concernabout fuel
loss and contamination of the environment resuit-
ing from fuel spills in derailments and accidents.
However, no such changes in the design of the fuel
tank are currently in service.

General Electric.—At the request of one of its cus-
tomer ratlroads, GE constructed fucl tanks with a
1-<inch end wall thickness and 3/4-inch bottom and

side wall thickness. According to GE, the request

was made in an cffort to prevent fuel spiils.

General Electric is currently working with Amtrak
on a new design for a fucl tank that will be installed
on 32 new Amtrak locomotive units. The new de-
sign involves tank compartmentalization to mini-
mize fluid loss in the event of tank damage.
According to information received from Amtrak,
"This invention consists of dividing the tank into
two or more compartments, along with a novel fill
and vent system, to reduce the possible loss of fluid
in the event of tank damage or it being tipped on its
side.” Inaddition, the fuel tank will be incorporated
Into the monocoque structure of the locomotive undt
and will be about 29 inches above the top of the rail.
According to a spokesperson for Amtrak, Amtrak
spedfies that the locomotive manufacturer stress
test the locomotive structure to predict where
strains or stresses on the structure may occur. The
stress test is conducted with the use of a large press.
Crash testing of the locomotive with the newly de-
signed fuel tank is not planned. The FRA has indi-
cated that it has been monitoring the development
of this new Amtrak locomotive fuel tank.

Long Island Rail Road.—The Long Istand Rail Road
(LIRR) has contracted to build three “spill resistant
locomotive tanks” that will be installed on the three
- FL-9locomotives that the LIRR plans to operate into
Penn Statlon in New York City. Each of the tanks
holds about 1,200 gallons of fuel. The tanks have
been constructed and will be installed on the loco-
motives in late 1992. According to a representative

of the LIRR, fuel tank technology, as applied to
military aircraft and race cars, was reviewed and
was the basis for the specifications used to build the
locomotive fuel tanks. According to the LIRR, fea-
tures of the spill resistant fuel tank that distinguish
it from a conventional locomotive lank are: (1) a
structural steel outer tank with greater strength than
the conventional tank, (2) a composite carbon fibre
(kevlar) bladder of the same shape as the steel tank
and inserted inside the steel tank, and (3) a set of
open-celled foam blocks inserted insidc the bladder;
the foam blocks completely fill the inside space to
prevent fuel sloshing and to reduce the rate of fuel
leakage. (See figure 19.) The LIRR provided the fol-
lowing Information with respect to the three fea-
tures described above:

The structural steel outer tank has been
designed to protect from failure under
normally encountered derailments and
damage from debris. The tank is de-
signed to support the weight of the loco-
motive on the running rails, such as can
occur in a derailment. The tank iy de-
signed to accept up to a 250,000 pound
horizontal ioad without failure; this load
could occur in a derailment or an en-
counter with largedebris. The tank sides,
end, and bottorn are better designed than
conventional tanks to withstand punc-
ture and denting by small objects at high
velocities. ‘

The bladder installed in the spill resistant
tank has high tear and puncture resis-
tance. Therefore, in addition to provid-
ing a secondary container for the fuel, it
provides a second line of defense against
puncture and resultant leaking should
the steel tank be penetrated.

The foam inserts inside the spill resistant
tank provide slosh resistance for the fuel,
The foam will reduce the fuel lcak rate
over that resultant from a puncture ina
conventional steel tank. The foam also
reduces the risk of explosion assoctated
with pockets of vaporized fuel,
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Figue 19~Schemmatic of the Long Isand Rail Roud “splll resabant locomotive tnk.” (Couresy: The Long lsland Rall Rosd.)




Association of American Railroads.—The AAR pro-
vided the following information on July 24, 1992,
regarding the Locomotive Committee’s'” activity
on fuel containment and fuel tank integrity:

the Locomotive Committee Is oversee-
ing research projects and closely moni-
toring the projects of individual
railroads in developing and testing can-
didate fuel containment modifications
under service conditions. One of the
tasks which the Committee is currently
attempting to come to grips with is that
of reliably determining the extent of po-
tential fuel contalnment systems. Find-
ings to date indicate that:

(1) There has not been any significant
change in the flash point of the diesel
fuels actually used in locomotives in re-
cent years.

(2) Itis notclear that there really hasbeen
a trend toward an increasing number of
spills or fires from locomotive fuel tank
fallures during accdents. One of the rea-
sons for uncertainty in this respect is the
data base. The reporting in general is

~ now much more rigorous than in the
past-—which makes comparative per-
formance analysis difficult,

The AAR further stated:

~ Nevertheless, the AAR is committed, on
behalf of member rallroads, to continue
- the program to minimize fuel spillage

and the occurrences of fires ensuing from
collisions or accidents. From the plans,
studies, and in-service tests which are
firmly focused on producing a perform-
ance specification for fuel tank integrity,
we {the AAR] should (within the next
several months) have greatly enhanced
assessments of the scope and nature of
needs and a much better esttmate of the
effectiveness of most feasible solutions,

Diesel Oil Properties and Railroad
Quality Assurance Programs

The Safety Board contacted several railroads—in-
cluding Amtrak, Conrail, CSX, the Union Pacific, the
Santa Fe, and the Burlington Northern—regarding
the grade of diesel fuel used and the quality control
programs implemented by the railroads to ensure
that the diesel fuel meets the requirements of
American Soclet?' for Testing and Materials (ASTM)
Standard I 975.'® With the exception of Amtrak, all
the rallroads surveyed indicated that throughout
the year they use a grade 2 diesel fuel that has a flash
point of at least 135 °F, somewhat higher than the
ASTM required minimum of 125 °F.'* Amtrak indi-
cated that it uses grade 1 dlesel fuel during the
winter and grade 2 during the summer,

With respect to the quality control programs that
monitor flash point, cetane number (equivalent to
octane in gasoline), pour point, cloud point, water
content, stability, specific gravity, and other proper-
tes (see appendix B), all the railroads surveyed

7 The Locomoative Committee is a subordinate commitiee of the Mechanical Division Management Committee of the AAR, which

oversess locomotive

safety and environmental matiers. The Locomotive Committee ks charged with improvin

g overall locomotive

safety and minimizing safety risks to csb oooupants. These comumitiess are supported by the AAR Research and Test Department

and the North American locomotive manufacturers,

' ASTM Standard D 975, “Standard Specitication for Diesel Fuel Oils,” covers the three grades of dlese! fuci olls sultable for

various lypes of diesel engines. (See appendix E)

¥ 'The flash polnt Is the temperaturs at which moﬁﬂwmmitmﬁidmtvmm

Standard D 973, the minimum flash point temperature for

support combustion. As indlcated in ASTM

grade 1 dissel fuel is 100 *F; for grade 2 dieset fuel, the minimum flash

point tempersture is 125 °F, A flash paint much lower than 100 *F is Likely to result in pre-ignition in the locomotive diescl engine,

resulting in mechanical {aliures and possibly angine destruction.




indicated that such programs have been imple-
mented, although the type of program varies among
rallroads. Some railroads, such as Conrail, have
their own test laboratories, Other raliroads contract
for laboratory testing of their diesel fuel, while oth-
ers rely on the fuel supplier for quality assurance.
Unlon Pacific, for example, recelves about 96 per-
cent of its diesel fuel by pipeline and relies on the
supplier or refinery for compliance with ASTM re-
quirements. According to the railroads contacted,
they buy fuel in bulk, but also have suppliers meet
locomotives at given locations to fuel the locomotive
directly from the tank truck. The railroads indlcated
that it Is easier to monltor the quality of the fuel
when it is bought in bulk, and that fuel delivered
directly to the locomotives is usually not tested un-
less a problem develops. In the case of direct deliv-
erles, the industry relies on the threat of canceling a
contract with a supplier if the fuel does not meet the
ASTM requirements.

Other Issues

Fuel Tenders.—In the late 1970s, Amtrak experi-
mented with automatic, en route fueling of locomo-
tives from fuel tenders coupled to the locomotives.
The Burlington Northem (BN) implemented the
concept of fuel tenders in 1982 and eventually had
175 fuel tenders in service, by converting tank cars

to fuel tender service. According to the rallroad

industry, the driving force behind the use of fuel
tenderslsthehighcostofdlesel fuel oll at certain
locations around the country.2’ The high cost of
diesel fuel in Montana, in fact, was the main reason
~ both Amtrak and BN tested (and in BN's case oper-
ates) fuel tenders on thetr Chicago-Pacific North-
west trains, The Soo Line Ratiroad has also used fuel
tenders and in the late 1980s cotiverted two retired
diesel locomotives to fuel tenders. The FRA is un-

aware of any other railroad currently using fuel
tenders.

The BN provided the following information regard-
ing the use of diesel oil fuel tenders:

The tenders are operated in the middle
of the locomotive consist, and provide
fuel to each locomotive on a demand
basis, with the pumping and sensing de-
vices mounted on each locomotive.
There are no pumps on the tender car.
Fuel is carried to each locomotive by 4
transfer line, which is installed on cach
locomotive, and s interconnected be-
tween locomotives and from locomotive
to fuel tender by the use of flexible hoses
and quick disconnect fittings. When the
fuel level in the locomotive fuel tank
drops toa certain level, a suction transfer
pump on the locomotive is activated,
which pumps fuel out of the transfer line
and into the locomotive fuel tank. When
the fuel level in the locomotive tank
reaches a predetermined level upon the
addition of more fuel, the transfer pump
is deactivated. The transfer line between
locomotives and on the fuel tender is
never pressurized. Bach locomotive
draws fuel according to its need.

The FRA and the BN indicate that they have worked
cooperatively over the years with respect to the use
of fuel tenders, The FRA has an ongoing program to
mondtor the industry’s use of fuel tenders. Accord-
ing to the FRA, there have been no accldents involv-
ing locomotive fuel tenders. Fuel tenders are
considered by the FRA as part of the locomotive
and, assuch, are subject to the locomotive inspection
requirements. There are no other regulations or
standards that address this type of operation.

”Topmummammomumtddzwmmwuumdm ﬂio&arﬁngeonblonhmnalombumowrsoo
mdilion gallons of diesel fuel each year.
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Alternatives lo Diesel Oil Fuel —In the early 1980s, the
BN retrofitted a GP9 iocomotive to burn natural gas
instead of diesel oil. According to the BN, the driv-
ing force at the ime was “to put some money into
quick-payoff research and development efforts to
come up with an alternative to ofl that was cheaper
and less susceptible to severe price fluctuations.”

Currently, the BN has entered into a joint brojei:t

with Encrgy Converslons, Inc., to build equipment
thatwill allow therailroad to convertan unspecified
siumber of locomotives to run on either diesel fuel -

or refrigeratcd liquid methane (RLM), a purer ver-
sion of liquified natural gas. Los Alamos National

Laboratory in New Mexico is also involved in the

project and Is conducting safety studies on the pro-
posal for the locomotive and the RLM fuel tender.

(See figure 20.) At the request of the BN, Los Alamos-

National Laboratory in 1990 “assessed the relative
safety of five alwmative locomotive fuels in ten
specific accldents.” 2 As stated in the report, the
“safety assessments were performed by asking an

~ Interactive panel of experts to estimate the hazard-

ous behavior of the five fuels [compressed natural
gas, refrigerated liquid methane, liquefled petro-

leum gus, methanol, and diesel fucl] in each speci-

fied accident.”® The purpose of the report was “to
address the relative safety of refrigerated liquid
methanc in railroad accidents as a locombtive fuel
when compared with existing and other alterative
fuels currently being promoted as safe alternative

transportation fuels,” The BN is looking at “meth-
ane-fueled locomotives to power unit coal trains in

the Powder River Basin arca of Wyoming and Mon-
tana, where natural gas prices are among the lowest

in the nation.” RLM also burns cleaner and with

almost no pollution compared to other fuels.
Among the conclusions reached in the report was
that “dtesel fuel was the safest, with a very small -

likelihood of fire, but in the absolute sonse, the -
alternative fuels were only slightly less safe.” -

Vehicle [locomotive] fuels, inclddiﬁg_dlésel ofl and

refrigerated liquid methane, camred {n tank cars, are

not cargo and, therefore, are not subject to the haz-
ardous materials regulations contained in 49 CFR-

Parts 171 through 179, For example, if methane, a .

flammable gas, was transported in a tank car as
cargo, it would be subject to the position require-

ments of Section 174.85 and could not be placed next

to the locomotives. '

n Kldmm R.B.; Krupks, M.C.; Su'ell, G.E.;and others. 1990. Safety aﬁmmenlu! alternalive locomotive fucls Los Alamua, NM |
Los Alamos Nn&ond Laboratory. ,

2 Tenders wero used for all Aive fuels, and the study assessed the safety of each al!ernate-fue! system, lncludlng the tender.




Discussion

- Although Improvements inu'acitmalnﬁenanoe,en\- |
- - ployee training, and train separation should de-

crease the rate of occurrence of railroad accidents,

clearly accidents will continue to occur, Therefore,

it is lmportant to examine, in acddent irwestiga—
~ tions, methods to reduce the severity o these acd-
~ dents. Although the Safety Board's data are linited

- and blased toward the more severe acdidents (accl-

~ dents that tend to result in injuries or fatalities),
thesedata create concern about postcrash fires in the

~ moresevere derailments. Diesel fuel spills occurred
.. from 47 (56 percent) of the 83 locomotives that de- -
" railed in the 29 locomotive derailment accidents
 investigated; further, fuel ignition occurred on 23
(28 percent) of the 83 locomotives that derailed.

Safety Board metallurgical examinations of fuel

- tanks conducted in conjunction with this study re-

'- ~ vealed thatnelther corrosion nor pre-existing cracks
e .comprm'nlsed the integrity of fuel tanks that were

breached. Thus, fuel tank inspection and mainte-
. nance were not factors in the accldents investigated.
_The percentage of GE versus GM locomotives in-

o volved in the accidents investigated is proportional

tothe percentage in Lhe Nation’s fleet. The make of
the locomotives involved In the accidents does not,

. therefore, appear to be a factor in the release of fuel
. inaccidents. - . - -

O The Board’s selef'tive invesdgauon of the severe

* locomotive derallment accidents and the limited
data available on locomotive fuel tank spills and

. fires preciuded a comprehensive determination of

g ’the fallure modes of locomotive fuel tanks, The in-

. | 'vesﬂgntlons do demonstrate, however, thatevenin
-+~ thelow speed derailments, rail can dent and punc-
- ture the tank, The investigations also show that

~ locomotive components and the track structure not

| - only can dent and puncture, but they can crush the
~ tankduring the more severe deraiiments and head-
- on colllslons, particulary ifa Iooomoﬂve tums over

or one locomotive overrides another. Further, al-
though the 9 accidents investigated by the Board in
1991 in which there were fuel tank fires represent
only about 4 percent of the 237 FRA reportable acci-
dents involving locomotive derailments for that
year, these 9 accidents include 100 percent of the
onboard crewmember fatalities. Thus, fuel tank
damagy; fuel spills, and fuel fires are a safety issue
in the more severe locomotive derailment accidents,

Ithas been argued that fuel tanks cannot reasonably
be designed for and placed on lncomotives in a
manner to reduce or eliminate rupturcs in the more
severe accidents (such as those discussed in this
report). However, the Safety Board is not convinced
that this is so. More importantly, it is clear that
current fuel tanks have not been so designed nor has
adequate research been performed to determine if
improvements sufficient for fuel tanks to survive

such accidents are posslble Several changes need to
be oonsldwed

LOCation- and Design of
Locomotive Tanks

The pronrmty of the bottom of the locomotive fuel

- tank to the top of the rail makes it highly susceptible
- to damage in the event of a derallment. Although
the FRA only requires that no part or appliance of a

locomotive (except the wheels, nonmetalilc sand
pipe extension tips, and teip cock arms) may be less
than 2 1/2 inches above the top of the rail, informa-
Hon from the manufacturers indicates that fuel
tanks are Installed such that the bottom of the fuel
tank is normally about 6 to 6 1/2 inches above the
rall. However, even at that height, if the locomotive
wheels come off the rails, fuel tank contact with the

 ralls is likely to occur, as the Boatd’s accidentinves-

tigations illustrate. The current location of locomo--

tive fuel tanks extending to each side of the |




locomotive and undemeath the loéomotive frame
also makes them vulnerable in side collisions and
during overrides.

Amtrak’s efforts to ralse the fuel tank to a height of
29inches above the rail and to compartmentalize the
tank to minimize fuel loss in the event of tank dam-
age appear to be improvements over the current

design and location. Inalow-speed derallment, tank

damage would probably be minimal, if not elimi-
- nated. The Board recognizes that raising the location
of fuel tanks above their current position and the
possible concomitant need to raise other equipment
could result In an increase in the center of gravity of
the locomotive, Such an increase may have some
effect on the maximum speed at whicha locomotive
could safely negotiate a curve. Clearly, center of
_gravity needs to be taken into consideration if the
solution to improving fuel tank performance in-
. cludes relocation of the fuel tank. Implementation
of any strategy or concept to mitigate fuel tank
breaches should be carefully evaulated and tested,

through either simulation or crash tesing, to assure
that potential changes do not introduce new safety
_hazards—in particular, new breach mechanisms—

and to determine the applicability of the concept or
strategy to the Industry. However, the Safety Board
s not aware of any plans to test the Amtrak locomo-
tive fuel tank to determine how the tank will per-
form in an accident environment.

~ According to the locomotive manufacturers there
'has been little change to the design of fuel tanks over
the years, with the exception of tank capacity. How-
ever, even when the tank size was increased, the
effect of Increasing the quantity of locomotive diesel
fuel onboard was not analyzed to determine if new
safety hazards would be introduced. The Safety
Board is concerned that in the event of a breach and
~ ignition, the duration of a fire may be prolonged and
 the severity increased. The Safety Board believes,
therefore, that the FRA, in documenting fuel tank
damage and breaches during onsite investigations,
should also document fuel tank size and the dura-
tion and severity of fires. In reviewing Safety Rec-
ommendaton R-91-40, the Safety Board believes

that it may not have conveyed as succinctly as pos-
sible the information that should be collected onsite
with respect to fuel tank damage, fuel spills,and fuel
fires. Consequently, the Safety Board has placed

- Safety Recommendation R-9140 in a “Closed—

AcceptableAction/Superseded” status and has is-
sued a new recommendation that more cleatly
oudines the data collection needed.

Of particular concern to the Safety Board is that fuel
tank design specifications appear to be inade-
quately based on safety factors. Tank capacity was
increased to enable railroads to travel greater dis-
tances without stopping to refuel and to bypass
locations where the cost of diesel fuel was high,
Although public concern about the harmful effects
of releases of hazardous materials on the environ-
ment has been heightened In the last couple of years,
the cost associated with cleaning up these spills
appears to have been the driving force in one rall-
road’s request to the manufacturer that the thick-
ness of metal used on the end plates and side walls
of the fuel tank be increased. Although theincreased
wall thickness should prevent some, if not many, of
the breaches that would normally occur with the
thinner metal, there have been no tests conducted to
determine how the newly designed fuef tank would

perform inan accident environment and what bene-

fits would accrue,

The Long Island Rail Road has increased the.
strength of the structural steel outer tank to protect
against tank breach and has inserted a carbon fibre _
bladder and foam blocks to prevent against fuel leak
and ignition in the event of a breach. The two loco-
motive manufacturers have considered similar de-
sign changes, Again, however, the safety
implications of these modlflcations have not yet

heen adequately evaluated.

The lack of any substantive change to the locomo-
tive fuel tank over the last 30 years indicates that
little effort has been made in the past to determine
if the integrity of the fuel tank can be improved or if
fuel containment could be improved. Only recently
has the issue been addrossed. The Safety Board




believes that the FRA, in conjunction with the AAR
and the two major locomotive manufacturers—
General Electric and the Electro-Motive Division of
General Motors—should conduct research to deter-
mine if the locomotive fuel tank can be improved to
withstand the forces encountered in the more severe
locomotive derailment accidents or if fuel contain-
‘ment can be improved to reduce the rate of fuel
leakage and, consequently, fuel ignition. The re-
search should include crash or simulated testing
and evali:ation of recent and proposed design modi-
fications to the locomotive fuel tank, including in-
creasing the structural strength of end and side wall
plates, raising the tank higher above the rafl, and
using internal tank bladders and foam inserts. The
FRA should establish, if warranted, minimum per-
formance standards for the locomotive fuel tank
based on the results of the research.

Diesel Fuel

The Safety Board's survey of the types of diesel fuel
being used by the industry and the quality assur-
ance programs that have been implemented sug-
gosts that the industry is using a grade 2 diesel fuel
that meets the minimum specifications of the ASTM
and the recommendations of the manufacturers.
The type of fuel being used, therefore, is not consid-
ered a factor in the propensity for fire in the event
the locomotive tank is breached.

Diesel fuel, unlike fuels such as gasoline, Is difficult
to ignite primarily because it does not produce a
flammable vapor cloud above its surface under nor-
mal ambient corditions. The fact that diesel fuel Is
comparatively difficult to ignite is probably the rea-
son why more fires do not occur in cases involving

tank breach. Diesel fuel will ignite, particularly if it
Is vaporized or expelled as a mist. The sequence of
events in a collision or derailment can resultin the
discharge of liquid fuel from the tank in the form of
a mist or vapor, particularly if the fuel tank is com-
pressed. The ignition of misted or vaporized diesel
fuel can occur in the presence of mechanical sparks,
electrical arcing, or hot surfaces, all of which can
occur in the accident sequence. Although the
Bourd's investigations could not determine definl-
tively the source of diesel fuel ignitions, there are
sufficlent sources of ignition in a railroad accident
sequence, even low-speed derailments, to ignite va-
porized or misted diesel fuel oil.

Fuel Tenders and
Alternative Fuels

The Safety Board is aware that the industry is experi-
menting with the use of fuel tenders, -alternative
fuels, and other fu- in combination with diesel
fuels. The incicased use of alternative fuels could
concelvably reduce the incidence of dicsel fuel fires
or introduce new hazards in the accident sequence.
The Safety Board acknowledges and supports the
industry’s efforts to assess the safety implications of
alternative fuels and fuel tenders in the accident
environment, With stricter emission standards ex-
pected in the near future, the use of alternative fuels
can be expected to increase. The Satity Board, in
noting the FRA's monitoring of the industry’s ex-
periments with the use of fuel tenders and alterna-
tive fuels, urges the FRA to establish specific criteria
for the use of fuel tenders and alternative fuels for
the railroad industry.




Findings‘

1. Because of the limited data available, itis difficuit

to evaluate the extent of locomotive fuel tank
damage and locomotive fuel tank spills in the
rallroad industry annually.

. In the 29 locomotive derailment accidents inves-
tigated by the Safety Board in 1991, diesel fuel
spllls occurred from 47 (56 percent) of the 83
locomotives that derailed; further, fuel ignition
occurred on 23 (28 percent) of the 83 locomotives
that deralled.

3. Metallurgical examinations of fuel tanks con-
ducted in conjunction with this study revealed

that neither corrosion nor pre-existing cracks
compromised the Integrity of fuel tanks that were
breached; thus inspection and maintenance of
fuel tanks were not factors in the accldents inves-
tigated. :

. Although changes to the fuel tank design have

recently been explored by the railroad industry,
this study found no evidence that the industry
has performed systematic engincering analyses
to determine the feasibility of providing better
crash protection for the fuel tank systems.




Recommendations

As a result of the safety study, the National Trans-
portation Safety Board made the following safety
recommendations:

— 10 the LS. Depariment of Transportation,
Federal Railroad Administration:

Conduct, in conjunction with the Assoclation of
American Railroads, General Electric, and the
Electro-Motive Division of General Motors,
research to determine If the locomotive fuel tank
~canbe improved to withstand forces encountered
in the more severe locomotive derallment

accidents or if fuel containment can be improved

to reduce the rate of fuel leakage and fuel
ignition. Consideration should be given to crash
or simulated testing and evaluation of recent and
proposed desigh modifications to the locomotive
fuel tank, including increasing the structural
strength of end and side wall plates, ra’sing the
‘tank higher above therall, and using internal tank
bladders and foam inserts. (Class II, Priority
Action) (R-92-10) -

Establish, if warranted, minimum performance

standards for locomotive fuel tanks based on the

research called for in recommendation R-92-10.
(Qlass 111, Longer Term Action) (R-92-11)

Instruct field personnel to obtain from accident
" Investigations locomotive fuel tank size and, to
the extent practicable, the duration and severity
of locomotive fuel fires in conjunction with the
agency’'s ongoing efforts to improve the
recording of data pertalning to postcrash fires

involving locomotive fuel tank rupture and
spillage. (Class II, Priority Action) (R-92-12)

Develop, in conjunction with the Association of
American Railroads, a formal methodology for
reviewing the use of alternative fuels and fuel
tenders in the railroad Industry. (Class IlI,
Longer Term Action) (R-92-13) |

~ to the Assoctation of American Railroads:

Conduct, in conjunction with the Federal
Railroad Administration, General Electric and
the Blectro-Motive Division of General Motors,
research to determine if the locomotive fuel tank
can be Improved to withstand the forces
encountered in the more severe locomotive
derailment accidents or if fuel containment can
be improved to reduce the rate of fuel leakage
and fuel ignition. Consideration should be given
to crash or simulated testing and evaluation of
recent and proposed design modifications to the

- locomotive fuel tank, Including increasing the

structural strength of end and side wall plates,
raising the tank higher above the rail, and using
internal tank bladders and foam inserts. (Class I, -
Priority Action) (R-92-14)

Develop, in conjunction with the Federal
Rallroad Administration, a formal methodology
for reviewing the use of alternative fuels and fuel
tenders in the railroad industry. (Class 11, Longer
- Term Action) (R-92-15)




~ t0 General Electric:

Conduct, i conjunction with the Federal
Railroad Administration, the Association of
American Rallroads, and the Electro-Motive
Division of General Motors, research to

determine if the locomotive fuel tank can be -

improved to withstand the forces encountered in
the more severe locomotive derailment accidents
or if fuel containment can be improved to reduce
the rate of fuel leakage and fuel ignition,
Consideration should be given to crash or
simulated testing and evatuation of recent and
proposed design modifications to the locomotive
fuel tank, including increasing the structural
strength of end and side wall plates, raising the
tank higher above the rail, and using internal
tank bladders and foam inserts. (Class I{, Priority
Action) (R-92-16)

— to the Electro-Motive Division of General Motors:

Conduct, in conjunction with the Federal
Railroad Administration, the Association of
American Rallroads, and General Electric,

research to determine if the locomotive fuel tank

can be improved to withstand the forces

encountered in the more severe locomotive

derailment accidents or if fuel containment can
be improved to reduce the rate of fuel leakage
and fuel ignition. Consideration should be given
to crash or simulated testing and cvaluation of
recent and proposed design modifications to the
locomotive fuel tank, including increasing the
structural strength of end and side wall plates,
raising the tank higher above the rail, and using
internal tank bladders and foam inserts. {Class I,
Priority Action) (R-92-17)

As a result of this study, the National Transporta-
tion Safety Board cdlassified the following recom-
mendation to the Federal Railroad Administration
(FRA) “Closed.”

R-9140

To enhance current accident data collection and
analysis, require the recording of data pertaining
to postcrash fires involving locomotive fuel tank.
rupture and spillage, as well as types of
locomotive units involved. |

Status: “Closed—Acceptable Action/Superseded”
. by Safety Recornmendation R-92-12.




By the National Transportation Safety Board

Carl W. Vogt
Chairman

Susan M. Coughlin
Vice Chairman

~ Adopted: October 27,1992

Vice Chairman Coughlin filed ﬂnefouowhxgm
~ ring statement:

~ While I am concurring with the final version of the

safety study as approved by the full Board, I ques-

~ tlon the depth of the problem of fuel tank integrity.
In order to resolve that question, I fully support the
- recommendations directed toward the collection of
more complete postaccident data. In that way, the
Safety Board, the Federal Railroad Administration,
and the lndustry will bmﬁt from an enhanced

John K. Lauber
Member

Christopher A, Hart
Member

John A. Hammerschmidt
Member

portrayal of the risks posed by fuel tanks in accident
scenarios and whether lmdequades exist with re-

. ganrd to thelr integrity.

Calling for locomotive fuel tank research, including
costly crash and simulated testing and possible re-
design efforts, may be premature in view of the
stated absence of complete accddent data, and may
divatmmrd\mndsfnommoreﬁulydocu-r
nmtedafetymm




Appendix A

Federal Railroad Administration’s Definitions of
Train Accident, Train Incident, and Nontrain Incident

Reportability Requirements

The rules governing the monthly reporting of rail-
road accidents/incldents in offect at the end of 1991
define a reportable accident/incident as an event
arising from the operation of a railroad which, with
minor exceptions, results in one or more of the
following circumstances:

(a) Any impact between raflroad on-track equip-
ment and an automobile, bus, tuck, motorcyde,
bicycle, farm vehicle, pedestrian, or other highway
usger at a rall-highway crossing;

(b) Any collision, derailment, fire, explosion, act of
God, or other event involving the operation of rail-
road on-track equipment, standing or moving,
which results in more than $6,300 in damages to
railroad on-track equipment, signals,. track track
structures, and roadbed; and

(c) Any event arising from the operatlon of a rall-
road which results in:

(1) the death of one or more persons;

(i) an injury to one or more persons; other than
railroad employees, which requires medical treat-
ment;

(iit) an injury to one or more employees which re-
quires medical treatment or results in: restriction of
work or motion for one or moredays, or one or more
lost work days; transfer to another job; termination
of employment; or loss of consclousness; or

(iv) any occupational fliness of a railroad employee
as diagnosed by a physician. -

Classification of
Accidentsllncidents

Train Accident.—A collision, derallment, or other
event involving the operation of ratiroad on-track
equipment resulting in damages that exceed the
reporung threshold.

Train Incident —Any event involving the movement
of railroad on-track equipment that results in a
death, reportable injury, or a reportable liness, but
in which railroad property damage does not exceed
the reporting threshold.

Nontrain Incident—An event arlsing from railroad
operations but not from the movement of on-track
equipment, which does not exceed the reporting

threshold, and results in a death, a reportableinjury,

or a reportable occupational iliness.




Append_ix B

Data on Safety Board's Investigations of
29 Accidents

Table 3.--Summary of data on the locomotives involved
in the 29 accidents, 1991

Event number, location,
| traln, and locomotive unit

1. Roebuck, SC:

Train A--

Locomotive 7564

Locomotive 7627

- Locomotive 6648

Train B (standing)-

. Locomotive 8478

Locomotive 8618

Locomotive 8103

‘ 2. Northbrook.; IL:
i TrainA-

Locomotive 610

3. Waterfall, WY;
| Train A (standing care)~

Train B~

Locomotive 6192

Locomotive -6284
Locomotive




Table 3.~-Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

Event number, location,
train, and locomotive unit

; Culvert
4. Lompoc, CA: wash out

Train A—
Locomotive 7355
Locomotive 7471
Locomotive 7310

1 5. Peotone, IL:
Train A-
Locomﬂve 368

| 6. Gypsum, KS:
| Train A (standing)—
Locomotive 6833
Locomotive 5321
Train B
Locomotive 6726
Locomotive 6719




Table 3.~-Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

Bvent number, location, Type of
train, and locomotive unit | accident

| Rearend
{ 8. Sodorus, Ii. _ - collislon

Train A~
Locomotive 6579

Locomotive 2840
Train B (standing)-
Locomotive 7084
Locomotive 3556

| 9. Chase, MD:

| Train A~
Locomotive 390
Locomotive 601
LOcoimtivé 604
Locomotive 320

Train B~

Locomotive 6516
Lbcomuve 6476
Locomotive 6300
Locomotive ,6475




Table 3.~-Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

Train A-

Locomotive 5517

Locomotive 5068

live 5527

11. Prisco, TX:

Train A-

Locomotive 3516

Locomotive 4017

Locomotive 4062

" Locomotive 21

Train B (w)? cars)-

12. Bli, WY:

Train A~

Locomotive 3555

l.)ommﬂve 7302

Locomotive 6921

Train B (standing)-

- Locomotive 8536

Locomotive 6144

- Locomotive 9176




Table 3.~Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued) |

| Bvent number, location, Type« | speet | ; Tank
| train, and locomotive unit accident , (mph} | Uevalled | dumage

Ry 43w
| Head-on

i - Train A~
| Locomotive 6064
{  Locomotive 6856

Train B
Locomotive 6141
Locomotive 6143

| 14. Fountatn Clty, WI:
| Train A:

" Locomotive 3111
| Locomotive 4047
' _ Locomotive 2000

18, Dummulr, CA:
Train A~
" Locomotive 9693
l.&comdve 9333
* Locomotive 8373
Locomotive 756)




Table 3.-Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

EBvent number, location, . -
| train, and locomotive unit Derailed

| 16. Dougias, WY:
[ Train A~
{ Locomotive 6913 |
. locomdvé 7502
|  Locomotive 7213
| Train B (mo-w equipment)~

L 17. Dobbin, TX:
e

Locomotive 8518
i 'Locomotive 8568 )
! TainB- |
| Locomotive 3502

| 18. Sprague, WA:

| Taina-
Locomotive 8532
Locomotive 8521
Locomotive 8509




3 'Tz-ble 3.~Snmm&y of data on the locomotives tnvolved
in the 29 accldents, 1991 (continued)

! ) , , w Train
@i Event number, location, I‘yp speed
| tuln, and locomotive unit (mph)

wamwnn
I Train A~
" Locomotive 2275
- Locomotive 8009
_ Locomotive 6909
Train B~
- Imomotive 6905 |
Locomotive 6901
 Locomotive 2287
"LOcomoﬂve 2283 |
_ | Locomotive 2274
Locomotive 2289 o

- || 20. Knox, IN:
I Train A~
~Locomotive 6134
Locbmoﬂve 6207
Locomotive 8642 .
l.momotlve 4636




Table 3.~Si;mmary of data on the locomotives involved
in the 29 accidents, 1991 (continued) |

‘: , ' Train
Event number, location, Type of speed
| train, and locomotive unit .| accldent (mph)

Stub track
i 21, Merrdll, OR: derallment

Train A-

' Locomotive 6829
Locomotive 8320
Locomotive 9333

_ Locomotive 7455
' Locomotive 7450 |

Broken
| | : | rail,
I 22. Mountain Home, ID: derallment

Traln A-
. Locomotive 9451
* Locomotive 307
Locomotive 9118
Locomotive 3693

S&uck

- | boulderon
{23 Pineciffe, CO: track

Train A~
Locomotive 3118

~ Locomotive 7317
Locomotive 3010

" (continued)




Table 3.--Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

g Train
- || Event number, location, Typeof | speed
| train, and locomotive unit accident (ph)

: Siding
| 24. Gouverneur, NY: derailment

Train A-
Locomotive 6752

Locomotive 6030

l 4 Side
| 25. Minneapolis, MN: collision

Train A~ |
Locomotive 5054
Locomotive 7258

TinB- _
Locomotive 6934
Locomotive 753
Locomotive (UNK)

26. Harrisburg, OR:
Train A—
Locomotive 7950
Locomotive 7967
Locomotive 1602
Locomotive 7964
Locomotive 7949




Table 3.-Summary of data on the locomotives lnvolved
in the 29 accidents, 1991 (continued)

| Event number, location,
| train, and locomotive unit

| Train B (enterlng siding)—
Locomotive 7966
Locomotive 1605
Locomotive 7343
Locomotive 4372

| 27. Beten, NM;
{  Train A~
Locomotive 551
- Locomotve 501
lmofmlivé 3821
Locomotive 4007
Locomotive 3828
Locomotive 3832
Locomotive 5514
Train B
- Locomotive 2328

Train A~
Locomotive 310




|
|
|
|

- Train B (standing cars)-

train, and locomotive unit accident (mph) | Deralled

Table 3.--Summary of data on the locomotives involved
in the 29 accidents, 1991 (continued)

| Triin
Event number, location, Type of speed

Side
29. Cottondale, FL: collision

 Train A-

Locomotive 2608

 Locomotive 5574

Locomotive 3806

- Locomotive 5813

Locomotive 5546

UNK = unknown; m-0-w = maintenance of way.

. lnsumoe in which tuel leaked from the overflow and vent pipe because of the orientation of the
pipe after deraﬂment No tank ‘damage. Small fire extinguished imme-diately after ignition.

b Locomotive units 601 and 604 were electric units only; therefore, they are not included in the total
of 83 derailed locomotive units—the units that were studied to observe fuel tank damage.

¢ Whether the fuel spilled from the overflow vent pipe or through the fuel filler pipe could not be
determined. Tank was not damaged.

¢ Instance in  which fuel leaked from cap of fuel tank. No tank damage.

¢ Fuel tank on locomotive 7258, which did not derail, was sideswipec by a derailed flat car and
derailed hopper car. Because this locomotive did not derali, fuel tank damage and fuel spillage on
this unit are not included in the numbers discussed in the section "Summary of 1991 Accidents” of
the text nor in figure 5,

 Instance in which fuel leaked from the overflow and vent pipe because of the orientation of the
- pipe after derallment. No tank damage. o




Appendix C

Federal Regulations Regarding the Inspection of
Locomotives, 49 CFR 229 Subpart B

Federal Rallroad Adminiii’ sllon, DOY

or at the head of a train or locomotive
consist.

(e) A.locomotive does not cease 1o be
a locomotive because i{ts propelling
motor or motors are inoperative or be-
cause its control jumper cables are not
connected.

(1) Nothing in this section authorizes
the movement of a locornotive subject
to a Special Notice for Repeair unless
tlie movement is made in accordance
with the restrictions contained in the
Special Notice.

§229.11 Locomotive 1dentification.

(a) The letter “¥" shall be legibly
shown on each slde of every locomo-
tive near the end which for identifica-
tion purposes will be known as the
front end.

(b) The locomotive number shall be
displayed in clearly legible numbers on
each side of each locomotive,

§229.13 Control of locomotives.

Except when a locomotive is moved
in accordance with §229.9, whencver
two or more locomotives are coupled
in remote or multiple control, the pro-
pulsion system, the sanders, and the
power brake system of each locomo-
tive shall respond to control from the
cab of the controlling locomotive. If a
dynamic brake or regenerative brake
sysiem 18 in use, that portion of the
system in use shall respond to control
from the cab of the controlling loco-
motive.

8§ 229.14 Non-MU control cab locomotives.

On each non-MTU control cab loco-
motive, only those components added
to the passenger car that enable it to
serve as & lead locomotive, control the
locomotive actually providing tractive
power, and otherwise control the
movement of the train, are subject to
this part.

§229.17 Aceident reports.

(8) In the casc of an accident due to
& fallure from any cause of a locomo-
tive or any part or appurtenance of a
locomotive, or a person coming in con.
tact with an electrically energized part
or appurtenance, that results In seri.
ous injury or death of one or more
persons, the carrier operating the loco-
motive shall immediately report the

§229.2

accident by toil free telephone, Ares
Code 800-424-0201. The report shall
state the naiure of the accident,
number of persons killed or seriously
injured, the place at which it occurred,
the location at which the locomotive
or the affected parts may be inspected
by the FRA, and the name, title and
phone number of the person making
the call. The iocomotive or the part or
parts affected by the accident shall be
preserved intact by the carrier until
after the FRA iInspection.

{b) Written confirmation of the oral
report required by paragraph () of
this section shall be immediately
mailed to the Federsal Railroad Admin.
istration, RRS-25, Washington, DC
20560, and contain a detailed descrip-
tion of the accident, Including to the
extent known, the causes and the
number of persons killled and injured.
The written report requlred by this
paragreph is in additioin: to the report-
ing requirements of 48 CFR part 225,

#229.19 Prior weivers.

All walvers of every form and type
from any reguirement of any order or
regulation Implementing the Locomo-
tive Inspection Act, applicable to one
or more locomotives except those pro-
pelied by steam power, shalil |lapse on
August 31, 1980, unless a copy of the
grant of walver s filed prior to that
date with the Olfice of Safety {(RRS-
23). Federal Ralilroad Administration,
Washington, DC 20590,

Subpart B—{nspections and Tests

1229.21 Daily inspection.

(a) Except for MU locomotives, each
locomotive in use shall be inspected at
least once during each calendar day, A
written report of the inspection shall
be made. This report shall contain the
name of tiie carrier; the initials and
number of the locamative; the place,
date and time of the inspection; a de-
scription of the non-complying condi-
tions disciosed by the inspectior; and
the signature of the employee making
the Inspection. Except as provided in
§ 220.9, any conditions that constitute
non-compilance with any requirement
of this part shall be repaired before
the locomotive Is used. A notation




§ 219.23

shall be made on the report indicating
the nature of the repairs that have
been made. The person making the re-
pairs shall sign the report. The report
shall be {iled and retained for at least
92 days {n the office of the carrier at
the terminal at which the locomotive
is cared for. A record shall be main-
tained on each locomotive showing the
place, date and time of the previous in-
spection.

(b) Each MU locomotive in use shall
be Inspected at least once during each
calendar day and a written report of
the inspection shall be made. This
report may be par: of a single master
report covering an entire group of
MU'’s. If any non-complying conditions
are found, & separste, Individual
report shall he made containing the
name of the carrier; the initials and
number of the locomofive; the place,
date, and time of the inspection: the
non-complying conditions found; and
the signature of the inspector. Except
as provided in § 2289, any conditions
that constitute non-compliance with
any requirement of this part shall be
repalred before the locomotive is used.
A notation shall be made on the
report indicating the nature of the re-
palrs that have been made. The person
making the repairs shall sign the
report. The report shall be filed in the
office of the carrier at the place where
the inspection & made or at one cen-
tral location and retained for at least
92 days.

(¢) Each carrter shall designate
qusalified persons to make the inspec-
tions required by this section.

{45 FR 21108, Mar. 31, 1980, as amended at
50 FR 6953, Feb. 19, 1085)

§ 229.23 Periodic inspection: Generad,

(a) Each iocomotive and steam gen-
erator shail be inspected at each peri-
odic inspection to determine whether
it complies with this part. Excepl as
provided in § 229.9, all non-complying
conditions shall be repaired before the
locomotive or the steamn generator is
used. Except as provided in § 229.33,
the interval between any two periodic
inspections may not exceed 92 days.
Periodlc inspections shall only be
made where adequate [acilities are
available, At each periodic inspection,
u locormotive shall be positioned so

49 CFR Ch. 1t (10-1-90 Edition)

that a person may safely inspect the
entire underneath portion of the loco-
mottve.

{b) The periodic inspection of the
steam generator may be postponed in-
definitely if the water suctior: pipe to
the water pump and the leads to the
main switch (steam generator switch)
are disconnected, and the train line
shut-off-valve {8 wired closed or a
blind gasket applied. However, the
steam generator shall be so inspected
befare it is returned to use.

(¢) After Apri! 30, 1980, each new lo-
comotive shall receive an Initial peri-
odic inspection before It Is used.
Except as provided in § 229.33, each lo-
comolive in use on or before April 30,
1980. shall receive an Initial periodic
inspection within 92 days of the last
30-day inspection performed under the
prior rules (49 CFR 230331 and
230.451), At the initlal periodic inspec-
tion, the date and place of ths last
tests performed that are the equiva-
lent of the tests required by §§ 229.27,
229.29, and 228.31 shall be entered on
Form FRA F 8180-49A. These dates
shall determine when the tests first
become due under §§229.27, 229.29,
and 229.31. Cut of use credit may be
carried aover from Form FRA F 61R0-
49 and entered on Form FRA F 6180-
49A.

(d) Each periodic inspection shall be
recorded on Form FRA F 6180-49A.
The form shall be signed by the
person conducting the nspection and
certified by that person's supervisor
that the work was done. The form
shail be displayed under a transparent
cover in a conspicuous place in the cab
of each locomotive,

(e) At the {irst periodic inspection in
each caiendar year the carrier shall
remove from each locomotive Form
FRA F 61B0-48A covering the previous
calendar year. If a locomotive does not
receive its first periodic inspection in a
calendar year before April 2 because it
is out of use, the form shall be
promptly repiaced. The Form FRA F
6180 -48A covering the preceding year
for each jocomotive, in or out of use.
shall be signed by the railroad official
responsible for Lhe locomotive and
filed as required in §229.23(f). The
date and piace of the last periodic in-
spection and the date and place of the




Federal Railroad Administratien, DOT

last test performed under §§ 220.27,
229.29, and 229.31 shall be transferred
to the replacement Form FRA F §180-
48A.

(1Y The mechanical officer of each
raliroad who is {n charge of a locomo-
‘{ve shall maintain in his office a sec-
ondary record of the Informmation re-
ported on Formm FRA F 4180-4%9A
under this part. The secondary record
shall be retained until Porm FRA F
8180-4PA has been removed from the
locomotive and flled in the railroad
office of the mechanical officer In
charge of the locomotive. If the Form
FRA F 6180-49A removed {rom the lo-
comotive Is not clearly legible, the sec-
ondary record shall be retalned until
the Form FRA F 6180-49A for the suc-
ceeding year is filled. The Form F
8180-49A removed from & locomotive
shall be retained until the Form FRA
F 6180-49A for the succeeding year is
{iled.

(45 FR 21109, Mar. 31, 1880, as amended al
45 FR 39852, June 12, 1980; 50 FR 6953, Feb.
19, 1885]

§229.25 Testa: Every periodic inspection.

Each periodic Inspection shall in-
clude the following:

(n) All gauges used by the engineer
for braking the train or locomotive,
except load meters used in conjunc-
tion with an auxillary brake system,
shall be tested by coinparison with a
dead-weight tester or a test gauge de-
signed for this purpose,

(b) All electricil devices and visible
insulation shall be inspected.

(c) All cable connections between lo-
comotives and jumpers that are de-
signed to carry 800 volits or more shall
be thoroughly cleaned, inspected, and
tested for continuity.

(4} Each steam genevator that is not
isclated as prescribed In § 229.23(h)
shal} be inspected and tested as fol-
lows:

(1) All automatic conirols, alarms
and protective devices shell be inspect-
ed and tested.

(2) Steam pressure gauges shall be
tested by comparison with a dead-
weight tester or a test gauge designed
for this purpose. The siphons to the
steam gauges shall be removed and
their connections examined to deter-
mine that they are open.

§ 229.27

’3) Safety valves shall be set and
tested under steam after the steam
pressure gauge is {ested.

§229.27 Annual lests.

Each locomotive shall be subjected
to the tests and inspections inciuded
iri paragraphs (b) and (¢) of this sec-
tion, and each non-MU locomotive
shall aiso be subjected to the tests and
inspections included {n paragraph (a)
of this section, at intervals that do not
exceed 368 calendar days:

(aX1} The filtering devices or dirt
collectors located in the main reservoir
supply line t¢c the sir brake system
shall be cleaned, repaired, or replaced.

(2) Brake cylinder relay valve por-
tions, main reservoir safety valves,
brake pipe vent valve portions, feed
and reducing valve portfons in the air
brake system (including related dirt
collectors and fllters) shall be cleaned,
repaired, and tested.

{3) The date and place of the clean.
ing, repairing, and testing shall be re-
corded on Form FRA F 6180-48A and
the person performing the work and
that person’s supervisor shall sign the
fcrm. A record of the parts of the air
brake system that are cleaned, re-
paired, and tested shall he kept in the
carrier's files or in the cab of the loco-
motive.

(4) At its option, a carrier may frag-
ment the work required by this para-
graph. In that event, a separate air
record shall be maintained under a
transparent cover in the cab. The air
record shall include the locomotive
number, a list of the air brake compo.
nents, and the date and place of the
last inspection and {2st of each compo-
nent. The signature of the person per-
forming the work and the signature of
that person's supervisor shall be in-
ciuded for each component. A dupili-
cate record shall be maintained in the
carrier's files.

(b) Load meters shall be tested.
Errots of lesg than five percent do not
have to be corrected. The date and
place of the test shall be recorded on
Form FRA F 6180-48A and the person
conducting the test and that person’s
supervisor shail sign the form.

{c) Each steam generator that is not
isolated as prescribed in § 229.23b),




§ 229.29

shall be subjected to a hydrostatic
pressure at least 25 percent above the
worklng preasure and the visual retuwin
water-ftow indlcator shall be removed
and inspected.

ErnrTorial Noti For a limited temporary
walver of compliance document affecting
§ 229.27 (s X 2), e 5O FR 3910, Jan. 20, 1985.

B 229.29 BHiennial Lests.

{(n) Except for the valves and vaive
portions on non-MU locomotives that
are cleaned, repaired, and tested as
prescribed in § 229.2%a), all valves,
valve portions, MU locomotive brake
cylinders and electric-pneumatic
master controllers in the air brake
system (including related dirt collec-
tors and filters) shall be cleaned, re-
paired, and tested at intervais that do
not exceed 736 calendsr days. The
date and plac: of the cleaning, repair-
ing, and testing shall be recorded on
Form FRA F 6180-49A, and the person
performing the work and that person’s
supervisor shall sign the form. A
record of the parts of the air brake
system that are cleaned, repaired, and
tested shall be kept in the carrier's
files or in the cab of the locomotive.

{b) At its option, a carrier may frag-
ment the work required by this sec-
tion. In that event, & separate air
recoréd shall be malntained under a
transparent cover in the cab. The air
record shall include the locomotive
number, a list of the air brake compo-
nents, and the date and place of the
inspection and test of each compo-
nent. The signature of the person per-
forming the work and the signature of
that person’s supervisor shail be in-
cluded for each component. A dupli-
cate record shall be maintained in the
carrier's files.

Eprronial Nore For a limited temporary
waiver of compliance document affecting
§ 219.29(a). see B) FR 3810, Jun. 79, 1985,

§22931 Waln reservoir tests.

(a) Except as provided in paragreph
(¢) of this section, before it is put in
service and at intervals that do not
exceed 738 calendar days, each muiin
reservolr other than an aluminum res.
ervoir shall be subjected t0 & hydro-
static pressure of at leasrt 25 percent
more than the maximum working
pressure fixed by the chief mechanical

49 CFR Ch. I} (10-1-90 Edition)

officer. The test dste, place, and pres-
sure shall be recorded on Form FRA F
§180-4PA, and the person performing
the test and that person's supervisor
shall sign the form.

(b) Except as provided in parsgraph
(c) of this section, each main reservoir
other than an aluminum reservoir
shall be hammer tested over its entire
surface while the reservolr is empty at
intervals that do not exceed 736 calen-
dar days. The test date and place shall
be recorded on Form FRA F 6180-48A,
and the person performing the test
and that person's supervisor shall sign
the form.

(c) Each welded main reservoir origi-
nally constructed to withstand at least
five times the maximum working pres-
sure fixed by the chief mechanical of-
ficer may be drilled over its entire sur-
face with telltale holes that are three-
sixteenths of an inch in diameter. The
holes shall be spaced not more than 12
inches apart, measured both longitudi-
nally and circumferentially, and
drilled from the outer surface to an
extreme depth determined by the for-
mula-—

D=(8PR/(S-0.6P))

where:

D=extreme depth of telltaie holes in inches
but in no case less than one-sixteenth
ineh;

P-certified working pressure in pounds per
square inch.

8. one-fifth of the minimum specified ten-
slle strength of the material in pounds
per square inch; and

R - inside radius of the reservolr in inches.

One row of holes shali be drilled
lengthwise of the reservoir on a line
intersecting the drain opening. A res-
ervoir so drilled does not have Lo meet
the requirements of paragraphs (a)
and (h) of this section, except the re.
quirement for a hydrostatlic test
before it is placed in use. Whenever
any such telltale hole shall have pens-
trated the interior of any reservoir,
the reservolir shall be permanently
withdrawn from service. A reservoir
now In use may be drilled in lieu of
the tests provided for by paragraphs
(a) and (b) of this section, but it shall
receive a hydrostatic Lest before it is
returmed to use.
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(d) Each aluminum main reservolr
wefore being placed in use and at inter-
vale thiat do not exceed 736 calendar
aavs thereafter, shall be—

(1) leaney and civen a thorough
visual insp»ction ¢ .l internatl and e¢x-
verral surfaces for evidence of defects
or deterioration; and

2) Subjected to a hydrostatic pres-
sure at least twice the maximum work-
ing pressure fixed by the chiel me-
chanical officer, but not less than 250
p.s.i. The test date, place, and pressure
shall be recorded on Form FRA F
6180 49A, and the person conducting
the Lest and that person’s supervisor
shall sign the form.

5322 (Out of use credit.

Wwhen a locornotive is out of use for
30 or more consecutive days or is cut
of use when it is due for any test or in-
spectipn required by §§ 229.23, 229.25.
229 27. 229.29, or 220.31, an out-of-use
notation showing the number of out
of use days shall be made on an in-
spection line on ¥Form FRA F 6180
49A. A supervisory employee of the
carrter who is responsible for the loco-
motive shall attest Lo the notatwn. If
the locometive is out of use for one or
more periods of at least 30 consecutive
Jdays each, the interval prescribed for
any test or inspection under this part
may be extended by the number of
Juys in each period Lthe locomotive is
out of use since the last test or inspec:
Lon i question. A movement made In
accordance with § 229.9 is not a use for
purposes of determining the period of
the out of use credit.

Subpart C—Scfety Requirements
GIENERAL REQUIREMENTS

T4 Protection personal

mjury.

Fan openings. exposed gears and
biions,  exposed moving  parts  of
mechanisms, pipes carrying hot gases
ard high-voltage eguipment, swilches,
“ireuil breakers. contactors, relays,
¥ril resistors. and fuses shall be in
hon hazardous locations or equipped

Wi;h guards to prevent personal
Injury,

aguinst

§ 229.47

§229.43 Exhaust and hatlery geaes.

(a) Products of combustion shall be
released entirely outside the cab and
other compartments. Exhaust stacks
shall be of sufficient height or other
means provided to prevent entry of
products of combustion .nto the cab or
other compartments unaer usual oper-
ating conditions.

(b) Battery containers shalli be
vernted and batterics kept from gassing
excessively.

£ 22945 General condition.

All systems and components on a lo-
comotive shall be free of conditions
that endanger the safety of *he crew,
locomotive or train. These conditions
include: insecure attachment of com
ponents, inciuding third rail shoes or
beams, traction motors and moator gear
cases, and fuel tanks; fuel, c¢il, water,
steam, and other leaks and :rcumuia-
tions of vl on electrical enquipment
that create a personal injury hazard,
improper functioaning of components,
including slack adiusters. pantogravh
operating cylinders, circuit breakers,
contactors, relays, switches, and fuses,
and cracks, breaks, excessive wear and
other structural infirmities of compo-
nents, including qutll drives, axles,
gears, pinions, pantograph shoes and
horns, third rail beams, traction motor
gear cases, and fue] tanks.

BRAKE SYSTEM

§ 22946 HBrakew: {ieneral.

The carrier shall know before each
trip that the locomotive brakes nnd
devices for regulating all pressures, in-
cluding but act limited to the auto-
matic and independent brake valves,
operate <s intended and that ‘he
water and oil have been drained {rom
the air brake system.

4 2249.47 Emergency brake value.

{a) Except for locomotives vith cabs
designed for occupancy by only one
person. ecach road locomotive shall be
equipped with a brake pipe valve that
is accessible to a member of the orew,
other than the engineer. fron that
crew member's position in the cab On
car body type locomotives, a2 bruke
pipe valve shall be attached (o the
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Appendix E

American Society for Testing and Materials Standards
for Diesel Fuel Oils

The three grades of diesel fuel oils suitable for vari-
ous types of diesel engines are described in ASTM
Standard D 975 as follows:

Grade No. 1-D—A special purpose, light distillate
fuel for automotive diesel engines in applications
requiring higher volatility than that provided by
Grade No. 2-D fuels.

Grade No. 2-D—A general purpose, middle dist)-
late fuel for automotive diesel engines, which is also

suitable for use in non-automotive applications, es-

pedially in conditions of frequently varying speed
and load.

Grace No. 4-D—A heavy distillate fuel, or a blend
of distillate and residual oil, for low- and medium-
speed diesel engines in non-automotive applica-
tlons involving predominantly constant speed and
load.




Table 4.--Detailed requirements for diesel fuel oils

Crade

Property and unit No. 1-D No. 2-D No. 3-D

Flash point, °C (°F), min. 38 (100) 52 (125) 55 (130)
Water and sediment, % vol, max. 0.05 0.05 0.50

Distiilation temperature
°C (°F) 90% vol. recovered:

min. NA 282 (540)°
max. 288 (550) 338 (640)

Kinematic viscusily,
mm?/s° at 40 °C (104 “F):

mir..
max.

Ramsbottom carbon residue on
10% distillation residue,

% mMass. max.

Ash, % mass, max.

Sulfur, % mass, max.9

Copper strip corrosion rating,
max. 2 hr at 50 °C (122 °F)

Cetane number, min.®

Cloud point, *C (“F), max.

NA = not applicable.

3 Ty meet spedial operating conditions, modifications of individual limiting requirements may be agreed upon between
purchaser, seller, and manufacturer.

b When a cloud point iess than -12°C (10 °F is specified, the minimum viscosity shall be 1.7 mm?/s (31.4 SUS) and the
minim um %% recovered temperature shall be waived.

¢ One millimeter squared per second.
4 Other sulfur limits may apply in selected areas in the United States and in other countries.
® Where ceione number by Test Method D 613 is not available, Method D 4737 may be used es an approximation.

t Low ambient temperatures as well as engine operation at high altitudes may require the use of fuels with higher cetane
ratings.

B 1t is unrealistic to spedfy low temperature properties that will ensure satisfactory operatien at all ambient condations.
However, satisfactory operation should be achleved in most cases if the cloud point (or wax appearance point} is specified at
6 °C or higner above the tenth percentile minimum amblent temperature for the area in which amblent temperatures for Us.
locations are shown {in Appendix X2) {of the ASTIM Standards]. This guidance 15 general. Some equipment designs or
operation may allow higher or require lower cloud point fuels. Appropriate low temperature operability properties should
be agreed upon between the fuel supplier and purchaser for the intended use and expected amblent temperatures.

Source: American Sodlety for Testing and Materlals.







