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Abstract: This report explains the derailment of Amtrak Train No 6 on the
Burlington Northern Railroad at Batavia, lowa, on April 23, 1990 The safety issues
discussed in this report are the lack of consistency, continuity, and
comprehensiveness in Burlington Northern's Maintenance of Way Standard Practice
Circulars, the efficacy of the rail expansion and contraction tabies in Burlington
Northern's Maintenance of Way Rules for in-track electric flash butt-welding
operations, the propriety of conducting in-track electric flash butt-welding
operations and out of face maintenance operations in cold weather, the
effectiveness of Burlington Northern's track buckling prevention seminar for the
in-track electric flash butt-welding operation, the adequacy of Burlington
Northern's supervision of in-track electric flash butt-welding operations and
implementation of maintenance of way standards;, the ambiguity of Burlington
Northern's rail temperature record form, and the lack of temperature quality
control measures such as the use of match marks for in-track electric flash
butt-welding operations

As a result of this investigation, the Safety Board made recommendations to
the Federal Railroad Administration, the Burlington Northern Railrcad Company,
the National Railroad Passenger Corporation (Amtrak), and the Association of
American Railroads



CONTENTS

EXECUTIVE SUMMARY

INVESTIGATION
The Accident
Injuries
Train and Track Damage
Personnel Information
Operating Personnel
Maintenance-of-Way Personnel
Train information
Train Maintenance and Inspectlons
Locomotive .
Passenger Equment
Postaccident Equipment Inspection
Car Inspections .
Wheel Inspection
Mechanical Records
Signal Information
Track Information
General
Accident Site Information
Track Structure
Continuous Welded Rail
Track History and Maintenance
Surfacing
Preaccident Track Inspections
Meteorological Information . .
Postaccident Track Inspection
Operational Welding Procedures
Welding Gang No 41 . :
The Holland Welding Process
Temperature Control .
Welding Gang No 41 Work Report
Supervisory Oversight

Maintenance-of-Way Rules Book CWR Instructions
Burlington Northern Maintenance of Way Supervisor Trammg

Operations Information
Method of Operation

Traincrew Efficiency Testing and Management Oversnght

Medical, Pathological, and Toxicological Information

Medical
Toxicological
Survival Aspects
Emergency Response
Hospital Response
Disaster Preparedness
Seat Rotation and Seat Locks
Tests and Research
Wheel Tests
Rail Tests
Train Simulations
Seat Lock Examination

b

WS~



Event Recorder Examination

Other Information
Association of American Railroads investigation Report
Burlington Northern Continuous Weld Rail Followup

ANALYSIS
General . C e e
The Accident e e e
Surfacing .
Temperature Control
Rail Heating Training . .
Maintenance of Way Rules . ..
Supervisory Qversight .
FRA Standards for CWR Operatlons
Emergency Response
Seat Locks .

CONCLUSIONS
Findings
Probable Cause

RECOMMENDATIONS

APPENDIXES
Appendix A--Investigation
Appendix B--Personnel Data
Appendix C-~Regu1at|ons Pertaining to Brake Tests
Appendix D--Table 1 and Paragraph J From Circular 1
Maintenance of Way Rules Book

Appendix E--Correspondence From Trison Assocnates Inc

59
61
63

o7
69



EXECUTIVE SUMMARY

About 1 26 p m central daylight time on April 23, 1990, eastbound National
Railroad Passenger Corporation (Amtrak) train No 6, the California Zephyr, derailed
at Batavia, lowa, while operating on the Burlington Northern Railroad (BN) One
passenger received serious injuries, 10 crewmembers and 75 passengers received
minor injuries The estimated damage was $1,835,000

The National Transportation Safety Board determines that the probable cause
of the accident was improper rail installation during cold weather operations
resulting from ineffective training programs, inadequate supervisory oversight and
quality control measures, and an ineffective data collection system Also causal to
the accident was the faiiure of Burlington Northern procedures to require that crews
readjust/destress continucus welded rail (CRW) after the track had been disturbed,
which resulted in a track buckle under Amtrak train No 6

The major safety issue in this accident is. Burlington Northern's installation,
maintenance, and inspection of in-track electric flash butt-welded rail Specific areas
include

o  The lack of consistency, continuity, and comprehensiveness in
Burlington Northern's Maintenance of Way Standard Practice
Circulars

o The efficacy of the rail expansion and contraction tables in
Burlington Northern's Maintenance of Way Rules for in-track
electric flash butt-welding operations

o  The propriety of conducting in-track electric flash butt-welding
operations and out of face maintenance operations in coid
weather

o0  The effectiveness of Burlington Northern's track buckling
prevention seminar for the in-track electric flash butt-welding
operation

o The adequacy of Burlington Northern's supervision of in-track
electric flash butt-welding operations and implementation of
maintenance of way standards

o  The ambiguity of Burlington Northern's rail temperature
record form

o The lack of temperature quality control measures such as the
use of match marks for in-track electric flash butt-welding
operations

As a result of this investigation, the Safety Board made recommendations to
the Federal Railroad Administration, the Burlington Northern Railroad Company,
the National Railroad Passenger Corporation (Amtrak), and the Association of
American Railroads
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INVESTIGATION
The Accident

On April 21, 1990, eastbound National Railroad Passenger Corporation
(Amtrak) train No. 6, the California Zephyr, originated in Qakland, California, en
route to Chicago, lllinois After receiving an initial terminal airbrake test! and final
inspections, the train departed about noon The train consisted of three
diesel-electric locomotive units under the control of an engineer and fireman as the
engine crew, followed by 17 cars under the direction of a conductor and two
assistant conductors. The train also had 19 on-board service personnel, including car
attendants and food service personnel. On the eastward journey, the train dropped
off one car in Salt Lake City for connections with another Amtrak train, which
mandated another initial terminal inspection at that point The train also received
two other "1,000-mile" inspections? as required by the Code of Federal Regulations
(CFR). one at Denver, Colorado, where it entered onto the Burlington Northern (BN)
system, and one at Omaha, Nebraska

On April 23, the train reached Lincoln, Nebraska, a crew change point, where
the accident train crew went on duty at 5:24 a m central daylight time  The train
crew of Amtrak No 6 was working their regular assignment on the date of the
accident This consisted of making two round trips per week between Galesburg,
Illinois, and Lincoln, Nebraska Galesburg was their home terminal assignment The
engineer and fireman had been off duty for 28 hours 14 minutes before reporting
for duty on train No 6 In later testimony, the locomotive crew stated that they
were well rested before they departed on train No 6 The train departed Lincoln at
7:39 a m, one hour 15 minutes later than the scheduled departure time due to a
variety of track, station, and operational deiays en route

1As outlined in Title 49 Code of Federal Regulations (CFR} Part 232 12, this test consists of charging
the air brake system to within 15 Ibs of the regulating or feed valve, making a 20 psi brake pipe
reduction, checking the brakes applied on the entire train, and then checking the brakes released on
the entire train  The test also includes a leakage test

2The road train and intermediate terminal train air brake test is found in Title 49 CFR Part 232 11 and
232 13 This test is commonly called the " 1,000-mile inspection” because the CFR dictates inspection
points not more than 1,000 miles apart This test is essentially the same as the initial terminal test
except that there is no specified charge in the brake system, and the train is not inspected for released
brakes



According to the engineer, after the train left Lincoln, the dispatcher radioed
the train crew about possible "flat wheels on the second car from the rear" A
section man had reported to the dispatcher that he heard the sound of a flat spot3
after the train had passed At Ashland, Nebraska, the engineer stopped the train for
15 minutes while the conductor and two assistant conductors inspected the last two
cars of the standing train No defects were found The conductor then rode the
suspect car to listen for any unusual noises but did not note any. The train had also
passed two BN wayside hotbox detectors without any reported problems

The train continued to Omaha, Nebraska, for a scheduled station stop, an
inspection, and an air brake test This was the last inspection before the derailment
At Omaha, the crew informed the private contract mechanical inspectors of the
Ashland inspection results and requested that special attention be given to the
wheels on the last two cars. The mechanical inspectors found a "smali flat spot” that
was not condemnable4 under Rule 41 of the Field Manual of the Association of
American Railroads (AAR) Interchange Rules The unscheduled stop at Ashland,
track and operating restrictions from Lincoln to Omaha, and additional station time
at Omaha delayed Amtrak train No 6's departure another hour The train departed
Omahaat9 21am, 2 hours 15 minutes behind schedule

After crossing the Missouri River, the fireman took control of the train and ran
it to a scheduled stop at Creston, lowa The fireman was fully qualified by Amtrak
and BN to operate the train. Amtrak stated that it is common Amtrak practice for
the engineer and the fireman to alternate operating the train several times during a
trip to minimize fatigue and maximize alertness From Creston, the assigned
engineer ran the train to the next scheduled stop at Ottumwa, lowa, where the
fireman again took control (See figure 1.)

Approaching Batavia, 13 5 miles east of Ottumwa, the train descended a 68
percent grade at the 79 mph maximum authorized speed, according to the event
recorder, and rounded a 1° 02' left hand curve near milepost (MP) 266.4 as measured
from Chicago, lllinois A section foreman, standing on the inside of the curve,
inspected the train as it passed, but noted no exceptions According to the engineer,
the fireman followed normal train handling procedures, making a minimum brake
application at the time and making a brake release to control speed, shortly
thereafter.

As the train moved through Batavia, the conductor was waltking forward
through sleeping car No 32063, the sixth car from the head-end The conductor
stated that immediately before the derailment he felt a "tremendous bump felt
like |l went up in the air " Both assistant conductors in the lower level of sleeping car
No 32064 (fourth car from the end) stated that they felt a severe bump immediately
before they heard the noise of ballast striking the under frame of the car When the
train derailed, the midday meal was being served in the dining car, and many
on-board service personnel were engaged in food service activities or preparing the
cars for the anticipated arrival in Chicago within the next several hours

3A flat spot is an elliptical plane on the surface of a railroad wheel's tread usually created by the
sliding of the wheet on rail while bhraking

4Railroad equipment is condemnable or not fit for service if it exceeds certain prescribed limits or
measurements
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Figure 1 --Route of Amtrak train No. 6.



According to the engineer, he felt nothing unusual riding through Batavia
The fireman stated he had released his brakes approximatelﬁ 1/8th mile before the
train derailed while moving at 77 mph with the throttle in 4th notch 5 The engineer
said he then felt "a pretty hard jerk on the engine back and forth." Both the
fireman and engineer immediately looked back at the train in their rear view mirrors
and saw a cloud of dust and the erratic movement of the derailing cars The fireman
made an emergency application of the air brakes and put the throttie in the OFF
position

About 1:26 p m, the last eight cars of train No 6 derailed on the BN mainline
track near MP 266 at Batavia, lowa The first derailed car, lounge car No. 33021,
remained upright The other cars, except the last one, came to rest leaning to the
north at various angles, the last car leaned toward the south. The eight cars came to
rest in a very shallow ar¢ The lead derailed car was almost centered on the
eastbound track and the last car was just south of the eastbound track The last four
derailed cars had struck and sideswiped a gondolab car parked on an adjacent siding.
None of the derailed cars rolled over on their side, although several leaned severely
The train remained coupled throughout the derailment. (See figures 2 and 3.)

According to Amtrak, 341 passengers were on the train at the time of the
derailment A total of 86 passengers and on-board service personnel were injured
and taken to six area hospitals There were no fatalities Amtrak provided
accommodations and transportation for the uninjured passengers

The three locomotive units and first eight cars that remained on the track after
the derailment were uncoupled from the rest of the train and taken to Chicago for
Amtrak and Federal Railroad Administration (FRA) inspection After inspection,
Amtrak placed the nonderailed locomotive units and cars in service on other trains.

Injuries
Injury Table
Operating On-Board Passenger Total

Fatal 0 0 0 0
Serious 0 0 1 1
Minor 1 9 75 85
None 4 10 265 279

Total 5 19 341* 365

*Estimated by Amtrak

SDiesel-electric locomotive units have throttles with progressive notches or segments beginning at 1
and ending at 8 that allow the engineer to adjust the demand for power

BA railroad gondola freight car is a low, fixed-side, open top car that is primarily used to transport
ipads that require little or no protection from the weather
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Train and Track Damage

Amtrak and BN estimated the damage as

Amtrak Equipment $1,705,000
BN Eguipment 5,000
Track 75,000
Wreckage Removal 50,000
Total $1,835,000

Personnel Information

Operating Personnel.--Amtrak employees on the train consisted of the
operating crew {engineer, fireman, conductor, and two assistant conductors) and 19
on-board service personnel (car attendants, dining car waiters, and food service
personnel)

The engineer was hired by Amtrak on March 18, 1987, from the Illinois Central
Gulf Railroad (ICG) He had started his operating career on the Gulf, Mobile & Chio
Railroad (GM&O) in 1961 as a fireman and was promoted to engineer in June 1965
He continued to serve as an engineer after the GM&QO merged with the lllinois
Centrai Railroad to become the ICG

The engineer stated that he had successfully completed his last annual rules
examination on the General Code of Operating Rules (GCOR) and Amtrak rules in
October 1983 The Galesburg-Lincoln run was his regular assignment He received
his most recent Amtrak locomotive engineer evaluation and examination in July
1989, it stated that he "is an above average engineer He demonstrates very good
train handling abilities as well as thorough knowledge of the territory, rules, and
special instructions " According to the engineer's Amtrak record, supervisors had
conducted numerous ride checks and found his operating procedures fully
acceptable On two occasions, supervisors checked five operating rules as the
engineer operated trains through the Batavia area In 1987, Amtrak’s transportation
manager had nominated him for the Amtrak President's Achievement Award, the
company's highest honor The engineer had been held out of service for 4-1/2
months before the accident (December 1989 to April 1990) for running a train 40
mph in a 20-mph temporary speed restriction area In testimony after the accident,
he stated that was the first time in his raiiroad career that he had ever been held out
of service for disciplinary action When he returned to service on April 10, 1990, he
to%kbvac;tion Before the accident, he had made one trip from Galesburg to Lincoln
and bac

The fireman, who was at the controls at the time of the accident, began his
railroad career on the ICG railroad in April 1978 He was hired by Amtrak in April of
1988 as a fireman and had served in that capacity since then Although called a
"fireman," he was in fact a fully qualified engineer, having qualified on the territory
between Galesburg, illinois, and Creston, lowa, in July 1988 and between Creston,
lowa, and Lincoln, Nebraska, in April 1989 He had successfully passed the most
recent annual BN Book of Rules examination in November 1989 Since October 1988,
the fireman had received 31 "ride checks," or evatuations by supervisors riding in the
cab to check rules compliance These evaluations covered 133 rules, some
evaluations were for the same rule Records show that supervisors noted three rule
exceptions one for “3 2 mph over the speed limit, one for "sounded whistle



improperly," and one for "failed to blow into grade crossing.”" On July 17, 1989,
during a ride check for four rules as the fireman operated through Batavia,
supervisors noted no exceptions Supervisors and evaluators rated the fireman's
performance “standard”; the other two categories were "above standard” and
"below standard "

The 19 on-board service personnel had completed 8 hours of recurrent
emergency training in the past 2 years, as required by Amtrak.

A review of the operating crews' medical records showed that the engineer
and fireman had received their required annual company physical examinations on
April 10, 1990, 13 days before the accident. Both had corrected 20/20 vision The
engineer was required to wear glasses "all the time " He had been taking daily
blood pressure medicine for 20 years, and his latest medical examination revealed no
biood pressure problems BN's medical examination found both the fireman and
engineer physically fit for duty.

Maintenance-of-Way Personnel --Accident investigators later identified BN
maintenance-of-way (MOW) personnel (welding gang No 41 supervisors) who had
been involved with the track work in the Batavia area before the derailment. The
Safety Board subsequently interviewed the system director of maintenance, the
Galesburg division superintendent of maintenance and engineering, the Galesburg
division manager of gangs, the Batavia area roadmaster, the welding gang No 41
general foreman, welding gang foremen, and the welding gang heater operator

BN is divided into nine subdivisions by geographical area, each of which is
headed by a division superintendent who also serves as an operating department
officer. All division-level MOW officers support the operation of trains by
maintaining the track, bridges, and buildings within their divisions Division-level
MOW officers report to the division superintendent In addition, division MOW
supervisors and managers have an indirect reporting responsibility to the system
chief engineer and his staff who coordinate MOW activities throughout the BN .

One of the chief engineer's staff members, the director of maintenance,
oversees BN's rail %rinding program and acts as “system track inspector” during his
frequent travels throughout the system He also conducts seasonal training to
division supervisors and managers such as the seminar on track buckling

The superintendent of maintenance and engineering is responsible for all
MOW activities within a division His staff members include the manager of gangs
and roadmasters The manager of gangs is responsible for documenting and
coordinating the activities of the seasonal specialized production gangs throughout
the division Within each division or subdivision, roadmasters are permanently
assigned maintenance and inspection responsibilities and have group of inspectors
under their supervision full-time A roadmaster may provide support to a gang that
is temporarily working in his territory.

The general foreman of a gang works for the division manager of gangs and
the superintendent of maintenance and engineering Depending on work
requirements, inspectors or roadmasters from one division of the railroad system
may be assigned as a general foreman and/or subordinate foremen in another
division during the winter or "off season” or when an area temporarily needs a

gang



The director of maintenance was hired by the St Louis and San Francisco
Railroad in 1963 as a laborer He was successively promoted to foreman, roadmaster,
division engineer, regional maintenance engineer, and director of maintenance As
maintenance director, he had been presenting the 1-day track buckling seminars
annually throughout the BN system for the past 5 years

The general foreman of welding gang No 41 was hired by BN in 1974 as a
MOW worker He became a foreman in 1976 and also worked as a track inspector
from 1976 to 1988 In 1985 he was the first foreman to be assigned to the newly
created “Holland"7 welding gang and supervised the gang in 1985 and 1986 The
general foreman became part of BN management in 1988 and attended
management training and “track buckling school” in 1988 and 1989 In 1989, he was
again assigned to the Holland welding gang No 41 as general foreman, having
overall on-site responsibility and control

The superintendent of maintenance and engineering received an under-
graduate degree in civil engineering from the University of Minnesota in 1977
Upon graduation he was hired by BN as a management trainee in the MOW
engineering department After completion of program training, he served in
various MOW positions, advancing into positions of greater responsibility until he
became superintendent in October 1988

The manager of gangs was hired by BN in June 1973 as a track laborer He later
worked as a welder, foreman, and track inspector In fuly 1976, he entered
management as a roadmaster The manager of gangs was promoted to district and
then general roadmaster before becoming manager of gangs in October 1988 In
addition to approximately 10 weeks of track technical training classes and 15 weeks
of management training classes, he had also attended the annual track buckling
seminars given by the director of maintenance since 1987

The foreman of welding gang No 41 was hired as a BN MOW worker in June
1972 and became a foreman in December 1973 Since that time, he had worked as a
foreman and track inspector He worked as a Holland welding gang foreman in
1988 and 1989 and had attended the annual track buckling seminar with the general
foreman during those years

Train Information

Train Maintenance and Inspections --Amtrak records show that train No 6 was
inspected under requirements set forth in 49 CFR Parts 230 and 232 for equipment
At its origin in West Oakland, California, train No 6 received the required initial
terminal airbrake tests and locomotive inspections, which also included Amtrak's
routine inspections for comfort and convenience The train received initial terminal
or "1,000-mile” equipment inspectionsin Salt Lake City, Utah, Denver, Colorado, and
Omaha, Nebraska The inspections were mandated by the Federal Railroad
Administration (FRA) No problems were found at any of these intermediate
inspection points The train passed wayside detectors (hotbox and dragging
equipment) throughout the journey that reported no problems Neither the crew
nor the passengers reported any unusual noises before or after leaving Lincoln At

BN uses Holland in-track welding equipment for field welding of CWR BN workers therefore refer
to the welding gang as "the Holland welding gang "
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Omaha, private contract inspectors examined the flat spot and found it 1o be very
minor and not beyond FRA condemning limits. Engineer reports (MAP 100) from
en?(ineers who operated Train No 6 showed no problems or failures between West
Oakland and the accident site. {See appendix C.)

Locomotive.--The train was powered by three diesel-electric locomotive units,
all of which were 3000-hp F40PH models built by General Motors Electro-Motive
Division. Amtrak has bought three variations or design phases of the FAOPH Except
for a slightly larger fuel tank in the second and third phases, the phase differences
are generally not discernible Unit 262 was a second phase unit, and units 331 and
343 were both third phase units. An FA0PH rides on two two-axle trucks with 40-inch
diameter wheels Amtrak's F4AOPH locomotive units are lighter (130 tons) than a
typical freight unit (200 tons). According to Amtrak, lighter weight minimizes the
mechanical forces on track structure at the higher operating speeds of passenger
trains, allowing Amtrak to operate over the wide variety of track quality found
throughout its system

The FA0PHs provide head-end power (HEP), or electrical generation, for
Amtrak's all-electric passenger cars. The HEP provides electricity for the train’s heat,
lighting, and air conditioning systems Generally, only one locomotive unit is
reﬁguired to provide HEP for a train, allowing any others to be dedicated for tractive
effort

Each locomotive unit was equipped with an Aerotron four-channel radio;
schedule 26L air brake equipment; Pulse Electronics, Inc., Train Sentry |l alerter;
speed indicators; twin sealed-beam headlights, and over-speed limit control with a
warning whistle The first and last locomotive units also had a Pulse Electronics, Inc,
multievent recorder system that measured and recorded the following onto a
magnetic tape cartridge: elapsed time, distance, speed, traction motor and dynamic
brake amperage, throttle position, automatic brake application, alerter
cut-in/cut-out, cab signal acknowledgement, and horn. The middle locomotive unit
had a paper and stylus speed recorder that indicated speed and distance

The locomotive units also had a blended braking system that automatically
mixed an automatic air brake application with dynamic braking, depending on
speed and the braking demand The engineer could nullify the dynamic portion of
the It_)len_ded braking by depressing the independent brake handle during a brake
application

Passenger Equipment --At the time of the accident, the train had 16 cars The
first three were material handling cars (MHCs) used in mail and express service

The next two cars, No 1165 and No 39900, were "heritage“ or pre-Amtrak
railroad-owned cars Car No 1165 was a baggage car On-board service personnel
used car No 39900, a bilevel dormitory-coach car originally owned by the Santa Fe
(ATSF) Railroad, for living quarters and as a transition car from the single-fevel
baggage car to the more modern bilevel Superliner cars

The remaining 11 cars in the consist were all Superliner cars, designed and built
by the Pullman Standard Company of Chicago under Amtrak contract in the 1970s
Tge five configurations or types of superliner cars are coach, coach-baggage, dining
car, sleeping car, and lounge-cafe.
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Passengers entered and exited the Superliner cars through side doors on the
lower level near the cars' center On the lounge-cafe and dining cars these doors
were for employee use and ordinarily used by passengers only in the event of an
emergency A stairway near the center entry doors of each car provided access to
the ISupierliners' upper level Passengers moved from car to car through the upper
level only.

Superliner coach seating capacity was 62 on the upper level and 15 on the
jower level AMI Industries Incorporated {AMI) of Colorado Springs, Colorado, and
Coach & Car Equipment Corporation of Etk Grove Valley, lllinois, manufactured the
coach seats Each double seat unit on either side of the aisle was approximately 42
inches wide. The aisle width was 22 inches The seats were designed to rotate 1800
and recline, depending on the location within the car, allowing passengers to face in
the direction of movement without Amtrak having to turn the car around A "seat
lock" or antirotation device, operated by an aisle side foot pedal, locked the seat
into position once it had been rotated to the desired direction Coach & Car seats
were equipped with Coach & Car seat locks; AMI seats were retrofitted with Trison
seat locks Seats were also equipped with foot rests, leg rests, and fold-down airline
type tray tables Handicapped passenger seats were on the lower level Seats were
numbered consecutively from left to right starting at the A-end of the coach
Overhead storage racks above the seats extended the length of each coach on both
sides to accommodate unchecked baggage and personal belongings

The lower level of each coach also had four unisex toilets, one ladies lounge
with toilet, and one handicapped restroom Across from the stairwell to the upper
level was a storage area for unchecked baggage and a wheelchair ramp.

In the Superliner coach-baggage cars, Amtrak had replaced lower level seating
with a segregated checked and unchecked baggage storage area and had increased
upper level seating to a high-density seating capacity of 78 The seats in the
coach-baggage cars were equipped with the same rotational seats and seat locks as
those in the coaches

The Superliner lounge-cafe car had seats for 73 passengers, 50 on the upper
level and 23 on the lower level Each end quarter of the car's upper level consisted of
an "observation area” with 14 rotating seats that did not lock but were mounted on
a resistance bearing Passengers in these 28 seats were free to swivel so that they
could have a maximum view of the scenery or a closed circuit TV mounted on each
end wall. The middle half of the car had fixed seats in a lounge arrangement and
was equipped with a bar or counter near the stairwell for serving beverages and
light snacks

The lower level of the lounge-cafe car was equipped with a full-service food
and beverage bar, including two convection ovens, one microwave oven, storage
freezer and refrigerator, sink, and coffeemaker Lower level seating included 3
booths for four passengers each and 11 fixed seats in a small lounge area with an
electric piano.

The Superliner dining car had a seating capacity of 72 at 18 booths with four
seats each All seating was on the upper level The iitchen, food preparation and
storage areas, dishwashing facilities, and crew toilet were all on the lower level
Two dumbwaiters carried ?ood to the upper level and the midcar maitre d's station,
which had a soup warmer counter and two full-size refrigerators All appliances
were electric
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The Superliner sleeping cars had accommodations for a maximum of 44
passengers. The 14 economy rooms could accommodate 2 passengers each; the 5
deluxe rooms, 2 passengers each; a family room, 4 passengers; and a handicapped
room, 2 passengers

Superliner cars were equipped with a “standard” 24 x 66-inch window. A
variety of standard and half-standard windows were found on the lower level,
depending on car type All midsection lower level exterior exit doors had a
half-standard door window. Each car had four upper level windows designated as
emergency exits The next to the last windows from each end of the cars on one
side, and the fourth from the end windows on the other side were designated as
emergency exits A minimum of one window in three was designated as an
emergency exit on the lower level, depending on the car type

The Superliner exteriors were a combination of flat and corrugated stainless
steel sheeting.

In addition to the locomotive HEP, each car had a battery for emergency lights
and short-term backup needs. Six types of service lighting were available in the
Superliner cars, depending on the car type. fluorescent background cove,
incandescent reading, aisle, rest room, ceiling, and car body end lights.

Each car had air conditioners in the lower level at both ends above the trucks.
The cars were electrically heated using both overhead and floor heating units.

Postaccident Equipment inspection

Car Inspections.--At the accident site, Safety Board investigators gave the eight
derailed cars an initial visual inspection The train had remained coupled
throughout the derailment, and some coupler shanks8 of the derailed cars were
twisted

The last four cars showed evidence of contacting or striking the empty gondola
car that had been placed on an adjacent parallel siding A corner of the gondola
contained pieces of stainless steel from the passenger car side sheeting. All contact
points on the gondola and the passenger cars matched according to height and
other dimensional data The gondola had been struck on the corner near the hand
brake and was moved along the length of the siding until it struck a derail? near the
switch stand. (See figure 4)

The fourth car from the end, sleeping car No. 32064, received a slight crease
about 18 feet long on the B end10 and about 60 inches from the top of the track rail,
where it contacted the gondola side's top rail lip. The next car, coach No 31012,
contacted the bottom edge of the gondoia side sill, which ripped a continuous cut
into the side sheet stainless steel sheathing of the passenger car about 3/4 of its
length, then caught and bent the corrugation and step at the A end. The corner of

8Coupler shank is that part of a coupler between the coupler head and the swivel pin
9A track structure for derailing rolling stock in case of an emergency

10Railroad car ends are designated "A" or "B" according to the position of the hand brake, which is
normally located at the B end
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Figure 4.--Damage to gondola.
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the ﬁondola ripped large gashes in the trailing half of the last two cars on their
south sides just below the top/lower deck separation (See figure 5)

These last two cars, coach No 34001 and sleeping car No. 32046, had significant
interior damage Coach No 34001 had interior and exterior wall damage from the
upper level floor starting at seats 75-76 on the right (south) side and continuing to
seats 83-84 at the end of the car Insleeping car No 32046, the interior and exterior
walls of rooms 14 and 15 were destroyed, along with the car's stairwell

All the derailed cars sustained damage to the equipment attached to the
bottom of the cars' underframes. Components such as the electrical conduit and air
brake piping, valves, and reservoirs were damaged when the derailed cars straddled
rails and track parts while riding on the ballast and ties

Wheel Inspection --After workers rerailed the train's last eight cars, they were
moved to Fairfield, lowa, for more thorough inspection and preparation for
movement to Amtrak's Beech Grove (Indianapolis), Indiana, shop for repair Fifteen
pairs of wheels were removed for replacement due to wheel flange or disk brake
damage, suspected bearing damage, or other running equipment damage that
might cause a derailment or endanger the damaged cars’ continued movement

Lounie car No 33021 and dining car No 38017, the 9th and 10th cars, had
scrape marks along the outer edge of the wheel rim on the south wheels and scrapes
on the inside of the north brake disks However, neither one had to have wheels
changed at Fairfield No other car wheels displayed such marks.

All derailed cars had some wheel damage The worst case was multiple strike
marks in one area on a wheel of car No 31012. The damaged part of the wheel was
sent to an independent laboratory, Transportation Services Division of
Transportation and Distribution Associates, Inc (TSD, Inc.), Springfield, Missouri, for
analysis

Mechanical Records --Safety Board investigators reviewed equipment
maintenance records after the accident Locomotive unit documents examined
included the FRA Locomotive Inspection and Repair Record (Form F6180-49A),
Locomotive Daily Inspection Card (FRA Rule 203), and Amtrak maintenance forms
Investigators also reviewed computerized Amtrak passenger car maintenance
histories and work sheets They found no discrepancies in car or locomotive parts, or
maintenance practices and inspections

Signal Information

Train movements through Batavia are controlled by wayside signals as part of
an automatic block signal (ABS) system, by track warrant control (TWC), and by
centralized traffic control (CTC) on the subdivision where double track changes to
single track. After the accident and before workers moved the wreckage,
investigators examined the signal system. Beyond the immediate damage to the
continuity of the track circuit system, investigators found no defects, and the signal
system functioned as designed

Track information

General --The derailment occurred on the second subdivision of the BN's
Galesburg division A segment of BN's mainline between Chicago and Denver, the
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Figure 5.--Damage to coach and sleeping cars.
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second subdivision runs east-west for 230 5 miles between Galesburg, Illincis, and
Creston, lowa Originally built in 1864 as part of the Chicago, Burlington & Quincy
Railroad, the subdivision is heavily traveled According to BN, the subdivision moved
approximately 38 million gross tons of freight in 1989, mostly in unit coal trains
More than 20 million gross tons of traffic passed through Batavia in the 5 1/2 months
before the derailment

Accident Site Information --Two mainline tracks run through the south side of
Batavia, the westbound (north) track is designated track No 1, and the eastbound
(south) track is designated track No 2 From MP 266 2 to MP 265 8, the track grade
profile through Batavia is in the bottom of a sag vertical curve 11 East of Batavia,
past MP 265 8 in the direction train No 6 was heading, the track profile rises at
0 5 percent grade for the next 3/10 of a mile, ievels off for a 1/2 mile and then climbs
again at 0 54 percent for 1 1/4 miles into Agency City Woest of Batavia, past MP
266 2, the grade profile rises at 0 5 percent for 1/10 of a mile and then increases to
0 66 percent for the next 1 1/10 miles after which the uphill grade profile gradually
decreases toward Creston

BN officials and track inspectors indicated that due to the shallow rising terrain
on either side of Batavia, rail movement and track stability had not been a problem
in the Batavia area According to BN, when a railroad's grade, traffic, or both, are
significant, gravity and the downhill braking of trains creates a tendency of rail to
run or move toward the bottom of a sag.

County Road 43, a north-south public road, runs through Batavia and crosses
the railroad at grade The grade crossing has flashing warning lights Just west of
the road crossing, the railroad curves 1° 02’ for about 1/4 mile, limiting sight distance
east of the road crossing and through Batavia A turnout for a track crossover from
the eastbound No 2 track to the westbound No 1 track is about 400 feet east of the
road crossing Both railroad crossover turnouts are No 11, 132-lb R E rail with
railbound manganese frogs!2 A left hand turnout to a track siding is located at
MP 266 and extends about 1/10 mile south and parailel to the eastbound No. 2
mainline track. (See figure 6)

The railroad right-of-way through Batavia varies in width from 30 to 485 feet.
Light agricultural industry is located on both sides Just off the right-of-way near the
east end of the derailment site are a few single-family homes

Track Structure.--Mainline rail through Batavia from MP 266 7 to MP 273 1 is
129 ibs per yard of CWR In the Batavia area, the distance between mainline track
centers is about 14 feet Rails lay on double-shouldered tie plates with two
rail-holding spikes on the gage side (inside) and one rail-holding spike on the field
side (outside) Tie plates are spiked to 7 inch x 9 inch x 8 feet 6inch, grade No 5
hardwood ties Ties are spaced at 19 1/2 inches between centers Track surface and
alignment are maintained on crushed granite about 1 1/2 inches in size In the
undisturbed areas immediately east and west of the derailment area, the tie cribs
were full and the shoulder ballast extended about 12 inches or more beyond the tie

1A sag vertical curve is a vertical transition curve in the profile of a track to connect intersecting
grade lines and permit the smooth and safe operation of trains over summits and across sags

124 frog is a track structure used at the intersection of two running rails to provide support for wheels
and passageway for their flanges, thus permitting wheels on either rail to cross the other
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ends All ties were box-anchored, that is, anchored on both sides of the tie, to
prevent longitudinal movement of the rail in either direction for about 1,675 feet
west of the accident site and 1,000 feet east of the accident site Beyond these limits,
every other tie was box-anchored

The ieft hand turnout to the crossover, which the train passed just before
derailment, was constructed of 132-pound rail with Pandrol rail fasteners All
mainline and closure rail joints in the turnout were field-welded The stock rail was
undercut to accommodate the 16 1/2-foot mainline rail Samson switch point

Continuous Welded Rail.--CWR has no joints; joints are welded together either
in a rail plant or in the field The concept og welding rails together to eliminate the
disadvantage of rail joints was conceived in the early 1930s According to the AAR,
about half of all jointed rail defects develop within the area enclosed by the joint
bars The inherent benefits of CWR are reduced track maintenance, reduced
harmonic roli3 and in-train forces, and stronger track structure. However, CWR is
subject to mechanically induced outside forces when loaded and to thermally
induced internal forces from expansion or contraction CWR must therefore be
longitudinally restrained to prevent rait movement caused by these mechanical and
thermal forces Although these forces are present in all railroad rail, they are much
greater in CWR because the absence of joints eliminates gaps which accommodate
the tendency to expand or contract and the resulting longitudinal rail forces

Longitudinal restraint in CWR generally takes the form of additional rail
anchors, shoulder ballast, or both; elastic clips in lieu of rail holding spikes; and
possibly larger or heavier ties When the longitudinal mechanical and thermal
compressive forces in CWR build up to a point at which they exceed the ability of the
track structure to restrain the forces, track buckling will occur  According to the
American Railway Engineering Association (AREA), the MOW arm of the AAR, the
magnitude of force that may be developed within CWR, independent of its length, is
the product of the difference in temperature between the laying (anchoring)
temperature and current rail temperature multiplied by the cross-sectional area of
the rail and the factor of 195 psi 14

Track buckling is also referred to as a "sun kink," and usually takes two forms
or shapes in straight track--an "S” shape with symmetrical lobes on each side of the
track centerline or a "longhorns” shape that has a small lobe on each end of the
buckle on one side and a large center lobe on the other (See figure 7)

Mechanically induced longitudinal rail forces develop as a result of the
wave-like rolling motion created in the rail when it bends under the continuously
moving weight of a train Although this mechanical loading is usually not sufficient
by itself to buckle track, it can produce longitudinal creep or movement of the rail
When this creep is restrained, as in the case of well-anchored CWR or at anchor
pc}iﬂts sxﬁch aslturnouts and grade crossings, longitudinal compressive forces build up
within the rai

13Harmonic roll is the excessive lateral rocking of rail cars and locomotives, usually at slow speeds
between 10 and 25 mph, associated with jointed rail in extreme cases this phenomenon can result in
wheels lifting off the rail and the train derailing

1The internat stress of restrained rail is the product of the coefficient of expansion and the modulus
of elasticity of the steel, times the change in temperature
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Types of Track Buckles
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"Longhorns" shape

Figure 7 --Types of track buckles
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Thermally induced longitudinal rail forces result when restrained CWR seeks to
expand or contract beyond its force-free or neutral temperature state The neutral
rail temperature is an estimate of the temperature of the steel rail under conditions
free of internal forces due to thermal stress or strain Thermal expansion causes the
compressive longitudinal forces found in track buckling Because a difference in rail
temperature from the initial laying temperature (when the rail is anchored or
restrained) determines the magnitude of the thermally induced internal
longitudinal rail forces, the proper selection and control of CWR installation
temperature is very important Consequently, many railroads have well-defined
installation temperatures for different geographical and climatic locations that are
intended to minimize the thermally induced internal longitudinal rail forces
throughout the range of seasonal temperature change This installation
temperature is commonly referred to as the neutral temperature If the rail
temperature is below the designated neutral temperature at the time of CWR
installation, the rails are artificially heated to the neutral temperature and then
immediately anchored Conversely, if the rail temperature at the time of CWR
installation is above the neutral rail temperature, the rail is cooled, usually by
spraying with a coolant, and then anchored Each railroad develops its own CWR
standards, which can be customized to its geography and climates

The same restrained mechanical and thermal forces that make up the
longitudinal rail forces may also lead to permanent stresses and deformation in the
CWR that build up over time, changing the neutral rail or installation temperature
This often occurs in conjunction with maintenance activities such as surfacing
Surfacing is the process of raising the track and leveling the roadbed on which it
rests, aligning the track back into place After such operations, the force-free or
neutral temperature is no longer the same, and the CWR should be adjusted?5 to
conform to the new conditions

Track History and Maintenance --During the 9 months before the accident, BN
had performed a significant amount of track work in the Batavia area In August
1989, the crossover between the eastbound and westbound mainline tracks had
been moved about 200 feet west toward the grade crossing and reversed for the
current westbound to eastbound movements. This also involved the replacement of
one crossover turnout with a new prefabricated 132-pound rail turnout Between
June and November 1989, all rail joints in the eastbound mainline turnout of the
crossover (on which the accident train traveled) were field-welded Between August
30 and November 17, 1989, all the 129-pound jointed rail on the eastbound mainline
between MP 250 and MP 266 3 was field-welded into CWR by BN welding gang
No 41 using Holland welding equipment

On November 22, 1989, BN surfaced and lined the eastbound mainline through
Batavia including the crossover turnout To provide uniform compaction and
minimize settlement of the ballast under traffic, BN used a tamping machine, which
vibrated the ballast and raised the entire track structure an estimated 1/2 inch From
records obtained from nearby Ottumwa Airport, Safety Board investigators
determined that on November 22, 1989, when BN surfaced the Batavia area track,
the high ambient temperature was 33° F and the low was 22°F  After the track had

SRail is adjusted according to its temperature to minimize longitudinal forces, usually by removing
rail anchors and adding or removing small sections of rai)
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been surfaced and lined, BN made no follow-up adjustment of the rail to
accommodate any change in the neutral rail temperature of the CWR

Surfacing --BN records show that the last time that the track in the Batavia area
was disturbed before the accident was the week after gang No. 41 finished welding
CWR According to BN, surfacing was necessary to reestablish a smooth and uniform
rail surface that was free of the humps or dips that can be created during the in-track
electric flash butt-welding operation The surfacing involved one or more of the
following operations: lifting the track, aligning the track, and tamping the ballast.

According to the AREA, after surfacing is performed on CWR track, the rail
should be adjusted (destressed) Once the bond between the tie and the ballast is
broken, no restraint remains that will prevent the rail from contracting or expanding
to a force free condition, a new neutral rail temperature When this occurs, the new
neutral rail temperature becomes whatever the rait temperature is when the ballast
to tie bond is reestablished Therefore, once surfacing is complete, the rail must be
adjusted to the specified neutral rail temperature for the geographical zone by
heating or cooling the rail before reanchoring If not adjusted immediately, CWR
should be closely manitored for rail movement if ambient temperatures begin to
increase  The AAR also recommends that an adjusted track be closely monitored
until the passage of tonnage trains establishes a new ballast and tie bond.

Appendix A, "Prevention of Track Buckling,” in BN's MOW rules book contains
the following instructions for installing concrete ties and maintaining CWR track.

Concrete Tie Installation

2. At the completion of each day's work, a new neutra!l rail
temperature is established. Undercutting and resurfacing
behind also establishes a new neutral temperature

4 Correction of existing neutral temperature to the desired
neutral temperature as shown in M/W Circular 1, Pages 5
through 9, will be performed by destressing crews

Destressing Concrete Ties

2. During destressing, all rail clips will be removed and
rail/track tension will be relieved through stretching, cropping,
and heating, or a combination of these techniques As with
wood ties, care is to be exercised when releasing rail, cutting,
and pulling around curves to avoid rail from moving in
undesired directions Equal stressing is to be achieved for both
rails

Maintenance of Concrete Tie Track

The following affect lateral resistance

1 Neutral temperature This is changed any time
maintenance is performed (surfacing, joint elimination,
and rail replacement)
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With the exception of the above instructions for concrete tie installation, BN's
MOW rules book does not specifically require adjustment of CWR track after
surfacing The MOW rules do advise that precautions should be taken when
surfacing during periods of warm weather, that the rules do not contain precautions
for cold weather The rules also require that "any time track shows indications of
tight rgi! or exhibits a track buckling tendency, the rail must be cut and stress
relieved "

Preaccident Track Inspections --BN had maintained the second subdivision in
compliance with Federal Track Safety Standards (CFR 49, Part 213) for class 416 track
with an 80-mph speed limit for passenger trains These standards require the carrier
to inspect the track twice weekly with an interval of at least one calendar day
between inspections BN inspectors examine the second subdivision mainline (230 3
miles) daily from a hi-rail vehicle and either report any defects or correct them on the
spot The track in the Batavia area was last inspected for compliance with FRA
standards on March 6, 1990, by an towa Department of Transportation (IDOT) track
inspector who found no defects between MP 232 and MP 278. In the 30 days before
the accident, BN track inspectors found and corrected 15 FRA defects between MP
218dand MP 278 A BN inspector recorded the following defects at or near the
accident site.

Date Location BN Description Corrective Action and Date
3-06-90 Eastbound Mp 266 1 133 07 New Cotter Pins 3-06-90
3-06-90 Eastbound Mp 266 0 12105 New Bolts, Repaired 3-06-90
3-14-90 Eastbound Mp 2665 3307 Filled in With Rock 3-14-90
3-15-90 Eastbound Mp 2662 14102 Welders Repaired 3-15-90
3-16-90 Eastbound Mp 2664  Low Spot Raised 3-16-90
3-23-90 Eastbound Mp 2669  High X-plank Renewed 3-23-90
4-16-90 Eastbound Mp 266 4  <2Bolts/railend Replaced and Tightened
4-23-90 Westbound Mp 2635 12107 Replaced Bolts, Tightened

A BN track geometry cari? last evaluated the second subdivision on March 26,
1990 No defects were detected in the Batavia area between MP 254 5 and MP
268 8

On the day of the accident, a BN track inspector had made a routine inspection
of both mainline tracks as he passed through Batavia on the westbound main about
10.50 am He did not stop at any of the turnouts, nor was he required by Federal or
company reEulations to do so He took no exception to the condition of the track
This BN track inspector had been assigned to the second subdivision area for 7 days
bgfore the accident He had been a qualified BN track inspector since November
1980

t6The FRA classifies track into one of six classes Track class determines the speed limits of trains, class
1is the slowest and class 6 the fastest Track class is determined by parameters such as track geometry
tolerances, the number of defects allowed, and the physical strength of the track structure according
to rail size and tie spacing

7Track geometry cars measure irregular cross tevel, super elevation, gage, warp, alignment, and
prafile, as outlined in the FRA Track Safety Standards, CFR Part 213,C
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The local section foreman had also inspected the track on the day of the
accident as he walked through the Batavia area while supervising the unloading of
grade crossing material from a gondola He indicated that he noted nothing
unusual The section foreman said in a postaccident interview that "Sunday
(April 23, 1990) was the first warm day, somewhere between 80 degrees and 85 "

Meteorological Information

On the day of the accident, the nearby Ottumwa Airport recorded a low
temperature of 60° F at 5:50 am and a high of 84°F at 4.50 p m 18 The recorded
temperature was 79°Fat 11 50 am and 82° F at 12:50 p m Clouds were high and
scattered The temperature had risen 20 degrees in 5 hours, from 62°F at 7:50 a m
to 820 F at 12.50 p m The air temperature remained between 82-84° F the rest of
the afternoon past 5.50 p m, when the IDOT inspector was at the accident site.

Records from the U S Department of Commerce, National Oceanic and
Atmospheric Administration, and Ottumwa Airport show that the area near Batavia
had the following ambient high and low temperatures during April prior to the
accident

APRIL 1990
Date High (F) Low (F%) Date High (F®) Low (F°)

1 63 37 13 43 38
2 49 30 14 59 39
3 51 28 15 59 44
4 62 39 16 59 37
5 46 29 17 50 28
(] 40 25 18 57 34
7 55 22 19 62 43
8 69 41 20 66 53
9 53 45 21 69 50

10 49 37 22 78 48

11 40 27 23 84 60

12 52 25

The hourly temperatures recorded at Ottumwa Airport on the day before the
accident and the day of the accident were as follows:

Time April 23 April 22
0050 65 53
0150 63 52
0250 62 51
0350 61 50
0450 61 50
0550 60 48
0650 60 51
0750 62 52

18Recorded temperatures are ambient “shade” temperatures
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Time April 23 April 22
0850 66 56
0950 70 60
1050 75 66
1150 79 70
1250 82 74
1350 82 77
1450 83 78
1550 83 78
1650 84 78
1750 83 77
1850 - 74
1950 -- 71
2050 - 70
2150 - 68
2250 -- 67
2350 - 65

Postaccident Track Inspection --About 3 hours after the derailment, an IDOT
track inspector arrived at the accident site He had been a State track inspector since
1974 and was familiar with the Batavia area The IDOT inspector noted that the ties
near the frog of the crossover turnout on the eastbound main were out of alignment
and had been 12 inches further south before being puiled back toward their original
position by the derailing train This side movement included about 30 feet of track
structure on either side of the frog Based on this evidence, he concluded that the
derailment had occurred underneath the train and that the force of the train’s
iorward )movement had tended to straighten the track back into alignment (See

igure 8

Suspectin? a possible track buckle, the IDOT track inspector measured the rail
temperature of both the eastbound and westbound mainline rails late in the
afternoon usin?(the local roadmaster's rail thermometer ¢ He found the westbound
rails (No 1 track) to be 98° F and the eastbound rails (No 2 track) to be 94°F. The
track inspector stated, "When | arrived, it was maostly sunny, very few clouds in the
sky, justlight cloud ; this was the first hot day of the year, yes "

In an effort to reopen the mainline as soon as possible, nearby BN
maintenance-of-way and wreck clearing forces began working before Safety Board
investigators arrived However, the IDOT track inspector photographed the accident
site before it was disturbed The westbound mainline track was out of alignment for
19 feet behind the point of the frog and extending west about 15 feet The track
was out of alignment to the south up to 18 inches at one point between the
crossover frogs (See figures 9 and 10)

Safety Board investigators found no marks or abrasions on the track structure

leading into the derailment site The curve before the grade crossing was
super-elevated Geometry was within FRA standards for class 4 track Rail

———

"SRail temperature will be at or above the ambient temperature depending on the amount of
Sunshine on the rail
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Figure 9.--Eastbound mainline track alignment.
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