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DERAILMENT OF AMTRAK PASSENGER TRAIN NO. 60,
THE MONTREALER, ON THE CENTRAL VERMONT RAILWAY
NEAR ESSEX JUNCTION, VERMONT
JULY 7, 1984

SYNOPSIS

About 6:50 n.m, castern atandard time, on July 7, 1834, northbound Amtrak
passenger train No. 60, the Montrealer, derailed while pussing over & washed-out section
of gravel embankment under the main track of the Central Vermont Railwey neer Issex
Junetion, Vermont. Twe locomotive units and the forward seven cars of the {rain derailed
and were destroyed or heavily damaged. Three passengoers and an Amtrak sleeping car
atiendant were killed; one Centrul Vermont crewmember died about 3 hours after the
accldent as a result of injuries sustained in the aceident.  One Central Vermont
crewmember, two Amtrak atlendants, &nd 26 passengers were seriousty injured. Damage
was estimated at $6,586,312,

The National Transportation Safcty Beard determines that the probable cause of the
aceident was & flash flood that destroyed the railroad support embankment over a small
stream during a prolonged period of extraordinarily heavy rainfall. The flash flood was
preeipitated by the heavy rains end the collupse of 4 series of beaver dams upstream of
the embankment In heavily wonded locations that were unknown and were not reasonably
detectable.

INVESTIGATION

The Accident

Amtrek passenger train No. 60, the northbound Montrealer, cn route from
Wwashington, D.C.,, to Montreal, Quebee, departed While River Jdunction, Vermont,
48 minutes behind sehedule at 5:05 a.m, on  July 7, 1984, The train was operating over
the main line of the Contral Vermonl Railway (CV), and It consisted of two locomotive
units, & baggage car, (wo sleeping cars, two [ood service cars, and clght conchen. On
board were 277 passengers, 11 Amirak service employees, and 6 CV train erowmembers.

Train No. 60 made seheduled stops at Montpelier Junction and Waterbury, Vermont,
icaving the Jaiter al about 6:18 aan., 28 minutes behind sehedule. At 6:36, the train
pagsed Bolion, Yermont, 78.5 miles north of White River Junction and 15 miles from its
next station stop, Hassex Junction, Vermont, which it should have reached aboul 6:52 a.m.,
34 minutes behind sehedule. At the time, No. 80 wasg the only train in operation on the CV
north of White River Junction. The last teain previousiy operated between Essex Junction
and White River Junetioni was train No. 61, the southbound Montrealer, which pussed
Bolton al 10:52 p.mi., July 6, aboul 7 hours 44 minutes before train No. 60 reached that
location. The same CV train erowmembers operated both trains and they stated that they
saw no abnormality in the track during these trips. ‘They also staied that they did nol sece
water laying in ficlds or low places, flooded streams, or other evidenee of high water,
aithough during both trips, they bad encountered intermittent rain which had varied from
a light drizzle en route to a havd downpour after they arrived at White Riser Junction
with teain No. 61, The erew was not informed of heavy rain In the Essex Junction arca o

cautioned to look cut for high water or washouts.
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The cngineer and the fireman, who was operating train No. 80 az it ncared Essex
Junction, were in the cab of the lead locomotive unit; the baggagemaster was in the
second car of the traing and the conductor and the two brakemen were in the other
passenger-carrying cars preparving to discmbark passengers at Fssex Junction.  About
2 1/2 miies south of Essex Junction, the fireman placed the locomotive throttle in the idle
position to begin deceierating the traln in preparation for making the station stop.
Routinely, he intended to begin breking the train at a point about 1.8 miles south of the
Essex Junction station. ‘The train was moving about 59 mph as it traversed a 2-degree
left-hand curve approaching an embankment over a culvert st milepost 105.97. The
locomotive hendiight was burning brightly. It was daylight, aithough overcast and hazy,
and there was no significant atmospherie restriction to visibility.

According (o the firemadn, the track ahead "looked {ine, straight and level,” as the
locomotive exited the eurve and entered tangent Llrack approaching the culvert al
mijepost 105.87. When the locomotive reached a point 200 to 250 feet cast of the culvert,
the fireman and engincer saw a dark area in the track where they should have seen white
ballast stone, and they realized the roadbed under the track wuas gone. The fireman
immediately applied the train brekes in emergeney, but the remaining distance was not
suffielent to materially reduce the train's specd before the opening was reached.  About
80 lincar feet of the 20-foot-high ¢mbankment had washed out, but the track structure
across the opening produced by the washout remained fuilly intact and tasut, Both
locomotive units aud the first two cars crossed the track over the opening.  Accordirg to
the fireman, the jocomotive dropped 3 or 4 feet and thon bounced up-as though it were on
i gpringboard. The third ear, a 30-compartment "slurbercoach," drapped into the opening
and came to rest on ity side move or less perpendicular to the embankment. Three
passengers and an Amtrak attendant in the slumbercoach were killed. A food serviee car
snd a coach followed the slurabercoach into the c¢pening, steuck the slumbercoach, and

came to rest on top of it. (See figuere 1.) The rear cight cars stopped short of the opening
and remained coupied and in line with the track. The first two cars derailed; the rear six
cars did not. (See figure 2.)

Emergencey Response

One minute after the train derailed, an unddentified citizen telephoned the Essex
Police Department and reporied hearing a loud noise and seeing smoke rising from the
site. The potice dispatehed two squud cars to investigate. Shortly afterward, Essex police
monitored & citizens dband radio repori of the derailment, and at 6:59 a.m., dispatehed
rescue, madicsal heavy rescue, and fire depu~tment units to the scene. The first person to
arrtve on seene was an emergency control technieian employed at the ncarby International
Business Machines (IBM) piant who was investigating reported road washouts on the plant
property. After hearing the FEssex police dispatehing cmergeney units on his radio, the
techniclan drove us cloge to the site as he could and then walked the remaining distance.
The technician then made a radio report to the IBM base radlo station, which immedistey
dispatehed emergeney control and security personnel to the emergency.

Under ain arca ma i casuelty plan activated at 8:15 aom., July 7, 19 fire depavtment
units and 19 reseue units responded to the derallment. By 8 g.m., State offleisls were on
the seene to dircet the emergeney response. At the time, the Yermont National Guard
was  assembling at the ncarby Williston Armory for snnual summer maneuvers.
Helicopters being readied for flight were diverted to the aceldent site to transport the
critically injured to ho Hitals. Also, the National Guard provided personnel, bulldozers,
eranas, heavy-duty lighting, and other eqiipment. By 9 a.m., the Vermont State Pollce
had established # command post and were eoffeetively controlling access to
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Figure 2.--Aerial view fscing north showing the aceident site and the wreckage of
Amtrak train No. 60. The void in the embankment is in the ecenter ¢f the picture,
and the arrow points to the slumbersoach which fel! into the void. The access road built
tc the site is in the lower right part of the photo, and the command post and
triage erea are in the exireme lower right corner.




B

the site by way of the landfill road. Only persons and ciganizetiong needed at the site
were granted access. Vehicles not needed at the site had to be left at the command post;
transportation to and from the site wes provided by the State Police.

Initial rescue efforts were hampered by a lack of direct acceys berween the landfill
road and the accidenit site. This obstacle was overcome by bulldozing &« wide roadway
about 450 feet long detween the two points. (See figure 1.) All 204 persons aboard the
train, were treated at a triage area, which was set up where the new road joined the
lendfill road; 47 persons recolved outpatient medical treatment at the (BM plant
dispensary. Helicopters used & small open area as a pad and carried the most critically
injured to hospitals. The less erftically injured wore transported in ambulances as they
became available. The uninjured werce taken to the Wiiliston Armory and from that
location they were transported to ‘hoir destinations In Amtrak-chartered buses.
Cperations at the triage area continued into the night of July 7-8.

Forward medical rescue and heavy rescue command posts were set up on each side
of the ¢pening in the railroad embankment. The medical rescue foree eoncentrated on
evacuating the bedroom/roomette car. The heavy rescue cperation was mainly devoted (o
finding and extricating the slumbercoach passengers. Every sieeping compartment in the
crushed section had te be breached iIndividually. After the last survivor was extricated, a
crane pulled the cars off the slumbercoach. Thereafter, the bodies of the dead were
located and removed.

Injuries to Persons

Amtrak
Passengaors Attendants

Fatal 3

Sericus 26

Minor/None 248 8
Totai bk i

* The conductor died 3 hours 13 minutes after the aceldmit,

Daravge

Both locomotive units were heavily dameaged as a result of their being separated
from their trucks and overturned. The fuel tanks of both units ruptured and lost their
contems, but the fuel did not ignite. The battery cases under the decks of the units were
crushed and all auxiliary power was lest. Slumbercoach No. 2915 was crushed and
destroyed. The buggage car (No. 1184), a standard roometie/bedroom sineping ecar
(Ru. 2083), u food service car (No. 28302), and a coach {No. 4715) had extensive exterior
damage; and all of these cars, except the food service car, were de*srmined to be
dameged beyond cconomical vepulr. The remalning cars in the train sustained some
damage, mostly to Interior fixtures. (See figure 1.} About .80 foet of embankment, the
culvert, and about 300 teet of track weore destroyad.

Damage was estimated an follows:

Train Bquipment $6,085,500
Truck and Culvert 310,951
Expense of Clearing Wrockage 189,861

Total $7, 588373




Crewmember Information

The crew of train No. 80 consisted of a conductor, an enginecer, & fireman who was
fully quaiified as an engincer, two bhrakemen, and g brakeman working as a
baggagcemaster. All were regularly assigned except an extra brekeman who was added to
the regular erew because the train had more ihan nine cars. The extra brakeman was a
promoted conduetor. Exeept for the fireman who had 10 years of service, all the rogular
crewmembers were veteran employees with serviee ranging from 34 to 42 years. No
member of the frain erew had ever been discharged and rehired. All were qualified under
the opcrating rules without restrietion and had passed mandatory biennial rules and
physical exe minations within the 2 years preceding the aceident. (See appendix B.)

At the time of the aceident, the train erew had been on continuous duty for 2 hours
19 minutes, and on interrupted duty for a total of 5 hours 25 minutes. 1/ They had
reported at their home terminal of St. Albans, Vermont, at 9:05 p.m., July 6, gnd had
arvived with train No. Bl at White River Junection at 12:20 a.m., July 7. The
erewmembers returned {o duty at 4:40 g.m., l.aving spen the intervening time in seperate
rooms provided for them in a hotel. The surviving crewmembers stated they had slept
during that time. All the crewmembers had boen off duty for more than 8 hours before
reporting for duty on July 6. The fireman stated he had been off duty for 23 hours 25
minutes, during which time he had his normal sicep during the night of July 5-6. After
arising on the morning of July 6, he took his wife and ¢hildren to a 2oo near Montreal,
returning to his home at 5:30 p.n. After eatirg supper,the fireman had teken his normal
call at 7:15 p.m. to report for duty at 9:05 p.m.

Training

Central Vermont examines itg train and engine employees, dispatchers, and
operators on the rules and instruetions every 2 years. The chief train dispatcher also
scrves as the rule examiner. His examinations inelude both ors] and written testing, and &
passing grade of 80 is required. However, close attention is given to the employeces'
proficiency in rules and instructions that are eritieal in the performance of their job.
Many train and engine service empioyecs originally worked for CV in the miintensnce
crafts and were transferrod when vacancies oceourred. Candidates for the position of
locomotive engineer recelve cxtensive formal training at the Canadian National
Engincer's School at Gimli, Manitoba, as well as on- the-job training on CV before they are
quaiified.

CV and Amtrak had conducied a special passenger train emergency orientation
course at St. Albans during May 15-17, 1984, The training course was inftiated by the CV
general manager who beeame concerncd about the preparedness of his train crews and
locatl emergeney forces when he read & Safety Board report of the Amtrak onboard tral
fire at Gibson, California, in 1987, 2/ At his request, Amtrak furnishod a tralning car
with instruetors, and 8 7 1/2-hoyr course was given te 34 CV conductors, brakemen, and

1/ 49 CFR 228 permits broken, or interrupted duty by train and engine scrvice cmployees
provided they #re given an Interim rest period of not less than 4 houry at a designated
termingi. The total of the duty periods before and ater the rest period may not excced
12 hours.

2/ Railroad Accident Roport~--"Fipe Cnbosrd Amtrak Passenger Train No. 11, Coast
Starlight, Gibson, California, June 23, 1582 (NTSB/RAR-83/03).
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supervisors. A Z-hour cqulpment familiarization and emergency procedures course also
was offered to rescue squads and fire departments located along the CV in Vermont. A
total of 16 units sent 36 men to attend the course. Seven of these units responded to and
were directly Inveolved in the emergeney of July 7. The conductor, the extran brakeman,
und the baggagemaster of train No. 60 were among the CV employces who took the
Amtrak training course. Although the baggsgemaster was trapped inside the
bedroom/roomette car, he was able to call out and tell rescuers how to remove the car's
windows after he heard them vainly attempt to knock them in.

Train Information

The Montrealer operates daily in both directions between Washington, D.C., and
Montreal, Quebec. The route used fs over Amtrak's Northeast Corridor lines between
Washington and Springficld, Massachusetts, 362 miles; Boston & Maine (B&M) lines
between Springficld and White River Junction, Vermont, 123 miles; Contral Vermont lines
between White River Junction and East Alburgh, Vermont, 132 miles; and Canadian
National Railway (CNR) lines between East Alburgh and Montreal, 55 miles. The
schedules for the 682-mile runs provide for overnight operation in both directions.
Amtrak identifies the northbound train as No. 60 and the southbound counterpart as
No. 61.

At the time of the accident, train No. 60 consisted of two diesel-electric
locomotive units, an unoccupicd baggage car, and 12 passenger-dsreying cars. The
locomotive units weighed about 130 tons cach; the cars weighed a total of about 785 tons.
The train wus 1,220 fcet long. FPollowing the change from clectrio to diesel-cloetrie
motive power, an initial terminal air brake test was performed by Amtrak forees at
New Haven, Connecticut. The air brake system performed properly when the CV erew
made the required intermediate brake test and a running brake test at White River
Junction.

The train's Jocomotive units were General Motors model F40PH single~end type,
rated at 2,000 horsepower. Tho lead unit, Amirak No. 202, had type 26-L air brake
cquipment operated in conjunction with dynamie braking by means of » blending valve, a
speed indicator, & Barco wape-type speed recorder, overspeed protection at 104 mph, a
Vapor Plus | crcw alerter, snowplow-type front end pilot, and a 400-wett twin
sealed-beam headlight.  The unit had 32-cell, 420-ampere-hour batteries in a
compartment which hung from the underframe of the carbody, between the front truck
and the fuel tank. This is & departure from the practice in North American
diesel-electric road freight locomotive design which has the batteries above or in the
underframe, but never in an exposced location under the underframe. The batteries were
charged by an 18-kw auxiliary gencrator in the unit. The teailing unit, Amtrak No. 211,
was similarly equipped. The battery compartments of both locomotive units were
destroyed in the dersilment scyuence.

Both locomotive units weore equipped with :emovable Motorola Micors 8-channel
radios, the standard model used on Amtrak locomotives. Power for operating the radios
was suppiied by the locomotive storage batteries. The radios were stencited "014" and
were equipped to function only on Conrail frequencies 166.800 and 161,070, used by
Amtrak traing operating over the Northeast Corridor lines and over Conrail's line between
Philadelphia, Pennsylvania, and Chicago, Ilinois.
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Central Vermont provides train crews with portabie Meotorola 5-watt radios for
Intra~train communications. These radios have a typical teansmitting range of 1 to 3
miles with a fully~charged battery under optimum econditions. The conductor, the
brakeman, and the baggagemaster of train No. 60 had such radios when they reported for
duty at White River Junction on Jily 7. After the train arrived, they were informed by
the Boston & Mainc engine crew that the locomotive's radio did not work on the Boston &
Maine channels. The CV erew was ungble to communicate on the CV's channels when
they tried to make the required pre-Jdeparture radio test. Before the train left White
River Junction, the baggagemaster gave his portable radio to the engineer. En route the
conductor communieated with the engine ¢rew to remind them of a slow order, and tefore
making station stops at Montpelier Junction and Waterbury, As far as could be
determined, there was no ecommunication between the train crew and the disputcher
before the accident. According to the rear brakeman, he used his portable radio after the
aecident but received no response to his transmissions.

All the cars in train No. 60 were nominally 35 feet long and hed type H "TightLok"
couplers. The passenger-carrying cars had self-contained emergency lighting systems and
removable emergency windows. The forward nine cars of the train were the regular
manifest--one baggage car, two sleeper cars, one diner car, and five coashes.

Although slee: ing cars are usually placed at or near the rear end of Amtrak treins,
{t was the standard practice to place them at the head ends of the Montrealer trains
operating ip both directions. The second and third cars of the train, behind the baggage
car, were & 63-ton, 6~double-bedroom/10-single~-roomette sleeping car {No. 2915), and a
69-ton slumbereoach (No. 2083). Both cars had stainless steel bodies. The bedrooms in
car No. 2815 were in the trailing end on the aorth, or right side; the eorridor flanking
them was on the south side of the car. The roomettes were in the forward half of the cur,
five to cach side of a center corridor. The doors to all the cornnartments opened to the
inside of the compartments. (See figure 3.) According to the train manifest, 7 passengers
were assigned to 5 of the 6 bedrooms, and 8 passengers and 2 Amtrak crewrnembers were
assigned to 9 of the 10 roomettes. The baggagemaster stated that he was piding in the
unoceupied roomette at the time of the accident.

Slumbercoach No. 2083 had 24 small, staggered-level, single~occupancy roomettes
forward, ang 8 double-occupancy roomettes to the rear. Half of each group of roomettes
was located on cach side of a center corridor. (See figure 3). Fifteen passengers and 5
Amtrak crewmembers were assigned to 20 of the single roomettes, and 11 passengers
were assigned to 7 of the 8 double roomettes. Several Amtrak crewmembers who were
assigned space in the sleeping cars were on duty in other cars of the train when the
aceident oceurred.

The fourth car, from the head end of the train was a 55-ton, $1-passenger Amdinette
food service car of the "Amfloet® design with a stainless steel carbody. The car had a
standup food counter and service area in the middie, flanked by passenger compartmentss
one where table service was provided and which had 19 single fixed seats arranged around
8 small tables, and one for counter patrons that had 8 large tables, each faced by two
pairs of transversely-mounted stationary seats.

Behind the forward service car were five rebuilt "leritage” class coaches, inciuding
2 palrs of 4700-scries 68.8-ton stainiess steel cars separated by car No. 4606, a 67.3-ton
aluminur coach. The 4700-serics cars had 14 paire of double iransversely-mounted seats
on euch side of a eenter aisle. The seats had high backs and re'ractubie leg rests could be
rotated to reversc the direction they fuced.  All five coaches had lounges at both ends,
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Figure 3.-- Plan view for Amtrak Bedroom/Roomette car No. 2915 {above)
and Slumberesach No. 2083 (below).
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overhead luggage racks, and & small luggage storage compartment on one end. Car No.
480¢ had 11 pairs of double transversely~mounted scats on each side of an aisle, lounges
ot poth ends, open overhcad lugguge racks, and two removable emergeney windows on
v slde.

The res four cars were chartered and oceupied by 4 weckend "Disco" excursion
preiy from Washington. The "Disco" cars, theee 64-pascenger "Aimecocach” cars and a
Si~passenger "Amdinette" food service car were of the "Amfieet” design with stainlcss
stecl carbodies. The coacheg hed 16 pairs of high-back reclining seats on each side of a
center aisle. The soats had removabie cushions and improved scat-locking devices, and
they could be rotated to reverse the direction they faced. Luggage wes accommodated in
open racks sbove the seats; there were no luggegce storage compartmeni(s.

Meteorological Information

General.--According to the National OUceanfe and Atmospheric Administration
(HOAR), the Burlington-Essex Junction area of western Verimont is one of the eloudiest in
the 1.8, but there |3 less annual precipitation there and elsewhere in the Lake Champlain
Valley than in other areas of Vermont due to the shieiding effect of the Adirondack and
Green Mountain barriers. 3/ Summer thunderstorms bring the heaviest rainfall to the
area, but according to NOAA, excossively heavy rainfall is quite uncommon. The wettest
months are June, July, and August; the record mean rainfall for those months being 3.47,
3.61, and 3.48 inches, respeetively. The heaviest 24-hour reinfall recorded was
4,495 tnches In 1927, This resuited {n & "historle flood,"” according to NOAA,

Total recorded rainfall at Burlington-Essex Junction during 1884 was 35.81 inches,
comparced with the record mean annual rainfall of 32.97 inches, and 50.18 inches during
1983, the wettest of the past 30 years. July 1984 rainfall totaled 5.11 inches. There was
less than half the normal rainfall during June 1984, but on June 6, 8 serics of severe
thunderstorms struck the upper Champiain Velley. Burlington was on the fringe of this
gtorm and recorded only 0.09 inch of rainfall for the date. However, very heavy rains
struck farther north and caused numerous washouts that closed about 50 miles of the
Lamoille Valiey Reilroad's line. Ailthough the storm system passed across the Central
Yermont's mein line north of Bssex Junction, it caused no damage to it.

Rainfall In _the Vieinity of the Accident.~~Beginning about 2 p.m., on July 8, the
Burlington~FEssex Junctic.. area was under the influence of a well-defined weather system
associated with a low-pi sssure cell over eastern Canada, and a cold front extending
southwest from the low through the lower Great Lakes and the Ohio Valley. As the cold
front advanced eastward, a band of unsteble moist troplcal air was pumped up from the
Gulf of Mexico along the Appalachian Mountains into eastern New York and northern New
England. Numerous thunderstorm coils developed along this band moving northeast on &
030-degreo heading at an average speed of 40 knots. (Se- figure 4.) During the afternoon
of July 8, one such storm cel! formed and intensified over the Adirondack Mountains,
crossed Lake Champlain, and struzk the Vermont shore about 16 miles southwest of Essex
Jinetion shortly after 6 p.m. Moving on & narrow northeasterly track, the center of the
storm puassed about 1 mile cast of the necident site about 7 p.m. A second ceil passed the
accident site on about the same track between 9 and 10 p.m. (See figure 5.) BEvidence
indicates that 8 third intense storm cell moved on & parallel track 1/2 to 1 mile east of
that followed by the earlier storms between midnight and 2 a.m., July 7.

3/ NOAA™ 1984 Loecal Climatological Data for Burlington, Vermont; publication
1SSN~0198-5302.
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Figure 5.--Infrared weather satellite photo taken at 9:31 p.m, Juiy 6, 1984,
The dark areas are conveotive cells, The ecell which dropped 2.67 inches of rain
in less than an hour on Ulster County, New York probably struck the ares east of
Essex Junction, Vermon- aoout 3 1/2 to 4 hours after this photo was made.
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Each thunderstorm resulted in torrential downpours lasting up to an hour or more,
and there were light, intermittent showers between these episcdes of heavy rain. By
10:30 p.m., highway lovations about 3.75 miles southwest, 3 miles northeast, and 7.5 ntiies
northeast of the accident site were reported to be under water. A straight line
connceting these locations passes 1 mile cast of the accident site, and persons living at
10 locutions on or near the line later reported unofficial rainfall measurements of 5 to
7.25 inches overnight. (Sec figure 8.) Most of these reports were of rain gauge
measurcments, and, in several cases, the amateur observers had emptied their gaug-s
after the second storm, between 10:30 p.m. and midnight. Three observers reported that
their gauges showed no significant rainfall occurring after they were emptied; all were
located along the projected track of the first two storms. However, three other observers
located on the projected track of the third storm reported heavy rain after midnight, and
their gauges indicated rainfall of as much as 2.75 inches after being emptied.

Weather Observation and Forecasiing.--Vermont is served by a National Weather
Service Forcrast COffice (NWSFO) at Albany, New York, and by a National Weather
Service Office (NWSO) at Burlington International Airport, which is located about
4.5 miles west of the accident site between Burlington and Essex Junction. Burlington
NWSO was equipped with a8 Mndsl WSR-74C local warning radar with u practieal range of
125 miles. Characteristicslly, this equipment's eoffectiveness within a range of 20 to
26 miles is largely nullified by ground interference, or "elutter." The office provided
perfodic weather forecasts for Vermont and issued special weather statements and
weather warnings as needed. Storm and flood 4/ watehes for the ares were initiated by
Albany NWFSO. Both the Albany and Burlington weather offices had access to the
following communications systems to receive and/or dissemirate weather information:

National Occanic and Atmospheric Administration (NOAA) Weather
Radio--A continuous 1¢°.4 Megahertz VHF radio broadeast of local

weather informetion. FBefore broadeasting most weather wetches and
warnings, the initiating office activates a 1050-Hz alarm tone that will
automatically activate some special recelvers tuned to the NOAA
weather radio frequency; other receivers will sound the tone but must be
manually turned on to receive the broadeast. Neither Amtrak nor
Central Vermont had either type of receiver at the time of the accldent.

The special weather statements initiated by Burlington NWSO and the
flood wateh initiated by Albany NWFSO on July 6 and 7 were not
preceded by the sounding of the alarm tone. This was in accordance with
instructions contained in the National Weather Service (NWS) operations
manual. (Sce appendix E.)

NOAA Weather Wire--A local teletype network over which weather
forecasts, observations, watehes, and warnings are transmitted. Neither
Amtrak nor Central Vermont subscribed to this service. Subscribers in
the Burlington-Essex Junction area included newspapers and radio and
television stations. ‘he weather wire was reportedly out of service from
about 4:30 p.m. to 10:30 p.m. on July 6, 1984,

4/ A condition that occurs when water overflows the natural or artificial confines of &
stream or other body of water, or accumulates by drainage over low-lying areas. A flash
flood rises and falls quite rapidly with little or no advance warning, usually av a result of
intense rainfall over a relatively sirall area. Other possible causes of flasn floods are lee
jams und dam failures.
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Figure 6.--Plan view of Essex Junction ares showing locations where roads
were flooded and/or washed-out during the night of July 8-7, 1984,
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National Warning System (NAWAS)--A telephone hot line service
primarily designed to direet disaster warnings to cmergeney response and
eivil defense organizations that, in turn, pass information received from
the serviee to other interested agencics and persons. The Verraont Civil
Defense headguarters, Vermont State Police Conter at Watecbury, and
several police and fire departments in Vermont subseribed to this
service. Neither Amtrak nor Ceniral Vermont subgeribe to this service.

At 9:20 s.m., July 6, Burlington NWSUO issued a forecast cailing for a 60 pereent
chance of afternoon showers and thunderstorms, and showers and thunderstorms, "some
heavy," at night, A 60 porcent chunce of showers and thunderstorms also was forecast for
the following day. ‘This forecast was modified at 11:30 a.m., giving showers and
tiunderstorms "likely by late afternoon,” and "showers sed thunderstorms tonight, some
possibly heavy.," The 4:18 pun. foraeast was "warm and humid tonight,” with showers,
heavy  thunderstorms, and winds that "may beceome quite wild and strong near
thunderstorms.” No mesntion of the projected dircetion and speed of the enticipsted
storms was made in these forecasts--the only weacher advisories issued by Burlington
NWSO wuntil 8:27 p.a.  In the interim, Albany NWSFQC reportedly issued a flood
watch 5/ for the Adirondacks at 4:30 p.m. This watch did not include the Lake Champlain
Valley or any part of Vermont.

Burlington NWSO was stuffed by & metcorologist-in-charge and six weather
specialists; normally theie i3 one weathor specialist on duty between 4 p.m and 8 2.m. On
July 6, 1984, the metoorologist~in-cherge worked the 4 p.m. to midnight shift, and then
stayed over at the station until 3 a.m. ¢n July 7. After about 10:15 p.m., he was assistoed
by & weather spucialist who was assigned the midnight to 8 a.m. ghift, but was called i
carly by the meteorologist-in~charge. Shertly after he went on duty, the meteorologis! -
in-charge noted that ihe radar indicated showers were forming 20 to 40 miles to the sovih
and southwest., Since an inch of rain had fallen the previous day, he was concerned timt
flooding might occur after the first light showers bogan to fal]l at 6:25 p.m. Moderate to
heavy showers began at 7:04 p.m., continaed to 7:34 p.m., resumed nt 9 p.m., and ended at
10:15 p.m. Thereafter, light showers continued until midnight, and the total rainfall
measurement was 1.47 inches for the 24-hour perlod ending ot 12:50 a.m., July V. The
official readings during the period rain fell were as follows:

Preciitation
Time Period _{in inches)

5:50 to 6:50 p.m. .04
6:50 to 7:50 p.m. 0.43
7:50 to 8:50 p.m. 0.18
8150 t~ 9:50 p.m. 0.64
9:50 to 10:50 p.m. 0,11
10:50 to 11:56 p.m. Trace
11150 pom. to 12150 a.m. 6.07
12150 to 1:50 a.m. 0.08
1350 to 2150 a.m. Trace
2:50 to 3:50 a.m. Trace
3:50 to 4:50 a.m. Trace

5/ A weather watch s Initiated when & potential threat exits., A weather warning is
Tssued when the threat has matorislized, or I8 imminent; and requires persons in the
affected area to take immediate precautions. There {3 ne record of this wateh having
been tnitlated, probably because of the breakdown of the NOAA woather wire.
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A power company operaled a hydro-cleetrle <dam on the Winooski River at Jssex
Junction, sbout midway between ihe Burlington Aifrport and the aceident site. (See
figure 4.) 'The dam wes attended 24 hours & day and rain gauge dip-stick readings were
made and recorded there every 2 hours. A total of 1.80 inches of rain fell at the dam
between 8 p.m. and 10 p.m., July 6. Thare was no ineasurable rainfali acewmalation at the
dam between 10 p.m. and 8 a.m., on July 7. The cumulative randings were:

Precipitation
Time of Reading _{in inches)

ey e ew

B p.m. 1.07
1% p.m. 1.810
Midnight 1.89

8 a.m. 1.80

The meteorologist~in—-charge at Burlington NWSQ stated that he was aware that the
power company routinely recorded rainfall at the dam and that he had econtacted
personnel at the dam for information in the past. However, he did not do 30 on the night
of July 6-7, 1984,

At 8:27 p.m., July 8 Burlington NWSO issued a spectal woather statement over the
NOAA weather radio advising thet heavy showers and thunderstorms were moving through
northern Vermont and the castern Adirondacks. The line of storms was deseribed as
extending from Sherbrooks, Quebee, southwest to the upper Champiain Vailey, including
Burlington and surrounding area, with about a half inch of rali: already having fallen at
Burlington. According to the meteorologist, he was awara that the storms were passing &
to 5 miles east of Burlington Airport and he continued to monitor the radar in an effort to
measure thelr intensity. However, the close proximity of the storma made this diffieult
because of ground interferemce. As a resuit, the meteorologist telephoned the Vermont
Highway Dispsteher and the Vermont Civil Deferise Director about 2:30 p.m. to determine
the conditions in the storm area. About 10 p.m., he began recciving raports from these
sources that water was over roads south of Exit 12 of Interstate $9, southwest of Essox
Junetion; and State Highway 128, about 3 miies northeast of the accident site. (Bee
figure 8.

The metoorologist responded to the flooding reports by calling in the woather
specialist and by issuing a seeond special weather statement at 10:15 p.m.  The statemoent
advised that heavy showers and thunderstorms were "ower the Champisin Valley from
Burlington northward teo 3t. Albans, and esstward to include Lamoille and Qrirang
counties" of Vermont. It was noted that rainfall totaling more than an inch during the
evening was common in this area. Additional heavy rain during the night was foracast and
persons residing near streams were warned to cemain alert and be prepured to move to
higher ground. By 11 p.m,, the moteorologist had learned that State Highway 15, at a
point. about 7.5 miles northeast of the accident site, 8/ was flooded and had been closed at
10:30 p.m. (Sce figure 6.) In response, the meteorologist contacted the forecasier on
duty at Albany NWSF™ and informed him of this development, the earlier flooding
reports, and his concerns ubout potential flooding.

At 10:20 p.m., Albany NWSFO had issued a flood wateh for the Catskill Mountaing
and the lowor Hudson River valley of southeastern Mew York, and noted that the flood
watch for the Adirondacks was still in effect. The foreraut called for very heavy

8/ This Tocatlon, as with the two flooding locations reported ourlier and the aceident
site, was in Chittenden County, which was not mentioned In the 10115 p.m. advigory.
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thunderstorms and reported that "more than 3 inches of rain could fail in a fow spots.”
Residents of fleod-prone areas were warned to "keep an eye on the weouther" and
maotorists were alorted to the possibility of flooded roads and washouts. Following his
conversation with the Burlingion metceorologicts, the Albany forccaster at 11:05 pom.
extended the flood watceh to cover the Champlain Valley of Vermont and north cenirsl and
souihwest Vermont. At his tiine, it was noted that 2.67 inches of rain had fallen in less
than an haur in Ulster County, New York, and very heavy rains had fsllen in parts of
western Vermont.

. , Burlington NWHO issued a Jorccast at 11:02 p.m., which included the extension of
3 m\mﬁ'ﬁood weteh to parts of Yerricnt and, at 11:15 p +w., lssued a third specisl weathor
statement which wariied that heavy raing might bring some strearn flooding to parts of
Vormont. The statemuent also reported the closure of State Route 15 and water over State
Route 128 in Essex Town. Av 11:50 p.m., Burlington NWSO issue¢d a bulletin for
immedlate broadeast pdvising that a flood warning expiving at 8§ a.m., July 7, was In
elfect for Chittenden, Pranikiin, Lamoilie, and Orleans counties of Vermont, and that this
meant that {looding wes {rminent. The arca under the warning comprised the entire
orthwestorn quarter of Yermont. The warning cited Civil Defensc reports of many roads
washed out or awash with water in the towns of Essex, Underhill, and Charlotte---all in
Chittenden County along the main storm track. The weather office requested that radfo

und television stations make frequent broadeasts of the bulletin,

The following weather advisories were issued after the 11:50 p.m. flocd warning.

1:20 a.m., July 7- Burlington NWSOQ; flood warning continued for Chittenden,
Franklin, Lamoille, and Orleans counties untfl € a.m. Flood
watch in offcct for Champlain Valley, southwestern and
central Vermont.

3:45 a.m., July 7~ Burlington NWSO; flood warning for Chittenden, Franklin,
Lamoille, and Orleans counties {n effect to 6:00 a.m.

4:15 a.m., July 7~ Albany, NWSFO; floed watch extended to include the
Conneeticut River Valley of Vermont. Flood wateh eontinues
iy effect for remainder of Vermont.

4:30 a.m., July 7- Burlington NWSO; floed warning for Chittenden, Franklin,
Lamoilie, and Orleans counties. Flood watch in offeet for ail
Vermont. Showers and a few heavy thunderstorms forocast
for Loday.

8 a.m., July 7~ Burlington NWSQ; flood warnings for Chitlendon, Franklin,
Lamoilie, and Orieans counties have been dropped.

6145 a.m., July 7- Bur/ington NWSO; flood wateh in effect for all of Vermont
todsy.

The pousibility that flash flooding might occur, particularly in the mountaing and foothilis,
was never mentioned in the forecasis or speeial weather statements. However, the
Nationai Weather Berviee Eastern Region had issuer a Regional Oparations Manual letter
effeciive April 1, 1084, authorizing the daletion of the word "Flash™ whon Issuing wes ther
watches and warnings in flash flocd situations. (Seo appendix 1.)




"track and Culvert Information

The Ceniral Vermont main line at the secident location is single traek and i
constructed of 100-pound RE scetion 7/ jointed rail Jaid in double-shouldered tieplates
atop 9- by 7-inch, 8-foot, 6-inch treated crossties. There are two rail-holding and two
piate-holding splkes per tieplate. To each 39-foot rail length there are 16 rail anchors;
essontially, every third crosstie b s anchors bearing on cach side. The track is laid in
¢rushd limestone baliast with compaeted full tie ceribs and shoulder ballsast section
extending 6 inches beyond the crogstie ends. CV maintaing the track to the Federal
Raliror 1 Administration {FRA) class 4 standarcs, although traln speeds are voluntarily
resiricied to those FRA stipulates for class 3 stsnderds because of extensive track
curvature. 8/  Inasmuch as there are no bloek signals on the line, Foderal regulations
resirict the maximuim authorized speed of passenger trains to 88 mph. 8/ At the accident
site, the gradient was 9.31 percent ascending northbound, and the track alignment was in
a tangent to a point about 400 fcet cast 10/ where it enters & 2-degree curve aboul 904
foet long. This i3 a left-hund curve northbound. East of the curve, the track is in a
tangent for approximately 1 mile.

The CV has been in continuous operation since the carly 1850'%, and although the
nain line follows a "water level" grade over virtually its entire length, there is no record
of any part of it having been flooded since 1827, Az the CV traverses Vermont and the
Green Mountains from east to west, it closely parallels the White and Winooski Rivers. At
the accident site, the track s about 800 feet south of the Winooski River and is eclevated
about 45 feet above the normal level of the river. An embankment consisting of a
relatively uniform cross-section of well-graded gravel carries the track acress the sloping
terrain. This varies in height from %0 feet at the aceident site to about 9 feet at e point 1
mile to the east. The embankment at the accident site was about 60 feet wide at the base
and 19 feet wide at track level. The railroad's right of way at this point was 99 feet wide.

The hilly terrain south of the railroad {3 drained by numerous streams and brooks
tributary to the river. These are carried through the railroad embankment by stone box
cuiverts which are as ol as the raiiroad. Four such culverts were found in slightly more
than 8 mile exstward from the sccident site. 11/

Location Height Width Length
(milepost) (fect) (feet)  (feo

105.97 2 60
105.32 1.5 75
105.06 3 4 23.25
104.85 3 51.5

17 Rail weighing nominelly 100 pounds por linear yard and rolled to a standard
recommended by the American Railway Engineering Association.

8/ 48 C¥R %15.9 prescribes maximum operating speeds for class 4 track of 8¢ mph for
passenger trains and 80 mph for frelght trains. The maximum speeds for class 3 track are
80 mph for passenger and 40 mph for freight trains.

9/ 49 CFR 236.0(e)

10/ Central Vermont's timetable establishes the direction of train movements as north
and r;outh. However, a northbound train actually {s traveling west at the acecldent
location.

11/ This was relatively representative of the raliroad as a whole, there being about 1,300
culverts on the 370-mile main line, According to CV, the only previous washout on the
main line in recont history resulted from the blockage of a ulvert by a farmer.
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The four culverts were of shnilar construction with stene floors and walls, but
lucked headwalls. The roof of the culvert at milepost 165,87 was about 8 feet wide and
consisted of pairg of 3~ bv 2-foot capstones varying from 8 to 13 inches in thickness. It
was estimated that a 6-ineh thick capstone weighed et least 300 to 400 pounds. After the
accident, some of these stones were ‘ound 100 feet or farther downstream from the
culveri. Only the stones al the culvert's inlet end were still in place.

Central Vermont inspects i{ts main tracx three times weekly and its eulverts
annuaily. The track at the aecident site was last inspected on July 6, 1984, the day before
the accidont, and the culvert at milepost 105.97 was last inspected on June 20, 1984,
Neither {napeetion revealed any defeetive condltione  According to the foreman of the
culvert ingpoction party, the culvert was free flowing and contained no debris at the time
of the inspeation. In the event of a known cendition affecting the culvert or the track,
the dispateher or other official could call for an inspection eny time. Sueh an ingpeetion
was not requested before the aceident.

Terrain, Strcam, ans iydrological informution

The culvert at milepost 105.87 was part of the course of Redinan Creek, a small
spring-and runoff-fed brook which normaily had a depth of 3 to 8 Inches at the culvert.
The stream dropped 145 feet in elevation in the 4,000 feot from its souvrce to the railroad
culvert along 4 relatively deep and narrow ravine paralleling the railroad. This ravine and
most of the remainder of the 348 sores drained by Redman Creck were densely wooded
and uninhabited. Most of tho watershed area was composed of the north slope of & hill
that was 400 feet higher in clovation than the ruflroad culvert. The slope drained directiy
to the headwators of the creck. The only road i the watershed area crossed the creek a
short distance above the raiiroad cuivert and provided sccess to two small cleared
landfills located on clevated graund between the raflroad and the stream course. One of
the landflils was within the watershed arca. (Sce figure 7.)

The upper 1,500 te 2,000 feet of Redinan Creek congisted of ponds formed by a
series of 11 or 12 beaver dams. The nearest of these ponds was 2,000 to 2,500 feet east of
the railroad euivert; the main storm track passed over or was & short distance east of the
beaver ponds. The largest pond was ubont 150 feet wide and, when full, had a maximum
depth of about 8 feet. {See figure 8.) Only this pond could be scen from the alr; the
others were concealed by overhanging trees. According to a hydrologist who surveyed the
stream course, at least 150,000 cubic feet of water may have been impounded by the
beaver dams. The ponds and dams were discovered 8 days after the sccident by
investigators documenting evidenee of high weter along the stream course. The dams
appeared to have beon rocently overtopped and ruptured, and beavers had already repaired
most of the damage. The stream banks downstream from the beaver dams were severely
eroded. Above the banks, high grass was flattened in a downstream direction, and there
was much accumulation of silt and debris from the boaver dams.

The Safety Board's investigation revealed that the existence of the beaver colony on
Redman Creek was unknown to CV malntenance forces or even to loesl residents who
trapped beavers. A highly detafled topographical map of the area, prepared from aerial
photographs in 1883, showed only the largest besvor pond. Beavers are common in
Vermont, and in the past, it had been necessary for CV maintenance fovees to destroy
beaver dams on streams erossed by the railroad. According to the firoman who was
operating train No. 60 at the time of the accident, in 1878, the CV had destroyed a large
beaver dam across Redman Creek immediately upstream from the rallroad's culvert and
had destroyed the beavers to prevent thelr cebullding the dam. The dam was on the
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Figure 7.-~ Plan view of Redman Creek and its watershed ares.
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Pigure 8.—Partial view of the bezver pond fartheet upsivzeam on Redman Creek,
looking toward the dam. Blowout hole i5 at center right. The dam showed evidenoe
that the pond had fiiied up behing it and had fiooded over the top before the blowosut.
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CV's right of way and a lurge pond formed behind it. The fireman stated that he had not
seen water ponded behind the embankment after th dam was destroyed, and that ne was
certain water was not there when he passed the location on the southbound Montrealer
about 10:30 p.m., on July 6.

Analysis of the sotl indicated that the topsoil inr the watershed arca was a thin layer
of porous loam underlaid by dense clay, "almost rock-like in appcaranee,” that had a versy
low plastie indox and was very low in permeability.  Aecording to the hydrologist,
rel tively little precipitation wss needed to saturnte the topsoil and any additional
precipitation or water penetration would run off above the clay subsoil. He caleulated a
runoff rate at the railroad culvert of 379 cubie feet per seeond, based on a precipitation
rate of 3.8 inches per hour. He c¢stimated that about 682,200 cubic feat of water would
have reacheqd the cuivert during the first 30 minutes of rainfall at the 3.8-inch rate and
thei, of this, 216,000 cubic feet would have passed through the cuivert in that time,
agsuming that it was unobstructed 12/ and taking into account an increasing flow rate
through the culvert in that time as the upstreamn head buiit up behind the eulvert. During
the same period, seepage through the embankment wouild be about 22,500 cubic feet.

The high water mark on that part of the embankment which was intact after the
accident indicated that the upstream hydraulic head reached a maximum of 0.6 feet
above the niidpoint of the culvert, and was about 7.4 feet below the top of the
embankment. The hydrologist calculated thet the maximum retained volume of water
behind the embankment was about 632,000 cubie feet, or 188,300 cubic feet more than the
443,700-cubic~foot difference between the caleulated total runoff and the culvert
outflow combined with secpage through the embankment. According to the hydrologist,
this unexplained shortage approximated the volume of water that was released by the
ruptured beaver dams.

Under the calculated hydraulic head, the embankment beecame saturated with
seepage in less than an hour, according to the hydrologist, and piping, or s0il transpnrt,
began causing progressive sloughing of the downstream side of the embankment. The
nydrologist stated that when suf ficient sloughing had oecurred to reduce the embankment
to the point where it could no longer resist the hydraulic load of the impounded water, a
catastrophic rupture, or "blowout," of the remaining embankment oceurred,

Method of Operation

Central Vermont s affiliated with the Grand Trunk Railrosd which includes the
other lines of the Canadian National Railways system (CNR) in the United States. CV
train operations are governed by the Uniform Code of Operating Rules {UCOR) preseribed
by the Board of Transport Commissioners for Canada, and CN Rail General Operating
Instructions. Trains are operated by timetable, train orders, and operational builetins. At
the time of the accident, CV operated Amirak trains Nos. 60 and 61, one scheduled
through freight train cach way dally, and an ocecasional extra freight train between White
Rivor Junction and Essex Junction. Maximum authorized speeds were 59 inph for
passenger trains and 40 mph for freight trains.

12/ No eovidenze of significant culvert blockage was found after the accideni. The
hydrologist stated that {f partial blockage had occurred, it was unlikely that thiz would
have decreased the flow through the eulvert by meve than 10 to 15 percent.

© R g e o PP S BT SRR T Y T R e ) P e 2k o e




Night operaticns on the CV were directed by train dispatehers from an office at St.
Albans, 24 miles north of Essex Junction. The third shift dispateher relieved the second
shift dispatcher at 11:59 p.m., July 6 and was on duty untfi 7:5% a.m., July 6. A CV
operator wus on duty at White River Junction, and Amtrak ticket agents were on duty at
the stations at Essex Junction and Montpelier Junction. At 12:01 a.m., July 7, the third
shift dispatcher wrote on his train sheet that it was raining in St. Albans and, on advice
from the White River Junction operator, that it was raining at that location. The
disjatcher siated that before going to work he had hourd on the evening news that there
was heavy rain and road washouts at Jericho, Vermont, about 4.7 miles northeast of the
derailment site on State Route 15. Two observers at Jdericho subsequently reported 5
inches of rainfall overnight. (See appendix D.) According to the dispateher, he received
no reports of unusual or alarming weather conditions during the time he was on duty.

L RO R T R R R R e b e

About 6:30 p.m., July 6, a northbound local freight train passed milepost 105.87, and
during the next 4 hours was engaged in switching operations in the Essex
Junction-Burlington area. A through northbound freight train passed milepost 105.97
about 8:25 p.m., and about 10:35 p.m., Amtrak No. 61 passed the location southbound.
The local freight left Essex Jimetion at 10:45 p.m. and arrived at St. Albans at 11:55 p.m.
Neither train crew reported any threatening conditions en route. From 12:20 a.m., when
No. 81 reached White River Junection, to 5:05 a.m., when Amtrak No. 60 departed the
station, there was no train in operation on the CV north of White River Junction.

g R e S o £ LAy M E et L ot Y

Rule 103 in the Uniform Code of Operating Rules states that, "In case of doubt or
uncertainty the safe course must be taken." The wording of the rule is identical to that of
comparable rules of most North Anerican railroads and dates from the origin of railroad
operating rules. Aceording to the fi.aman of train No. 60, he understood the rule to mean
that when threatening weather conditions, high water, or reduced visibility were
encountered, he was required to operate his train accordingly without regard to

maintaining timetable speeds. Further, he stated that the rule had always been
interpreted this way in rules classes he had attended. The fireman's understanding of
Rule 108 was the same as that expressed by the rules examirer, general manager, and
oti.or officers and employees who were interviewed during the Safety Board's
investigation.

Radio is used extensively by CV to transmit train orders, other instructions to train
crews, and communication between train crewmazmbers. Amtrak had six modified
Motorola Micors 8-channel locomotive radios that were stenciled M012" and were
dedicated to use on train Nos. 60 and 61 between New Haven and Montreal. These radios
were fitted to function on two B&M frequencies, four CV/CNR frequencies (161.205,
181.415, 160.835, and 161.025), and twn Conrail frequencies (180.800 and 161.070). Base
radio stations were located at Essex Junction, White River Junction, and two intermediate
locations. The distanc® between the basc stations varies between 25 and 32 miles. The
CV/CNR frequencies were channels Bl, B2, B3, and B4; the Conrail frequencies were
channels Al and A% The locomotive radios were maintained and stored when not in use
at Amtrak's New Haven facilities. No spare units were kept at Montreal or at any point
between New Haven and Montreal, There was no means of telk-testing the B&M and
CV/CNR frequenecies at the New Havén locomotive faeility.

None of the 012 radios were available to replace the 014 radios, which functioned
only on Conrail frequencies, on units 202 and 211 when the units were assigned to relieve
clectric locomotive units on train No. 80 on July #, 1984. At the time, three 012 radios
were in Amtrak's New Haven radio shop; one was mpaired and serviceable, and the others
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needed to be repaired. 13/ Amtrak's motive power dispatcher at Washington gave the
New Haven locomotive facility permission to use units 202 and 211 on train No. 60 with
the 014 radios, and he subsequently informed the CV dispatcher that this was being done.
Testimony at the Safety Board's public hearing inte the accident revealed that train Nos.

80 end 61 had been frequently operated without the 012 radios during the 3 months
preceding the accident.

On July 20, 1984, CV's general manager notified Amtrak that CV would no longer
accept any Amtrak train that did not have a radio on the locomotive which would trensmit
and receive on the CV/CNR frequencies. In response, Amtrak assigned a spare 012 radic
to the CNR Montreal locomotive facllity, a procedure wng initiated to assure that &
serviceable 012 radio was always available for train No. 80 at New Haven, and the New

Haven locomotive facility was provided the means of talk-tosting the B&M and CV/CNR
frequencies on 012 padios.

Also, on July 20, 1584, CV provided its St. Albans dispatcher's office with a weather
alert radio reeeiver to monitor the NOAA weather radio. Subsequently, Amirak aequired
30 weather alert radio receivers for installation at points on its Northeast Corridor lines
and in Michigan. In addition, CV requested that the Vermont Civil Defense and the

Vermont State Police Center advise them whenever flooding conditions occurred in areas
traversed by the rallroad,

On August 11, 1884, a torrentlal rainstorm struck the Burlington-Essex Junction
arcn with an inch or more of rainfall in half an hour resulting in widespread street
flooding. Burlington NWSO broadcast a special weather statement on the storm over the
NOAA weather radlio but did not activate the alarm torne, and the CV dispateher was
unaware of the storm until informed of it by the State police, Subsequently, CV recaived
two storm warnings over the NOAA weather radio. None of the storms resulted In
damage to CV's tracks, but on July 15, 1985, a highly localized downpour at Buriington
resulted in a mud slide that blocked the tracks of CV's Essex Junction-Burlington branch
Kne. in this instance, no alarm had been broadcast over the NOAA weather radio, and the
CV dispatcher was unaware of the storm. The siide was discovered by a train crew.

furvival Aspects

At the time of the accident, the fireman and engineer remained in their seats as
both locomotive units and the first two cars crossed the void at the cuivert. The lead
locomotive then separated from its trucks, overturned, and came to rest on its right side
on the embankment north of the track. As the unit slid along on {ts side, dirt and gravel
was scraped up through the right side cab window, covering the fireman and shoving him
backwards. The engincer siid from his seat and feil down In front of the fireman. The
fireman remalned conseious and remembered noting the time as being 6:30 a.m.
According to the fireman, the engineer appeared to be unconscious. When the engineor
failed to respond to him, the fireman climbed up out of the cab and sot out to get heip.

_1___37 Three radio techniclans worked at the New Haven radio shop. One was on vacation
and one was on jury duty. The third technician had repaired one radio before ieaving to
repair a base station, but he diid not return the servireable radio to the locomotive facility
before going home. According to Amtrak's mansger of radio engineering, the normal
procedute was to use radio technicians on overtime if necessary. He stated that there

was adequate time to correct the radio deficiency before No. 80' sechoduled departure
from New Haven.
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Once out of the locomotive, he saw no one else moving about, 80 he ran about a half-mile
weat on the track, aeross the Winooski River bridge toward Essex Junction, to the home of
an elderly couple who lived near the track woest of the bridge. The touple then
telephoned the rescue squad and fire department, and the fireman called and informed the
dispateher st St. Albans of the accident., The fireman then returned to the derailment
site, where he found that the engineer had regained consciousness and had climbed out of
the locomotive unit unassisted,

I R SRS

The conductor, the regular brakeman, and the oxtra brakeman had been in the
forward food service car and, shortly before the derailment, they began to proceed to
thelr respective stations to assist passengers in detraining at the station stop. The
conductor, who apparently was passing Metween food service car No. 28302 and
slumbercoach No. 2083 when the train deralled, fell into the void in the smbeankment; the
reguiar brakeman, who had stopped in the counter section of the food service car to
answer a passenger's inquiry, was thrown to the flcor and pinned thers by part of the
service countor; and the extra brakemen, who had becn passing botween the ‘wo lead
Heritage coaches (Nos. 4729 and 4715), entered the door of the rearrnost car and dropped
to the floor. Rapld deceleration caused the extra brakeman to slide along the floor into a
wall, but he was unhurt and immediately began using his portable radio in an effort to
communicate with other crewmembers., However, he recelved no response to his repeated
transmissions. Coach No. 4729 was cssentially upright and coupled to the car behind it,
but it was balanced atop the remaining embankment, teetering up and down with the front
end hanging out over the opening where the culvert had been. Concernod that the car
might tip over, the extra brakeman calmed the passengers in the car and begun evacuating
them through the rear end door into the next reer car. Eventuaily, the ¢xtra brakeman
cleared most of the ambuiatory passengers from the cars east of the void to safe ground,
and he gathered blankets, window shades, and other items to make the passengers
comfortable until help arrived.

P
L
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Evacuation of bedroom/roomette car No. 2915 proved difficult. The car came to
rest on its left side on the south side of the embankment west of the opening. The rear
end was at the base of the embankment; the forward end wes at the top. The doors of the
occupied compartments were closed, and many were jammed making {t impossible for the
occupants to open them unassisted. The windows of the five roomette compartments on
the bottom side were sgainst the embankment, so the occupants of these compartments
were trapped and had to be extricated from above. Since the emergeney lighting
apparatus did not function, these occupants were in totel darkness. Most oceupants of the
topside roomettes were able to evacuate through their window openings after rescuers had
removed the windows. Injured occupants of one bedroom had to be rescued through the
compartment window; persons in the other bedrooms had to ecrawl down the narrow
corridor to the rear vestibule. Heand room was greatlv roeduced because the cnr was on its
side. (Seo figure 3.) The baggagemastor and passengers in the bottom sicie roomettos
were evacuated through topside window openings after rescuers forced open their
compartment doors and helped them climb out. The baggagemaster stated that upwards
of an hour passed before he wes evacuuted.
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flumbercoach No. 2083 came to rest nearly porpendicular to the track at the bottom
of the vold. It was tilted to the right with the right side resting against the sloping
surface of the remaining embankment west of the old culvert location. The rear of the
car was in the stroam; the forward end was under diner car No 28302 and lead Heritage
coach No. 4728 which had feilen on it. (See figure 2.) The 24 small single roomettes of
tha slumbercoach were crushed by the impacts. Those on the left side were compressed
downward througii the corridor and into the right side compsartments. Ten surviving
ocoupants ware trappued in the small roomettes for as long as 10 hours; some reported that
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thelr compartments were 8o compressed that therc was only room for their bodies. Thoy
were {n total darkneuss, but could hear the cries of other passengers. Rescuers extricated
tham by cutting through and jacking apail the wreekage.

Three occupants of single roomeites on the right side of stumbercoach No. 2083 and
an Arntrak attendant in the oxireme forward ond of the corridor were killed. All 12
surviving passengers in single roomettes sustained head, upper torso, and/or arm injuries.
Stx of these persons were hospitalized, Two passengers in the forward double roomatte on
the right side also were hospltalized, one with a head injury and the other with a cheat
injury. Some double roomettes at the rear of the slumbercoach were partly flooded by
stream water, but most of this end of the ear was relatively undamaged and tiz oceupants
were evocuated through the rear end door and waist-deep stream water that had peoled
behind the car. Several passengers in the sleeping cars were cut when they were thrown
into and shuttored the glass mirrors wit thelr compartment hulkheads and doors.

Lead Heritage coach No. 4728 and food sorvice car No. 28302 received severe
impactls as they dropped into the opening and struck slumbercoach No. 2083. Both cars
remained upright and thelr occupants witimately left them through ond doors. The rear
half of the right side of the Heritage cvach was crushed inward as much 83 a foot as a
pasult of colliding with the food servieo car during the derailment aequence. Four paired
gosts in this section were damaged with seat mounts torn loose or tilted inward; 3 of these
geat palrs were rotated to some degrec as were 16 other seat pairs clsewhere in the car.
Postderaliment impacts and rapid deceleration caused passengers to be thrown from thedr
soats to the floor, againzt foot and leg rests, or into tho seats in front of them. Several
passengors received severe head and faclal injuries when thrown into sheetmetal headrest
supports that were exposed when the cevering cushions came off them. Unrestrained
baggage was thrown from overhead racks (n this car and others, atriking and injuring
passengers, and some wall mirrors in the lounges were shattored.

About 20 persons were in forward lood service car No. 28301; many were thrown
from seated or standing positions by the postdersilment impects. Table tops were
detached from their pedestals, Microwave ovens, storage compartment liners, coffee
pots, food conteincrr. and other unsecured items in the food diapensing area were thrown
about. Some struck snd injured passengers and attendants. Mueh of the debris blockod
aisles and impeded rescue and evacwation offorts. _

Medical an} Pathologienl Information

The three passengers and the Amtrak attendant were pronounced dead at the seenc.
Autopsy reports indieated thwit the passengors, aged 38, 77, and 83, diod as a result of
(1) chest compression with respiratory restrietion, (2) pulmonary edema #nd contusion duo
to biunt impaat injury to the chost, and (3) skull fracture with multiple visceral and
skeietal injuries, respectively. The attendant's causce of death was a brain injury with
basilar skuli fracture.

The sonductor was transported to a Burlingion hospital by lelicopter and was
edmitted to surgery; however, ho died 3 hours 13 minutes after the avcident. Csuse of
death was pelvic and retroperitoneal hemorrhage due to extensive fractures of the pelvie
ring.

0Of the 29 persons hospitalized, 19 were treated for injuries te the head, nock, upper
arms, shoulders, and ohest. Four were hospitalized for foo! and leg injuries, 4 for peivic
and adbdominal injuries, 1 for spinal injury, and 1 for multiple contusions.
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Because there was no indication that the fireman's condition was suspected as heing
abnormal or causal to the accident, he was not taken into custody or requesied to submit
to & toxicological examination.  According to the fireman, he was aware that
crewmember use of alechoi was considered a causal factor in pravious train accidents
around the couniry. Hence, he was sensitive to the possibility that it might be thought
that he had been similarly Impaired, and he insisted that he be tested for blood alcohol.
He was taken to a St. Albans hospital where his blood was drawn in the presence of a
Vermont State trooper at 11:50 a.m., July 7. The sample was tested by the Vermont State
Public Health Laboratory on July 10, 1884, and the analysis report indicates it contalnes
0.000 perecnt blood aicchol. No testing was done for drugs. The postmortem
toxicological sean of the conductor's blood was ncgative for ethanol, narcotics,
barbiturates, tranquilizers, salieylates, sntihistamines, and antidepreasants. The
investigation did not revesl any indication that any train crewmembior was In other than
alert and otherwise normal condition before the accident.

Tests and Research

The fireman sald that he checkad the locomotive speed indicator against the
mileposts en route and found that with an irjcated speed of 52 mph, it required
64 seconds to cover a mile. Thereafter, he operated the truin at an indicated speed of
60 mph to componsate for the discrepancy in the indicator. The speed recorder tape
removed from locomotive unit No. 202 after the aceident showed a consistent speed of 58
to 58 mph wherevar the maximum authorized speed of 5% mph was permittad, including
the approsch to the accident Joeation. The tape also indicated that a temporary slow
order of 40 mph was complied with en route.

After the eccident, the speed indicator and recorder were removed from Amtrak
locomotive unit No. 202 and callbrated at Amtrak's New Haven locomotive facility in the
presence of a Federal Railroad Administration (FRA) inspector. The calibration tests
revealed that the indicator was 1 mph slow at 40 mph and 2 mph slow &t 80 mph. The
recorder registered the correct speeds at 10 and 40 mph; at 80 mph, the recorder
registered 80.5 mph.

The radics in the accident locomotive units were inspected and tested under Safety
Board supervision st the New Haven racio shop, Both radic units were stencllad "014."
After belng installed in Amtrak locomotive unit No. 203, the radios transmitted end
received normally on frequencies 160.800 and 161,070, channels Bl and B2, respectively.

After CV hud repaired the ombankment at milopost 1056.97 and had restored train
service, a Safety Bosrd investigator rode the lcad locomotive unit of train No. 61 to
ostablish the range of area illuminated by the locomotive hoadlight at the culvert. The
urit and hoadlight were of the same types that train No. 81 was equipped with on the
nlght of July 8-7, 1984, The headlight on bright was vbsarved to fully {lluminate the sides
of the embankment at the culvert, as well as the area st least 150 feet perpendicular to
the track zouth of the embankment.

ANALYSE
Tihw: Weather

The Burlington-Esyox Junction ares of western Vermont was subjected to a series of
intense convective storms with varying amounts of rainfali during a 7- to 8~hour period on
the night of July 8-7, 1984, Somec localities recoived as little as an ineh, while othors
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reportedly recoived as much as 8 to 10 inches. The heaviest rainfall apparently fell along
& narrow track that crossed the Central Vermont Railway mainline in the Green Mountain
foothills, abowt 4 to 5 miles cast of the National Weather Serviee office at the Burlingion
Afrport. Unofficial observors at locations along the storm track reported rainfali of 5 to
8 inches during three cpisodes of torrential downpours, each lasting 30 to 90 minutes.
Since an inch of rain had fallen in the arca the day before, the ground probably was
saturated and runoff may hav: swollon some streams above normal lavels before the
storms of July 6-7. Undor the circumstances, the heavy rains that fell that night could be
expaeted to result in flash-ticoding of streams, cspecially in billy terrain with relatively
impermeaile subsoil.

According to the National Weather Servico, c¢xcessively heavy rainfall is "quite
uncommon® in the Burlington-Essex Junction arca. During the 190 years that officlal
rainfail records had been kept at Burlington, the bieaviest 24-hour rainfall was 4.49 inches
in 1927, Hence, the & to 8 inches of raln that fell cast of Burlington and Essox Junetion in
8 hours or less on the night of July 6-7 was complotely Inconsistent with the norm for the
ares. In fact, {t may have been noarly double the previous record for a 24-hour period.
Statistioally, there wag less than a 1 porcent chance of a storm of this intensity occurring
atl any given location dueing the course of a year.

The Rallroad and tiw Stream

The Safety Board's ifnvestigation doveloped no indleation that the location,
consiruction, and condition of the CV's track, embankment, or culvert wore causel factors
in this aceident. The CV line was well clevated above the Winooski River flood plain, and
noither the Burlington-Essex Junction arca, in gencral, nor the accident location, in
particular, was prone to flooding., Moreover, the ombankment and oculvert at
niliepost 105.97 had proven adequate for more than 130 years. Although an 80-foot
section of the track was totally unsupported, it apparently remained taut and straight
enough to appear to the fireman and engineer of the Montrealer to be level and in
completely normal alignment until they ware close enough to see that there wes no baliast
stone under {t. The faet thut both 130-ton locomotive units crossed the void before
derailing amply supports the erewmembaers testimony in this regard. The existence of a
signai system would not have provented the accident, since there was no digturbance to
the trach that would have caused the shunting nccessary to produce restrictive signsl
indieations.

Redmean Creek was not a likely location for & flash flood. It wet. no more than a
common spring-fed brook, a foew {'cet wide and only a few inches deep at the rajlroad
culvert. 1t was short and the wooded watershed it cdrained was almost entirely in an
undisturbed, natural state. Although en IBM plant with a large parking lot hsd beon built
near the aecident site, it was ostablished that the parking lot wes not within the Redman
Creok watorshed, There had boon no significant change in the watershed area that would
have materially incroased the runoff rate normally imposed on the stream. Typical
summar rainatorms In the aren probably caused no remarkable incrcase In the runoff rate
because of the retentive nature of the wooded watershed.  Under normal rainfall
conditions, the series of beaver dims along the upper reaches of Redman Creek also
gerved to impound and regulate the watershed runoff.

The ability of the watershed arce to retain rainfall was limited by its relatively
sheliow toptoil underlald by a virtually impormaable elay subsoil. Once the topsoll was
saturated, any prolonged heavy rainfall would zubstantialiy increase the runoff to the
stream. Similarly, the beuver dams constituted a serious threat if they fajiec as a result
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of extraordinary runoff and relcased the very subsiantlel volume of water they had the
capacity to impound. The resuitant flash flood downstream and the substantial head of
water it would temporarily ereate behind the culver! ecould cause serious damage to the
embankment. The potential for such en event was tnderstood by the CV which in 1978
had removed a large beaver dam immediately above the culvert and had destroyed the
beavers to prevent them from rebuilding the dam. Mowever, the beaver dams ferther
upstream wera2 g0 remote from the CV'y right-of -way and were so well-concenied from
view thet neither the railroad's foreces nor the leeal population were aware of their
existonce.

According to the train crew, they encountered no hcavy raing on the southbound trip
of the Montrealer until they reached White River Junction. It is unlikely that thoy would
have fulled to see water impounded bahind the culvert, or even the stream overflowing its
banks when they passed milepost 105.97 about 10:35 p.m. Any serious sloughing of the
downsiream side of the embankment aiso should have been cbvious to them. Ilumination
from the locomotive headlight would have revealed all these featurss had they oxisted at
that time. Inasmuch a8 the fireman had helped remove the heaver dam in 1878 when he
was 8 maintenance-of-way employce, he was familiar with the iocations and would hava
understood the significance of high water and any visible damage to the embankment.
The Bafety Board doubts that either the fireman or the engineer would have falled to
recognize the threat to the ombankment such evidence would indicate, or would have
fatled to inform the dispatcher of what they had seen.

Based on reports made to Safety Board investigators, it is probeble that at least
5 inchos of rain had fallen on the Redman Creok watershed by the time the southbound
Montrealer reached milepost 105.97. The second end heaviest episode of rain had
probably ended 35 to 50 minutes eariier. The heaviest rain of the night measured at the
Burlington weather offlce had ended by 9:50 p.m., and there was no measurable rainfsll
after 10 p.m. at the Essex Junction power dam. According to the hydeologist, it would
have taken only about 30 minutes for 682,000 cuble feet of runof! water to reach the
embankment, assuming thut 3.8 inches of rain had fallen on the watershed during the
preceding hour.  The Bafety Board belioves that the rainfall sssumption is not
unreasonable; the actusl rainfall during that period et least approximated that amount,
and may have been greator given the reports and observations of residents along the storm
{rack,

The Safety Board believes that there is very little probability that the culvert was
obstructed, at least during the first two episodes of heavy rain. The eulvert was clean and
unobstrueted when it was Inspected 2 1/2 weeks before the accident, and there was no
debris observed at the stili-~intact inlet end after the mceidont. Even with the stream
flowing freely through the eulvert, it was estimated that less than a third of the
calculated runoff could heve pessed through the culvert. Thus, a very substantial head of
water should have been standing behind the embankment whoen the southbound Montrealer
passed over it. Such & head may have built up, but if that was the case, it apparently bad
complelely receded by the time the train arrived for {t was not seen by the locomotive
erewmembers. Partial saturation raay have occurred, but this may not have as yet caused
any noticeable sloughing.

Other factors may have delayed or diminished the heavy runoff rate caleulated oy
the hydrologist. . These could include & greater actusl retention capudility of the
watershed arca, as well as the possibility that the beaver ponds were only partlally fiiled
before the storm that oceurred between 9 p.m. and 10 p.m. This was perticularly likely
In the case of the largest and fartliest upstream dain which had been abandoned by its

e
4 e SN
P
H
k4
I
P
§
!
1
.
:x
i
4
f
5
2
i.
3
A
&
»
&
E
i
i
i,
I
L
3
N
b
5
w
i
B
i
a
b
i
o
£
i
o
it
i
3%
.
W
b
i
e
¥
#
i
s
i
N
\
‘
4
S
i
&
3
i
2
e
3
S’i
A
T
E
%
i
o
By
a4
i
a
f;l
§s
o
’
3
A
R
vh
§
k]
&
%
S
o
i}
k4
B
T
S
%
B
b
3

By




-30-

builders for some time and WHS in poor repair. Moreover, the hydrologist's ealeulations
were made on the congervative side; collectively the ponds may have held congiderably
more than 150,000 ¢uhic fept of water. In uny event, all the ponds probably were fuj] by
the time the second storm had pasaed. Some overtopping slready was oceurring, and the
dams were becoming saturated and weakened in the process,

Composed as they were of interlaced eut saplings and twigs hound by dried mud and
grasses, the beever dams probably wore very effective in resisting the buildup of watar
pressure behind them unti) water began pouring over their tops. Logieally, the abandoned
dam farthest upstream would have bean the first to fail, since it was the woakest and was
subjeet to the greatost pressure.  The faliure of this dam probably was triggered by the
effeet of the third storm which dropped 2 to 3 inches of rein on Lhe watershed botween
1e.m. and 2 a.m. on July 7. This downpour may hava oceurred in loss than an hour, and i\
certainly would have resultod In very rapld runoff from the hill slope to the headwaiors of
the stream at the abandoned beaver dam. The resultant beaver dam failures probably
occurred in a rapid "domina® sequence, creating a flash flood #long the narrow ravine
downstream. The physical evidence left no doubt that the damsg had blown out and that e
flash flood had oceurred below them,

The third storm may have resulted n some weter backing up behind the ombankmens
by the time the flood reached (. Assuming the embankment was already saturated, the
flash flood may have resultec in an almost immeadiate blowout of the ombankment. The
high-water mark observed on the surviving portions of the embankment was not
necessarly ater had stood that high for any appreciable
time. It co > made by a massive wall of water steilting the embankment and
momentarily rising up the slope.

Weather Forecasting and Reporting

The genoral woeather forecasts issued by Burlington NwWSO on the morning and
afternoon of July 8 proved to be very accurate. There was nothing particularly unique or
ominous in the forccasts; afternoon and evening thunderstorms are froquently forccast
and ocour comimonrly In midsummer in Verment. By the time the meteomlogist'-ﬂn-charge
reported on duty at 4:30 P«m., the weather systom in advance of a cold front was
well-developed and was beginning to produce severe conveotive storms &ll along the
Appaluchian mountain ¢hain. There was a very strong likelihood that such storing would
eventually strike western Vermont and that they eould be highly localized and 3evore.

Shortly after going to work, the meteorologist began tracking storm ogjls
approaching the Burlington-Essox Junetion area on radar. Mo record way made of the
radar cbservations then o later, but the metoorologist and the weather speeialist he
called to duty at.about 10:15 P.m. stated that as the cejls entered the area within g 20- .0
26-mile radius of the weather Station, they were no longer {dentifiable due to the
characteristic ground clutter within that apea on the radar s¢ope.  However, it should
have beor possibje to establish the headings of the most severe celly, so that they could be
tracked accurately before and aftor they had passed through the ground cluttor on the
radar scope. Continuous monitoriag of the radar and keeping a record of the tracks of the
most severe storm cells should have established the ares where the heaviest rain was
falling st of the weather station, in the foothills of the Green Mountains.

More than 4 hours passed botween the 4:10 p.m. goncral weather forccast and the
first of goveru] special weathor statements tasued by Burlington NWSO. Although the
ated that he was concorned about potentia] flooding since an ineh of rain
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had fallen the previous day, he didd not update the local wenther information to refleet the
rapld development of advorse weather conditions until 8:27 p.m., well after he had
become aware of them. At 4:30 p.m., the Albany weathor station had issued a flood
watch for the Adirondack Mountaing, to the woest and southwest of Burlington. Shortly
afterward, the Burlington meteorologist observed storm cells developing 20 to 40 miles
south and southwest on the radar. The first of these storms reached the Vermont shore 18
miles southwest of Essex Junet'on at 6 p.m. Rain began falling at the weather station at
6:25 p.m., and & 30-minute cpitode of heavy rain began there at 7104 p.m. The sccond and
most prolonged episode of heavy rain began about ¢ p.m., and during the naxt hour the
weather station recorded .64 ineh of ruinfall, bringing the total measurernent of rain
sinee the onset of the first downpour to 1.25 inches. -

The meteorologlst stated that he continuously monitored the radar to estabiish the
intensity of the storm cells and, as a result, he knew thet heavy storms were passing 4 to
3 miles cast of the weather office. Nevertheless, none of the special weather statements
or subsequent flood wateh snd flood warning broadeasts actually reficcted this knowledge
or the significance of reports of flooding along what probably was a major storm track.
By 10 p.m., the mecteoroloyist had been informed that roeds wore awash with water cast
and southeast of Essex Juviction along the path of the heavy cells. He knew that the Essex
Junetion power dam pericdically measured rainfall, yet he did not contael the dam
personnet who were about midway between the weather station and the flooded roads.
Had he done so, he would have learned that more than twice as much rain had fallen at
the dam then at the weather station during the second episzode of heavy rain.

The 8:27 p.m. specisl weather statement referred generally to heavy showers
moving through the upper Champlain Valley and northern Vermont. The oniy speecific
information provided was that aiout a half inch of rain had fallen at Burlington and more
showerg wicre expectod. The direction the storms were moving and their probable tracks
were not given. The seecond speeial weather statemaont, {ssued at 10:15 p.m., reported
heavy showers north and east feom Burlington into the eounties to the north. Mone of the
specifie information that Burlington NWSQ had concerning the line of hoavy storms
passing to the east and flooded ground condltions was inciuded.

By 11:15 p.m., when a third special weather statement was issued, the meteorologist
was aware that Highway 15 had been closed in the foothills northeast of Essax Junetion.
Tho location was on the same line as the flood locations reported to him earlier. Although
the statement referred to the closing of Highway 15 and to water over the road on
Highway 128 in lssex, the signifieance of these reports and the probability of
extraordinary rain along the line that connected these locations was not mentioned. The
stutement did, however, advise 1hat a flocd wateh was in effeet for this and other parts of
Vermmont. The 11:10 pom, flood warning covered the entire northwestern guarter of
Vermont, inelwding Chittenden County where (he aceident occurred. The warning
included almost no site-spocifie information other than general references to flooded and
washad-out roads in five townships, three of which were along the prineipal storm path,

Huadg the personnel at the Burlington weather station realized the historic magnitude
of the reinfall thut had been measurod along the storm track by the time they issued the
flood wareing, they probably would have been more site-speeific In the warning. It is
possible, as well, that thoy may have boen sufficiently alarmed to have iassuod a flash
flood warning nstead of a flood warning. Persons along the storm track had, by this time,
cbserved that ithe rain gauges were full and overflowing, and they knew that a phenomenal
weathor event had occurred. Yet, none of the observers informed the weather station of
the fact, poraibly because they did not have sccess to the weather station's unlisted
telephene nurnber.
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The NWS office has the responsibility for issuing severe weather information for the
State of Vermont and, in the case of flooding conditions, the responsibility often must be
met with limited real-time information about conditions throughout the State. The
number of rainfall cbservations obtained after the July 7 accident demonstrates that
obscrvations ware being made near the derallment site and that many observers would be
willing to assist in providing weathor information.

The Safety Board belleves that the NWS should endeavor to enlist the cooperation of
amateur observers (o submit observations in a timely manner during periods of severe
weather conditions when there is a likelihood of injury to people or damage to property.
Through such a system, the NWS office eould significantly Increase its knowledge of local

conditions and improve both the timeliness and acouracy of severe weather condition
roports.

Neither the flood wateh that waes extended to include Vermont, nor the flood
warning {ssued by the Burlington NWSO suggested the possibility of flash flooding. Had a
fiash flood watch or a flash flood warning been issued, the required sounding of the alarm
tone over the NOAA weather radio wouid have occurred. This also was required in the
event a flood warning was broadeast. FHowever, the alarm tone wes not to be sounded for
a flocd wateh, NWS instructions indicated that the requirement for sounding the alarm
tone was "not appiicable" for a flood wateh. Further, recent NWS Eastern Region

instructions tended (o encourage the [ssuance only of flood watches and flood warnings in
fiash flood situations.

Because the NWS operations manual does not require the weather radio alert tone to
be sounded when specisl weather statements or a flood wateh are broadegst, the alarm
tone was not sounded wntil the 113150 p.m. flood warning was issuad. Unless persons who
had the weather radio receivers were continuously monitoring them, they would not have
heard the information that was broadeast prior to 11150 p.m. The value of the weather
radio recelvers {9 considerably diminished if the users are not aleried untii a very serious
weather event is about to oceur, or more likely, iz occurring. Inasmuch as tha local
NDAA woeather wire was out of service until 10:30 p.m., the media subseribers to the wiry
apparently missed the early special weather statements. As a result, very little
informationh on the weather situation was available in time for the late news broadeasts.
However, It the CV had been aware of the 11:50 p.m. fiood warning, it could have
inspected the ireck in the Essex-Junection area.

The Sefety Board believes that the Burlington NWSO may have failed to
radar-monitor adequately the third storm that moved along the main storm track after
micnight, or having monitored {t, alicd to relate tha event to the earlier storms and the
eifect it would have on streams in the foothills, There was no upgrading of the fiood
warning to refiect the third storm, and the warning was allowed to expire at 6 a.m.,
50 minutes belore the derailment. It seems inconeeivable that the weathermen would not
have been uware of the potentiel for flash flooding that a third major storm would create
after the heavy ralns and flooding that had previously occurred in the area, and to which
they had become alerted after 10 p.m. by local authorities on July 6.

The decision of the Albany weather office to {ssue a flood watch insteand of a flash
flood watch was inoonsistent with the reports of 2 to 3 inches of rain falling: in less than
an hour in mountainous localities. A flash flood could be expected to ocour under such
ofrcumstances with sudden and far more serious sonsequences than would oceur with the
gradual overflow of streams and accumulation of water in low-lying pluces which the
definition of a flood clearly implizs. Since the Green Mountaing of western Vermont were
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being subjected to an oxtension of the weather system affecting the Catskill and
Adirondack Mountains of New York, it was probabile that they also would receive similariy
focelly intense rainfall. For this rcason, the Safety Board believes the Issuance of & flash
flocd wateh and, uitimately, a flash flood warning for the area would have been more
suitable and entirely justified.

Operation of the Truin

Postaceident examination ¢f the speed recorder tape and calibration of the speed
indicator and recorder corroborated the fireman's statement that the indicator registored
1 mph slow at 59 mph, and that he therefore operated the train at an indicated speed of
60 mph to compensate for the discrapancy. The recorder tape Indicated train speeds of no
ranore than 59 mph where the maximum authorized speed was permitted, and also thet a
40 mph slow order was complied with en route.

According to the fireman, he reduced speed at one locetion where haze or fogf
reduced visibility in line with his interpretation of Rule 108 which requires that tho safe
course be taken in cases of doubt or uncertainty. This interpretation eonformed with that
espoused by CV management, CV's rules examiner, and other CV employees interviewed
by the Safety Board. The Board believes that the fireman would have just as prudently
reduced speed approaching milepost 105.97 if he hed seer anything out of the ordinary at
that location on the southbound run. The train erew was not aware' that heavy rain had
fallen ‘n the aree during the night, and they could not have detected the void in the
embankment until their locomotive was too close to it for them to be abie to reduce the
train's speed. The train's brakes were applied in cmergency before the train dersiled, an
indiention that the fire nan was alert and was keeping & sharp lookout ehead.

The dispatcher at St. Albans understood that there were heavy rains in the aruu
north of the acecident site. Howanver, nelther the crew operating the Montrealer trains nor
a local freight crew that had left Essex Junction at 10:45 p.m. and had arrived at
St. Albans at 11155 p.m. reported encountering any adverse conditions to him. Had there
been a NOAA weather radio receiver in his offlea, the dispatcher would huve been alerted
to the flood warning issued by Burlington NWSO at 11:50 p.m. it I8 unlikely that he would
have reacted to such a general warning which applied to the entire northwestern quarter
of Vermont since the heavy storm early in June 1984, that had done exiensive darnage to
another railroad in northern Yermont, had caused no damage to the CV main line. In the
absence of specific information that would indicate a situation, such as a flash flood that
definitely posed & threat to the CV% line, it is not rcasonable to axpect that the
dispatcher would have caliod someone out on overtime to patrol tha track all the way
from St. Albans to White River Junction. The Safety Board believes that if the CV had in
affect a method of obtaining weather information through contact with local authorities
along its routes, the dispatcher may have been alerted to the serious weathar oecurrences
near Essex Junction.

The dispatcher could have contacied Amtrak's Essex Junction ticket agent who
would have informed him that heavy rain had fallen 1ere before 10 p.m., but not
afterward. Such a report probably would have discourajed the dispatcher from takirg
further gction since the southbound Montrenler had left Essex Junetion about 10:30 p.m.
and had encountered no heavy rain or any tndication of flocding or damage. Even hadl the
dispatcher assured the worst and had called out a track patrol east of Essex Junetion, it
is entirely conceivable that such a patrol, if celled too early, wnuld have passed
milepost 105.97 before the flash flood oceurred on Redman Creek.
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This aceiden! underscores the inability of today's train dispatehers to obtain dotatled
and aceurate information on loeal weather conditions that may affect the safety of trains,
Radio has made it unnecessary for the CVY and other raliroads to have a station with
oparators on duty around the cleck in every town along the line. Elsewhere, centralized
traffic contral and automatic Interlocking plants slso have helped climinate most of the
manne lineside facilitios the railroads onee hed. Jystern maintenance gangs have
replaced the vection gangs once headguartered al) along the railiroads. Even dispatching
has been centralized on wmany large rellroad systems. As a result of these changes, the
rallroads geined many economic benefits, but their dlspatehors lost a highly effective
means of keeping track of weathor conditions along their lines. During the 7 hours
preceding the dersilmont nesr Essex Junaetion, the only CV employees on duty on the
entire northern half of the railroad were the tlispateher, an operater at White River
Junetion, and the crew on board the Montrealer. The Safety Board believes that raiiroads
should beecome more cognizant of this oircumstarn ce and teke measures to overcome such
shortecmings when eliminating agents. or employets along their routes.

Ay demornistrated by the CV's posticeldent ¢xperience, the NOAA weather radio can
be a valuable aid in helping dlspatchors learn about severe weather conditions that could
affect the safoty of trains. 1t would be of aven greater value if the NWS had a more
effective information-gathering system and 1t was NOAA policy to alert radio users when
special weather statements and fiond watehes ars brondeast. Subseribing to the weather
wire will provide the railroads with a flow of weinther data, but the data needs to be more
site~specific. And, as also rovealed by the Safety Board's investigation of this accident,
the wire can become inoperative for long periods during adverse weather. CV's
postaceident experience clearly shows that railroad dispatehers need to be notified by
local police and olvil defense sgencles when extreordinary local weather conditions oceur.

Personnel in the widely-dispersed NWS offices are bound to be frequently ignorant
of highly localized severe weather umti) iong after it has occurred, even when it is
rolatively nearby as was the case in this accident. In the washout-related Amtrek
derailment investigeted by the Safety Board nesr Connellsville, Pennsylvania, cn May 29,
1984, 14/ 2.1 inches of rain had failen in the ares resulting in rapid runoff that backed up
behind a bloeked box culvert.  About 60 feet of the Chessie Siystem Raliroad's
embankment was washed into the Youghlogheny River before Amtrak'y Capita} Limited
reached the location at 6:40 a.m. Although this line had a signal system, the track
romained intact and the train was proceeding on clear signal indicntions. The NWS at
Pittsburgh, about 50 miles away, had not issued a flood or flash flood wateh op warnings.
Forecasts issued during the night wore for oecasional and light rain,

Amtrak's Locomotive Radion

The sccident location was in such a reimote location that trees sorooned it from
view in all directions, cxcept along the railroad's right-of-way. It could not even be seen
from the landfill access road. Nevertheless, had someone seen the washed-out
embankment during the brief pericd of davlight and reported the faot to the CYVY
dispateher, there was littie chance that the dispateher could have contacted and warned
the train crew. There waroe no open stations ard there were no signals tha, could be set to
stop the train. Only radio could bo used to contact the crew, and the radios on the

14/ Rallroad Accident/incident Summary Heports--"Deratiment of Amtrak Passenger
’r;aln.{ g‘he )Capitai Limited, near Connellsville, Ponngylvania, Mey 29, 1984" (NTSB/RAR-
85-01/8SUM).
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locomotive units were not equipped to operate on CV's frequencies. The train erew had
smeil S-watt portable radios with an effective range of 1 to 3 miles under optimum
conditions, but the radlios were not llkaly to reccive a transmission unless they were close
to one of the base stations, which were 25 miles or more apart. A measure of the
inoffectiveness of the portable radios as replacements for the long-~range radios on the
locomotive units was the fallure of the dispatcher to hear the extra brakeman's repcated
calls for help over his portable radio, although the brakeman was about 2 miles away from
the base station at Essex Junetion. Fortunately, a citizen alerted the Essex Police almost
immediately after the derailment and the rescue effort was not delayed.

Train No. 8¢ did not have a locomolive radio which would transmit and receive over
the CV frequencles because Amtrak's motive power dispatcher permitied the train to
leave New Haven without one. 'There was a proper radio in fully serviceable condition at
New Haven, but it was locked up in the radio shop. There was adequate time to correct
the sttuation, tut this was not done. CV was informed of the radio deficiency by Amtrak,
and the train had been frequenily aceepted by CV without a proper radio in the past.
There were no rules or rcgulations prehibiting this, but given the high degree to which CV
rclies on radio comiunication in Jts operations, the Safety Board balicves this was a
matter of poor judgment on the parts of both Amirak and CV. Necessary steps were
promptly taken after the accident to assurc that such a situation would not occur again,
but Amtrak should make certain that similar defieleneies do not occur elsewhere in
operations that involve running its trains over several different railroads with different
radio frequencies.

Even if the locomotive radio on train No. 80 had been equipped to function on the
CV frequencies, it would not have been possible for the enginemen to communicate with
the dispatcher because the locomotive battery boxes were destroyed when the Jocomotive
units derailed. The locatton of the batteries under the frame of the locomotive units,
which {8 peculiar to Amtrak's F4OPH units, makes them highly vuinerable when a
Incomotive unit derails and the carbody separetes from the trucks. Such separation also
occurred in the July 7 accident, the Amtrak derailment at Connelitiville, Pennsylvania, on
May 28, 1984, and the derailment of Amtrak's California Zophyr due to a washout near
Granby, Colorado, on April 16, 1085. 13/ At Grenby, as at Essex Junetion, it was
neoessary for an engineman to walk about a half mile to reach & telephone and report the
accident. In the Connellsville accident, an engineman walked 2 1/2 miles to use the
telephone in a private residence. In all three aceidents, the jocations were relatively
remote. Sixteen persons were soriously injured in the Granby derailment; 23 persons were
injured, 4 seriously, in the Connellsville aceident. In this day of aimost total reliance on
radios for communications on the railroads, it is intolerabie that help for the injured
occupants of passengrer trains is delayed because it i3 necessary for teain crewmembers to
walk to the nearest telephione. The Safety Board believes that reliabloe emergeney power
for radio usage or an ability for the radto to broadcast an emergency moessage in the cvent
of & serious accident is cssential on Amtrak locomotives.

The Safety Boaurd has long baon interested in the application of racio use to raiiroad
operations. Safety Recommendations have been issued to the FRA addressing the need
for radios (0 be required equipment on traing, the need for compatibility of radios

187 Rallroad Accldent/Incident Summary Reports--~"Derailment of Amtrak Passenger
Train, The California Zcphyr, nesr Granby, Colorado, Aprtl 16, 1985"
(NTSB/RAR-85/01/SUM)
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between railroad properties, end the need for standards governing the use of radios in the
industry. Recommendations also have been issued to various individual properties on the
same issues.

Since 19786, the Safety Board has issued to the FRA three safety recommer.dations
on the use of operable radios onboard trains, as follcws:

R-76-8

Require that trains be equipped with operable radios and that railroad
managemont provide guidalines for their use in normal service and in
emergency situations.

R-79-73

Fstablish regulations that would require all trains operating on a main
track to be equipped with an operable radio.

R-81-81

Initiate rulemaking to require trains which operate on common trackage
to have compatible radic equipment which will permit emergency
communication.

All three recommendations are being held in an "Open--Unacceptable Acticn” status. it is
interesting to note that, while over the past 10 years the FRA has not acted to resclve
this issue, concern has been expressed at the highest levels. During the National
Transportation Safety Board's National Accident Investigation Sympostum held in
Washington, D.C., July 30 - August 1, 1984, the FRA Administrator stated:

There were two things that I found imponderable before coming to FRA.
One was the difficulty in reaching an agreement among all of the parties
that would address in a fair way the alcohol and drug issue.

socond; and we are going to begin proceedings that deal with the issue of
communieation, radio com munication among raiiroad operating vehicles.

The Safety Board appreciates the concern expressed by the FRA Administrator over

I 8go and urges the FRA to move swiftly in its efforts to address the use of radios
and radio communication standards to improve operational safety in the railroad industry.
To underscore the Board's concern for this issue, Safety Recommendations R-76-8,
R-79-73 and R-81-81 have been placed in a "Closed--Unacceptable Action/Superseded"
siatus and a new recommendation is ineluded in this report that covers the general issue
of radios in raflroad transportation safety.

Survival Aspects

Out of necessity, all six CV train erewmembers were located in the forward part of
the tra.n when it derailed. As g result, this aceident had the potential of resuiting in gl
of the crewmombers being entrapped or otherwise incapacitated. Had the lead
locomotive unit falien into the void in the embankment, instead of erossing it, it probablv
would have been crushed by the following unit and cars. In all likelihood, the enginemen
would have been trapped in the wreckage. If fire had broken out from the ruptured
Iocomotive fuel tanks, it |s doubtful that the enginemen would have survived. As it was,
the engineer was rendered unconscious, and he was unable to play any meaningful role in
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the postaccident response. Although the fireman extricated himself from the locomotive
unit and went to summons help, he was shaken up and had difficulty seeing. After
returning to the accident site, the fireman was physically unable to assist in tite rescue
operations.

Of the trainmen, only the oxtra brakeman escaped injury or entrapment, and then
only barely. He was passing between the two forward zoaches to begin detraining
passengers when the train went into emergency, and he had just enough time to get into
the rearward coach before the train derailed and the coaches parted. Had the extra
brakeman still been in the vestibules, he, too, might have been incapacited. The
baggagemaster was trapped in the bedroom/roomette car, but because he had been
trained, he was able to tell rescuers how to remove the car's windows.

Because of the time of day, most of the Amtrak service employees also were in the
forward cars. Several were preparing breakfast in the food service car. Others were on
duty or resting in the sleeping cars, One Amtrak sieeping ~ar attendant was kilied in the
slumbercoach. Other Amtrak employees were trapped or injured and were unable to assist
in the postaccident rescue effort.

Most of the passengers were able to evacuate the train without great difficulty.
Those who were trapped and had to be extricated were in the two sleeping curs. The
worst case scenario was the slumbercoach which had fallen into thé void and had its
forward half crushed by cars that came to rest on top of it. The single roomettes in this
car, which were comparatively small and cramped to begin with, were compressed into
each other. Three passengers in these compartments and the car's attendant were kiiled
by compression or blunt impaet injuries to the head or chest. All the other occupants of
the small roomette compartments were injured, and 10 of these persons were extricated
only by lengthy and arduous exertions of well-equipped rescuers. None of those trapped
could have froed themselves from the wreckage. Had fire broken out, none would have
survived. Even though the body of the slumbercoach was built of stainless steel and had
numerous interior compartment walls, it could not be expected to completely withstarid
the impacts produced by a 55-ton car and a 89-ton car falling on it. Had the car been of
}ess substantial construction, more of the passengers onboard would have been fataliy
njured.

The effects of rapid deceleration and derailment in producing injuries to persons in
the coaches and food service cars paralleled that noted in previous Amtrak train aceidents
that the Safety Eoard has Investigated. Secats wers rotated, seat mounts were torn loose,
and cushions were detached from sheetmetal headrest supports. Many passengers
sustained factal and head injuries when they were pitched from their sests; others were
injured when struck by unrestrained baggage that was thrown from open overhead luggage
racks. Persons in the food service cars were injured by unsecured equipment, such as
microwave ovens and food containers, which were thrown from the counter areas. Some
sleeping car and coach passengers were lacerated when they were thrown into ordinary
glass mirrors that shattered as a result.

In its report of the investigation of a 1983 Amtrak dorailment at Wilmington,
lllinois, 16/ the Safety Board issued Safety Recommendation R-84-40 on November 29,
1984, which recommended that Amtrak:

16/ Railroad/Highway Accident Report--"Collision of Amtrak Passenger Train No. 301 on
Minols Central Gulf Railroad with MMS Terminals, Inc.,, Delivery Truck, Wilmington,
Illinois, July 28, 1983" (NTSB/RHR~-84/02).
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Correet the identified design deficiencies in the interior features of
exizting and new passenger cars, which ecan cause injuries in accidents,
including the baggage retention capabilities of overhead luggage racks,
inadequately secured Seats, and inadequately secured equipment in food
service «cars.

Safety Recommendation R-84-40 was reitersted on February 4, 1985, in the Safety
Board's rcport of the investigation of an Amtrak derailment at Woodlawn, Texas, on
November 12, 1983, 17/

Amtrak responded to Safety Recommendation R-84-40 on March 13, 1985, reporting
that as {ts conches wore overhauled the locking devices intended to prevent seat rotation
would be modified to inelude a positive locking fealure thst wouid prevent undesired
rotatior. Additionally, »d that it was replacing complete car sets of 3est
frames with g deslgri equipped with a step lateh with positive locking device that prevents
the sent from falling away from the ccach wall, as weil as undesired seat rotation. In
addition, Amtrak wilj equip all newly construetod coaches with the improved seat frames.

Regording the problem of unsecured baggage in overhead racks, Amtrak responded
that it hes designed a web-type retention device to be kpplicd to the racks of a now
prototype: sleeping car it has ordered. This and other baggage retention devices are to be

4 new prototype coach. However, Amtrak reported

ting cars with baggage retention devices. As for

equipment in food service cars, Amtrak advised that it wij enhance seccurement

of microwsve and convection ovens by adding an extra stec] bar aeross the top of the

ovens to prevent displacement under oxtreme shock. The modification was being
implemented as food service cars undergo overhaul and 120-day maintenance programs.

On July 28, 1985, the Safety Board informed Amtrak that it was pleased that
Amtrak was working to eliminate design inadequacics in its eosch scats and oven
Securement in food serviee ears, but was keeping Safety Recom mendation R-84-40 in an
"Open--Unacceptabie Action” status inasmuch as Amtrak did not plan to retrofit the
overhoad luggage racks in its existing cars with retention deviees. In this regard, the
Board cited an Amtrak derailment at Queens, New York, on July 23, 1984, 18/ in whieh
passengers wore struck by loose baggage dislodged from overhead racks.

In the Amtrak derailment at Connellsville, Pennsylvanis, eoach passengers reported
to Safety Board investigators that personal belongings and baggage "were flylng
everywhere." One woman was struck repeatedly and was literally buried under suitoases
that fell from an overhead rack.,  Passengers reported that timely evacuation of the
coaches was difficult because the aisles were full of falien luggege. Considering the
range of options that could be employed to offectively modify the existing luggage racks,
the Safety Board belfoves that Amtrak should reconsider its position and move
energetically to eliminate this common cause of injurics to «oach passengers in
dorailments, Similarly, the use of shatterproof glass in mi Frors would provent serious

T’fTRailroad Accidont Report--"Derailment of Amtrak Train Ro. 21 (The kagie) on the

Missourt Pacific Ratlroad, Woodlawn, Texas, November 12, 1983" (NTSB/RAR-85/01).

18/ Rallroad Accident Report—"Head-on Collision of National Railroad Passenger
orporation (Amtrak) Passenger Trains Nos. 151 and 168, Astoria, Queens, New York,

New York, July 23, 1984 {NTSB/RAR—SE:‘/OQ).
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injurics to passengers in slecping car compartments and coach lounges. Amtrak aiso
ghould investigete measures to prevent the exposure of headrest frames as a result of
cushion displacement on {ts Heritage class coaches, as well a8 its other woach ears.

B sy e R ET R s A R

Based on the findings in thesc latest accidents, the Safety Bosrd is placing Safety
Recommendation R-84-40 {n a "Closed--Unacceptable Action/Superseded® status and is
Issuing new recommendations that Amtrak take action to corrcet the luggege retention
problem as well as the non-~shatterproof mirrors and seat cugshion dispiecement problems.

Response to the Emergency

The extra brakemen was the only train ¢crewmember who was able to evacuate
passengers from the train and to provide for their care before the first emergency forces
reached the site, He was assisted by these Amtrsk onboard attendants who were not
seriously injured in the accident. The training Central Vermont and Amtrak had provided
to the braksman, the train attendants, and local rescue forees was a positive factor in the
effccetive mannar in which their efforts were directed.
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Although hampered and complicated by the inaccessibility of the aceident site and
the necessity of construeting an access road, the enormous rescue effort was initiated
quickly and was cxecuted in a smooth and highly efficient manner. Nearly 300 persons
had to be located and cared for, a task complicated by the relatively large number of
persons who were trapped and had to be extricated under very difficuit conditions.
However, the rescue forces wore well-trainod and equipped. Because the aceident
occurred on & Saturday, rather than on a weekday, many volunteer rescuers were at home
and able to immediately respond to the emergeney. Another fortunate coincidence was
the nearby assembly of Mational Guardsmen who were readying holicopters, trucks, and
other equipment for their annual summer maneuvers. Tha early cn-scene appearance of
Statc officials tv direct the overall response effort resulted in the prompt diversion of the
Guard to the accident site. This provided sorely~needed manpower and eqguipment
essential to the quick construction of the access road and the fast evacuation of
eritically~-injured persons to hospitals.

The area masgs disaster plan was a remarkable model of good planning, and {ts
smooth and successful implementation was marked by a total absence of confusion and a
minimum of problems. The more seriously injured weve selectively transported to the
hospital that was best prepared to care for tham. Hospitals put their disaster plans into
effect and these worked effectively since the hospital personnel had been repestedly
drilled under simulated disaster conditions. Glven the difficulties imposed by the limited
access to and from the accident site, the ability of the nearby IBM dispensary to provide
quick out-patient treatment to many persons was yet another fortunate circumstance.
This eliminated the need to tranusport those with minor injuries the relatively long
distance to the hospitals, and it reduced the burden on available transport, the access
road, and the facllities and staff of the hospitals.

Control of access to the site by responding police agencier was a vital factor in the
success of the rescye operation. Had the State Police not quickly and effectively sct up a
command post and restricted access to those persons end vehicles which ware needed at
the sita, the narrow access road would have guickly become totally congested. This would
have seriously fmpeded the evacuation offort and would have delayed needed vehicles and
equipment from reaching the accident site. Moreover, the site would have become
overcrowded with people and vehicles that were not needed there.
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CONCLUSIONS

The severe rains that fell east of Esgex Junction on the night of July 8-7,
1984, were Inconsistent with the norinal rainfall history of the ares. The
amount of rain that fell may have been twice the 160-year record rainfall for
the ares.

The Central Vermont mainline was well-constructed and maintained. The
culvert that carried Redman Creek under the railroud was probably intaet and
unobstructed, and {1 was adequate o convey the runoff of normal rainstorms
“hrough the embankment.

The culvert and embenkment were not sericusly affected by runoff from the
first two storms. Had the embankment besn damaged, or had water been
impounded behind %, the train crew would have observed this when they passed
the location at 10:35 p.m,

The embankment may have beecome saturated by the heavy rains and scme
temporary impounding of water bohind it. However, the catastrophie failure
of the embankment probably resulted from the oceurrence of a {lash flood
along the stream course sometime between 1 a.an. and 2 a.m. on July 7,

The flash flood resvited from the overtopping and blowing out of a series of
beaver dame nrear the headwaters of Rodman Creek. These dams were
concealed from view, and their existenca was unknown to Central Vermont and
the public at large.

The Central Vermont dispatcher had no reason to expeect that typieally heavy
raing would cause problems at the cuivert or anywhere alse. The raiiroad's lina
was not flood prene, the magnitude of the rainfell in the arca was unreported,
trainerews had not seen or reported damage or adverse conditions, and
Redman Creek was an unlikely iocation for a fiash flood.

Train No. 80 was operated by an alert crew that complied with the speed
restrictions and rules. The crew did not encounter heavy rain or gee standing
water en route, and thev had no reason to expect that the ambankment had
been breached.

The fireman applied the train brakes in emergency when he first realized the
embankment was breached, Although this did not materially reduce tho train's
speed, {t did warn the extrs brekeman in time for him to reach a piace of
safety., The extra brakeman was the only crewmember able to help avacuate
and care for passengers aftar the acceident.

Although the Burlington NWSO was only 4 to 5 miles west of the prineipal
storm track, the personne] manning the office wore unaware of the megnitude
of the rain that fell there.

Burlington NW'0 personnel monitored the storms on radar before and &fter
the storms reached the area. However, they either did not deteet the third
intensive cell 1.0 pass along the main storm track, or they fatled to appreciate
its relevanco to earlier storms along the same track.




R et P TR R TP L
i ':“":"""".._h—"““" pon S5 -7 N
-ams:ahz-‘a'-rﬁﬂm&«mmmemm&&ﬁ%ﬁ%ﬁ?ﬁ%ﬁ%%%ﬁ

e T L R ST P TS W et LAt
A i Fan e e TR T I ‘ -

3

I 8

i i

L -

v |
3
3 '
ST
| it

AL ey M e

S

4]

The three special weathor statements lssued by Burlington NWSO and the
general extension of a flood watah to western Vermont wors broadeast over
the NOAA wasther radio. However, the value of the broadeasts was
diminished because the National Weather Service did not require them to be
preceded by the alarm tone. Users of weather radic recclvery would have had
to be monltoring them to have heard the broadeasts.

Some residents along the main storm track knew ‘hat rainfal} hed exceeded
3 inches before the third gtorm Struck. Had Burlington NWSQ been aware of
this, it would have been Justified in issuing a flash flood wateh and warning,
and the warning could have boen more site gpecific.

Because of its and the fact that it serves a large
territory, evelop a better systom for gathering

tvations In ordor to adequately provide accurate wesathey
information for surface trangportation. The situation (s probably siymnilar in
other areas.

Becsuse extromely heavy rains had fallen in very short poriods in mountainous
arcat along the storm track, there wag clearly a threat of flash floods
oceurring in Vermont. However, Albany NSWO failed to upgrade its flood
wateh to a flash flood wateh when it was extended to inelude Vermont.

Because Central Vermont lacked an effective weathor detection and
monitoring system and no longer had station and maintenance employoes
situated along its line, the dispatehor had only the train erews and an oporator
at White River Junetion to rely on for adverse weather reports, Even if ke had
a NOAA weather radic recciver, he may not have been sufficiently alarmed by
the 11150 p.m. flood warning to have called out a traek patrol.

Although Central Vermont was highly relient on radio communication In its
train operations, train No. 69 did not have a cadio which vwould funetion on CV
frequencies. Smaill portabje radios given to train orowrmetbers were an
Inadequate substitute. Amtrak's motive power dispatcher should not have
allowed the train to leave Now Haven without the proper radio on the
locomotive and the Central Vermont should not have accepted train No. 80
without e radio with g Central Vermont frequency.

Even if train No. 80 had the proper radio equipment, the engineman could not
have used it to report the accident and call for help, bacause the loeomotlve
battery boxes were destroyed. This aceidert and others demonstrated that the
location of the batteries on same Amtrak jocomotive units makes thom prone
to darmage in a deratiment,

Many passenger injuries would have been Provented or mitigated In soverity {f
the cars had improved couch seat Securemont, luggage retention devices,
better-secured food service equipment, and shatternroof mirror glasy.

Training provided by Amtrak and Central Vermont to train ocrewmembaers,
Amtrak onboard servien personnel, and local emergency forces ailded in
bringing about the effective and timeoly eveocuation and extrication of
passengers from the train.
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The early on-geene appearance of Yermont State offinrials to dircet the overall
response effort, and the resultant application of the Nationsl Guard, the State
Police, anud other State resources to that effort werc important clements in
the outstanding response to the emergency.

Well conceived and suceessfully implemented muss disaster plans provided
rapid handling and treatment of injured persons ut local tospitals. The
smoothness of the operation and lack of confusion were attributed to the
repeated driliing of rescue forees and hospital personnel prior to the aceidont.

Probeble Cause

The National Transportation Safety Board determines thai the probably csuse of the
accident was a flash flood that destroyed the railroad support embankmen! over a small
stream durlng a prolonged neriod of extraordinary heavy rainfall. ‘The flash flood was
precipiteted by the heavy rains and the collapse of & series of beaver dams upsiream of
the embankment in heavily wooded locations that were unknown and were not reason.bly
dutectable.

RECOMMENDATIONS

As a reuult of its investigation of this accident, the Mational Transportation Safety
Board made the following recommendations:

~=10 tho National Railroad Passengor Corporation (Amtrak):

Eliminate the wulnerability of the battery boxes supplying power for
radio wsagoe and lighting on {te locorotives in a deraiimant by reloeating
thent in the carbody, above the underfraine of the locomotive units.
(Class i, Priveity Action) (F-85~125)

Replace the existing mirrors In sleeping cur compeartments and coach
lounges with shattorproof material.  (Clags I, Priority Action)
{R~845-12¢)

Redesign and medify the coach and soatback ocushions in  the
Heritege-cless coaches to prevent their becoming disiodged when they
are impacted from tehind. (Class I, Priority Action) (R-85-127)

Devciop and install effective retention devices on its overhead luggage
racks to prevent the dislodging of luggage and other articies in a
collision and/or dersliment. (Class li, Priority Action) (R-85-128)

~~to the Federal Raflroad Administration:

Establish regulations thot address the issues survounding the use of tadios
tor operational purposes on trains to inelude, but not be limited to,
requirements for radios to ba instalied on trains; usage requirements for
inter~ and intra-train  communications; usage requirements for
dispatching and  control  oporations;  frequency compatibiiity
requirements; and maintenanco, inspection, and testing requirements.
(Class 1l, Priority Aotion) (R-85-129)




-=~to the National Weather Servico:

Solicit the voluntary submission of veal-time severe weather
observations from interested citizens and cooperative obsarvers (o
provide & more complete overview of sclected types of weather
parameters at remote locations. (Class II, Priority Action) (R-83-130)

Fvaluate the revigion of the criteria for use of the tone alert signal with
the National Oreanic and Atmospherie Administration Weather Radio to
inelude special weather statements, flood watches, and other
information which may be critical to surface transportation interests
{ssucd by Nationul Weather Service Offices and Forecast Offices as
information requiring a warning alarm when broadcast. (Class [l,
Priority Action) (R~85-131)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JIM BURNETT
Chairman

/s/ PATRICIA A. GOLDMAN
Vice Chalrman

JOHN K. LAUBER
Membrer
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APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING

Investigation

The National Transportation Safety Board was notificd of the secident ebout
8130 a.m., on July 7, 1984, and immediately dispatehed an investigator from the New York
Field Office to the scene. Other members of the investigative team were subsequently
dispatehod to the scene from Washington, D. C. Investigative groups were established for
operations, mechanierl, track and equipment, and survival factors.

Hoariog

The Safety Board convenod a 2-day public hearing as part of its invectigation of this
acciden. on September 13, 1984, at St. Ajbans, Vermont. Parties to the hearing included
Central Vermont Railway, Inc., the National Railroad Passenger Corporation (Amtrak),
the State of Vermont, the United ‘Transportation Union, the Pedersl Railroud
Administration, and the National Weather Service. Testimony was taken from 13
witnostes, and 38 exhibits wers entered into the record,
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APPRNDIN 8
THRAIN CREWMEMBER INFORMATION

Conductor Vernon Hareison Church

Conductor Vernon Harrison Church, 60, was employed us a brakeman by the Central
Vermont Railway on December 7, 194€, and was promoted to conductor on April 18, 1952,
He last passed examination on the operating rules in April 1982, and passed the mandatory
CV physical examinstion In August 1982, Mr. Church had been cautioned and had received
record discipline on four occasions for his ’esponsibility in connection with minor
aceidents and rule infractions. He had never been suspended or discharged from service,
and his record had been clear sinca July 7, 1982, Mr. Church atiended a special Amtrak
emergenoy proecedure and aquipment orientation course on May 15, 1884,

Engineer Georze Edward Gay

Engineer George Edward Gay, 60, was employed as an extra section laborer by the
Central Yermont on Septemiber 1, 1942, He was made a seetionman on June 18, 1950, and
& locomotive fireman on July 4, 1950. On January 9, 1958, Mr. Gay was promoted to
Iocomotive engineer. He last passed examination on the operating rules in April 1984, and
he passed the mandatory CV physical examination in August 1942, ‘Mr. Gay, had been
assassed record discipline in the form of demerits on threo occasions for his responsibility
in connecction with minor derallments. In October 1981, he was suspended for 7 days
following a deraliment of cars in an industrial track. His record had been clear since that
time.

Fireman Joffrey Lloyd Howard

Firemnan Jeffrey Lloyd Howard, 31, was employed a&s & soctionman by Central
Yermont on July 22, 1874, He was made a machine operator on February 2, 1876, n erane
cperator on January 30, 1978, and a brakeman on August 11, 1978. He was promoted to
conducter on July 2§, 1982, and on March 2, 1983, he transferrad to the position of
locomotive fireman and entered CV's enginaer training program. Mr. Howard completed a
formal 8-wcek training course at the Canadian National Railways locomotive engineers'
training school at Gimll, Manitoba, in May 1983. The course included 8 days of instruetion
and examination on the operating rules, and { weeks of other training with periodic
examination on the mechanical, air brake, and operational aspects, as well as the
operation of locomotive simulators. Foliowing his formal training, Mr. Howard completed
8 weoks of on-the-job tralning on CV, successively embracing 1 week of yard operation, 1
vieok of loeal freight train operation, 4 weeks of through freight train operation, and
2 weeks of passenger train operation. He was promoted to le« :motive engineer on July 6,
1983, Mr. Howerd last passed examination on the operating rules in April 1984, and he
passed the mandatory CV physical examination in August 1983, While employed as a
erene operator in 1878, Mr, Howard was suspended for 15 days for his responsibility in the
deraliment and overturning of a crane. The only other entry in his service record was a
meritorious award for discovering and reporting a broken rril in 1980,

Brakeman Gilbert Paul Gouletts

Brekeman Gilbert Paul Goulette, 34, was employed as a “rakeman by the Central
Vermont on April 2, 1847. He was not promoted. Mr. Coulette had last pessed
examination on the operating rules in Oectobor 1982, and he had last passed the CV
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APPENDIX B w47

physical examination In August 1982, Mr. Goulette lad roeccived record discipline for
rules infractions and minor derailments on five oceasions; and in 1956 he weas suspended

for 39 deys for his responsibility in a train collision. His vecord had been clear since
January 5, 1969.

Brakeman Randall Earl Heald

Brakeman Randall Earl Heald, 26, was employed as a stores department laborer by
Central Vermont on July 3, 1978, He was made a brakeman on August 12, 1978, and he
va3 promoted to conductor on May 4, 1983. Mr. Heald last pussed examination on the
operating rules in April 1983, and he passed the mandatory physical examination in August
1982. Mr. Heald attended a speeclal Amtrak smergency procedure and equipment
orientation course on May 15, 1984, He had received record discipline in the form of

demerits on four occasions for migsing calls to duty. His record was clear since June 22,
1981.

Brakeman Harold George Lemay

Brakeman Harold Cieorge Lemay, 59, who was working as baggagemaster on train
No. 60, was employed as a brakeman by Central Yermont on March 29, 1947. He was not
a conductor. Mr. Lemay had last passed examli.ation on the oporating rules in
October 1082, and he hsd passed the mandstory physical examination in August 1982, His
service record indicatos he received record discipline on four ocecasions for fallure to
compare time, once for missing a call, and twice for rules infractions. On January §,
19689, he was suspended for § days for a rules infraction. Since that time, his record was
clear. Mr. Lemay aftended a special Amirak emergency procedure and equipmi..
orientation course on May 17, 1984,
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APPENDIX C

EXCERPTS FEOM CENTRAL VERMONT RAILWA Y
TIMS™ABLE NO. 8, APRIL, 24, 1083

CENTRRAL YERMONY
RAILWAY, INC.

NORTHIRN AND SOUTHIRN
DIVISIONS

EMPLOYEES’

OPERATING
TIME TABLE

TAKING B/FECT
SUNDAY, APRII. 24TH, 1983

e - e ol dh i 2 e |

3

MENT NO. 4 TO TIMITASLE NO. §
SPFECTIVE AT 0400 1ASTERN STANOARD TINE
SUMDAY, COTONMR 30, 1983 NAS BN

ABTLED TO PASES 31, 33 AND 29
SAPETY IS OF TIE FIRST IMPORTANCE IN THE
DICHARGE OF DUTY.

P. C. LARION R. L. RIXON
CENBRAL MAItAONK SUPELNTENDENT
P ALMAYA, VY. T ALBANS, VT,
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APPENDIX D

REPORTED RAINFALL READINGS
BURLINGTON-ESSEX JUNCTION AREA
July 6-7, 1984
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APPENDIX D

KEY TGO RAINFALL MAP

STORM TRACK <j ROUTE OF AMTRAK NO. 60

ACCIDENT SITE (8\) LOCATION OF BEAVER DAMS

WASROUTS ALONG NORTH WILLISTON ROAD

e -

WASHOUT OF STATE ROUTE 15 (::) ESSEX JUNCTION STATION

REPORTED RAINFALL READINGS

Shelburne -~ 3.75 in. 8 pm to Midnight in rain gauge

Shelburne ~ 2.2 in. overnight in gauge

Shelburne - 4.2 in. overnight in rain gauge

Shelbuine Pond - 6.5 in. in gauge overnight. 10:30 pm to shortly after
Midnight

Williston - 5.5 in. in rain gauge 6 pm to 10:30 pm

Williston - 4 in. in gauge 6:30 to 11 pm; 2.75 in. 11 pm to 7 am
Williston ~ 6 in., in .gauge 6:30 to 11 pm; 0.25 in, 11 pm to 8 am
Richmond -~ 2.5 in, in tub overnight

Williston - 3.7 in. in gauge overnight

Williston -~ 5.5 in. rise in swimming pool nvernight

Williston - 6 in, ride in swimming pool overnight

Williston - 5.6 in, in gauge; no heavy rain after 11 pnm

Williston - 3.5 in. (full gauge) by Midnight; 1.75 in, between Midnight

and 9 am. Rain started about 7:10 pm; lightning and thunder
between 11-11:30 pm., Hard rain resumed about 1 am,

Williston - 8-3/8 in. in straight-sided bucket by 4:30 am. Noted heaviest
rain at about 2 am.

& ®@ 20080 OEe OO0

Williston - 3.5 in. in gauge overnight. Light r dn began about 7 pm,
heavy rain fell between 9 and 10 pm
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Junction - Green Mountain Power Co. Winposki River Dam,
Rainfall monitored every 2 hours. % pm to 8 pm, 0.07 in.;
8 pm to 1C 5, 1.8 in.; 10 pm to Midnight, 1.8 in.; Mid-
night to 8 a.m., 1.8 1in.

Burlington - National Weather Service; rainfall monitored
every hour. 0.43 in., 7 pm to 8 pm; 0.18 in., B to 9 pm;
0.64 in., 9 to 10 pm; 0.11 in., 10 to 11 pm; trace, 11 pm
to Midnight; 0.015, Midnight to 2 am; trace, 2 to 4 a.m,

Burlington - 3.5 in. overnight in gsuge

Junction «~ 2.1 in. in gauge overnight. Observed very hard
rain before and after 10:30 p.m.

Junetion - 2.55 in. in gauge overnight

Junction - 10 in. in bucket overnight. Light rain began at
5 pm, hard rain began by 9:30 and continued to about Mid-
night.

Essex Junction - 1.9 in. in gauge overnight

Essex Junction - 4.5 in. in gauge overnight,

Essex Junction - 3.0 in., in gauge overnight

Essix Center - 3.7 in. in gauvge overnight
Essex South = 5~1/4 in. coffee can full to overflowing overnight.

Essex South - 4.0 in. in gauge overnight. Heavy rain after 6 pm,
very heavy shortly before 1l pm, stopped about 2 am.

Essex Center - 5.0 in, iu gauge overnight
Essex Center - 5.0 in in gauge overnight

Essex Center - 2.25 in. in gsuge overnight. .Rain started about 9 pm,

Essex Center ~ 2.0 in. in gauge overnight.

Essex Center - 2.1 in. in gauge overnight
Jericho - 5.0 in. in gauge overaight. Rained heavily 7 pm to 1 am,
Jericho -~ 5 inch plus rise in swimming pocl overnight.

Jericho - 3.5 in. in gauge overnight of which 0.5 inch fell during
first half-~hour (7 to 7:30 pm)

Jericho -~ 3.4 in. in gauge between 7 and 11 pm,
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Underhill - 5.5 in., in gauge overnight. Gauge overflowed.
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APPENDIX B

EXCERPTS FROM NATIONAL WEATHER SERVICE
OPERATIONS MANUAL
NOAA WEATHER RADIO (NWR) PROGRAM
SEPTEMBER 26, 1980

T B ToE B NATIONAL WEATHER SERVICE
Operations Manual

9-26-80
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SECTION & NOAA WEATHER RADIO (MWR) PROGRAM ((..64)

Ares. is ancovraged as part of any publicity of the local NWR facility. If pos-
sible this information should also iz includad in newspapnr weathe? columns as a
map or list of counties.

Routine programming should be curtailed or aven suspended during warning situs-

tionr., The extent to which this is done w11l depend on the nature of the event

and the arqs sffected, All operaticns personnel should be skilled in procedures
rTelating to the use of NNR iIn connection with potentially haszardous events,

*4.3 Use of Warning Alarm. The following alsrm tones arze norsally evailable
in NWR transmitters:

Channel Tone

1050 Wz
1200 He
1550 He
1500 Hz
1650 Kz

The 1030 Hz Warning tone will be used for the following watchas and varnings on
initial issuance and subsequently as sppropriate:

Hatch Harning

Tornado yes’ yes
Severe Thunderstorm yes ! yes
Flash Flood yest yeu
Hurricane ves yeu
Taunani no ves
Marine n/a ves
Winter Stowm no yas
Blizzard/Severe Blizzard n/a yes
High Mind nln yau
Dust Storm/Sandstorm nfa yes
Flood nfs yes
Enemy Attack n/a yas

#Noter 1f the slarm tone hzs bean activated for a tornsdo, ssvers thunderstors,
or flesh £locd uarning and & vatch is issued for the eame phenomenon within the
next hour, use of the varning tone with the watch muy not be necensary,

In addition, the warning tone way be used in conjuction wich froar/freeze warn-
ing where approved by the rogional headquarters. Except in vary unusual circum-
stances, the warning tone should not be used for any atatement related to the
above phenowenu which Jdoes not contain s watch or warning,

The 1050 He warning alarm way also be used, av appropriate, for localized warning
situations not related to NWR programs vheve life and/ov property are Lhreatened
and vhen requested by suthorised officialn, The source of these messagen should
slways be stated. The basis for such usa is covered by the sgreaments roferred
to in WSOM Chapter C-£6G, Examplen of such use would be:

¥E0M Issuance
B0-1% 9-26-80
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