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(PRM) detonated during routine switching operations in the Burlington Northern Inc. 
Apple Yard in Wenatchee, Washington. The explosion killed 2 persons, injured 113, 
and destroyed equipment and buildings. Estimated losses exceeded $7,500,000. 

The National Transportation Safety Board was unable to determine the probable 
cause of the accident. A partial list of the possibilities that could not be ruled 
out completely includes a reaction of dried crystals, a reaction of spilled or 
leaking crystals in the insulation space, a reaction in one of the tank components, 
cavitation and recompression of the solution, compression of an air bubble' entrained 
in the solution, a reaction of solution or crystals sensitized by contamination, or 
the ignition of escaped product by friction. The Safety Board concludes that the 
classification of monomethylamine nitrate as a "flammable solid" permitted shipment 
of the chemical without proper safeguards against predictable hazardous conditions. 

The National Transportation Safety Board made five recommendations to the 
Department of Transportation. 
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FOREWORD 

The accident described in this report has been designated a major 
accident by the National Transportation Safety Board under the criteria 
established in the Safety Board's regulations. 

This report is based on facts obtained from a public hearing and an 
investigation conducted by the Safety Board. The Board was assisted in 
developing the facts by: 

The State of Washington 
Chelan County, Washington 
City of Wenatchee, Washington 
Brotherhood of Locomotive Engineers 
Congress of Railway Unions 
Federal Railroad Administration 
General American Transportation Corporation 
E.I. DuPont de Nemours Company 
Association of American Railroads 
Department of Defense 
Treasury Department 
U.S. Bureau of Mines 
Department of Energy Mines and Resources (Canada) 
Burlington Northern Inc. 

The conclusions and the determination of probable cause are those of 
the Safety Board. 

ii 
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File No. SS-R-32 

NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

RAILROAD ACCIDENT REPORT 

Adopted: February 2, 1976 

BURLINGTON NORTHERN INC. 
MONOMETHYLAMINE NITRATE EXPLOSION 

WENATCHEE, WASHINGTON 
AUGUST 6, 1974 

SYNOPSIS 

At 12:32 p.m. on August 6, 1974, a shipment of monomethy1amine 
nitrate solution (PRM) detonated during routine switching operations in 
the Burlington Northern Inc. Apple Yard in Wenatchee, Washington. The 
explosion killed 2 persons, injured 113, and destroyed equipment and 
buildings. Estimated losses exceeded $7,500,000. 

The National Transportation Safety Board was unable to determine 
the probable cause of the accident. A partial list of the possibilities 
that could not be ruled out completely includes a reaction of dried 
crystals, a reaction of spilled or leaking crystals in the insulation 
space, a reaction in one of the tank components, cavitation and recompres
sion of the solution, compression of an air bubble entrained in the 
solution, a reaction of solution or crystals sensitized by contamination, 
or the ignition of escaped product by friction. The Safety Board concludes 
that the classification of monomethylamine nitrate as a "flammable 
solid" permitted shipment of the chemical without proper safeguards 
against predictable hazardous conditions. 

FACTS 

The Accident 

On July 29, 1974, about 10,000 gallons of monomethylamine nitrate 
(PRM) water solution was shipped by E.I. DuPont de Nemours from Biwabik, 
Minnesota, to DuPont, Washington, in tank car DUPX 16009. The car moved 
from Duluth to Superior, Wisconsin, via the Duluth, Missabe, and Iron 
Range Railroad, and was accepted in interchange by Burlington Northern 
Inc. The tank car arrived in Wenatchee, Washington, at 6:55 a.m. on 
August 6, 1974. Tank car DUPX 16009 was switched routinely several 
times and at 11:30 a.m., it was moved in a 13-car cut to track 12 in 
Apple Yard. Two more cars were switched onto track 12, which made DUPX 
16009 the fifth car from the east end of the cars on track 12. 
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During routine switching of a train on the main track (train 97), 
14 cars and a caboose were removed from the train. Five of the 14 cars 
were cut off and allowed to roll toward track 12 and the remaining 9 
cars were moved back with the locomotive to couple again with train 97. 

Shortly after the five cars should have coupled to the cars on 
track 12, the shipment in DUPX 16009 began to spew smoke and fire and 
then detonated. (Figure 1 depicts the cone-shaped crater that was 
created by the explosion.) Two persons were killed in Apple Yard and 
many persons in the yard and vicinity were injured. The blast demolished 
many railcars, damaged many others, and damaged many structures near the 
yard. 

Postaecident Activities 

The Chelan County Fire Department responded immediately to the 
emergency and called for assistance from surrounding communities. 
Police secured the area and helped firefighters transport the injured to 
the hospitals. Firefighters fought numerous grass fires which were 
ignited by hot fragments from the tank car. 

Pumps used to bring water from the Columbia River were inoperative 
because the accident interrupted electrical power to Apple Yard. 
Burlington Northern brought in tank cars of water to the yard and aircraft 
dropped a fire suppressant on the yard. 

Emergency personnel conducted a life search in the yard and the 
adjacent area. The evacuation of emergency personnel was ordered after 
it was learned that there were other hazardous materials cars in the 
yard. After it was determined that the yard was safe, the fire depart
ment resumed its attempt to put out the fire. 

Accident Site 

Apple Yard of the Burlington Northern lies on the west bank of the 
Columbia River, south of Wenatchee in Chelan County, Washington. The 
Burlington Northern main track runs along the west boundary of the yard. 
There are 13 primary yard tracks. (See Figure 2.) At the time of the 
explosion, the temperature was 82°F. 

At the time of the detonation, the east end of the cut of cars on 
track 12 was about 1,440 feet west of the switch leading from the main 
track into the yard. The grade of the tracks from the switch in the 
main track onto track 12 is -0.317 percent for 800 feet, +0.19 percent 
for 400 feet, 0 percent for 55 feet, and +0.212 percent for 95 feet up 
to the point of coupling. The track layout requires a car to pass over 
four switches and curved track; this decelerates free-rolling cars. 



Figure 1. Burlington Northern Inc.'s Apple Yard after the explosion. 
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Figure 2. Accident area, Wenatchee, Washington, August 6, 1974. 
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At the time of the explosion, there were nine cars standing on 
track 13 adjacent to DUPX 16009; there were no cars on trapks 10 and 11, 
but there were cars standing on all other tracks. 

The area surrounding the yard was residential, with small farms 
and orchards. There were some commercial and light industrial properties. 

Detonation 

Before the detonation, the yard crew had cut off five cars and 
accelerated them westward toward track 12 from a position on the 
switching lead near the road crossing. The conductor was near the road 
crossing and the locomotive; the remaining cars had returned to the 
main track and were moving westward toward train 97 when the detonation 
occurred. One switchman was near the rear of train 9 7 and the other was 
near the main track by the yard locomotive. 

It could not be determined whether the five-car cut of cars had 
coupled to the cars standing in track 12 before the explosion. A 
postaecident examination of the remaining cars on the east end of track 
12 showed no evidence of overspeed impact between the fifth and sixth 
cars, which were coupled. 1/ However, marks on the sill of the eighth 
car indicated a recent, longer-than-normal travel. 

The Bureau of Alcohol, Tobacco, and Firearms, U.S. Treasury Depart
ment, found no evidence that the explosion was initiated intentionally. 

Witnesses saw a straight, gray-white column of smoke and orange 
fire before the explosion. They described the explosion as loud and 
severe, and said that it was followed by a mushroom-shaped cloud of 
gray or black smoke. The switch foreman said that he saw a flash of fire 
beneath the cars on track 11 immediately before he heard and felt the 
effects of the explosion. 

Damage 

Concussion and fire caused most of the damage, (See Figure 3.) 
Parts of the tank car were found up to 1 mile from the site. Many 
cars in Apple Yard were ignited, and hundreds of acres of grassland in 
Chelan and Douglas Counties burned. Most of the structural damage was 
within a radius of about 1 mile, but broken glass was reported 3.5 
miles east and 2.5 miles north. 

Seventy-one cars and 4 containers were demolished; 101 freight cars 
and 29 trailers were damaged. Total estimated damage is shown below: 

1/ Cars on the east end of track 12 will be identified in sequential 
numerical order from east to west. 



Figure 3. Explosion damage patterns. Wenatchee, Washington, August 6, 1974. 
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Railroad 
Freight Cars 
Other 

$ 
$ 

1,444,000 
1,152,000 

Casualty and Third 
Party Property 5,100,000 

Total $ 7,696,000 

Method of Operation at Apple Yard 

Flat switching and yard service is performed at Apple Yard by 
Burlington Northern yard crews who are supervised by a yardmaster at 
Wenatchee. Operating employees are instructed directly by the yard-
master. They operate under requirements of the Burlington Northern's 
Consolidated Code of Operating Rules, general rules, and bulletins. 

Instructions regarding the proper handling of cars containing 
hazardous materials are posted routinely on bulletin boards and in 
yard offices. No special handling of DUPX 16009 was required or 
performed. 

The Tank Car 

DUPX 16009 was one of 12 DuPont tank cars constructed to transport 
caprolactam. The tank car was built in April 1961 in compliance with 
Interstate Commerce Commission (now Department of Transportation) 
specification 111A-100W-6. The inner tank was made of type 304-L, 
1/2-inch stainless steel, insulated with 10-inch glass wool with binder, 
in an outer jacket of 3/16-inch-thick carbon steel. 

On June 11, 1964, the heating coils were modified at the top and 
bottom because of unloading difficulties. In September 1969, the car was 
cleaned and assigned to transport sodium hydrosulphide. In September 
1970, it was cleaned and assigned to transport dimethyl hydroxylamine. 
In May 1971, the car was inspected because of a reported leak inside the 
heating coil; the coil was tested but no leak was found. The car was 
cleaned again and assigned to Biwabik, Minnesota, to transport PRM. 
During the car's PRM service, the lower outlet leg and heater coil were 
not used. From September 1972 until July 1974, DUPX 16009 completed 11 
round trips from Biwabik to DuPont, Washington. 

On October 12, 1973, DUPX 16009 was in a Duluth, Missabe, and Iron 
Range freight train which was struck from the rear by another train at 
28 mph. No visible damage to the tank car was observed. The owner was 
not notified of the incident and DUPX 16009 subsequently made five trips 
from Biwabik to DuPont. 
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Before loading DUPX 16009 for this trip, the plant operator saw 
residue on the bottom of the tank. The residue was the result of the 
unloading practice, in which iron impurities were separated from the 
shipment before the top unloading of the car. This left iron-enriched 
residue at the bottom of the car. The residue was not removed after 
every trip. DUPX 16009 was not washed out before the July 29 trip. 

The Cargo 

The cargo was PRM crystals in a water solution. The bill of 
lading described the shipment as "86 percent monomethylamine nitrate 
solution, Flammable Solid N.O.S.," and referred to Department of 
Transportation (DOT) Special Permit No. 5737. The material was being 
transported to DuPont, Washington, for use in formulation of an 
explosive product line called TOVEX. 

Both PRM crystals and PRM solutions can detonate. Dry crystals 
detonate more readily than PRM in solution. There is always some 
possibility of detonation whenever a detonable material is burned, and 
the probability is greater in a large quantity of confined detonable 
material. However, there were no incidents before the Wenatchee accident 
in which PRM solutions or crystals did detonate accidentally. 

The shipment was loaded into DUPX 16009, directly from the manufac
turing process, to a liquid level about 8 inches from the top of the 
car. During the 3 days the car was being loaded, the plant operator, 
who was responsible for the loading of the car, noted nothing unusual 
about the car or the loading; he prepared the car for shipment in the 
usual manner. The operator did not operate the bottom outlet valve or 
remove the cap from the bottom outlet leg assembly during loading. It 
is unclear from his testimony whether the coil caps were in place during 
that time. The manway cover was not closed during loading, because the 
PRM was introduced into the car through a fitting clamped to the manway. 

Plant records indicate that the PRM in DUPX 16009 was about 87 to 
88 percent PRM, with a pH ranging from 7.1 to 7.8; pH of 4.5 is called 
for in the plant operating instructions. The freezing point for 85-
percent PRM solutions is 99°F, and for 88-percent solutions it is 120°F. 

The PRM produced at the Biwabik plant is not analyzed chemically. 
To control the PRM's quality, the raw material quality, the reaction 
temperature, the product pH, and the density are monitored; and the 
finished products in which the PRM is used are tested for performance. 

DOT Special Permit 5737 

The packaging and transporting of the PRM in tank cars were author
ized under the provisions of DOT Special Permit 5737. (See Appendix A.) 
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A special permit is an authorization by which the regulatory agency allows 
shipments to be transported in a manner not otherwise provided for under 
regulations issued by the Federal Railroad Administration, DOT. The 
original permit authorized transportation of the PRM in DOT-speoificatibn 
103AL and 103W tank cars. Upon petition of DuPont, the permit was amended 
to authorize DOT 111A-100W-6 tank cars; DUPX 16009 was this type of tank 
car. 

The special permit was necessitated by the classification of the PRM 
solution as a flammable solid and because the shipper wanted to transport 
it in tank cars. PRM was first tested for classification by the Bureau 
of Explosives of the Association of American Railroads (AAR) in January 
1968; when the tests showed that dry crystals could detonate, the Bureau 
of Explosives recommended classifying them as DQT "Explosives Class A, 
type 3." 

At DuPont's request, the Bureau of Explosives observed DuPont conduct 
further testing on PRM in a water solution. Based on those tests, the 
Bureau recommended classification of PRM in solution as a "flammable 
solid." The recommended classification conformed with the regulatory 
requirements then in effect. 

The material used for the classification tests was produced in small 
quantities and was tested in laboratory quantities. The purity and 
composition of the material tested were not measured. However, these 
tests were reportedly conducted with an 85- to 86-percent solution of 
PRM. 

Under DOT regulations, hazardous materials must be placed into a 
"hazard" class before they can be transported. These regulations also 
define the "hazard" classes. During the hearing, witnesses stated 
various reasons that classification is necessary; there was no agreement 
among them as to the reasons for classification. 

DuPont's application for the special permit was reviewed by the 
Office of Hazardous Materials, the Federal Highway Administration, and 
the Federal Railroad Administration. Technical criteria for their 
approval of the specia]. permit application were hot recorded. Approval 
by the Federal Railroad Administration was based on the judgment of the 
authorizing official. The original permit was recommended by the Bureau 
of Explosives, although the Bureau was not involved in the authorization 
of the type 111A-100W-6 car. Technical criteria and the method of safety 
analysis upon which the Bureau recommendation was based were not 
documented. 

Since there were no leaks or accidents reported to DOT involving 
shipments under the permit, it was renewed each time DuPont made 
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application. This shipment was the 45th in a 5-year period. Although 
the PRM solution was known to be detonable, neither DuPont nor the 
approving authorities believed that it would detonate under the conditions 
which could occur under the special permit. 

In addition to the classification testing of the PRM required under 
the regulation, DuPont conducted performance tests on PRM to determine 
its safety in transportation before DuPont applied for the special 
permit. The full range of safety concerns addressed by these tests was 
not documented. 

DuPont conducted extensive safety analyses on PRM and prepared 
plant safety rules to assure safe manufacturing and handling in its 
facility. However, no similar analyses for transportation safety were 
made. Neither DuPont, the carriers, the Bureau of Explosives, nor DOT 
documented the safety analysis methods used to govern the test decisions, 
the issuance of the special permit, or the risk-taking decisions. 

Following the explosion, Special Permit 5737 was suspended. 

Tests and Research 

Examination of the Grater and Track 12—After the accident, debris 
from DUPX 16009 and adjacent cars and soil samples were taken from the 
crater and examined by the Bureau of Alcohol, Tobacco, and Firearms. The 
soil samples contained small quantities of PRM which had not reacted in 
the explosion. Residues of no other type of explosives were detected. 

The tracks in the crater area were examined. No evidence of fire 
was found on the ties on adjacent tracks, nor was evidence found of an 
explosion between the rails on track 12, east of the crater area. No 
PRM residue was observed between the rails or on the ties. The track 
structure was examined on the east end of the crater; there was no 
evidence of derailment. However, derailment marks were observed on 
track 12 west of the crater. 

Examination of Car Debris—About 4,000 pieces weighing 3,760 lbs., 
or 18.8 percent of the inner tank shell, were recovered. (See Figure 4.) 
The size, shape, and appearance of the pieces varied widely, and included 
"blued" fragments; clean fragments; fragments with dark residues; hot 
gouges; cold gouges; collision impact marks; flattened pieces; fragments 
with missle impact marks and ripple marks; crushed, bent, and torn parts; 
and parts with splatter-shaped residues. No parts of the car were 
recovered undamaged. 

The inner tank's identifiable parts, which consisted primarily of 
the tank's lower outlet valve and leg assembly, anchor area, and center 



Figure 4. Stainless steel inner tank of DUPX 16009, displayed in accordance 
with retrieval location. 


