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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

PIPELINE ACCIDENT REPORT
Adopted: July 15, 1981 -

COLONIAL PIPELINE COMPANY
PETROLEUM PRODUCTS PIPELINE FAILURES
MANASSAS AND LOCUST GROVE, VIRGINIA
MARCH 6, 1980

SYNOPSIS

About 3:36 p.m. e.s.t. on March 6, 1980, a 32-inch-diameter refined petroleum’
pipeline, owned and operated by the Colonial Pipeline Company, ruptured in two locations
simultaneously. The pipe wall had been thinned by corrosion in a casing under a road,
causing the pipe to break and 8,000 barrels (336,000 gallons) of aviation-grade kerosene
to be released adjacent to Route 234 near Manassas, Virginia. Before it could be fully
contained, the kerosene had flowed into Bull Run River and had entered the Occoquan
Reservoir, a source of drinking water for several northern Virginia communities.

Simultaneously, a crack in a pipe wall finally propagated to failure, releasing
2,190 barrels (91,980 gallons) of No. 2 fuel oil near Locust Grove, Virginia, a rural area in
Orange County near Fredericksburg. Before it could be fully contained, the fuel oil had
flowed into the Rapidan River and then into the Rappahannock River, a source of drinking
water for the City of Fredericksburg.

There were no fatalities or injuries to persons as a result of either spill; however,
thousands of fish and some small animals and waterfowl were killed. The water supply to
Fredericksburg was contaminated and the Governor of Virginia declared a state of
emergeney. Cleanup of streams and river banks continued for months after the accident.
The cost of the cleanup was estimated at more than $1,000,000.

The National Transportation Safety Board determines that the probable cause of the
pipeline rupture was a pressure surge initiated by the automatic shutdown of a pump
station caused by the dispatcher's delay in getting it started, followed by his attempt to
relieve the surge pressure into a stub-line connection instead of following the company
procedure of shutting down all of the pumps on the line. The pipeline failed at two
pre-existing defects: one where the pipe had been thinned by corrosion; the other where a
crack propagated to failure.

INVESTIGATION

The Accident

At 3:17 p.m. e.s.t. on March 6, 1980, the Colonial Pipeline Company's 483 mile-long
section of pipeline between Greensboro, North Carolina, and Linden, New Jersey, had
been shut down to correct a minor problem created when gasoline, the product to be
pumped out of Greensboro, mixed with kerosene, the product being pumped out of
Greensboro. (See figure 1.) The contaminated product was drained from the manifold and
at 3:22 p.m., the pipeline which normally operates continuously, began pumping again
when the dispatcher activated the first of 17 pump stations on the line segment. As the
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suction pressure increased at each of the 16 pump stations downstream from the
originating pump station at Greenboro, each station was started up sequentially. (See
figure 2.) When pumping began, the plpehne contained fuel oil in the Fredericksburg,
Virginia, area and aviation kerosene in the Manassas, Virginia, area. The pipeline
dispatcher successfully started up the Greensboro pump station and then, in sequence, and
about 80 seconds apart, began starting up the downstream stations across Virginia and into
Maryland. For reasons which he was not able to explain to the Safety Board's
investigator, the dispatcher fell behind by about 60 seconds in the timing to bring the
pump on the line. By the time the dispatcher started up the pump station at Conowingo,
Maryland, the 13th pump station, a high pump suction pressure had already developed at
this location. As the pump came up to speed, but before it could effectively begin
pumping the stream away from the station, it developed a high case pressure which
exceeded the automatic shutdown pressure setting and the pump was shut down. As a
result, a pressure surge was created upstream (south) against all the pump stations already
pumping in the line and caused them to shutdown automatically and sequentially, like
falling dominoes.

As this was happening, the dispatcher elected to open the stream into the Fairfax,
Virginia, terminal to relieve the pressure by splitting the stream and creating two outlets;
one at Linden, New Jersey, and the other at Fairfax, Virginia. If he had been successful,
the pressure would have been relieved from Chantilly to Greensboro, and the dispatcher
would only have had. to restart 5 pump stations from Gaithersburg to Conowmgo instead of
all 17 stations from Greensboro to Linden. (See figure 2.)

The valve which opens the main line to the Fairfax delivery line can be opened
remotely by the dispatcher in Atlanta, but not until the Fairfax terminal personnel open
the line into tankage to provide an outlet. However, when the dispatcher, using a
procedure contrary to company policy, attempted to open the valve, he did not open it
quickly enough to relieve fully the pressure buildup on the line. The motor-operated gate
valve normally takes 2 1/2 minutes to open fully. The pressure surge had already passed
and as a result, all of the pump stations from Chantilly to Greensboro shut down
automatically. The shutdown procedures established by Colonial are to shut down the
pump stations upstream (south) from Conowingo, in sequence, back to Greensboro. This
minimizes pump surge pressure and does not rely on fmdmg a quick opening for pressure
rehef

At 3:36 p.m. e.s.t. on March 6, 1980, the pressure recording chart for Remington
Station, located in the dispatcher's headquarters in Atlanta, showed a pressure drop;
Colonial's 32-inch pipeline ruptured in a casing under State Route 234 near Manassas, .
Virginia, in an area where the pipe wall had been thinned by corrosion. The 32-inch pipe
was originally cased in 40-inch casing and later, when a second lane was added to route
234, the casing was extended to protect the pipe from the weight of traffic under this new
lane. The pipe ruptured 10 feet inside of the north side of the casing; the pipeline was
about 9 feet deep at this point. Eight thousand barrels (336,000 gallons) of aviation-grade
kerosene escaped from the 10-foot 10-inch-long rupture. The kerosene poured out of the
pipe through the casing into a roadside ditch, through a tributary, and into Bull Run River.
From the river, some of the kerosene entered the Occoquan Reservoir, a source of
drinking water for more than 500,000 persons in northern Virginia. (See flgure 3.)

Shortly before 3:45 p.m. on March 6, 1980, the Prince William County Fire
Department was notified of escaping kerosene by an area resident. The fire department
responded and observed a 5-foot-high geyser of kerosene at Route 234. The fire
department closed the road, evacuated a nearby shopping center, and notified Colonial.
The Colonial dispatcher had already noticed the pressure drop at Chantllly Station and had
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COLONIAL PIPELINE COMPANY DRAWN

ATLANTA, GECRGIA NOTES

scALE: |"s 2000’

MANASSAS LEAK SITE DATE: Morch 21, 80

CHECKED

NORTHSIDE SLUEPRINT & SUPPLY CO

REVISION DATE | PRINCE WILLIAM COUNTY virsinva |~ 2. LK-1

Figure 3.--Manassas Leak Site.
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radioed the pipeline surveillance airplane to fly over the area and check for leaks; by
3:45 p.m. all of the pump stations from Conowingo to Greensboro haq shut down
automatically. Shortly after 4 p.m., firefighting units began to build containment dams
using bales of straw, chicken wire, fire hoses, and absorbent materials in an attempt to
contain the kerosene at various locations along the creeks and rivers leading to the
reservoir. Pipeline personnel arrived at 4 p.m. and contractors, retained by Colonial for
emergency and maintenance work, arrived at the leak site about 5 p.m. They first aided
the containment efforts and then the efforts to remove the kerosene from the water by
use of vacuum trucks. Three days later, on March 9, some of the kerosene escaped from
the flotation booms and entered the Occoquan Reservoir in detectable quantities. On
March 18, contamination reached the maximum level recorded in the reservoir, but no
contamination was detected in the fresh water leaving the reservoir, which had been
treated with activated charcoal. Finally by March 20, no kerosene could be detected in
the reservoir. :

About 9:30 a.m. on March 7, fishermen on the Rapidan River, 40 miles south of the
rupture near Manassas, saw a large sheen and smelled fuel oil on the river and reported
their observations to the Virginia State Fish and Game Commission at. 10:00 a.m. The
leaking material, identified as fuel oil, was located about 17 to 20 miles west of
Fredericksburg, on a tributary which entered Mine Run in Orange County. Mine Run flows
into the Rapidan River, which flows into the Rappahannock River, a source of drinking
water for the City of Fredericksburg. (See figure 4.) Fredericksburg was notified that its
. water supply might become polluted by the fuel oil, and at 3 p.m. on Mareh 7, the
Rappahannock River was closed off from the city's water treatment plant. By 4 p.m., the
Colonial helicopter had located the leak and by 5 p.m., Colonial's helicopter detected an
oil sheen on the Rappahannock west of Fredericksburg, up the Rapidan River to Mine Run.
By 12 p.m., fuel oil had reached the dam and the canal to the Fredericksburg water
treatment plant. When some of the fuel oil reached the canal carrying raw water to the
water treatment plant, the plant discontinued operation, the city was alerted to a possible
water shortage, and water service to some businesses was interrupted temporarily. Dams
and containment booms were placed at strategic locations on Mine Run, the Rapidan
River, and the Rappahannock River; on March 11, 1980, the Governor of Virginia declared
a state of emergency in Fredericksburg, which ended on March 18, when the water
treatment plant resumed Rappahannock operations using activated carbon filtration.

Colonial was not aware of the rupture in Orange County until it was notified by the
Virginia State Fish and Game Commission about 23 hours after the rupture--at 2:30 p.m.
on March 7, 1980..

The rupture was located in an open field in a rural area of Orange County about
2 3/4 miles northwest of Locust Grove, Virginia. The 32-inch-diameter pipe had been
installed in 1963 with 36 inches of cover over it. The rupture measured 7 feet long, with a
6-inch opening at the widest point.

About 2:45 p.m., colonial notified its Richmond, Virginia, field office of the
possibility of a rupture and a helicopter was sent to patrol the line. Personnel and

equipment contracted by Colonial for emergency work were sent to the Rapidan and

Rappahannock Rivers with booms and absorbent materials to control the pollution.

The pressure recording chart at Locust Grove revealed that this pipeline had -

ruptured at 3:39 p.m. on March 6, 1980, about 3 minutes after the rupture at Manassas.
Th.e pressure surge traveled at about 1,100 feet per second; the distance between the
failure locations was 36 miles, and the pressure surge took 3 minutes to reach Locust
Grove. '
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By 10:45 a.m. on March 10, Colonial had repaired both ruptures and the pipeline .had
resumed operation. Pump station discharge pressures were lowered by 5 percent at eight
pump stations north and south of the two failures. (See figure 2.)

In the fall of 1980, Colonial completed the construction of a 36-inch-diameter line
parallel to the original 32-inch-diameter line from Greensboro to Dorsey Junction. The
32-inch-diameter line involved in this accident was then used to transport products from
Greensboro to Dorsey Junction with only three pump stations on the line.

~

Damage

Sixteen feet of 32-inch-diameter line pipe and casing seals were replaced at the
Manassas location. Eighteen feet of 32-inch-diameter line pipe was replaced at the
Orange County rupture.

No one was killed or injured as a result of these ruptures. However, more than
5,000 fish and some waterfowl and small animals were killed because of the Manassas
rupture, and between 5,000 and 10,000 fish and some waterfowl and small animals were
killed because of the Orange County rupture. Colonial cleaned up the polluted farm land,
stream and river banks, and reservoirs; cleanup operations continued for several months
after the accident.

Pipeline System

Colonial Pipeline Company operates a refined petroleum products pipeline which
transports gasoline, kerosene, fuel oil, and other distillates from the Texas Gulf Coast to
New York City, a distance of 1,526 miles. In 1965, when the system was completed and
fully operational, the single-line system from Texas to New York consisted of 1,048 miles
of 36-inch-diameter pipe from Houston, Texas, to Greensboro, North Carolina; 288 miles

of 32-inch-diameter pipe from Greensboro to Baltimore, Maryland; and 190 miles of

30-inch-diameter pipe from Baltimore to the New York City area. The capacity of the
system was 792,000 barrels per day (33,264,000 gallons). (See figure 1.)

Colonial, a common carrier pipeline initially formed by nine major oil companies,

has experienced six major expansions involving pipe, pump stations, and horsepower to

satisfy the needs of its shippers. The pipeline currently has a capacity of -

2,400,000 barrels per day (100,800,000 gallons) and serves more tha’nﬂ 250 petroleum
product marketing terminals along its route. The pipeline is controlled by a dispatcher in
Atlanta, Georgia; the system utilizes computers for surveillance and operational control.

Colonial maintains an aerial surveillance of its entire pipeline syst-en‘i on a weekly
basis. In addition, Colonial personnel walk the line in some of the more densely populated
areas. .

Colonial conducts an annual cathodic protection program survey as required by
Federal regulations 49 CFR 195.416 External Errosion Control. ' o

The pipe involved in both failures was installed in 1963, when it was hydrostatically
tested to 90 percent of its specified minimum yield strength. The test pressure at both
locations was 823 psig and was held for 24 hours. The maximum allowable operating
pressure (MAOP) for the pipe at both failure points was 72 percent of the specified
minimum yield strength, or 658 psig, which is in accordance with Federal regulation
49 CFR 195.106. (See appendixes A and B.)
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The pressure of the Manassas pipe when it failed was 702 psig, which was 44 psig, or
6.7 percent above its MAOP. This was indicated on the pressure recording chart from
Chantilly Pump Station. '

" The pressure on the Orangé County pipe when it failed was 670 psig which was
12 psig, or 1.83 percent above its MAOP. This was indicated on the pressure recording
chart from Locust Grove Station. Colonial calculated the pressure at both leak locations.

"Federal regulation 49 CFR 195.406(b) allows a pipeline to experience a pressure
surge of not more than 10 percent of its MAOP. Both the pipe at Manassas and the pipe
at Orange County failed below 10 percent. 1/

The specifications for the pipe at both failure locations were:

32 inches diameter

.281 inch wall thickness

API 5LX-52 double submerged arc-welded line pipe
920 psig internal pressure at minimum yield strength
1260 psig ultimate bursting pressure

95.28 pounds per foot, weight

Personnel Information

The dispatcher had been hired by Colonial in 1973, and had worked in their
Atlanta terminal. In September 1979, he entered the dispatcher training program where
he had 16 weeks of training on other sections of the Colonial system. Upon completion of
the 16 weeks training, he was assigned 8 weeks of training on the 32-inch system involved
in this accident. He had completed the 8 weeks training and had completed 2 weeks of
regular dispatcher dutiés when the accident happened.

The Colonial Pipeline Company dispatchers are usually persons selected from
within the company and usually someone having worked in a pump station or terminal area
of the pipeline. The training is on-the-job type instruction where the trainee works
alongside of a seasoned dispatcher and learns by experience. There were no formal,
written tests given to the trainee, but he was rated as a dispatcher if he showed that he
could handle the job to the satisfaction of the supervisor.

After the accident, Colonial initiated a formal dispatcher training program
including a dispatcher's manual and hydraulic handbook. The total training time is
6 months and includes training in the four pipeline segments: Houston to Greensboro
gasoline line; Houston to Greensboro fuel line; Greensboro to Dorsey Junction and Linden;

_ and stub-lines from Atlanta. The dispatcher trainees are also sent to different pump
" stations and terminals to observe operations. After each dispatcher completes each phase

of his training (the four pipeline segments), he is given a written proficiency test.

Meteorological Information

Data provided by the Fairfax County Water Authority showed that stream
velocities for the Occoquan River at the Occoquan Reservoir were generally decreasing

- from a February 25, rate of 608 cubic feet per second to a low of 249 cubic feet per

second on March 4. On March 5 and 6, high velocities of 1,043 and 2,093 cubic feet per

1/ Colonial's specified minimum yield strength and MAOP are about 4 to 6 psig lower than
the steel mill specifications. ' ' :
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second, respectively, were noted. These high velocities increased the difficulty of
containing the kerosene on the streams and rivers. The normal stream velocity at the
Occoquan for this time of year is about 1,000 cubic feet per second.

Data provided by the city engineer of the City of Fredericksburg showed that the
stream velocities for the Rappahannock River on March 6, 7, and 8 were 4060, 2820, and
2,120 cubic feet per second, respectively. The normal steam velocity in this area at that
time of year is about 1,130 cubic feet per second. _ '

ths and Research

The failed pipe from both locations was sent to Battelle Institute in Columbus, Ohio,
for inspection, testing, and analysis; a Safety Board metallurgist observed the proceedings
and concurred with the findings.

Regarding the pipé from the Manassas rupture, Battelle concluded that:

. « « the failure occurred at an area near the bottom of the pipe that had
been thinned by corrosion. Apparently the corrosion resulted from
ground water leakage past the pipe-to-casing seal and into the annular
space between the pipe and casing, where the shielding effect of the
casing would mitigate against obtaining adequate cathodic protection in
this area . .. :

Regarding the pipe from the Orange County rupture, Battelle concluded that:

. . . an initial flaw existed in the pipe at the time it was put into service.
This flaw was a fatigue crack on the outside surface of the pipe at the
toe of the double submerged arc seam weld caused by the rail shipment.
This crack grew in service through a corrosion fatigue mechanism; the
fatigue being caused by the pressure cycles experienced by the pipeline.
The final fracture was initiated by a surge pressure in the pipeline due to
the shutdown of a downstream pump station. :

Other Information

After the accident, the Safety Board requested a survey of all of the pipe installed
in casing in Colonial's entire system. There were 2,511 road or railroad crossings where
casing was used, 277 or 9 percent of which were found to be shorted or partially shorted
electrically. These 277 locations were considered to be areas where corrosion could
occur. Colonial is now either repairing or replacing the pipe at these locations.

The valve on the stub-line into Fairfax terminal was tested after the accident and
found to work correctly. _ _ :

. On May 13 and June 16, 1979, Colonial experienced two ruptures on its
36-inch~diameter line near Spartanburg, South Carolina, similar to the Orange County
failure. The first failure occurred 4.6 miles northeast of the Simpsonville pump station

and the second failure occurred 2.7 miles northeast of the Simpsonville pump station.
Both failures occurred as a result of the pipe being subjected to higher-than-normal
pressure, _ ‘ :

Metallurgical tests of both failures at Simpsonville revealed the following:

5 o A .

B
%)
k




-11-

Both failures were caused by fatigue cracks that started on the outside surface
at the toe of the longitudinal weld. There were no cracks in the weld or pipe
associated with the fatigue cracks. The wall thickness, chemical composition,
and tensile properties of both pipe lengths that ruptured met the requirements
of API specification 5LX for new pipe.

The Safety Board's metallurgical laboratory analyzed the metallurgical reports on
the failures at Simpsonville and Orange County and concluded that both were caused by
eyclical cracking induced during shipment of the pipe by rail. The cracks propagated to
failure during the operation of the pipeline. Colonial reviewed all its past pipe failures on
the 32-inch sector between Greensboro Station and Dorsey Station, to see how many have
failed as the result of fatigue cracks. The search revealed that there were no other
failures. either during testing or operation of the 32-inch segment of the pipeline which
related to fatigue cracking.

After this accident, the Materials Transportation Bureau of the Research and
Special Programs Administration contacted the American Petroleum Institute about the
initiation of a jointly sponsored program to determine the extent of fatigue crackmg
initiated by the rail shipment of pipe. No further action has been taken.

As a result of this accident, the Safety Board released two Hazardous Materials
Accident Spill Maps for Manassas and Orange County, Virginia, (NTSB-HZM-80-5 and
80-6). These maps showed the location and extent of the oil spill.

ANALYSIS

The startup of a large-diameter, high-volume pipeline with 17 pump stations to be
energized sequentially requires the full attention of the dispatcher until all stations are
operating and line pressure and flow have stabilized. Startup is critical during the first
few minutes. Case pressures can become high, because each pump, as it comes on stream,
is trying to move its proportional share of a static column of liquid, 483 miles long in this
case, from a static condition to full-flow condition. Because the dispatcher fell behind in
the time sequence required to bring the pumps on the line, he encountered the high
suction pressure at the Conowingo pump station which was not able to move ‘the static
column of liquid ahead of it as fast as liquid was being pumped into it.

The Conowingo pump station's automatie controls functioned properly and as the
pressure surged upstream each station shut down on high-discharge or high-case pressure
settings. The surge itself never exceeded the MAOP at any time by more than the
10-percent margin allowed by Federal regulations for liquid petroleum pipelines, and it
was less than that for which the pipeline had been tested when installed in 1963.
However, there were two weak points in the pipeline--one where the pipe coating had
been damaged when it was encased under a road crossing and the resultant corrosion had
thinned the pipe wall thickness, and the other where small cracks in the pipe, caused by
cyclical motion during rail shipment, had propagated until the pipe failed. These two
weak points could not withstand the surge of pressure and they failed simultaneously.

Corrosion resulting from damaged coating on a carrier pipe inside its ecasing is,
unfortunately, common in pipeline systems. An electrical shorting of the pipe can ocecur
when the p1pe coating has been damaged and the separators which position the pxpe away
from the casing have been broken. This allows the pipe metal to touch the easing metal
and a short-circuit results. The cathodie protection applied to the pipe by anodes or

‘rectifiers cannot effectlvely protect the pipe under this condition and with the entrance

of water in the casing an electric cell is formed and corrosion results. However, periodic
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inspection and testing can usually reveal these anodic locations, and the pipe can be
repaired or replaced. In some cases, the casing annulus can be filled with an inert
material; in other cases, the pipe and casing can be bonded together electrically and the
combination can then be protected cathodically; in still other cases, the affected pipe can
be replaced On the other hand, cracking resulting from shipment is not commonly found
and is far more difficult to detect and correct.

In the late 1950's and early 1960's, hundreds of miles of large-diameter,
high-strength, thin-wall pipe was shipped by rail before the cyclical cracking problem was
discovered and the shipment method modified. The American Petroleum Institute (API)
addressed this problem in 1965 by publishing, "API Recommended Practice for Railroad

Transportation of Line Pipe" (API RP 5L1) which read:

These supplementary recommendations have resulted from experience by
the shippers of large-diameter line pipe in damage to the pipe during rail
shipment of three principal types, viz., fatigue cracks, abrasions, and
damaged ends, as follows:

1. Longitudinal fatigue cracks found adjacent to the weld of welded
pipe and also, in scene instances, in seamless pipe. Fatigue cracks
are caused by vertical vibrations and forces, repeated many times
during long rail trips, with no apparent local abrasions or denting.
They are the result of cyclic stresses produced by the weight of
upper layers of pipe giving a static load, and a cyclic load due to
the vertical movement of transportation equipment.

* k k k k

The API made recommendations regarding the positioning, bracing, blocking, and
separating of pipe in rail gondola cars. These recommendations supplemented the
minimum mandatory rules governing the loading practices as prescribed by the
Association of American Railroads, Sections 1 and 2. (See appendixes C and D.)

The Safety Board is not aware of any practical, dependable, and economical
equipment that can be used to detect defects, such as pipe wall cracks in operating
pipelines. However, the system can be hydrostatically tested to a pressure of at least
90 percent of its specified minimum yield strength (SMYS) to find such defects.. If the
hydrostatic tests are performed properly and the pipeline operated at 72 percent of SMYS
thereafter, the problem shoiuld be mitigated. Hydrostatic testing may not completely
solve this problem because the testing may cause some small eracks to propogate, but not
to the point of failure. However, when the cracks are large enough, the test will usually
cause them to fail. These tests are undertaken only when there is evidence of a potential
major problem. The test would include a large, clean, freshwater source, State and local
permits, and site selections for water disposal, as well as an alternate method of supplying
petrolum products to the shippers in the affected area. In this case, the test would
require more than 29,862,000 gallons of water, and the pipeline would probably be shut
down for 2 weeks. In the 18 years of operation in this 32-inch line segment, Colonial has
experienced only this one leak as a result of cychcal cracking.

Since the leaks at Manassas and Locust Grove, Virginia, Colonial has eliminated
9 pump stations on this 32-inch line segment (from 12 to 3) and has reduced the operating
pressure on the 3 remaining pump stations by over 5 percent. Under these reduced
pressures, Colonial believes the system will function without further crack propogation
problems. The Safety Board believes that more research and analysis is needed in this
area of pressure reduction as a remedy for this problem.

R
S R A T
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CONCLUSIONS

1. Before the accident, two weak spots existed in the pipeline; one in a casing under a
road where the pipe coating had been damaged during installation and corrosion had
- thinned the pipe wall, and the other, a crack resulting from cyclical motion during
rail shipment.
2. The dispatcher fell behind in starting up the pump stations sequentially. This caused
one station to shut down unexpectedly, which created a sudden pressure surge.

3. The sudden pressure surge was not relieved into the delivery line because the
dispatcher did not open the valve fast enough. The motor operated valve required
2 1/2 minutes to open fully and the pressure surge by that time had passed upstream.

4. Colqnial’s' normal procedure of shutting down the upstream pump stations
- sequentially to relieve the pressure was not followed.

5. - After the accident, the val\ie was tested and operated correctly. ‘

6. | Corrosmn in pipelines can usually be detected and eliminated and the affected pipe
repaired or replaced.

7. Fatigue cracks in pipelines initiated by cyclical motion of the pipe during rail
shipment are difficult to deteet before installation and can be detected after
installation only by hydrostatic testing.

8. Additional fatigue cracks initiated by the cyclical .motion of the pipe durmg rail
shipment, but which have not yet propogated to failure, may still exist in the
Colonial Pipeline system.

Probable Cause

The National Transportation Safety Board determines that the probable cause of the
pipeline rupture was a pressure surge initiated by the automatic shutdown of a pump
station caused by the dispatcher's delay in getting it started, followed by his attempt to
relieve the surge pressure into a stub-line connection instead of following the company
procedure of shutting down all of the pumps on the line. The pipeline failed at two
pre-existing defeets: one where the pipe had been thinned by corrosion; the other where a
crack propagated to failure.

RECOMMENDATIONS

As a result of its 1nvest1gat10n of this accident, the National Transportation Safety
Board made the following recommendatlons.

~-to the Research and Special Programs Administration:

Expedite, in cooperation with the American Petroleum Institute and the
American Gas Assoclatlon, the ]omtly sponsored program to determine
the extent of pipe failures in existing pipeline systems with a
diameter-to-thickness ratio of 70 or greater, due to fatigue cracks
zgltézitel% )durmg the rail shipment of the pipe. (Class II, Priority Action)
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If it is determined that pipe failures in existing pipeline systems with a
diameter-to-thickness ratio of 70 or greater due to fatigue cracks
initiated during the rail shipment of the pipe are a continuing problem,
develop operating and testing guidelines to assist pipeline operators in
minimizing pipe failures. (Class II, Priority Action) (P-81~14)

--to the Colonial Pipeline Company:

Conduct an analysis of previous pipe failures throughout its entire
system caused by cracking initiated during the rail shipment of the pipe
and report to the Safety Board the results and the intended actions to
minimize pipe failures. (Class II, Priority Action) (P-81-15)

--to the American Petroleum Institute and the American Gas Association: "
Work with appropriafe industry groups and other pipeline companies to
advance the state of the art in the development of internal pipeline
inspection equipment for the detection of stress cracks in operatmg
pipelines. (Class II, Priority Action) (P-81-16)
BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JAMES B. KING
Chairman

/s/ ELWOOD T. DRIVER o .
- Viee Chairman 3

/s/ PATRICIA A. GOLDMAN
Member - 5

/s/ G.H.PATRICK BURSLEY
" Member

FRANCIS H. McADAMS, Member, did not participate. ' _ "31

July 15, 1981
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APPENDIXES

'APPENDIX A

PIPELINE CARRIER ACCIDENT REPORT: MANASSAS

BB A AT rom serrones
ADM
1 =4 1
PIPELINE CARRIER ACCIDENT REPORT @B No. OOLR5E0L
Complete in duplicate. If the space provided for any question is not adequare, attach sa additional
sheet, Definition of a reportable accident is swated in the Code of Federal Regulations, Ticle 49,
Chapeer 1, Parc135. File both copies of this report within 15 days after discovery of the accident
Instrue- with che Adminiszutor, Federal Railroad Administration, Deparement of Transportadion, Vasbingron,
tons D. C. 20591(Re:Sec.195.54 ) Demiled instractions for preparing this form are found in Pare 195,
. Specimen copies of this form will be supplied upon request without charge. Addidosal copies may
be reproduced using the same fomac aad size.
A Carrier le NAME OF CARRIER |
Information | Colonial Pipeline Compaany (02561) |
L. PRINCIPAL BUSINESS ADDRES) .
) 3390 Peachtree Road, N.E., Atlanta, Georgia 30326
'8 Time and | * DATE 4ONTH, DAY, YEAR) | 2. WOUR ae | % PART OF CAmmERs sysTEM INvOLVED
Locotion of | March 6, 1980 3:36 E&“ K une mre [Jruwrina stamion [Jogciveny roint
";%:&“’P‘;;ﬁgguv"’giﬂg' O ranx rame  [Jotren (sreciry
S PHYSICAL LOCATION 1P LOCATION !8 NEAR PUBLIC OR PRIVATE SUILDINGS, OR OTHER SIGNIFICANT LANDMARKS
SUCH AS MIGMWAYS OR RAILROADS, ATTAGH A SK ETCH OR ORAWING SHOWING RELATIONSHIP OF ACCIGENT LOCATION
TO THESE LANDMARKS)
See attached map.
E‘.:'::: of el d ¢ O onrtwwars [ iomoiTuoinaL waLD DOrune Jvacve scrarer thar
v =
R::.. Cmerzn on rrovern [ ranx ) werLozo mrTiNg I souTEn FiTTINGS
) sampLz nouss Cimar ranx QO strainen on miLTER Qorngnispeciry)
Lgx: of T connosion [} ::::c'nvt X INCORRECT OPERATION BY CARRIER PERSONNEL
O orrecnive mirx ’ [ eauirmgnt rupTURING LINE Tl oTHER ispgciry)
B Death 1, NUMBER OF PERSONS KILLED 2. NUMBER OF PERSINS INJURED
or lnjury CARRIER IMPLOYEES NON-EMPLOYEES CARRIZR EMPLOYERS NON-EMPLOYEES
None None None None
F Property | !» CARRIER'S DAMAGR (PHYS |1 ITEMS DAMAGED
Dﬂq. 1CAL PROPER TY DAMAGED) . R
s 934.00 16' - 3" of 32" line ptpe, coating and casing seals.
2. OTHER PROPERTY DAMAGE | 4 [TEMS DAMAGED
Unknown at Fish, birds & anmimals. Vegetation ar site, waters of
s Present Virginia water supply for Fredericksburg.
G General 1. COMMODITY SEING TRANS | 2. ESTIMATED LOSS L YEAR FACILITY b UAS THERE 4 L WAS THERE AN
Information ;:::.D AT ﬂ¥‘l ar actr DUR TO ACCIDENT :::Y:‘I;I:D (EXCLUD= FIRE? EXPLOSION?
Av. Kerosene 8,000 samngrs 1963 |Dves ®wo |Oves ®wo
Instructions Angwer secrions H, [ or ] oaly if they apply to the particular accidear being reported.
H Occurred | '- NOMINAL | 2 waLL % GRADE| & YEAR OP INSTALLATION 5. CONDITION WMEN | 6. TyPE OF JOINT
in Line Pl’. ODIAMETER THICKN ESS INSTALLED a'(l.a x: cou-
] ssronre 1920 T 1szo-s0 [ 1920-8 {XInew L
32 . |0.281 . [SLXS2 |THarren t03s speciey vra C meconDITIONED O rumescen
7. CONPICURATION AT POINT OF ACCIDENT 8. PIPE waS 8 PIPE WaAS
Bsrnaionr O sac Qovemaenc [ sioxsens g:::?:um E ::2;: GROUNC
10. COVER, IF BELOW 72 11, DESICN ’llul{ll!d 1. PRESSURE AT TME & LOCA- 13, MAD TRERE BEEN A
m y e TION OF ACCIDENT PRESSURE TEST ON SYSTEM’
- 216 w.P3 @ssure ggg 1) ) 702 ppa vEs = o
14 1™ 1318 YRS, MEDIUM Ultg_ 15, DURATION OF 16, MAXIMUM 17. DATE OF LATEST TEST
TesT TEST PAgss. <
Hwarun O rernoczum Can 24 uas 823 ssia 1963

Form FRA P 39 (2-72)
{Formerly DOT 7000-1)

LXXXVT
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»Coused by [ 1. Typg OF conmasion [a. FaciLity <. .. SILITY UNDER & TWME SETWERN |8 TYPROF TRST yseD
Corresion | \urumnaL Oves ~ATHODIC. PROTECTION| CORRONION TESTS
O exTennaL Ow~o LD vus QOwe MONTHS
J Coused b' 1. DISTANCE TO CLO® 2. INFORMA TION ON MARKER 3 LENGTH OF TIME BETVEEN
Eaquip T5T LINE MARKER PATROL ON SECTION
Rupturing
Pipeline

ACCOUNT QF ACCIDENT OY RESPONSIBLE OFFICIAL OF CARRIER

At 3:36 p. m. an unscheduled shutdown occurred at the Conowingo, Maryland
Pump Station on the Greensboro to Baltimore 32" diameter main line. The
line condition resulted in the sequential shutdown of several pump stations
upstream of Conowingo. The pressure increased momentarily because of

the pressure surge; it did not exceed the maximum allowable pressure
including a 10% surge allowance permitted under the Department of Transpor-
tation Code of Federal Regulations, Part 195.406(b). The condition was
further aggravated by human error on the part of the controller in the Atlanta
Control Center when he attempted an alternate method of relieving the
situation rather than following the prescribed practice of initiating an orderly
shutdown of remaining pumping stations on this segment of the pipeline system.

- A split in the plpé 11’ - 1" long with a gap of 4" at the widest point located

in the pipe at about the 7 o'clock position and 180° from the longitudinal seam,
Visual inspection revealed the presence of corrosion on the pipe in the area
of the failure,

'Ihe pipe specimen has been sent toa metallurgical laboratory for analysis to
determine the cause of failure. -

Repair required removal of 16" - 3" of the pipeline and replacement with a
like amount of 32" SLX52, 0. 281" prehydrostatically tested pipe. Tie-in welds
were x-rayed to the satisfaction of Part 195.

A total of 6, 130 barrels of the 8, 000 barrels of kerosene lost from the s'ystem
were recovered.

The DOT, USCG, EPA and State of Virginia were given notice by telephone.

S. Sorrow, Administrator- Regglaton Affairs

NA; d’g OF CARRLER OPPFICIAL FILING THIS REPORY

TELEPHONE NQ. {In- DATE
CLUDE AREA CODKR)

404/261-1470 3/21/80
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APPENDIX B

PIPELINE CARRIER ACCIDENT REPORT: LOCUST GROVE

DEPARTMEN

T OF TRANSPORTATION

' BEDERAL RAILROAD ADMINISTRATION
PIPELINE CARRIER ACCIDENT REPORT

FORM APPROVED

@3 Fo. OOLRS601

be reproduced using the

same formse and size.

Complere in duplicate. If che space provided for any question is not adequate, acrach an additional
sheer. Definition of a reporrable accident is stated in che Code of Federal Reguladons, Title 49,
Chapeer 1, Part195. File bo th copies of this report within 15 days after discovery of the accident

Instrue- with the Adminiserator, Federal Railrosd Administration, Deparmnent of Transportadon, Vashington,
tiens D. C. 20591(R0:Sec.195.5) ) Derniled insructions for preparing this form are found in Past 195.
‘ Specimen copies of this form will be supplied upon request without charge. Addicional copies may

A Carrier 1. NAME OF CARRIER

Information Colonial Pipeline Company (02561)

3390 Peachtree Road,

2. PRINCIPAL BUSINESS ADDREIS :

N.E., Atlanta, Georgia 30326

Location of March 6. 1980

B Time ond | !+ DATE lON Tw, DAY, YRAR) | 2. wOUR Dam | & P47 OF CARRER'S sysTEM INvOLVED

3:36 Rrw [Humeers  Deuuena station  [Joguvary romT

Aceidant
t

t LOCA:“BN (STATE. COUNTY, QITY)

Virginia, Orange County

D ranx rame  [JoTren sweciry

TO THESK LANDMAAKE}

See attached map.

% PHYSICAL LOCATION (1F LOCATION IS NEAR PUBLIC OR PRIVATY SUILDINGS, OR OTMER SIGNIPICANT LANCMAARKS
SUCH AS MIGHWAYS OR RAILROADS, ATTACKH A SX ETCH OR DRAWING SHOWING RELATIONSHIP OF ACCIOENT LOCATION

C Origin of

Accident O connosion Cc :

Coerecmive meg

TrFECTMvE m INCORRECT GPERATION AY CARRIER PERSONNEL

o
0 touIPMENT RUPTURING LINE

Clotwen (sprcirey!

Liquid or X e Damruwere [Suonaituoivae wad  .[Jrume  [Jvarve [scmaren thar

Vepor ) ‘ ;

Releese Oweren on rroven T tanx ) werogD mTYviNG O soLTEd FiTTINGS ¢
O sampeL g woust O mar ranc Cstramveronricren  [JoTner (spreciey)

D Couse of

E Deoth 1, NUMSER OF BPERSONS KILLED 2. : NUMSER OF PERSONS INJURED
or Injury CARRIER EMPLOYKES NON-EMPLOYEES CARRIER EMPLOYEES NON-EMPLOY EES
Noge None None None

F Property | 1« CARRIEN'S DAMAGE (PHYS

2. ITEMS DAMAOED

information PORTED AT TIME OF ACCH

°®™T No. 2 Fuel Oil

2,190 sanmers |"° """ 1963 O ves

Demogs ICAL PROPER TY DAMAGRED) : !
$729.00 18' - 7" of 32" pipe and coating i
3 Umm’;{*rv DAMAGE | 4 ITEOMS DAMAGED
s Present Fish, birds and animals, vegetation at spill site.
G General 1o COMMODITY BEING TRANS | 2. ESTIMATED LOSS 3 YRAR PACILITY & WAS THERE A S WAS THERE aN
DUl TO ACCIDENT INSTALLED (EXCLUD-| FIRE? EXPLOSION?

Brwo [Mres Brno

0 saronu 1920 2 1920-30 (7] 19300 m'c‘tv

T rwazacED

Instructions Answer sections H, [ or | osly if chey apply to the parvicular sccident being reported.

N Occurred | '« NOMINAL | 2. waLL 3 ORADE] & YRAR OF INSTALLATION L CONDITION WHEN |6, TYPE OF JOINT

in Line Plpe | OAMETER | THiCKNESS . INSTALLED X wero Sesu- -
PLED :

32 v |0.28]1 in. [SLXS2 |[X] arren 1930 (sPECIPY YR T neconpiTiONED
7. CONFIGURATION AT POINT OF ACCIDENT . PIPE was . |e mme was
- coAaTED ' ABOVE
X straigur  [Tsaa Tovemsano [ moesano [ woT coareo 5 peLOw FROUND
10. COVER, IF SELOW 1. OES|GN '!llt).llll 12 PREISURK AT TIME & LOCA- 1. MAD THERE BEEN A
%mlmmum yield | rion or acciomnT ' PRESSURE TEST ON SYSTEM?"
36 . PFESSUTE 658 ‘pyiq : 670 sng rex mwo
14 1P 13 1S YES, MEDIUM USED 1%. DURATION OF 18, MAXIMUM | 17, DATE OF LATEST TEST
TEsT TEST PRESS.
X waren O sermorum Jain 24 wes | 823 pus 1963

Form FR4 F 39 (2-72)
(Formerly DOT 7000-1)

LXxxxvlr
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1 Coused by [ 1. YvpE OF cORROSION |1 PACILITY COATED |3 FaciLity UnDER & TME BETWEEN
» Corrosion | \yremnat Oves CATMODIC. PROTECTION?| CORROSION TESTS
O txrennaL Owe Orus Owe MONTHS

S. TYPR QOF 37 USED

J Ceused by
Equipment
Rupturing
Pipeline

1. DISTANCE TO CLOS
€37 LINKE MARKER

L INFORMA TION ON MARKER

3 LENGTH OF TIME BETWEEN
PATROL ON SECTION

DAYS

ACCOUNT OF ACCIDENT BY RESPONSSLE OFFICIAL OF CARRIER

At 3:36 p. m. an unscheduled shutdown occurred at the Conowingo, Maryland
Pump Station on the Greensbord to Baltimore 32" diameter main line., The
line condition resulted in the sequential shutdown of several pump stations
upstream of Conowingo. The pressure increased momentarily because of

the pressure surge; it did not exceed the maximum allowable pressure
including a 10% surge allowance permitted under the Department of Transpor-
tation Code of Federal Regulations, Part 195. 406(b). The line condition was
further aggravated by human error on the part of the controller in the Atlanta
Control Center when he attempted an alternate method of relieving the
situation rather than following the prescribed practice of initiating an orderly
shutdown of remaining pumping stations on this segment of the pipeline system.

A split in the pipe 7'-1" long with a gap of 8-1/2" at the widest point occurred
adjacent to the longitudinal seam in the base meta!l at the toe of the weld.

The pipeline was repaired by removing 18'-7" of pipe and replacing it with

a like amount of SLXS52, 0. 281" wall prehydrostatically tested pipe. Both
tie-in welds were x-rayed to the satisfaction of Part 195,

The pipe specimen has been sent to a metallurgical laboratory for analysis
to determine the cause of failure, '

This incident occurred simultaneously with the failure reported at Manassas,
Virginia, which occurred at 3:36 p.m. on March 6, but this failure was not
discovered until March 7, 1980.

A total of 1,527 barrels of the 2, 190 barrels lost from the system were
recovered from the waters of the State of Virginia.

Notice by telephone was given to the DOT, EPA USCG, the State of Virginia,
and other local officials.

?? or CAR?I-IN OF FICIAL FILING TMIS REPORT :::;::K‘O.N.l‘ncoo.olltn,' OATE
. Sorrow, Administrator-Regulatory Affairs 404/261-1470 3/21/80

[ _
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Sec. 1—General Rules (Rev.—9-1977) 7
PREFACE B

The Rules Governing The Londlx{g of Commodities on Open Top Cars and Trailers are covered under the following
Sections of this manual: . .

Section No. R . Description

General Rules (Applicable to Sections 1 to 6).
Steel Products, Including Pipe.
Road Grading, Road Making, and Farm Equipment Machinery.
Miscellaneous Commodities, Including Machinery.
Forest Products. :
Department of Defense Materiel.
7 Open Top Trailers in TOFC Service (General Rules and Figures),
These rules have been formulated for the purpose of providing uniform, safe and economical methods of loading in
open top cars and the material specified lp these rules for securing the loads are minimum requirements.

All 6f the General Rules and the requirements for blocking and securir;g of loads as outlined under the individual

. figures are mandatory and must be used .unless their omission is specified in the individual figures.

When the dimensions and kind of materials to be used for securing the load are not specified under the figures, the
General Rules, Section No. 1 or Section No. 7, which are to carefully observed in conngction with.all loading, will govern.

B R e W -

1977
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Sec. 1—General Rules (Rev.—9-1977) 23

GENERAL RULES

Rule 1. Inspection and Compliance.

) General Requirements.

[ : _ )
I (1) Theresponsibility for properly preparizig 8 load fsr movement by rail is defined for the shipper by the Uniform
Freight Olassification Rule 27, Section No. 3. ]

'.‘f“‘ " (2) The responsibility of the rail carrier, when ecceptlng open top loads ls governed by Rule 89, Sectlon B,

paragraph 1, sub-paragreph (a) of the AAR Interchenge Rules “’Field Menuel "

] ) (3) S8hippers must observe the drewingx and specmcetlons of en eppllceble ﬂgure where a figure is tnvolved as
well as all applicable rules regulating the safe loading of freight as published herein; and must also inspect shipments
to ses that they are properly and safely secured and that all applicable details {n Rules 1 to 21 Inclusive, as well as all
applicable figures, where figures are involved, have been complied with in all cases, before shipments are tendered to carrier.

(4) Drawings depicting specific figures are provided for guldance in the preparation of loalls. When such loads

are prepared or offered in interchange, the application or placement of securement items may vary from the detalled

' drawings. In all instances, the specifications of the specific figure will govern ‘&llowing for muwr variances ln place-
ment of securement details and provlded no securement items have been omitud

(5) Loads of hazardous materials must cenlorm to the rexu!etlone ol the egency of euthomy of the countries
within which the shlpment wﬂl move. .

(6) Unless otherwise speclﬂed all of the ﬂgm-es ln SQet.lon Nos. s.fc or €, ceveﬂng veﬂous types of vemcles are
- applicable only when vehicles are empty.

[ (7) Unless otherwise specified, shlppers must implement all new figures, revisions to figures, or instructions
covered by circuiars within but not later than thres months from the date shown on such releases. This period is to allow
for the dissemination of information and to permit for depletion of securement and blocking materials that may be on
hand to provide for the procurement of new securement materials. When it {s necessary to correct a hazardous practice,
a circular letter will be issued stating that-the specifications of a new figure or revisions to an existing figure are effective
immediately. When this occurs, the three month provision is nullified and will be implemented as soon as received by
the shipper and originating carrier. In such cases, the shipper and originating carrier will be notified by wire or by other
expeditious means. Where clarification of the intent of a rule or specifications of a figure is requested and no change is
made to the securement detalls or where editorial changes in a rule and/or figure is required, the Open Top Loading Rules
Committee has the prerogative to inform the industry of such clarifications and/or editorial changes with a circular
letter, which may specify an eflective dete to be no leter than three (3) months after the date of the circular letter.

(8) 1In the loading of such cars the hazards connected with speed, multiple track railroads, tunnels, brldges.
overhead structures, electric conductors and the necessity of protecting human life and property shduld be borne in mind.
(9) When ordermg cars for loading concentrated weights of heavy commodities, shlppere have the responslbmty
of notifying serving carriers of this purpose.
(10) TFloors and all supporting detalls of cars selected for the loading of commodities of heavy concentrated weight
must be of sufficient strength to prevent load breaking through fioor while shipments are enroute. ,
(11) Fixed supports, brackets or other appurtenances on lading, must be of sufficient strength to safely support
unit in transit or body of same must be adequately supported for rail transportation.

H (12) All cars - All items described under the figures for secunng loads must be applied as specmed except vhen
| otherwise indicated under each figure.

. (13) Unless otherwise specified in the figures, the securements are shown for loads on flat cars not exceedlng
60 ft. in length. When lading requires flat cars longer then 80 ft., the shlpper and originating carrier are to confer as to"
additiona) securement required.

(14) Loads of dimensions and welgm whlch meke it necessary ‘to handle them under restricted speeds must be
_ reported by the originating carrier to the ce;riers over whose llnes they are to be transported.

~ . +- - (15) Piles or units, loaded on one car may be secured to different specific figures or General Rules and loceled
not closer than two feet tc the adjacent pile or unit.

(16) In regard to the matter of applying protective material, the AAR Loading Rules which govern the loading
: of various commodities on open top cars are primarily intended for the safe movement of the car and load from point of
t shipment to destination. In preparing these loading rules, no attempt is made for the protection of the commodities
{ {involved elthey_ from the elements or from other forms of damage. Where additional protection from damage is necessary,
this then becomes a matter to be decided between the shipper and receiver of the commodity.

(17) . When tarpaulins or other type covers are used to cover or protect the lading during transit, they must
be adequately secured in such a manner e.s to prevent them from working loose and thus becoming an opereuonel spfety
hazard.

1977
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2% Section No. 1—General Rules (Rev.—9-1977)

(18) Cards bearing advertisements or trademarks or banners must not be attached to cars, nor to permanent
stakes which are a part of the car, nor to temporary stakes supplied by shipper solely for the purpose of carrying such )
advertisements. They may, however, be applied to the load or to temporary stakes used to secure load provided they are i
safely secured to such stakes or lading. Paper or cloth banners or size requiring supporting frames, metal or wooden ban- E
ners with or without supporting frames, must be securely fastened by bolts, wires or bands.

(b) S8pecial Authority.

(1) Special authority must be procured by the shipper from the originating carrier for shipments of any com-
modity on open top cars not covered by a specific figure in Sections 2 to 6 inclusive; also, for shipments of any commodity
unless covered by a specific figure in Sections £ to 6 inclusive, when loaded on a well hole, depressed fioor or specially de-
signed cars. Consistent loading of a commodity on a conventional or specially designed car places an obligation on the
shipper to request promptly, approval of a specific figure to cover. Origineting carriers involved with commodities con-
sistently shipped have the responsibility of notifying the AAR Open Top Loading Rules Committee and informing shipper
they must submit appropriate proposal to cover new methods of loading. )

(2) Loading on specially equipped open top cars incorporating either integral or special tie-down securement,
unless covered by a specific figure in Sections 2 to 6 inclusive, is not covered by these rules insofar as securement details
are concerned; where not covered, the loads and securement must conform with General Rules 1 through 21.

(8) Originating carrier and shipper must confer as to appropriate blocking and bracing methods for loads not :
covered by a specific figure and cousideration must be given to such details as the topography, distance travelled, riultiple 4
track system, grades, curves, train speeds, etc., which the shipment will incur over its entire route from origin to des}lna- 5
tion. When in the interchange of such shipments, exceptions are taken by receiving carrier to rpet.hod of securement, {
carriers participating in the movement of controversial shipment are to be contacted by receiving carrier in an effort to i
_ resolve an acceptable method of loading the commodity in question. Where differences of opinion arise between dr among §
carriers which they cannot resoilve amongst themselves or with the assistance of local interchange bureaus or similar .
associations, then the dissenting carrier may request the Chairman of the Open Top Loading Rules Committee to appoint i
three neutral members of this committee, preferably from-the same region over which the controversial shipménts. will
move, to decide which side of the dispute should be upheld, having full authority to render an immediate decision after 4
an on-the-ground Investigation is made at the originating point. In cases where this neutral group decides that the existing .
loading method is adequate and safe, any intermediate or destination carrier would thereafter have to make at its own ;
expense any changes or additions pertaining to items of securement, which it might deem necessary, upon receipt of such 4
shipments on its line.

{4) Gondola cars with removable roofs or hoods, without special load retaining fixtures, are subject to the
mandatory requirements of the Open Top Loading Rules.

(5) The loading and bracing of ground servicing units, used with the various Missile Systems shipped by the
Department of Defense, because of the very specialized nature, are covered by individual drawings. When approval of ,
these methods of loading {s acknowledged jointly by the Department of Defense Subcommittee of the A.A.R. Committee 3
on Loading Rules and U.8. Army Transportation Engineering Agency, Military Traffic Management Command, & letter |
of authorization, is issued by the Director, Rules and Inspection, of the A.A.R. Mechanical Division which designates
the drawing reference and unit classification. Copies of these drawings are maintained in a special file in the office of the
Becretary of the A.A .R. Mechanical Division and they are also available at Department of Defense miilitary sites where

these units are loaded. .
A

(¢) Instructions - New Submissions - Experimental Loads.
(1) These rules are based on many years of exacting studies and requirements, however the railroads stand
ready at all times to cooperate with the shippers for betterments. Suggestions niade to the Director, Rules and Inspection K
Mechanical Division, Association of American Railroads, American Railroads Building, 1820 L Street, N.W., Washington, ;
D.O., 20036, will be glven prompt attention.
(2) Shippers of Department of Defense material desiring new revision of or additions to the present rules or
specifications must submet such proposals to the Military Traffic Management Command, Transportation Engineering

Agency, 12388 Warwick Boulevard, P.O. Box 6272, Newport News, Virginia 23606, through the dppropriate channels for
handling with the Mechanical Division of the Association df Anierican Railroads.

(3) Shippers desiring to deviate from the AAR Open Top Loading Rules or desiring approval of a method not
now covered by these rules, must submit to the Director, Rules and Inspection, Mechanical Division, Assoclation of
American Railroads or the Chairman, Open Top Loading Rules Committee, twenty (20) drawings, size 17 in. x 22 in.,
giving plan, end and side views, with all items of securenient identified with capital letters similar to drawings as presently
shown in the rules, also twenty (20) copies of specifications in similar Iorm to those likewise contained {n the Open Top
Loading Rules.

(4) On receipt of any submission in the above form, the matter will be transmitted to the Open Top Loading 3
Rules Committee for their review and comments, after which the 1ssuance of experimental load cards will be dependent |
on the decisions rendered by this Committee. .
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(5) When an impact test i3 deemed necessary for evaluation of a new submission, there will be no charge for
expenses incurred by the Open Top Loading Rules Committee for conducting these tests. There will be a charge of $700
to the proponent to cover the Comittee’s expenses when a impact test is needed to evaluate a request for revision of
existing figures, when in the Committee’s opinion, the load securement is lessened by, either a reduction of the size or
number of securement items or an increase in weight or volume of the commodity. The charge will be payable to the
Assocfation of American Rallroads when an agreement is reached on the time and place to conduct the {mpact test.

t ’ (6) Shipper, after having received authority for experimental shipments, will be furnished stickers worded as
; outlined below. He will affix one to bill of lading and attach another to be affixed to waybill by agent. This to insure ptoper
! : ! handling of experimental load cards. .

ASSOCIATION OF AMERICAN RAILROADS
EXPERIMENTAL LOAD

-The Association of American Railroads, through the Committee on Loading Rules, has authorized the application o
experimental load cards to Car.

. (Inittal) . (Number)
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Sec. 2—Fig. 130 (Rev.—12-1969) ) 131

WROUGHT IRON AND STEEL PIPE, OVER 26 IN. IN DIAMETER, 8 FT. TO LESS THAN 12 FT, IN LENGTH, WITH
2 IN. X .050 IN. HIGH TENSION BANDS—GONDOLA CARS

| , @
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8
FLOOR UNE
SECTIONAL VIEW .

)
' Item No. of Pcs. Deacription

A Brake wheel clearance. See Fig. 2, Sec. 1.

B 8 per pils. 2in.x41n., hardwood, length equal to width of car, suitably spaced. Locate end pieces approx-

mately 12 in. ltom each end of pile and third pieca at cénter. )

(o] VACANT.
]

D VAOANT.

E- 2per pile between 2 in. x 6 in., hardwood, long enough to apply Items “'F’* but short gnough to clear bands.
, ea. successive Locate npproxlmately 12 in. from each end of pile. Not required bengath top layer when top
: layer.- layer is nested.
} F 2 ea. Item *‘B'’ 4in.x6in.x8in., hardwood, wedge shaped, naﬂed to top of Items “‘B'’ and to top and bott,om
i € ea. Item “E*. of Items “'E** with five 16-D pails in each, three in tapered face and two in outside face.

G 2 on ea. of the 2 Bands. Pass over top of load and attach to opposite car sides.
outer piles ea.
end. 8 on inter-

) mediate piles. ' ,
| : 8 VAOANT. o - o
| ’ J 2ea. Item “G™. 4 in. wide, 4 in. radius, metal filler of suitable design and strong enough to maintain this
| radius. Required only when necessary to protect bands.
[ K 2 per plle. Bands encircung top portlon of pile above bottom TOW. Locate approximately 12 in. from
' outside Items ‘G,

L VACANT.

M VAOCANT. . .

. N As required. 11n. x 2 in., hardwood, longitudinal strips, long enough to tie Items *E’* together. Locate as
. shown and nail to Items *E’’ with two 8-D nails at each location.
o

Asrequired on ea. Bands, longitudinally, tylng the first two plles together, as shown.
of the 2 outer '

piles on ea. end, ’

above bottom

TOW.
‘ P 2 ea. Item **O". Protection clips, 20 gage, 4 in. wide, applied 80 88 to prevent displacement.

When more than one-half the diameter of top layer of pipe is below top of car sides, Items **G*’, are not requixed.
Longitudinal welds on pipe must not contact bands.

Pipe less than B ft. long must be loaded below top of car sides.

See General Rules 4, 5, 8, 10, 14 snd 15 for further detalls.
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Bec. 2—Fig. 131 (Rev.—12-1969)

WROUGHT IRON AND STEEL PIPE, 24 IN. AND OVER IN DIAMETER, 63 FT. LONG OR LESS, WITH HIGH TENS!ON

BANDS OR WIRES—GONDOLA CARS

B ©
g\) 5 P E D| € @ ®
' =1\ I h
@/ ; cee PR SR LY
A Y 1|
SKETCH | - . SKETCH 2
.m. &
SKETCH 8-1
Item No. of Pcs. Description
Brake wheel clearance. See Fig. 2, Sec. 1.
4 pr. per plle Stakes, hardwood, equally spaced, extending above load to permit applioation of Item “D'’.

41 ft. long or less.

B pr. per plile over

41 1t. long.

o} 1 ea. pr. Items
opr,

D 2 ea. pr. Items
“B",

E 8 per pile

41 {t. long or less.

4 per plle over
41 ft. long.

¥ . 8per blle.

Stakes may be lower than top of load providing top portion of load is nested in pyramidal
form and stakes extend minimum of 4 in. above the top of the second highest row of pipes.
Fill space between stakes and car sides by nailing fillers to stakes, per Sketch B-1.

2in. x4 in., length to suit. Locate between Item *'B".
8 strands No. 11 gage wire. Locate at top of load and one midway between top of car side and
top of load. Substitute, if desired at each location, one 134 in. x .035 in. high tension band.
When stakes are lower than top of load use one set of 6 strands No. 11 gage wire between

each layer extending wholly or partly above car sides.

2 in. x ,050 in. high tension bands encirclln'g entire pile, equally spaced over length of pile.

2 in. x .050 in. high tension bands, encircling all pipe extending wholly or partially 'above
car side, Locate near end Items “'B’’.

Use 8ketch 1 or Sketch 2 as dlameters of pipe and car widths permit.

Pile must be located centrally on car.

See General Rules 4, 5,7, 9, 10, 14 and 15 for further details.

1969




-27- APPENDIX D

133
Sec. 2—Fig. 131-A (New—10-1960)

: STEEL PIPE, 30 INCHES IN DIAMETER, 40 FT. LONG 0R1 LESS, 12 PIECES PER CAR, WITH HIGH TENSION
| BANDS—HIGH SIDE GONDOLA CARS

|

4 |
————te—— ! =i
A W W—
% ®®  © é ©
Item No. cf Pcs. ) . Description
A : Brake wheel clearance. §ee Fig. 2, Sec. 1.
B 4 per plie. Stakes, hardwood, 4 m.‘x 4 in. x 6 ft., spaced as shown. )
(o] 4 per plle. Stakes, haidwood; 4in.x44in.x5ft., width of car permlitlng. otheﬁke use 2in. x4 1n., spaced
as shown. } )
D 3 per plle. Bgaring pleces, 2in. x 4. in. x 9 ft., spaced ns shown.
2 per plle. 4in.x41in. x lé in., woo;l‘ chock bfocks_, cut tl.o fit contour of pipe. Locate o-n top of two end

Items *'D'’ agalnst outside face of pipe 8s shown. Secure with four 60-D nails.

F 6 per pile. 21n. x .050 {n. high tension bands, encircling entire plile, suitably spaced as shown.

, Suitable end bulkheads, below top of car ends, may be used to prevent pipe contacting ends o.f car. Use optional.
' . Pile must be located centrally lengthwise on car.
8ee General Rules 4, 5, 9, 10, 14 and 15 for further details.
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Sec. 3—Fig. 133 (Rev.—12-1969)

WROUGHT IRON AND STEEL PIPE OVER 26 IN. IN DIAMETER, 12 FT. LONG OR OVER, WITH 2 IN. X .050 IN. HIGH

Item
A

TENSION BANDS—-FLAT OR GONDOLA CARS

..1
ﬁ)—v
A
P
A

No. of l;a.

8 per pile.

Pile 20 ft. long or
less, 2 pr. per pile.

_Pile over 20 ft.

long, .3 pr. per
«pile.

Pile 20 ft. long or
less, 4 per pile.
Pile over 20 ft.
long, 6 per pile.

Pile 20 ft. long or
less, 2 per pile be-
tween ea. succes-

sive layer.
Pile over 20 fi.

long, 3 per pile
between ea. suc-
cessjve layer.

J B

SIOC CLEVATION BXETCR N8,

Descriptior
Brake wheel clearance. See Fig. 2, Sec. 1.

2in. x41n., hardwood, length equal to width of car, suitably spaced. Not required when Items
“L' are used. '

Stakes, extending 9 in. above floor. Not required for gondola cars.

8in. x8in. x 16 in., hardwood, for pipe to 56 in. in diameter, 8 in. x 10 in. x 16 in., hardwood,
for pipe over 56 in. in diameger. Cut top edge to provide a 2 in. bearing against pipe. Nail to
floor with 60-D nails. Substitute if desired 4 in. x 6 in. x 8 in. wood, wedged shaped blocks.
Nail to Itemis “'B,'* (Sketch 6) with 5 - 16-D nails, 3 through tapered surface and 2 through
vertical end surface. .

Not required for gondola cars when pipe completely fills inside width of car. Space between
Items *'C'" and D' must be filled in with suitable blocking nailed to floor.

21in. x 6 in., hardwood, long enough to apply Items ''F*’, but short enough to clear bands.

Not required beneath top layer when top layer is nested.

Not required when Items M’ are used.
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. Sec. 2—Fig. 133 (Rev.—12-1969)

WROUGHT IRON AND STEEL PIPE OVER 26 IN. IN DIAMETER, 12 FT. LONG OR OVYER, WITH 2 IN. X .050 IN. HIGH
TENSION BANDS—FLAT OR GONDOLA CARS

Item No. of Pcs. . . Description

F 4ea.Item “E”. 41in.x6in.x8!n., hardwood, wedge shaped, nafled to Items “E’" with five 16-D nalls in each,
three in tapered face and'two.,ln outside face. Not required when Items ‘M’ dre used,

G  Sketches 1 and 2, Bands. Pass over top of load and attach to opposite stake pockets or car sides.
Pile 20 ft. long or
less, 2 per pile. \

Pile over 20 ft.
long, 3 per pile.
8ketches 3, 4 and
5. Pile 20 ft. long
or less, 3 per pile,
Pile over 20 ft.
long, add one ad-
ditional band for
ea. 10 ft. or lessin
length over 20 ft.

" VACANT.

gea. Item G

Sketch 1. Pile 20
ft. long or less,

4 in. wide, ¥4 in. radius, metal filler of suitable desigr and strong enough to maintain this
radius. : .

Bands enciroling entire pile. When one band is used, apply at center. When two are used, apply
one about one-fourth length of pile from each end. Not required far gondola cars.

1 per pile.

Pile over 20 ft.

long, 2 per pile. . )
Sketches 2 and 3. Bands encircling entire pile. When two are used, apply one about one-fourth length of pile
Pile 20 ft. long or from. each end, third band, when used, to be located at center of pile.

less, 2 per pile. .
Pile over 20 ft.

long, 3 per pile.
Sketches 4 and 5. Bands, encircling top portion of pile above bottom row, suitably spaced.
Pile 20 ft. long or

less, 2 per pile.
Pile over -20 ft.
long, add 1 ad-
ditional for ea. 10
ft. or less in
length over 20 ft.

L 8 per pile. 6in.x61n., pardwood. cradle blocks on fioor, cut to fit contour of pipe. Not required when
Items ‘B’ are used.

M Plle 20 ft. long or 6 in. x 6 in., hardwood, cradle blocks—intermediate, cut to fit contour of pipe. Not required
less, 2 per pile be- beneath top layer when top layer is nested.
tween ea. succes-
sive layer, Not required when Items 'E" and *'F’’ are used.
Pile over 20 ft.
long, 3 per pile
between ea. suc-
cessive layer.

¥{ in. dia. rods may be substituted for bands, Items 'G’’, in like number. V_Vhex'l rods pass through floor,use 4 in. x 4 in.
x 18in., hardwood, or 1 in.x 4 in. x18in. plate under floor. When rods pass through stake pockets, use )¢ in. x 4 in. x 10 in.
_plate under stake pockets. '

When more than one-half the diameter of top layer of pipe is below top of car sides, Items ''G’* are not required.
Longitudinal welds on pipe must not contact bands.

*Vertical separators may be used between pipes. When used, separators must be applied to prevent their dlsplacgment.
Separators must consist of material, such as plywood or hard rubber, that will not easily compress. Use & minimum of
2 separators or sets of separators in each longitudinal row. Use optional.

See General Rules 4, 5, 9, 10, 14 and 15 for further detafls.
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Sec. 2—Fig. 134-C (New—10-1973)

WROUGHT IRON AND STEEL PIPE, 20 IN. TO 40 IN. INCLUSIVE, IN DIAMETER, WITH 2 IN. X ,050 IN,
HIGH TENSION BANDS—FLAT CARS EOQUIPPED WITH PERMA-STAKES®

PEAMASTANE
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._n H?JF
===
Be

+ &
T

- —

q
b
q
L

w L

N
2rise A SKETCH  3-A SKETCH 1-A

M2 S 10" T}_ w78 suiT
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%ﬂrn‘(w STAXE ) i
SKETCH 3 SKETCH |
SKETCH 2
Item No. of Pes. Description
A
B 5 per pile.
C 2ea. Item “B".
4 ca. Item “E'.
D 4 Pair per pile.
E 5 between each
layer Jocated
below nested
portion of pile.
F 4 per pile.
G 3 per pile.
H 3 per pile.
J 2 per pile.

Brake Wheel clearance, See Fig. 2, See. 1,

Beuaring Piccees, 2 in. x 6 in. hardwood, length equal to width of car, suitably spaced. Secure
to car floor. .

4in. x 6.in. x 8 in. wood chockblocks. cut to fit contour of pipe. Locate against pipe and nail
to Item ““B'’. Skeich I and Item “E', Sketch 3. with five 16-D nails, 3 through contour
surface and 2 through vertical surface. Substiture if desired, 4 in. x 6 in. x 8 in. wood. wedge
shaped blocks. Nail to Iteny *B**, Sketel 1-A and Item “*E'", Sketch 3-A, with five 16-D nails.
3 through tapered surface and 2 through vertical surface.

Pern:astakes | fabricated from metal channels equipped with suitable appurtenant apparatus
for sccuring 1o stake pockers of car and securing Itens *'IF*' to top of stake, suitably spaced
tSketch 2. Filler boards. hardwood. secured 1o inside face of stakes.

Separators. 2 in. x 6 in. hardwood . fength equal 1o wirdth of load, with four 4 in. x6in. x 8 in.
wood chockblocks (Jtemn **C.l.. See Sketch 3 or 3-A.

2 in. x .050 in. high tensjon bands, passed over top of load and secured at the top of Permu-
stakes.

2 in. x .030 in. high tension hands, suitably spaced. encircling separated portion of pile.

2 in. x .050 in. high tension batds, suitably spaced, encircling top layer of unit secured by
Items "G" and nested portion of pile. :

2in. x .050 in. high tension bands, suitably spaced, encircling entire pile.

Notes.--On pipe 20 to 26 inch diameter, add two 2 in. x .050 in. bands, one near gach end of bottom two layers.
Pipe must be loaded centrally on car and longitudinal welds on pipe must not contact bands.
Vertical separators may be used between pipes. When used. separators must be applied to prevent displacement.

Separators must consist of materjal. such as plywood or hard rubber. that will not casily compress. Usc a minimum of 2.

separators or sets of separators in each longitudinal row. Use optional.
See Genera) Rules 1. 2, 3.4. 5. 8, 14 and 15 for further details.
*U.S. Patent No. 3.091,193.
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