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OverOverOverOverOverviewviewviewviewview

The types of damage associated with tank
cars include:

• Leaking fittings
- fittings not secure
- worn fittings
- damaged fittings

• Overloaded tank
• Tank damage or car structure damage.
This chapter addresses damage to fittings

and damage to tanks.

TTTTTypical Rail Release of Hazardousypical Rail Release of Hazardousypical Rail Release of Hazardousypical Rail Release of Hazardousypical Rail Release of Hazardous
MaterialMaterialMaterialMaterialMaterial

The typical rail hazardous material release in-
volves a:

• non-pressure tank car
• non-accident release
• Class 8 (corrosive material) or Class 3 (flam-

mable liquid)
• release of a small amount of a hazardous ma-

terials (generally less than 100 gallons)
• fitting that is readily accessible and easily re-

pairable.
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SECTION 1: ASSESSING AND REPAIRING DAMAGED FITTINGS

OverOverOverOverOverviewviewviewviewview
Releases from tank cars occur

infrequently. When they do occur,
they require efficient and safe han-
dling. Response personnel must an-
alyze the problem, determine the
point of release, and understand the
significance of that release.

Most tank car problems are as-
sociated with their fittings. Quite of-
ten, tightening a valve or a fitting
with readily available hand tools can
stop these releases. These are the
basic methods for stopping releases
from fittings:

• if it’s open, close it (clockwise to close)
• if it’s loose, tighten it (clockwise to tighten)
• if a component is missing (but near by), re-

place it.
This section:
• points out the potential locations of leaks from

tank car fittings
• presents some basic steps for repairing leaks

in tank car fittings.
Caution: Do not undertake control activities

without the proper training, appropriate personal pro-
tective equipment, and contact with the shipper or
carrier.

                    Section 1: Assessing and Repairing Damaged FittingsSection 1: Assessing and Repairing Damaged FittingsSection 1: Assessing and Repairing Damaged FittingsSection 1: Assessing and Repairing Damaged FittingsSection 1: Assessing and Repairing Damaged Fittings

Nature’Nature’Nature’Nature’Nature’s Laws of Physicss Laws of Physicss Laws of Physicss Laws of Physicss Laws of Physics
Applying to TApplying to TApplying to TApplying to TApplying to Tank Carsank Carsank Carsank Carsank Cars

SourSourSourSourSource:ce:ce:ce:ce: A. D. Maty, Chief Inspector, Bureau of
Explosives, Association of American Railroads.

• Anything that is screwed, bolted, or
gasketed can, and eventually does, leak.

• Things vibrate open or loose — never
closed or tight.
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Potential Locations of Leaks from Loading and Unloading FittingsPotential Locations of Leaks from Loading and Unloading FittingsPotential Locations of Leaks from Loading and Unloading FittingsPotential Locations of Leaks from Loading and Unloading FittingsPotential Locations of Leaks from Loading and Unloading Fittings

Locations of LeaksLocations of LeaksLocations of LeaksLocations of LeaksLocations of Leaks Probable CauseProbable CauseProbable CauseProbable CauseProbable Cause Basic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair Methods
Liquid or  vapor  valve (ball or plug type)Liquid or  vapor  valve (ball or plug type)Liquid or  vapor  valve (ball or plug type)Liquid or  vapor  valve (ball or plug type)Liquid or  vapor  valve (ball or plug type)
• Liquid or vapor leak Valve not completely closed Close valve

from threaded orifice in valve Plug missing or loose Replace and/or tighten plug
Plug or seat worn To be handled by a tank car specialist

• Liquid or vapor leak from seat Loose flange nuts Tighten flange nuts
between valve and manway
cover plate Bad gasket To be handled by a tank car specialist

• Liquid or vapor leak Packing retainer loose Tighten packing retainer
around valve stem Missing split ring packing To be handled by a tank car specialist

Fill hole coverFill hole coverFill hole coverFill hole coverFill hole cover
• Liquid or vapor leak Loose cover nuts Tighten loose cover nuts

around fill hole cover Fill hole gasket damaged To be handled by a tank car specialist
  or missing

Manway coverManway coverManway coverManway coverManway cover
• Liquid or vapor leak Loose cover nuts Tighten loose cover nuts

between manway nozzle and Manway gasket damaged To be handled by a tank car specialist
manway cover   or missing

TTTTTop operating mechanism (stuffing box) for bottom outlet valveop operating mechanism (stuffing box) for bottom outlet valveop operating mechanism (stuffing box) for bottom outlet valveop operating mechanism (stuffing box) for bottom outlet valveop operating mechanism (stuffing box) for bottom outlet valve
• Liquid or vapor leak Loose packing gland nut Tighten packing gland nut

from cover of stuffing box Defective packing material To be handled by a tank car specialist

Bottom outletBottom outletBottom outletBottom outletBottom outlet
• Liquid leak from Bottom outlet valve open Close bottom outlet valve

bottom outlet cap Bottom outlet cap/plug loose Tighten bottom outlet cap/plug
Bottom outlet cap gasket To be handled by a tank car specialist
  missing or defective

Liquid line flangeLiquid line flangeLiquid line flangeLiquid line flangeLiquid line flange
• Liquid leak from flange Loose flange nuts Tighten flange nuts

Missing or defective gasket To be handled by a tank car specialist



UNION PACIFIC RAILROAD               PARTICIPANT’S MANUAL: TANK CAR SAFETY COURSE JULY, 2007 5

SECTION 1: ASSESSING AND REPAIRING DAMAGED FITTINGS

Potential Locations of Leaks from Pressure/VPotential Locations of Leaks from Pressure/VPotential Locations of Leaks from Pressure/VPotential Locations of Leaks from Pressure/VPotential Locations of Leaks from Pressure/Vacuum Relief Fittingsacuum Relief Fittingsacuum Relief Fittingsacuum Relief Fittingsacuum Relief Fittings

Locations of LeaksLocations of LeaksLocations of LeaksLocations of LeaksLocations of Leaks Probable CauseProbable CauseProbable CauseProbable CauseProbable Cause Basic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair Methods
Pressure relief valve (external, internal, or combination device)Pressure relief valve (external, internal, or combination device)Pressure relief valve (external, internal, or combination device)Pressure relief valve (external, internal, or combination device)Pressure relief valve (external, internal, or combination device)
• Liquid or vapor leak from Loose flange nuts Tighten flange nuts

joint between base of valve
and manway cover *

• Liquid or vapor leak from “O” ring or washer installed To be handled by a tank car
valve seat *    incorrectly or damaged from   specialist; do not remove or “gag”do not remove or “gag”do not remove or “gag”do not remove or “gag”do not remove or “gag”

   normal wear   the safety relief valve  the safety relief valve  the safety relief valve  the safety relief valve  the safety relief valve
   Caution:   Caution:   Caution:   Caution:   Caution: Spring or stem may be
   broken and not repairable in the field

Potentially overloaded tank

• Liquid or vapor leak from Valve stem bent or broken To be handled by a tank car specialist
valve seat * Overloaded tank To be handled by a tank car specialist

Safety ventSafety ventSafety ventSafety ventSafety vent
• Liquid or vapor leak from Ruptured frangible disc Replace frangible disc with new disc

opening in center of safety vent   (rupture disc)   identical to the ruptured disc
Liquid indicates overload or
  splash without overload

VVVVVacuum relief valveacuum relief valveacuum relief valveacuum relief valveacuum relief valve
• Liquid or vapor leak from “O” ring off seat or valve To be handled by a tank car specialist

under cap   stem bent
Solidified product To be handled by a tank car specialist

• Liquid or vapor leak from seat Loose flange nuts Tighten flange nuts
between valve and manway
cover plate Bad gasket To be handled by a tank car specialist

* NoteNoteNoteNoteNote: Liquid leaks indicate overload or splash from valve functioning, due to impact of car.



UNION PACIFIC RAILROAD                PARTICIPANT’S MANUAL: TANK CAR SAFETY COURSE JULY, 20076

ASSESSING TANK CAR DAMAGE

Potential Locations of Leaks from Fittings for GaugingPotential Locations of Leaks from Fittings for GaugingPotential Locations of Leaks from Fittings for GaugingPotential Locations of Leaks from Fittings for GaugingPotential Locations of Leaks from Fittings for Gauging

Locations of LeaksLocations of LeaksLocations of LeaksLocations of LeaksLocations of Leaks Probable CauseProbable CauseProbable CauseProbable CauseProbable Cause Basic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair Methods
 Open type gauging device, slip tube with quick release or screw cover Open type gauging device, slip tube with quick release or screw cover Open type gauging device, slip tube with quick release or screw cover Open type gauging device, slip tube with quick release or screw cover Open type gauging device, slip tube with quick release or screw cover
• Liquid or vapor leak from Gauging device control Close gauging device control valve

gauging device control   valve not closed; plug in
valve orifice plug   valve is loose or missing Tighten plug in control valve

• Liquid or vapor leak from Loose flange nuts Tighten loose flange nuts
joint between gauging device
and manway cover plate

• Liquid or vapor leak Loose flange nuts Tighten loose flange nuts
from around cover at base of fitting

• Liquid or vapor leak Packing gland nut loose Tighten packing gland retainer
around gauge rod packing gland Packing material defective To be handled by a tank car specialist

  or missing

Closed type gauging device, magneticClosed type gauging device, magneticClosed type gauging device, magneticClosed type gauging device, magneticClosed type gauging device, magnetic
• Liquid or vapor leak from  Broken pipe Tighten gauging device cover

base of gauging device cover Do not remove coverDo not remove coverDo not remove coverDo not remove coverDo not remove cover

• Liquid or vapor leak from Loose flange nuts Tighten flange nuts
seal between gauging device
and manway cover plate

Closed type gauging device, tape typeClosed type gauging device, tape typeClosed type gauging device, tape typeClosed type gauging device, tape typeClosed type gauging device, tape type
• Liquid or vapor leak from Loose flange nuts Tighten flange nuts

seal between gauging device
and manway cover plate
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SECTION 1: ASSESSING AND REPAIRING DAMAGED FITTINGS

Potential Locations of Leaks from Miscellaneous FittingsPotential Locations of Leaks from Miscellaneous FittingsPotential Locations of Leaks from Miscellaneous FittingsPotential Locations of Leaks from Miscellaneous FittingsPotential Locations of Leaks from Miscellaneous Fittings

Locations of LeaksLocations of LeaksLocations of LeaksLocations of LeaksLocations of Leaks Probable CauseProbable CauseProbable CauseProbable CauseProbable Cause Basic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair MethodsBasic Repair Methods
Sample lineSample lineSample lineSample lineSample line
• Liquid or vapor leak from Sample line valve not closed Close sample line valve

sample line orifice
or around plug Plug missing or loose Replace and/or tighten plug

• Liquid or vapor leak from Damaged sample line pipe To be handled by a tank car specialist
joint between base of sample
line and manway cover

• Liquid or vapor leak from joint Loose connection Tighten valve, but do not over tighten
between valve and
threaded pipe nipple

Thermometer wellThermometer wellThermometer wellThermometer wellThermometer well
• Liquid or vapor leak from Loose cap with damaged Tighten cap; do not remove capdo not remove capdo not remove capdo not remove capdo not remove cap

thermometer well cap   thermometer well pipe
Missing or defective “O” ring To be handled by a tank car specialist;
  in cap or on nipple with     do not remove cap do not remove cap do not remove cap do not remove cap do not remove cap
  damaged thermometer well pipe

• Liquid leaking from between Damaged thermometer well To be handled by a tank car specialist;
thermometer well nipple and   pipe   do not tighten thermometer well nipple!!do not tighten thermometer well nipple!!do not tighten thermometer well nipple!!do not tighten thermometer well nipple!!do not tighten thermometer well nipple!!
manway cover

• Thermometer well nipple Mechanical damage to To be handled by a tank car specialist
broken off with no leak   thermometer well nipple

Heater coil - internalHeater coil - internalHeater coil - internalHeater coil - internalHeater coil - internal
• Liquid leak from Condensation - residue from Tighten caps. If leak continues,

inlet or outlet pipes   material used for heating   contact a  tank car specialist
at bottom of tank   contents

Damage to internal heater To be handled by a tank car specialist
  coils

WWWWWashoutashoutashoutashoutashout
• Liquid leaking around seal Flange nuts loose Tighten flange nuts  clockwise

between tank and washout plate Gasket defective To be handled by a tank car specialist

• Liquid leaking from Tell-tale plug loose Tighten plug
plug in washout plate Gasket defective To be handled by a tank car specialist
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SECTION 2: ASSESSING TANK DAMAGE

OverOverOverOverOverviewviewviewviewview
Most major releases from tank cars in

train accidents occur immediately. Howev-
er, tank cars may sustain extensive damage
without immediate release of the contents,
e.g., Cumming, IA — April 1969, Waverly,
TN — February 1978, and Flomaton, AL —
1996. During this lengthy delay (Waverly
was about 40 hours), response personnel are
likely to get involved in handling emergen-
cy and recovery operations and, consequent-
ly, may sustain injury or death should the
tank violently rupture. This violent rupture
is also known as abrupt failure, catastroph-
ic failure, or BLEVE (Boiling Liquid Ex-
panding Vapor Explosion).

The danger of violent rupture of a pres-
sure tank car includes these threats of expo-
sure to people, property, and the environ-
ment:

• Dispersion of contents with the harm based
on the characteristics of the contents

• Flying fragments of the tank car tank.
The potential for delayed failure is greater for

pressure tank cars than for other tank cars. When pres-
sure tank cars are damaged, response personnel must
determine if a risk of violent rupture exists.

Damaged pressure tank cars must be inspected
to identify the type and extent of damage sustained.
Any responder who has the background to collect the
necessary information can perform this inspection.
Note: Appropriate protective equipment must be worn
during the inspection.

Judgments, based on damage assessment,  are
not absolute. Some conditions may not be readily ap-
parent to the responder. These conditions include de-
fects of material or workmanship (tank and its welds),

                    Section 2:  Assessing TSection 2:  Assessing TSection 2:  Assessing TSection 2:  Assessing TSection 2:  Assessing Tank Damageank Damageank Damageank Damageank Damage

pre-existing damage, or accident-caused damage. Keep
in mind, tank car tank damage assessment is inherent-
ly dangerous. Limit access to the danger area until it
is safe to make entry. Also, request assistance from
those with experience in damage assessment, such as
railroad hazardous material specialists, Bureau of Ex-
plosives Inspectors, shipper representatives, and tank
car manufacturers or repair personnel.

This section outlines these topics associated with
evaluating tank car damage:

• conditions that trigger violent rupture of the
tank

• factors that affect the severity of tank damage
• steps for inspecting damaged tank cars
• interpreting tank damage and guidelines for

handling damaged tank cars.
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ASSESSING TANK CAR DAMAGE

Conditions that TConditions that TConditions that TConditions that TConditions that Trigger Abrupt Failurerigger Abrupt Failurerigger Abrupt Failurerigger Abrupt Failurerigger Abrupt Failure
Two closely related conditions can trigger vio-

lent rupture in pressure tank cars:
• cracks in the tank (associated with dents and

rail burns)
• gross thinning of the tank beyond acceptable

limits (associated with gouges, scores, and
wheel burns).

Both conditions cause stress concentrations, or
notches, which can lead to violent rupture. Increased
stress on this notch will make cracks grow, initiating
the violent rupture.

Cracks
A crack is a narrow split or break in the tank

metal which may or may not penetrate through the
tank metal. Cracks typically are associated with dents
and rail burns.

• Cracks typically occur in tension areas — not
compression areas.

• Cracks cause failure because they can grow
under stress.

• Cracks can grow at speeds approaching the
speed of sound. Crack growth is very rapid in
brittle steel and relatively slow in ductile
steels.

Creation of a crack requires the simultaneous oc-
currence of three conditions:

• a material prone to brittle behavior
Note: When the tank is warm to the touch

(100 degrees F), the tank will be entirely
ductile, regardless of the type steel from
which it is constructed.

• any discontinuity (abrupt change, notch) in
the surface plane of the material or changes
in the crystalline structure within the materi-
al, such as scores, gouges, dents, and flaws

Figure 2.1: Example of a crack.

Figure 2.2 Example of a dent.

• a higher than normal stress to the tank mate-
rial which various forces can cause, such as
an increase in the internal pressure, cold work,
or low temperature impact (low in relation to
transition temperature).

When these three conditions occur simultaneous-
ly in a pressure tank car, the car is a prime candidate
for violent rupture.
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TTTTTable 2.1able 2.1able 2.1able 2.1able 2.1
Specification of Steels  (Pressure TSpecification of Steels  (Pressure TSpecification of Steels  (Pressure TSpecification of Steels  (Pressure TSpecification of Steels  (Pressure Tank Cars)ank Cars)ank Cars)ank Cars)ank Cars)

TTTTTensileensileensileensileensile    T   T   T   T   Transitionransitionransitionransitionransition
Built  DateBuilt  DateBuilt  DateBuilt  DateBuilt  Date TTTTType Steelype Steelype Steelype Steelype Steel Strength          TStrength          TStrength          TStrength          TStrength          Temperatureemperatureemperatureemperatureemperature
Before 1967 AAR M-115,   —        20-80oF

ASTM A-285  50,000-55,000
ASTM A-212  65,000
ASTM A-515  55,000-70,000

1967-1988 As rolled TC-128  70,000-81,000      +20oF
After 1989 Normalized TC-128 70,000-81,000      >-50oF

Factors that Affect the SeverityFactors that Affect the SeverityFactors that Affect the SeverityFactors that Affect the SeverityFactors that Affect the Severity
of Tof Tof Tof Tof Tank Damageank Damageank Damageank Damageank Damage

These factors affect tank damage severity:
• Properties of the metal from which the tank

was constructed
• Internal pressure
• Damage to heat-affected zone of the weld
• Presence of cold work.

Properties of Tank Metal
The desirable properties of steel for tank cars

include:
• Ductility and toughness
• Retention of ductile and toughness prop-

erties at cold ambient temperatures (when
encountered)

• High ultimate strength.
Before 1967, most pressure tank cars were

made of AAR M-115, ASTM A-285 grade C, ASTM
A-212 grade B, and ASTM A-515 grade 70 steels.
These steels had unpredictable transition temperatures
that varied from 20oF to 80oF. They are more brittle at
temperatures below their transition temperatures.
Transition temperature is the point at which the prop-
erties of the steel change from ductile to brittle. Duc-
tile metal tends to bend, rather than break.

From 1967 to 1988, pressure tank cars were made
of “as rolled” AAR TC-128 grade B steel. This fine
grain, high tensile strength steel has a transition tem-
perature of 20oF or less. They are more ductile than
steels used before 1967 at the same temperatures.

Since 1989, pressure tank cars have been built
of fine grained, “normalized” AAR TC-128 grade B
steels with transition temperatures of -50oF or less.
These steels are more ductile at lower transition tem-
peratures than steels used before 1967. Normalizing
refines the grain by a controlled heating/cooling pro-
cess which enhances the ductility at lower tempera-
tures.

Internal Pressure
Internal pressure is the force against the internal

area of the tank car that creates stress on the tank.
When stress becomes great enough (i.e., when the crit-
ical stress is reached), cracks become unstable, begin
to grow, and propagate. As internal pressure increas-
es, so does the risk of tank failure.

The pressure varies with the temperature of the
contents according to the individual vapor pressure/
temperature relationship for the contents. The pres-
sure increase may result  from:

• ambient temperature increases
• solar radiation
• radiant heat
• chemical reaction
• fire impingement.

A breakdown of pressure tank cars by built date
and steel type at the end of 1998 follows:

• 15% built before 1967
• 65% built between 1967 and 1988
• 20% built after 1988
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Damage Involving the Heat-Affected Zone
of the Weld

The heat-affected zone of the weld is the undis-
turbed tank metal on both sides of the actual weld
material (as much as one inch on either side of the
weld material). The tank metal in this zone has been
heated and cooled, which changes its composition.
This change reduces the ductility of the steel, making
the heat-affected zone a likely origin of cracks.

Presence of Cold Work
Cold work is the stretching or deformation of

steel when bent at ambient temperatures without ben-
efit of heat treatment or when it suffers an impact force.
This action mechanically forces the structure of the
metal to change with an elongation of the grain struc-
ture.  By definition, all post construction damage to
steel is considered cold work.

Cold work tends to increase the tensile strength,
reduce its ductility, and increase the transition tem-
perature. All of this makes the steel more susceptible
to cracking on the outside surface of the tank.

Rate of application
The rate of application is the speed with which

energy transfers to the stressed object.

Figure 2.4: Example of a weld showing the heat-
affected zone.

Heat
affected
zone

Weld
Crown Tank metal
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Inspecting Damaged TInspecting Damaged TInspecting Damaged TInspecting Damaged TInspecting Damaged Tank Carsank Carsank Carsank Carsank Cars

Guidelines
When damaged tank cars are in an accident, de-

termine the type and extent of damage, specifically
whether:

• the tank (shell or head) has a crack or is sus-
ceptible to forming one

• the tank (shell or head) has been thinned be-
yond acceptable limits.

Response personnel must examine all accessi-
ble surfaces of the tank for the type, location, direc-
tion, and extent of damage. Record the results of this
examination for later use.

Jacketed tank cars are difficult to inspect with-
out removing the jackets, but lack of damage to the
jacket usually indicates that the tank is undamaged.
However, when the jacket is torn or dented for sever-
al inches or more, it may be cause for concern. Jacket
material may have to be cut away by mechanical means
to determine the extent of damage.

Since it usually is not possible to see the entire
surface of a damaged tank, reinspection is necessary
when adjacent cars or surrounding materials are be-
ing or have been removed or when the car is lifted to
move or re-rail it. The inspector must evaluate the
possible damage to the tank and make decisions about
it based on what it appears to be lying on (i.e., soft
ground or hard, sharp surfaces).

Steps
Take these steps when inspecting damaged pres-

sure tank cars:
1. Determine the internal pressure of the tank car. The

internal pressure is essential in deciding if the tank
should be moved or be unloaded where it is. The
pressure may be obtained by:

• reading a pressure gauge attached to the sam-
ple line, gauging device, or other fittings.

• taking the temperature of the contents (using
a thermometer in the thermometer well) and
referring to the vapor pressure/temperature
graphs for the contents.

Note: Since the tank contents may stratify
into layers having different temperatures
due to external temperature change, the
pressure estimated from product tempera-
ture readings may be inaccurate, in that it
may be lower than the actual pressure.

• using ambient temperature (keep in mind that
the temperature of the tank’s contents may lag
ambient temperatures by up to 6 hours).

Notes:
• Internal pressures in empty tank cars that

contain residual vapors may be equal to
that in loaded tank cars (or greater than
that in loaded tank cars if some inert gas
was used for unloading).

• Vapor pressure/temperature graphs are
available from the Compressed Gas Hand-
book, the shipper, or the manufacturer of
the material.

• Most pressures are shown as absolute pres-
sure; therefore, you must subtract 14.7 to
obtain gauge pressure.

2. Determine the amount of material in the tank car.
You may be able to use the gauging device on

the tank to determine the amount of material in the
tank car.
3. Examine all accessible surfaces for cracks, dents,

scores, gouges, wheel burns, and rail burns.
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For cracksFor cracksFor cracksFor cracksFor cracks

• Pay particular attention if cracks are in areas
where longitudinal damage is present.

• Look for relatively large cracks that are visi-
ble to the naked eye.

• Look for signs of frosting or clear liquid on
the tank surface, since material weeps through
even a small cracks.

• Use a dye penetrant for smaller cracks.

For dents and rail burnsFor dents and rail burnsFor dents and rail burnsFor dents and rail burnsFor dents and rail burns

• Measure the radius of curvature for each dent
at the point of sharpest bend, using the Tank
Car Dent Gauge. (See example in this sec-
tion.)

• Identify the dents that have scores or gouges
associated with them and those that cross a
weld. Dents in combination with scores or
gouges and/or dents that cross welds are the
most dangerous.

• Examine each point of minimum curvature on
a dent or rail burn for cracks, and record any
cracks you find, no matter how small. To find
smaller cracks, a magnifying glass will be re-
quired.

• Measure the length of each dent or rail burn.
Dents 7 feet or longer that run longitudinally
and cross a circumferential weld (girth weld)
are the most dangerous.

For gouges, scores, wheel burns, and rail burnsFor gouges, scores, wheel burns, and rail burnsFor gouges, scores, wheel burns, and rail burnsFor gouges, scores, wheel burns, and rail burnsFor gouges, scores, wheel burns, and rail burns

• Measure the depth of each gouge, score, wheel
burn, or rail burn on the tank.

• Identify the location where each gouge, score,
wheel burn, or rail burn crosses a weld or is
within 1 inch on either side of the weld mate-
rial.

• When a gouge, score, wheel burn, or rail burn
crosses a weld, measure the depth of the re-
moved weld metal. When a gouge, score,
wheel burn, or rail burn crosses a weld, the
damage is more critical if it removes the
weld’s base metal rather than just the weld
reinforcement (crown metal).

• Look for damage to the heat-affected zone of
the weld (1 inch on either side of the weld
material). If the heat-affected zone adjacent
to the weld has been damaged, the damage is
potentially critical, and the tank should not
be moved.
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Interpreting TInterpreting TInterpreting TInterpreting TInterpreting Tank Damageank Damageank Damageank Damageank Damage

Scope
The following paragraphs discuss the signifi-

cance of various types and combinations of tank dam-
age that may show up during the inspection of a dam-
aged tank car.

Cracks
Cracks are a major cause of violent rupture. A

crack is a narrow split or break in the tank metal which
may or may not penetrate through the tank metal. Be-
cause it is difficult to determine when a crack is criti-
cal, accurate and timely decisions are necessary.

Figure 2.5: Example of a crack.

When analyzing a crack, remember:
• Any crack in a tank, no matter how small,

demands immediate action to relieve the stress
in the tank by venting, flaring, or transferring
the contents of the tank.

• Cracks in fillet welds (i.e., those which attach
brackets or reinforcement plates) are not crit-
ical unless the crack extends into tank metal.

• When a crack exists in conjunction with a
dent, score, or gouge, unload the tank as soon
as possible before moving it.

• Consider the pressure of the commodity, and
evaluate the potential for pressure rise.
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Dents
Dents are deformations of the tank shell or heads.

Impact with a relatively blunt object causes them. The
most common dent is a head dent from impact with a
coupler, draft sill, or the end of an adjacent car. The
sharper the radius of curvature, the more chance of
having a crack.

Radius of curvature — the radius of a circle
that would be tangent to a curve (the surface of the
tank car tank) at a given point. Radius of curvature
describes the sharpness of a curve (dent). A small ra-
dius of curvature indicates a small circle and a sharp
bend. A larger radius of curvature indicates a larger
circle and a more gentle bend. A gentle radius of cur-
vature causes little trouble unless it exists in conjunc-
tion with other damage.

When interpreting a dent, remember:

Figure 2.6: Example of a radius of curvature.

Sharp dents in the shell of the tank are the most
serious, as they can reduce the strength of the tank
significantly.

• For dents in the shell of tank cars built before
1967, unload the tank, without moving it, giv-
en these conditions:

- a minimum radius of curvature of 4
inches or less
AND one or more of the following:

--  the presence of a crack anywhere
--  the dent crossing a weld
--  the presence of a score or gouge
--  evidence of cold work.

Radius of
Curvature

Dents with a radius of curvature more than 4
inches are not problems by themselves.

• For dents in the shell of tank cars built since
1967, unload the tank, without moving it, giv-
en these conditions:
- a minimum radius of curvature of 2 inches

or less
AND one or more of the following:

--  the presence of a crack anywhere
--  the dent crossing a weld
--  the presence of a score or gouge
--  evidence of cold work.

Dents with a radius of curvature more than 2
inches are not problems by themselves.

• Massive dents in heads of the tank are gener-
ally not serious unless gouges or cracks are
present with the dents.

Note: Reduction in tank volume due to mas-
sive denting is not a major consideration
unless atmospheric temperature may ap-
proach the “shell full temperature” of
115oF summer loading or 95oF winter load-
ing. The loss of volume due to massive
denting will lower the shell full tempera-
ture 3o to 4oF. Massive denting could re-
duce tank shell capacity by as much as 5%.
If massive denting causes the volume of the
tank to equal the volume of the lading, the
tank may undergo hydrostatic failure.

• Small dents (not exceeding 12 inches in di-
ameter) in heads in conjunction with cold
work in the bottom of the dent are marginally
safe if they show a radius of curvature less
than 4 inches for tanks built before 1967, or
less than 2 inches for tanks built since 1967.
If at all possible, unload such tanks in place.
In any case, move the tank as little as possi-
ble and unload it promptly.
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Gouges and Scores
Gouges are grooves in the tank metal which re-

sult from impact with a sharp, chisel-like object. Goug-
es cause cutting and complete removal of the tank or
weld metal along the path of contact.

Scores are grooves in the tank metal which oc-
cur when a relatively blunt object comes into contact
with the tank. Scores cause the relocation of the tank
or weld metal so that the metal is pushed aside along
the path of contact with the blunt object.

When interpreting gouges and scores, remem-
ber:

Evaluate gouges and scores in the same manner,
using the depth of the indentation as a guideline.

• Longitudinal scores are of greatest concern;
however, you also must evaluate circumfer-
ential (hoop) scores.

• Scores or gouges crossing a weld with removal
of the crown metal are of little concern.

• Longitudinal scores or gouges that cross a
weld and damage the heat-affected zone are
potentially critical; therefore, experienced per-
sonnel should transfer the contents of the tank
immediately.

• When the internal pressure exceeds the allow-
able internal pressure listed in Tables 2.2 and
2.3, experienced personnel should unload, in
place, tanks having scores or gouges.

Figure 2.7 Example of a gouge and a score.

Gouge

Score

TTTTTable 2.2able 2.2able 2.2able 2.2able 2.2
Limiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for Tanksanksanksanksanks
with a 340W Twith a 340W Twith a 340W Twith a 340W Twith a 340W Tank Tank Tank Tank Tank Test Pressureest Pressureest Pressureest Pressureest Pressure

Depth of ScoreDepth of ScoreDepth of ScoreDepth of ScoreDepth of Score
or Gougeor Gougeor Gougeor Gougeor Gouge Maximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIA
1/16" 191 (101oF for commercial propane)
1/8" 170 (93oF for commercial propane)
3/16" 149 (85oF for commercial propane)
1/4" 127 (75oF for commercial propane)

Note: Note: Note: Note: Note: In no case should a tank with a score or gouge over 1/16" for
340W tanks move by rail in normal train service, although experienced
personnel could upright and move it a short distance for transfer.

TTTTTable 2.3able 2.3able 2.3able 2.3able 2.3
Limiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for TLimiting Score Depths for Tanksanksanksanksanks
with a 400W Twith a 400W Twith a 400W Twith a 400W Twith a 400W Tank Tank Tank Tank Tank Test Pressureest Pressureest Pressureest Pressureest Pressure

Depth of ScoreDepth of ScoreDepth of ScoreDepth of ScoreDepth of Score
or Gougeor Gougeor Gougeor Gougeor Gouge Maximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIAMaximum Safe Internal Pressure, PSIA
1/16" 228 (114oF for commercial propane)
1/8" 205 (104oF for commercial propane)
3/16" 188 (99oF for commercial propane)
1/4" 162 (90oF for commercial propane)

Note:Note:Note:Note:Note: In no case should a tank with a score or gouge over 1/8" for
400W tanks move by rail in normal train service, although experienced
personnel may upright it and move it a short distance for transfer.
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Wheel Burns
Wheel burns, sometimes called spot burns, are

similar to scores, in that the prolonged contact of the
wheel with the tank reduces the thickness of the tank,
pushing the metal aside at the point of contact.

When interpreting wheel burns, remember:
Wheel burns do not induce a high probability of

failure.
• For loaded tank cars, if the depth of the wheel

burn is:
- less than 1/8 inch, personnel can transport

the tank (not in ordinary train service) to
the closest loading/unloading facility, and
then empty it.

- 1/8 inch or greater, personnel should un-
load the tank as soon as possible without
moving it.

• When there is no liquid behind the point of
the wheel burn to cool the tank shell, the rub-
bing of the wheel tends to heat and deform
the metal much more than on a loaded car.

• If the depth of the wheel burn on an empty
tank car is:

- less than 1/4 inch, send the car to a shop
for repair.

- 1/4 inch or greater, reduce the internal pres-
sure by flaring or venting any remaining
contents to not over 10 psi before sending
the car to the shop.

Rail Burns
Rail burns are long dents in the shell of the tank,

with cold work (scores and gouges) at the bottom of
the dent. Longitudinal rail burns are the most serious,
as they tend to cross welds. A typical source of rail
burns is the tank passing over a stationary object, such
as a flange or stationary wheel.

When interpreting rail burns, remember:
All rail burns are serious and require personnel

to transfer the contents to another tank car or cargo
tank before they move the car from the site.

A tank with a gouge:
• less than 1/8 inch deep can be uprighted and

transported a short distance before transfer of
the contents.

• 1/8 inch or greater should be uprighted, but
personnel should transfer the contents in place
before being moving the car any distance.

Figure 2.9: Example of a rail burn.

Figure 2.8: Example of a wheel burn.

Wheel Burn

Rail Burn



UNION PACIFIC RAILROAD                PARTICIPANT’S MANUAL: TANK CAR SAFETY COURSE JULY, 200720

ASSESSING TANK CAR DAMAGE

Tank Car Damage Assessment Car Initials &
Number

Tank Car Characteristics / Features Material

Type of Car:  Non-pressure  Pressure  Cryogenic  Other  ________________________

Specification Tank Test Pressure: Tank Capacity:  ____________

Built Date: Underframe:    Continuous   Stub Sill  Load    Residue/Empty

Jacketed:     Yes   No Thermal Protection:    Jacketed   Sprayed-on Insulated:       Yes   No

Construction Material:   Type/Grade ___________  Thickness _______

Ambient Temperature at time of damage:    ___________

Stress:       Thermal   Mechanical

 Chemical   Other    None

Heater Coils:    Interior    Exterior Lining:    Yes    No   Type ___________________

Fitting Damage Jacket, Tank and Head Damage

Type Fitting Damaged? Description Damage / Leak

Liquid
Valve

 Yes  No
 Leaking

Indicate location / severity of damage (punctures,
cracks, scores, gouges, wheel burns, dents, rail burns,
underframe, and leaks) on appropriate diagram(s).

Vapor / Air
Valve

 Yes  No
 Leaking

Bottom
Outlet

Type:

 Yes  No
 Leaking

Pressure
Relief
Device

Type:

 Yes  No
 Leaking

Vacuum
Relief
Valve

 Yes  No
 Leaking

Gauging
Device

Type:

 Yes  No
 Leaking

Manway
Cover

 Yes  No
 Leaking

Fill Hole  Yes  No
 Leaking

Sample
Line

 Yes  No
 Leaking

Thermo-
meter Well

 Yes  No
 Leaking

Washout  Yes  No
 Leaking

Sump  Yes  No
 Leaking

Other

Type:

 Yes  No
 Leaking

Note length / depth of damage, multiple damage types,
and whether crossing heat affected zone.
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Figure 2.13: Curves 2 and 3 are bent “in.”

Figure 2.11: Section of a dent (shown reduced
size).

More gentle bend where
dent radius is more than
gauge (acceptable)

Sharper bend where dent
radius is less than gauge
(condemning)

Figure 2.12: Curves 1 and 4 are bent “out.”

More gentle bend where
dent radius is more than
gauge (acceptable)

Sharper bend where dent
radius is less than gauge
(condemning)

Figure 2.10: Diagram of Tank Car Dent Gauge.
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TTTTTable 2.4able 2.4able 2.4able 2.4able 2.4
TTTTTank Car Damageank Car Damageank Car Damageank Car Damageank Car Damage

DamageDamageDamageDamageDamage AppearanceAppearanceAppearanceAppearanceAppearance CauseCauseCauseCauseCause Major ConcernsMajor ConcernsMajor ConcernsMajor ConcernsMajor Concerns
Crack Narrow break or opening Application of Any crack that extends into base

mechanical force; metal, either accompanied by an
inward deformation increase in pressure or in

conjunction with dents, scores, or
gouges

Dent Deformation of tank head Impact with relatively Sharp radius of curvature -
or shell blunt object before 1967, 4 in.; after 1967, 2 in.

Dents with gouges or scores or
that cross a weld

Score Reduction in thickness of Impact with relatively Depth of indentation
the tank shell or head; blunt objective Cross welds and
has ridges of displaced -  remove base metal
metal along its side; -  into heat-affected zone
relatively round bottom Direction of score

Length of score

Gouge Reduction in thickness Impact with sharp Depth of indentation
of the tank shell or head; chisel-like object Cross welds and
metal cut out -  remove base metal

-  into heat affected zone
Direction of gouge
Length of score

Wheel burn Reduction of thickness; Turning wheel in Depth of indentation
spot burn;  has ridges of contact with tank for Cross welds and
displaced metal considerable distance -  remove base metal

-  into heat affected zone
Complicated by displaced metal

Rail burn Long inward dent with Contact with rail or Depth of indentation
gouge;  typically crosses other stationary Sharp dents
welds object (wheel flange) Cross welds and

-  remove base metal
-  into heat affected zone
Direction of rail burn
Length of score

Recap — TRecap — TRecap — TRecap — TRecap — Types of Types of Types of Types of Types of Tank Car Damage and Interpreting Tank Car Damage and Interpreting Tank Car Damage and Interpreting Tank Car Damage and Interpreting Tank Car Damage and Interpreting Tank Car Damageank Car Damageank Car Damageank Car Damageank Car Damage
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TTTTTable 2.5able 2.5able 2.5able 2.5able 2.5
Interpreting TInterpreting TInterpreting TInterpreting TInterpreting Tank Car Damageank Car Damageank Car Damageank Car Damageank Car Damage

DamageDamageDamageDamageDamage ConditionConditionConditionConditionCondition ActionActionActionActionAction
CrackCrackCrackCrackCrack Any cracks in shell Reduce internal pressure and transfer contents

as soon as possible
(Cracks in fillet welds are of little consequence)(Cracks in fillet welds are of little consequence)(Cracks in fillet welds are of little consequence)(Cracks in fillet welds are of little consequence)(Cracks in fillet welds are of little consequence)

DentDentDentDentDent Radius of curvature sharper Upright and transfer
than 4 in. (before 1967); (Reduce internal pressure)
evidence of cracks,
crossing a weld, or cold work
Radius of curvature sharper Upright and transfer
than 2 in. (after 1967); (Reduce internal pressure)
evidence of cracks, crossing
a weld, or cold work
Other Rerail and transport to nearest point

for unloading or transfer

Scores andScores andScores andScores andScores and Any scores and gouges; Upright and transfer tank immediately
GougesGougesGougesGougesGouges crossing a weld or damage (Reduce internal pressure)

to heat affected zone
Internal pressure exceeds Upright and transfer tank immediately
allowable internal pressure (Reduce internal pressure)

                                          (Longitudinal scores and gouges are of more concern than cir                                          (Longitudinal scores and gouges are of more concern than cir                                          (Longitudinal scores and gouges are of more concern than cir                                          (Longitudinal scores and gouges are of more concern than cir                                          (Longitudinal scores and gouges are of more concern than circumferential ones)cumferential ones)cumferential ones)cumferential ones)cumferential ones)
             (Scores or gouges crossing a weld and removing only the weld metal reinfor             (Scores or gouges crossing a weld and removing only the weld metal reinfor             (Scores or gouges crossing a weld and removing only the weld metal reinfor             (Scores or gouges crossing a weld and removing only the weld metal reinfor             (Scores or gouges crossing a weld and removing only the weld metal reinforcement /crown are not critical)cement /crown are not critical)cement /crown are not critical)cement /crown are not critical)cement /crown are not critical)

Wheel burnWheel burnWheel burnWheel burnWheel burn Less than 1/8 in. deep Rerail and transport short distance for unloading
Greater than 1/8 in. deep Upright and transfer without transportation
Greater than 1/4 in. deep Reduce internal pressure immediately and

transfer as soon as possible

Rail burnRail burnRail burnRail burnRail burn Less than 1/8 in. deep Rerail and transport short distance for unloading

Greater than 1/8 in. deep Upright and transfer in place
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