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Ẑ ---------6 m3 cubic meters 1.30 cubic yards yd3

TEM PERATURE (exact)
4

•C Celsius' 9/5 (then Fahrenheit 'F
= --------- 3 temperature add 32 temperature

= --------- 2

= OF
--------- 1 °F 32 98.6 212

an- ■ 1 ■ -40 0 40 80 120 160 2001cm L_l_ ; 1 1  1 1 1 | | 1 1 1 I i 1 1  1 | 1 ,1 1 1 l 1 11
-40

r l 1 
-2 0

1 I I 
20

1 1 T 1 1 
40 60 80

1 1 
100°c 0 37 oc



1. Report No.

DOT/FRA/ORD-94/18
2. Government Accession No. 3. Recipient's Catalog No.

4. Title and Subtitle

Handbook for Vent and Bum Method of Field Product Removal
5. Report Date 

May 1994
6. Performing Organization Code

7. Author(s)

Henry L. Cox, Edward S. Parker, and Jeffery C. Davis 8. Performing Organization Report No.

9. Performing Organization Name and Address

Association of American Railroads Transportation Test Center P.O.Box 11130 Pueblo, CO 81001

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

DTFR53-82-C-00282

12. Sponsoring Agency Name and Address

U.S. Department of Transportation Federal Railroad Administration Office of Research and Development 400 Seventh Street SW Washington, D.C. 20590

13. Type of Report or Period Covered 

FinalJune 1992 - October 1993

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

The Federal Railroad Administration tasked the Association of American Railroads (AAR), Transportation Test Center Hazardous Materials Training Center (TTC) to research and develop safe, reliable operating procedures for the Vent and Bum method of field product removal, and to define when or if this procedure should be used in the event of tank car derailments involving hazardous materials. The Vent and Bum procedure uses explosive charges to cut holes in the damaged tank car to relieve internal vapor pressure and subsequently drain the liquid product from the car for destruction.Vent and Bum is inherently dangerous and other methods of field product removal or car rerailment must be considered first. This procedure is applicable to some compressed gases and some flammable or combustible liquids shipped in pressure or general service tank cars.This handbook describes the Vent and Bum procedure in a step-wise manner. It is intended to help emergency responders to understand the procedure, its limitations, inherent risks and the application principles of this method. The emergency explosives expert responder can use this handbook as a guide to apply explosive charges onto the car for successful results.
The proposed hole cutting technique described in this handbook has been proven by testing at AAR/TTC. Please refer to DOT/FRA/ORD/94-17 for detailed experimental results.

17. Keywords

Vent and Bum, tank cars, hazardous materials, emergency response, derailment, explosives, shaped charges

18. Distribution Statement

This document is available through National Technical Information Service Springfield, VA 22161
19. Security Classification (of the report) 20. Security Classification (of this page) 21. No. Of Pages 22. Price

Unclassified Unclassified 42

Form DOT F 1700.7 (8-72)

11



L IS T  O F  A B B R E V IA T IO N S

AAR - Association of American Railroads 
DOT - Department of Transportation 
ECT - Explosive Cutting Tape 
FAA - Federal Aviation Administration 
FRA - Federal Railroad Administration 
gr/ft - Grains per foot

LEPC - Local Emergency Planning Committee 
NAX - North American Explosives
RDX - An explosive composed of Cyclonite (cyclo-1,3,5-trimethylene- 

2,4,6-trinitr amine), Trimethylentrinitramine, and Hexagene
TC - Transport Canada

TTC - Transportation Test Center

iii



T A B L E  O F  C O N T E N T S

O V E R V IE W  ............................................................................................................................  1
R EA SO N S FOR SELECTING THE V E N T  A N D  BU R N  M E T H O D _____3
PREFERRED C O N D IT IO N S ........................................................................................ 3
IN H E R EN T RISKS .............................................................................................................. 4
C A N D ID A T E  PRODUCTS ............................   5
C A N D ID A T E  T A N K  CARS ........................................................................................... 6

PRESSURE C A R S ........................................................................................................  6
G E N E R AL SERVICE CARS ..................................................................................  9

SAFETY P R E C A U T IO N S .............................................................................................  11
REQUIRED E Q U IP M E N T ..........................................................................................  13
EXPLOSIVE C H A R G E S ................................................................................................  15
G E N E R AL P R O C E D U R E S....................................................................................   20

P R EPAR ATIO N  FOR V EN T A N D  B U R N .......................................   20
PIT C O N STR U C T IO N  ..........................................................................................  23
SITE P R E P A R A T IO N .............................................................................................  24
R E M O V IN G  T A N K  JACKET .............................................   26
V E N T  A N D  D R A IN  H O L E S ...............................................................................  28

SH U T D O W N  THE V EN T A N D  BU R N  O P E R A TIO N  ............................. 31
PROBLEMS D U R IN G  V E N T  A N D  B U R N .........................................................  32
A P P E N D IX A  -  EXPLOSIVES R E S O U R C E S ...................................................  33
A P P E N D IX B -  LITERATURE S E A R C H ....................................................  35

iv



L IS T  O F  F IG U R E S

Figure 1. Schematic of Tank Car Displaying Vapor and Liquid  
Spaces; Recom m ended Application Points of
Explosives In d ica ted .....................................................................................  1

Figure 2. Application of Vent and B um  Procedure on Flammable
or Combustible Liquid . . ..........................  2

Figure 3. Trapezoidal H ead Shield on Tank C a r ..............................................6
Figure 4. Typical Layers of Jacketing, Insulation, Thermal Protection,

and Tank Shell on Tank C a r ........................................................................8
Figure 5. Heater Pipes Located Beneath Jacketing on Some

Candidate Tank Cars ...............................................................................  10
Figure 6. Construction of Tank Cutting Charge with Detonation

Sheet, Retaining Ring, and Blasting C a p s ....................... ..  . . . . 18
Figure 7. Desired and Rolled Orientation of Tank Cutting Charge . . 19 
Figure 8. Vent and B um  Performed w ith Com pressed Gas — Pit

N ear Tank C a r .............................................................................................. 22

LIST OF TABLES

Table 1. Recomm ended Charge Material, Strengths, and Sizing . . . .  17



FOREWORD

This handbook presents the Vent and B um  m ethod for unloading dam aged  
railroad tank cars in the field. The procedures follow  the conclusions and 
recommendations published in report D O T /F R A /O R D /9 4 -1 7 , entitled 
"V ent and Burn M ethod o f Field Product R em oval." The handbook is 
presented in similar format to another report, D O T /F R A /9 2 -2 7 , entitled 
"Field Product Removal M ethods for Tank Cars."

The Vent and Burn procedure involves the use of explosive charges 
to cut holes in the dam aged tank car — one hole to relieve excessive 
internal vapor pressure in the tank, and another to drain the liquid product 
from  the tank car for disposal by  burning. This docum ent attempts to 
explain the Vent and Burn procedure so that it m ay be perform ed as safely 
as possible. It is intended to help emergency responders to understand the 
procedure, its limitations, inherent risks, and the application principles for 
this method.

The reader should note that this handbook describes typical 
equipment and procedures that m ight be used in any given operation. 
Actual equipment and procedures used m ay vary according to the product 
lading, the tank car specification, and other factors unique to the situation 
at hand.

The proposed hole cutting technique described in this handbook has 
been proven by testing at the Association of Am erican Railroads' (A A R )  
Transportation Test Center in Pueblo, Colorado. The testing has. refined 
this m ethod to be more specific in procedure and m ore predictable in 
outcome.

The emergency explosives expert responder can use this handbook  
as a guide to apply explosive charges onto the car for successful results. 
The local emergency planning committee (LEPC) that plans to use this 
m ethod should maintain a resource list containing the location of the 
nearest explosives technician and recom m ended explosives supplier.

T H E R E  IS  N O  S U B S T IT U T E  F O R  T H E  G O O D  J U D G E M E N T

O F  T H O S E  I N  T H E  F IE L D .

vi



O V E R V IE W

DEFIN ITIO N  OF V EN T A N D  BURN
Vent and Burn is an emergency response procedure designed to quickly 
and effectively release railroad tank car internal vapor pressure and liquid  
products to avoid disastrous, uncontrolled tank rupture and environmental 
contamination. During derailment accidents, tank cars m ay becom e  
structurally compromised by denting, crack initiation, or puncturing, 
a n d /o r  subject to external heating and associated increase in internal 
pressure. The Vent and Burn procedure is applied to dam aged tank cars 
only w hen all other emergency product rem oval m ethods have been  
considered and rejected, and the consequences of not relieving the internal 
tank car pressure are determined to be greater than using this procedure.

The Vent and Burn procedure involves the use of two explosive 
charges to cut holes in the tank car. The first charge is placed at the 
highest point of the tank car, over the product vapor space. Its detonation  
relieves the tank's internal vapor pressure. A  second charge is placed at 
the low est point of the liquid space to allow  drainage of the product into 
a containment pit, where it is burned in a controlled setting, both  
neutralizing its environmental hazard and rem oving the potential for 
uncontrolled explosion. Figure 1 depicts the application o f two explosive 
charges on a tank car. Figure 2 portrays Vent and Burn in progress.

Figure 1. Schematic o f T ank Car D isp layin g  V ap or and Liquid  
Spaces; R ecom m ended A pplication Points o f  E xplosives Indicated

Vapor Vent Charge Vapor Space C 4* t o  2050

\
L rq u ld  Product C80* to  9B5Q L iq u id  R elease Charge

1



O V E R V IE W  ( c o n t in u e d )

Figure 2. A pplication o f V en t and B u m  Procedure on Flam m able
or C om bustib le  Liquid

During preparation for Vent and Burn, it m ay be necessary to cut 
the tank car's protective jacketing and rem ove insulation or thermal 
protective coverings. This m a y  require two or m ore additional explosive 
charges.

There are inherent risks associated with this procedure: the tank car 
tank could fail during the Vent and Burn due to undetected flaws; there 
is no w ay to control the flow  of product once the explosive cut is m ade; 
and more than one entry to the accident scene m ay be required for the 
application of explosives.
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REASONS FOR SELECTING THE VENT AND BURN METHOD

The Vent and B um  method m ay be used w hen the follow ing conditions 
exist:

■ The tank car tank has been exposed to fire resulting in elevated 
internal pressure and possible tank dam age.

■ The tank car body has been structurally weakened to an extent that 
it cannot be safely rerailed and m oved  to an appropriate unloading  
point.

■ Site conditions prevent the use of cranes or other rerailing 
equipment.

■ Conditions do not allow the safe transfer, venting or flaring of the 
tank car.

■ Dam age to leaking valves and fittings cannot be repaired.

PREFERRED CONDITIONS

To the extent possible, the following conditions should exist, or be m et, 
before using the Vent and Burn method. These conditions are considered  
optim al, but do not have to be met in all cases. Each incident is, .unique.

■ N earby cars containing hazardous materials w ill not be affected 
adversely by the operation.

■ Suitable Vent and B um  equipment is available.
■ Personnel experienced with the Vent and Burn m ethod are available.
■ Appropriate precautions can be taken to protect people and property  

in the event of an accidental detonation during the Vent and Burn 
application.

■ Adequate collection area is available for the burning operation.
■ Cryogenic tank cars should not be considered due to the physical 

state of the products and the construction o f the car itself.

3



INHERENT RISKS

A s with m any emergency response procedures, there are inherent risks 
associated w ith Vent and Burn. D ue to the inherent risks involved with  
this procedure, it m ust be used only as a la s t  r e s o r t, after all other m ethods 
of field product rem oval have been considered and rejected. Risks 
inherent to Vent and Burn include, but are not limited to, the follow ing:

■ Catastrophic failure o f the tank is possible due to the improper 
application of explosives or undetected flaw s in the tank. This could  
result in injury to emergency response personnel, exposure o f the 
public to the product, or dam age to property and the environment.

■ M ultiple entries into the accident site m ay be necessary to apply  
explosives, increasing the risk to the explosives technician.

■ U p on  initiation of the vent hole charge, die drain hole charge m ay  
be dislodged from  the tank car, requiring another site entry for re­
application of the charge.

■ Product flow  cannot be controlled after breaching the tank.

. 4



C A N D I D A T E  P R O D U C T S

The Vent and Burn procedure is limited in candidate products. This 
procedure should be discussed with the product manufacturer for full 
determination of this procedure's applicability. This procedure should not 
be used on products that m ay detonate or react in som e other adverse w ay  
w hen exposed to air.

■ The product m ay be a flammable compressed gas such as propane, 
butane, or butadiene.

■ The product m ay be a flam m able or combustible liquid such as 
alcohols, petroleum products, esters, or ketones.

■ The product m ay be subject to polym erization, such as acrylates, and  
shipped with inhibitors which can be lost in a fire situation.

■ The product m ust have sufficient flam mability characteristics to 
allow  the material to burn.

■ Products with secondary hazards of Poison-Inhalation H azard should  
not be considered.

■ Corrosives, oxidizers, or poisonous liquids w ou ld  require evaluation  
on an individual basis.

■ V ent and Burn m ay release potentially harmful by-products of 
thermal oxidation.



C A N D I D A T E  T A N K  C A R S

The types of tank cars carrying candidate materials for Vent and Burn are 
classified as pressure and general service tank cars.

PRESSURE C A R S
Pressure tank cars are constructed of high tensile steels at least 9 /1 6  inch 
thick. Typical cars carrying liquefied petroleum gases are 1 1 /1 6  to 2 5 /3 2  
inch thick. These cars can be equipped with combinations of thermal 
protection, insulation, and a protective steel jacket. Tank cars carrying 
flam mable gases are required to have protective head shields such as the 
type show n in Figure 3. These shields cover part or all of the tank head  
and restrict access to the tank shell during Vent and Burn.

Figure 3. T rapezoidal H ead Shield on T ank Car
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C A N D I D A T E  T A N K  C A R S  ( c o n t in u e d )

D O T /T C  1 1 2 /1 1 4  T -- These cars are thermally protected by a sprayed, 
brushed or troweled-on material approximately 1 /8  inch thick. It has a 
stucco-like appearance. H ead shields on the 1 1 2 /1 1 4  T will be readily 
visible on each end of the car.

D O T /T C  1 1 2 /1 1 4  T -- The "J" indicates the car has a 1 /8 -in ch  m ild  steel 
jacket. Its purpose is to hold a 1- to 2-inch-thick blanket-type ceramic fiber 
thermal protector in place against the tank shell. The jacketing and  
thermal protection m ust be rem oved to allow  the final cutting charge to be 
placed on the tank shell surface. J cars require a m inim um  of two accident 
site entries for charge placement. H ead shields on jacketed cars m ay not 
be readily visible, because they can be hidden behind the jacket.

D O T /T C  105 T - -  A ll 105 tank cars have 1 /8 -in ch  jackets covering 2 to 4 
inches of insulation. If the car is a J, it w ill also have the ceramic fiber 
blanket thermal protection, 1 to 2 inches thick. The jacket, insulation, and 
thermal protection m ust be rem oved before placing the final cutting 
charges on a 105 tank car. H ead shields, if installed, can be hidden b y  the 
jacket material.

7



C A N D ID A T E  T A N K  C A R S  ( c o n t in u e d )

Figure 4 displays the layers of jacketing, insulation, and thermal protection 
that m ay be present on candidate tank cars.

Figure 4. Typical Layers o f Jacketing, Insulation, Therm al Protection, 
and T an k  Shell Seen on T an k  Car
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C A N D I D A T E  T A N K  C A R S  ( c o n t in u e d )

G E N E R A L  SERVICE C A R S
General service tank car tanks are constructed of high tensile steels at least 
7 /1 6  inch thick. A s with the pressure cars, the cars m ay be equipped with  
combinations of thermal protection, insulation, and a protective steel jacket. 
H ead shields m ay be installed on som e general service tank cars. Some 
general service cars are equipped with heater pipes. If the car has heater 
pipes, it m ay be difficult to place the final cutting charge on the liquid  
space o f the car.

D O T /T C  111 A , A A R  211 A  — General service cars carrying flam mable or 
combustible liquids m ay or m ay not be jacketed and insulated. If the car 
is jacketed, the jacket and insulating material m ust be rem oved to place the 
final cutting charges directly on the tank surface.

D O T /T C  111 T --  The "J" general service cars have the sam e features as the 
1 1 2 /1 1 4  J; they have head shields and jacketed thermal protection. The 
jacket and thermal protection m ust be rem oved.

9



C A N D ID A T E  T A N K  C A R S  ( c o n t in u e d )

Figure 5 displays the heater pipes that m ay be present on candidate tank 
cars. M ultiple or non-circular tank car cutting charges m ay be used to 
m aneuver around such heater pipes.

Figure 5. Heater Pipes Located Beneath Jacketing on Som e Candidate
T ank  Cars



S A F E T Y  P R E C A U T IO N S

The follow ing safety precautions should be taken w hen perform ing the Vent and Burn 
procedure:

P R E C A U T IO N  N O T E S

■ Prepare a written plan o f operation to ensure 
all parties involved have a clear 
understanding o f the im pending actions.

■ Conduct briefings w ith all parties involved at 
each stage o f the process to ensure mutual 
understanding.

■ Use the appropriate personal protective 
equipment.

■ Limit site access to required personnel only.

■ Evacuate area based on w ind conditions and 
the recommendations of the product 
manufacturer.

■ Request Federal Aviation Administration to 
restrict air traffic over the site and the plume 
area.

l l



S A F E T Y  P R E C A U T IO N S  ( c o n t in u e d )

P R E C A U T IO N  (continued)

■ Establish perimeter monitoring for the 
product and any potential by-products of 
reaction with air.

■ Ensure adequate fire suppression resources 
are on hand.

■ Muster personnel and equipment into the 
staging area.

■ Use only a qualified explosives expert and 
the correct explosives.

■ Eliminate all ignition sources from  the site.

■ Eliminate radio transmissions near the 
explosives.

■ Ensure all equipment is explosion-proof and 
intrinsically safe.

N O T E S



R E Q U IR E D  E Q U IP M E N T

T O O L S  A N D  SUPPLIES N O T E S

■ A  m inim um  of tw o metal or hard plastic 
rings for holding the explosive in a circular 
shape. R ecom m end 2-inch-high material 
form ed in a 9 3 /8 -in c h  diameter. Steel 
banding material is ideal.

■ Epoxy adhesive to assist in holding the 
explosive on the tank. M ust be compatible 
w ith polystyrene foam  and site weather 
conditions.

■ Fusees or other means to ignite the material 
as it flow s from  the tank.

■ Incendiary grenade capable of remote 
operation.

■ Com bustible gas indicator a n d /o r  product- 
specific m onitoring device for the 
produ ct/by-products involved.

■ A  m inim um  of five sets of two-conductor, 
insulated w ire, 16 gage or better, long  
enough to span from  the explosive charges 
on the tank car to the detonator placed at a 
safe distance from  the tank. Recomm ended  
length is 1 /2  mile.

13



R E Q U IR E D  E Q U IP M E N T  ( c o n t in u e d )

T O O L S  A N D  SUPPLIES (continued)

■ Excavating equipment to dig burn pit, 
stabilize car(s), or to build earthen berm s to 
shield car(s) from  excessive heat.

■ Shovels and other hand tools, as m ay be 
needed.

■ Putty knives, chisels, ham mers and wire 
brush to rem ove the sprayed-on thermal 
protection from a "T " car.

■ Appropriate explosive charges as defined in 
the follow ing section.

■ Electronic detonator for the explosive  
charges.

N O T E S



E X P L O S IV E  C H A R G E S

Explosives m ust be handled and applied by a qualified explosives expert 
w ith the proper permits. In order to obtain, transport, and use explosives, 
one is required to undergo a background check, pass hazardous materials 
transportation tests, obtain a commercial driver's license, and pass an 
explosives use test. A  permit must then be obtained indicating these tasks 
have been completed satisfactorily.

A s  mentioned earlier in this docum ent, it w ou ld  be advisable to 
locate an explosives expert and discuss the V ent and Burn procedure 
before the actual need arises. The explosives expert will know  h o w  to use 
the charges, but m ay have no knowledge of tank cars.

Tim e is a factor in this product rem oval m ethod. The location and 
travel time for the explosive expert m ust be considered in this process. It 
is suggested that the explosives expert be within approximately 8 hours of 
the site. W h en  developing the plan, it m ay be desirable to have several 
qualified explosives experts to call upon. ::

A  flexible, shaped explosive charge is recom m ended to cut the 
candidate tank car. A  shaped charge can accurately cut along the 
perimeter of the desired hole, much as an oxy-acetylene torch. This is 
opposed to a bulk charge that will try to cut all of the metal in the center 
of the desired hole with brute force. A  shaped charge uses less explosive 
material and reduces personnel risk during charge handling. It also 
reduces the risk of catastrophic tank failure during charge detonation.

A  shaped charge orients its explosive material in a specific geom etry  
to focus the detonation forces. U pon charge initiation, a jet of hot vapors 
is form ed which cuts through the target material like a cutting torch.

15



E X P L O S IV E  C H A R G E S  ( c o n t in u e d )

EXPLO SIVES N O T E S

■ A  m inim um  of one explosive charge is 
required to cut the vent hole and release 
internal vapor pressure.

■ A  m inim um  of one explosive charge is 
required to cut the liquid hole and drain the 
tank.

■ If the candidate tank car has a metal jacket, a 
m inim um  of two additional explosive 
charges is required - -  one to cut the jacketing 
over the desire vent hole, and one to cut the 
jacketing over the liquid drain hole location.

■ A  m inim um  of two blasting caps is required 
for each of the vapor vent and liquid drain 
charges. Use N um ber 6 or stronger caps.

■ A  m inim um  of one blasting cap is required 
for each jacket cutting charge. U se N um ber 6 
or stronger caps.

16



E X P L O S IV E  C H A R G E S  ( c o n t in u e d )

The size of the vapor and liquid release holes has been estimated to vent 
and drain the tank in a relatively short period of time, reducing the risk of 
tank failure due to vapor expansion. A n  exit hole area is recom m ended  
and should be used whenever possible. A s  mentioned earlier, m ultiple or 
non-circular holes that add to the specified area m ay be used to maneuver 
around heater pipes or other equipment. Circular holes are strongly  
recom m ended, however, to avoid stress concentrations that m ay weaken  
and com prom ise the tank at the hole com ers. W h en  the tank jacket m ust  
be rem oved, the jacket should be cut to provide a m inim um  of 10 inches 
w ork space on all sides of the desired release hole.

Table 1 lists the appropriate type of explosive charge and release 
hole areas recommended. D o not use less than the suggested charge 
strengths. Charge strengths are listed b y  explosive material weight in 
grains (7000 grains =  1 pound) per running foot of manufactured charge. 
This unit is abbreviated as "g r /ft ."

T ab le  1. R ecom m ended Charge M aterial, Strengths, and Sizing

Target
M aterial

Type o f Charge D esired H ole  
Area

Length o f  
Charge

1 /8 -in c h  
Jacket

300 g r /ft , foam - 
sheathed flexible 
shaped charge

255 sq.inches or 
18 inches diam.

56 inches for 
a circular cut

Tank Barrel 5,400 g r /ft , foam - 
sheathed flexible 
shaped charge

38.5 sq.inches or 
7 inches diam.

24 inches for 
a circular cut

The recommended explosive material is a mixture o f Cyclonite 
(cyclo-l,3,5-trimethylene-2,4,6-trinitramine), Trimethylentrinitramine, and  
H exagene, com m only called RDX. This material was used during field  
testing to successfully cut full scale tank cars.
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E X P L O S IV E  C H A R G E S  ( c o n t in u e d )

The 5,400 g r /ft  foam -sheathed charge is recom m ended for tank shell 
thicknesses up to 2 5 /3 2  inches. If the candidate tank is thicker than this, 
an explosives manufacturer will have to be contacted for a recom m ended  
charge. Currently 5,400 g r /f t  is the strongest flexible foam -sheathed charge 
manufactured.

The explosive charges should be form ed into a circular shape for 
application on the tank car. The metal or plastic retaining rings are used  
w ith the 5,400 g r /f t  charges to help hold this shape. The lighter jacket 
charges can be applied and held in position with tape.

Detonation sheet is a material used in the fabrication o f explosive 
charges to assure continuous and successful detonation. Sufficient 
detonation sheet m ust be procured to fill gaps form ed at charge ends when  
the charge is bent into a closed circle.

Figure 6 displays the desired final charge construction, complete 
with retaining ring, detonation sheet, and charge initiating blasting caps.

Figure 6. Construction o f Tank Cutting Charge w ith  D etonation  
Sheet, Retaining R ing, and Blasting Caps
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E X P L O S IV E  C H A R G E S  ( c o n t in u e d )

During Vent and B um  procedure developm ent testing, charge 
construction and charge orientation relative to the tank car surface were 
seen to be critical to the success of charge cutting. A  metal or plastic 
retaining ring w as seen to be helpful in holding the charge ends together 
to allow  a continuous cut of the tank car material. The ring also prevented  
the explosive charge from  rolling aw ay from  the tank surface; such rolling 
allows the explosive cutting jet to strike the tank surface at a glancing  
angle and reduces its ability to cut the tank material. Figure 7  displays the 
desired charge orientation and the undesired rolled orientation.

Figure 7. D esired and R olled Orientations o f  T ank C utting Charge

A ppendix A  lists know n manufacturers o f the flexible foam - 
sheathed charge, including brand names. A ppendix A  also lists resources 
available to help find an explosives expert near the accident site.
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G E N E R A L  P R O C E D U R E S

P R E P A R A T IO N  FO R  V E N T  A N D  B U R N  N O T E S

■ Prepare a Site Safety Plan.

■ Post the Site Safety Plan in a conspicuous 
place for review  b y  all parties involved.

■ Monitor area for combustible atmosphere.

■ Stabilize or rem ove surrounding railcars.

■ Examine all other methods o f field product 
removal to determine if the Vent and B um  
m ethod is the only practical alternative.

■ Determine type o f soil. Order clay for liner, 
if necessary, to prevent product leaching into 
the ground.

■ Obtain required tools and equipment 
including excavation equipment, explosive 
material, explosives expert, and necessary 
permits.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

PIT C O N S T R U C T IO N  N O T E S

■ Determine water capacity of the tank car in 
gallons. This num ber is stenciled on the 
ends of the tank.

■ Determine the size of the containment pit for 
the released product. (One cubic foot will 
contain approximately 7.5 gallons of liquid)

■ Select the burn pit site.
- The pit m ust be next to the target car if 

the lading is a compressed gas. The 
liquid product w ill boil when in contact 
with the low  pressure of the atmosphere; 
it w ill not remain liquid long enough to 
reach a distant containment pit. Instead, a 
vapor cloud w ill form  and burn near the 
tank surface. Shielding the tank from  heat 
w ith earthen berm s near the drain hole is 
recom m ended.

- If the material is a flammable or 
combustible liquid, the pit should be 
placed about 200 to 250 feet from  the tank 
car, if possible, to disperse the heat of 
product burning. A  trench m ust be dug  
to direct the liquid product to the burn 
pit. Flames w ill flash back over the 
surface of the trench, however. Use 
earthen berm s near the liquid drain hole 
to shield the tank from  heat.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

Figure 1 had displayed Vent and Burn perform ed on a flam mable or 
combustible liquid. Figure 8 depicts Vent and B u m  perform ed w ith a 
compressed gas product.

Figure 8. V en t and B u m  Perform ed w ith  C om pressed G as — Pit Near
T ank Car
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

PIT C O N S T R U C T IO N  (continued) N O T E S

■ Design the pit depth based on the product to 
be discharged. The greater the surface area 
exposed to fire, the quicker the material will 
be consum ed, thus reducing permeation into 
the soil. U se a clay liner if necessary.

■ Excavate the pit to the pre-determined size.

■ Clear all vegetation and debris from  the pit 
area about 100 feet in all directions and about 
30 feet on each side along the trench, as the 
fire w ill flash back along the trench.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

SITE P R E P A R A T IO N  N O T E S

■ Establish a safe area for detonating the 
charge approximately 1 /2  mile from  the car.

■ Identify and establish primary and secondary  
escape routes. D o not establish an area that 
will be cut off from  entry/exit when the burn  
pit is ignited.

■ Clear the site of unauthorized personnel.

■ Establish radio silence before bringing  
explosives into the area. Alternate 
communications such as voice or hand  
signals should be used from  this point until 
after detonation of charges.

■ Lay wires to be used for detonation and  
shunt them. Shunting is accomplished b y  
twisting the ends of the wires together.
M ake sure the wires reach from  the tank car 
to the safe zone. A t least two sets of wires 
are required — one for the vapor vent hole 
and one for the liquid drain hole. If 
jacketing m ust be rem oved, two more sets of 
wires are recommended. A  fifth set of wires 
is required for remote incendiary grenade 
detonation. Try to use different colors of 
wire to avoid confusion.

■ Check the wires for continuity with  
appropriate instrument.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

SITE P R E P A R A T IO N  (continued) N O T E S

■ Select the vapor space and liquid drain target 
areas on the tank. U se the area toward the 
ends of the car; the car center has fittings and 
eduction pipes that m ay interfere with  
cutting. Do not plan tank cutting in the 
region under head shields.

■ If the candidate tank car has a jacket, this 
covering m ust be rem oved to allow access to 
the tank surface. See the Rem oving Tank 
Jacket section on page 26.

■ If the candidate tank car has sprayed-on  
thermal protection, rem ove it at the desired 
charge placement locations. Use the putty 
knives, chisels, and hammers. A  wire brush 
m ay help clean the tank surface.

■ It is never recom m ended to cut though the 
head shield to gain access to the tank shell. 
Such cutting m ay dam age the tank shell and 
result in catastrophic tank failure. Burning 
product w ill be held against the tank shell. If 
the head shield m ust be cut, use 56 inches of 
5,400 g r /f t  foam -sheathed charge and follow  
the R em oving Tank Jacket procedure on page 
26.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

R E M O V IN G  T A N K  JACK ET

■ Establish radio silence before handling  
explosive charges.

■ Prepare two 56-inch-long pieces of the 300 
g r /f t  flexible charge to rem ove the jacket and 
insulating material covering the target 
locations for both the vapor and liquid space. 
Be sure to overlap the ends of the charge.
Do not place the charge on the head of the 
car if the car has head shields.

■ The diameter of the jacket material to be 
rem oved m ust be about twice the diameter of 
the final cut in the car shell.

■  Attach the explosive charges to the jacket 
material with tape or an epoxy com pound. 
W eather or surface conditions m ay hamper 
charge attachment. The charge m ust contact 
the tank surface in a uniform  manner all the 
w ay along its length. D o not allow  the 
charge to raise off the surface.

■ Place a blasting cap into each explosive and  
connect the detonator lead wires to the caps. 
Both jacket cutting charges m ay be prepared 
and detonated at the same time.

N O T E S



G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

R E M O V IN G  T A N K  JAC K ET (continued) N O T E S

■ Give everyone involved a 10-minute warning  
prior to jacket charge detonation.

■ After confirm ing all safety factors are in 
effect, connect the wires from  the detonator 
to the pow er source and detonate the charges 
on the jacket.

■ Re-shunt the wires leading to the blasting 
caps.

■ After waiting about 30 seconds, check the site 
for any fires or other problems that m ay have 
been caused b y  the blast. Be aware of flying  
debris.

■ Proceed to the car and check for any fire in 
the area where the jacket was removed.

■ U sing the proper protection, remove any 
remaining insulation/therm al protection 
where the cutting charge will be placed. The 
edges where the jacket was cut will be sharp 
and jagged. A  wire brush m ay be required 
to rem ove remnants of adhesives from  the 
tank surface.

■i;

■ Check all areas for safety, and after 
assurances, proceed.
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G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

V E N T  A N D  D R A IN  H O LES N O T E S

■ Establish radio silence before handling  
explosive charges.

■ Prepare two 24-inch-long sections o f the 5,400 
g r /f t  charges for placement on the tank for 
cutting the vapor and liquid holes. The 
retaining rings w ill be required to maintain 
the circular shape desired on the car. A p p ly  
detonation sheet or other booster to the 
charge ends. Prepare the charges w ith as 
little gap at the charge ends as possible.

■  Establish a remote incendiary device to ignite 
the pit, if necessary. (This w ill use the fifth 
set of lead wires.) Place fusee near vapor 
vent hole if vapor burning is desired.

■ A p p ly  the charges to the vapor and drain 
hole areas of the car. Epoxy adhesive and 
tape are recommended to attach the charge 
to the tank surface. W eather and surface 
conditions m ay interfere. It is crucial to 
achieve a uniform spacing of the charge from  
the tank surface. Do not allow  the charge to 
roll or pull away from the tank surface.
External bracing, such as w ood , m ay be 
required to hold the charge in place.

28



G E N E R A L  P R O C E D U R E S  ( c o n t in u e d )

V E N T  A N D  D R A IN  H O LES (continued)

■ Place at least two blasting caps into each of 
the charges. Attach the blasting cap wires to 
the detonator lead wires.

■ Prepare both vent and liquid charges before 
proceeding. Entry into the accident scene 
w ill be extremely dangerous after detonation 
of the vent charge.

■ Give everyone involved a 10-minute warning 
prior to vapor vent hole detonation. Light 
vapor fusees and return to safe zone.

■ Attach lead wires from vapor vent charge to 
pow er source. Detonate the vapor vent 
charge. Re-shunt wires after detonation.

■ Check site for fires or other problems.

■ Venting time will vary depending on product 
from  a few  seconds to a few  hours. A  
decrease in vapor flare size or vent noise is 
expected over time.

■ The vapor venting should be allow ed to 
complete before detonation of the liquid  
drain hole. H ow ever, if conditions demand  
quicker product release, the liquid charge 
m ay be detonated at any time after the 
cutting o f the vent hole.

N O T E S



G E N E R A L  P R O C E D U R E S  (continued)

VENT AND DRAIN HOLES (continued)
■  Give everyone involved a 10-minute warning 

prior to liquid drain hole detonation. Return 
to the safe area.

■  Ignite the burn pit using the remote device.
■  Attach the leads from the liquid drain charge 

to the power source and detonate this charge. 
Re-shunt wires after detonation.

■  Drain activity should take between 15 and 35 
minutes for a tank car in the horizontal 
position, depending on tank capacity.
Inclined tank cars will drain up to twice as 
fast. A decrease in drain rate and fire ball 
size is expected over time. Total product 
burning should be completed in about 2 
hours.

■  Observe accident site and surrounding areas 
for dangers resulting from the Vent and Burn 
procedure.

NOTES



SH U T  D O W N  THE V E N T  A N D  B U R N  O PE R A TIO N

When the burning is completed, perform the following steps.

TASK NOTE
■  Examine the tank to ensure all product has 

been drained.
■  Purge all remaining vapors using an inert gas 

compatible with the last contents of the car.
■  Monitor tank and surrounding areas with a 

combustible gas indicator before allowing the 
tank to be moved.

■  Remove the car from the accident scene and 
perform the required environmental 
remediation.
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PROBLEM S D U R IN G  V E N T  A N D  B U R N

Some problems may occur during the Vent and Bum procedure. If any of the following 
events happen, perform the corresponding action.

EVENT ACTION
Charge does not detonate. Wait at least 1 minute. Check wiring, 

replace caps, and attempt to refire.

Vent flare increases size or noise for a 
sustained period (longer than 10 to 15 
seconds).

Clear the area and detonate liquid hole 
immediately. The heat added to the 
tank is expanding the product faster 
than the product can be vented.

Liquid drain rate increases for a 
sustained period (longer than 10 to 15 
seconds).

Clear the area. The heat added to the 
tank is expanding the product faster 
than the product can be drained.
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EXPLOSIVES RESOURCES



EXPLOSIVES MANUFACTURER m
NAX (North American Explosives)
Highway 175 
P.O. Box 160 
Graham, KY 42344 
Telephone: 502-338-1988 
FAX: 502-338-4910
EXPLOSIVES
The materials found to work the best are manufactured by NAX and are called 
Explosive Cutting Tape™(ECT). Further information can be obtained by calling the 
telephone number listed above.

At the time of publication of this document, NAX is the sole supplier of the 
Explosive Cutting Tape. NAX should be able to supply a list of explosives distributors 
in the United States.

EXPLOSIVES EXPERTS
Information concerning explosives experts may be obtained by calling the , J

Institute of the Makers of Explosives 
Telephone: 202-429-9280

' J

o
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