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Abstract 

The Department of Energy Order 5500.3A requires facility-specific hazards 
assessments be prepared, maintained, and used for emergency planning 
purposes. This consequence analysis documents the impact that a hydrogen 
accident could have to employees, the general public, and nearby facilities. The 
computer model ARCHIE was utilized to determine discharge rates, toxic vapor 
dispersion analyses, flammable vapor cloud hazards, explosion hazards, and 
flame jets for the Hydrogen Trailer Storage Facility located at Building 878. To 
determine over pressurization effects, hand calculations derived fiom the 
Department of the Air Force Manual, “Structures to Resist the Effects of 
Accidental Explosions,” were utilized. The greatest distances at which a 
postulated facility event will produce the Lower Flammability and the Lower 
Detonation Levels are 1,721 feet and 882 feet, respectively. The greatest 
distance at which 10.0 psi overpressure (Le., total building destruction) is 
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1.0 INTRODUCTORY SUMMARY 

The purpose of this document is to describe the hazards associated with the Hydrogen Trailer 
Storage Facility (HTSF) located south of the Advanced Manufacturing Processes Laboratory 
(AMPL), Building 878. The results of this analysis are used to determine the impact that a 
hydrogen accident could have to employees, the general public, and nearby facilities. 

The process used in this analysis involved describing the HTSF and its processes, characterizing 
hydrogen, postulating scenarios that could precipitate an accident, and determining the 
consequences of the scenarios and probable Emergency Action Levels (EALs). 

The primary hazards associated with the HTSF are fire and explosion. These hazards are 
analyzed by postulating two general scenarios which include unconfined releases and confined 
explosions. The potential consequences of the unconfined release scenarios are determined by 
using the Automated Resource for Chemical Hazard Incident Evaluation (ARCHIE) computer 
model.’ The potential consequences of the confined explosions are determined by using hand 
calculations derived from the Department of the Air Force Manual, “Structures to Resist the 
Effects of Accidental Explosions.”’ 

The maximum amount of hydrogen available for release is 38,000 ft3 which represents the worst 
case scenario. The results of the scenarios involving 38,000 ft3 are described below. 

0 

0 

0 

The farthest Lower Flammability Level distance is 1,721 feet. 
The farthest Lower Detonation Level distance is 882 feet. 
The greatest distance at which 10.0 psi overpressure (i.e., total building destruction) is 
reached is 153 feet. 

The recommended protective action involving a fire at the Hydrogen Trailer Storage Facility is 
the establishment of a half mile (2,640 ft.) isolation zone as prescribed in the Department of 
Transportation Emergency Response G~idebook.~ 

In the event of a fire or a hydrogen leak involving the HTSF, the recommended protective action 
for the AMPL occupants is to evacuate from the northwest comer of the AMPL. In addition, the 
residents of the trailers within 150 feet of the HTSF should evacuate away &om the hydrogen 
trailer. The recommended protective action for the remaining individuals within the half mile 
isolation zone is to shelter in place. These individuals should move away fi-om windows and 
seek shelter within interior rooms or halls, under sturdy furniture or doorways. 
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2.0 DESCRIPTION 

The Hydrogen Trailer Storage Facility, Organization 247 1-2, is located approximately 100 feet 
south of the AMPL (Illustration 2-1). The HTSF is not in a DOE secured area, however. it is 
fully enclosed by the AMPL safety fence. 

The HTSF was installed in November 199 1 to provide hydrogen to the atmospheric brazing 
processes associated with the Thin Film, Vacuum, and Brazing Laboratory (zone 9) in the AMPL 
(Illustration 2-2). The facility consists of two independent hydrogen supplies (a primary and a 
backup supply). a hydrogen dryer, and all of the associated plumbing. 

The primary hydrogen supply is a multi-tube semitrailer. The storage area for the trailer consists 
of an open air structure possessing no roof. It is enclosed on three sides by 15 foot high concrete 
walls, while the west side consists of a steel chain-link gate. There are two egress paths from the 
hydrogen trailer supply area, one through the gate on the west and one through an opening in the 
block wall on the east. 

Three trailers are required to service zone 9. At any specific time, one trailer is in use. The other 
two are offsite, in the process of being filled by the gas supplier or are full and stored in the 
Hydrogen Storage Area in Tech Area 111. Two of the trailers consist of 30 (9 5/8" outside 
diameter) tubes with an approximate gas capacity of 30,000 standard cubic feet compressed to 
2400 psig (one of the trailer's tubes is 21' long and the other is 20' 6"). The third trailer consists 
of 38 (9 5/8" outside diameter) tubes (each 21' long) with an approximate gas capacity of 38,000 
standard cubic feet compressed to 2400 psig. 

If the trailer supply pressure drops below 40 psig or when the trailers are being changed, 
hydrogen is supplied by the backup supply system. The backup supply consists of 18 DOT 
cylinders (-220 standard cubic feet each) of hydrogen, connected in parallel with the supply 
trailer. The backup supply is enclosed by two concrete block walls and two chain link fences and 
is covered by a light metal roof. One chain link fence has a gate. 

The hydrogen delivery system does not utilize electricity for its power supply. It employs non- 
flammable nitrogen gas as its energy source for the automatic purge valves. If the trailer pressure 
and the backup cylinder pressure both drop below or exceed specific set points, the supply gas is 
automatically switched to argon. 

There is a hazardous waste storage area within 30 feet of the HTSF. The hazardous waste 
includes halogenated, flammable solvents and reagents (acids, bases, oxidizers). There is an 
administrative limit of 55 gallons of waste which cannot be stored over 60 days. 

2.1 PROCESSES 

A process associated with the HTSF involves the exchange of two hydrogen trailers. When the 
trailer pressure drops below 500 psig, a telephone request is made asking that a transportation 
contractor pick up a full trailer at the Hydrogen Storage Facility located in Tech Area 111, deliver 
it to the AMPL, remove the "empty" (200 to 500 psig) trailer, and transport the empty trailer 
from the AMPL for filling and storage. 
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The exchange of the trailers must be performed by two employees; one who is an authorized 
operator using a formal checklist, while the other employee performs the checklist steps. The 
authorized operator must have the gas certification for the replacement trailer before the trailer 
may be connected to the hydrogen delivery system. 

At the time of hydrogen trailer exchange, the hydrogen delivery system is valved out at the 
supply trailer manifold. The associated regulators and delivery line are then purged with argon. 
While the hydrogen trailer is "off-line," hydrogen is supplied to the building by the backup 
supply. After the tractor bringing the full trailer-is unhooked and pulled clear of the trailer, an 
electrical ground is connected to the trailer. The trailer valves and connections are checked with 
a hydrogen sniffer to ensure an absence of leaks. Then, the trailer is connected to the hydrogen 
delivery manifold. After purging the hydrogen delivery manifold with argon. one tube on the 
trailer is opened and manifold pressure is increased to 40 psig. All non-welded fittings in the 
delivery manifold are checked with the hydrogen sniffer to detect leaks. If no leaks are found, 
the other tubes are opened, and all valves are rechecked for hydrogen leaks with a hydrogen 
sniffer. 
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3.0 CHARACTERIZATION 

Hydrogen is a slightly toxic, lighter than air, colorless, odorless, tasteless and flammable gas. 
Burning hydrogen produces an intensely hot invisible flame unless colored by impurities. 
Hydrogen has practically no toxicity but it may asphyxiate. It is an extremely dangerous fire and 
explosion hazard when exposed to heat, flame or a multitude of chemicals especially oxidizers. 
The maximum explosive yield of hydrogedoxygen mixture is 20.5 pounds TNT for each pound 
of hydrogen or 86 sticks of dynamite (7/8" x 8", 90% gel)/lb. hydrogen. 

Hydrogen can bum in two modes, deflagration and detonation. During deflagration, or ordinary 
burning, the flame travels through the gas mixture at subsonic speeds (for example, an 
unconfined hydrogen-air mixture ignited by a small ignition source). The flame is invisible but 
observers will hear a noise and may report an "explosion." The pressure wave from this mode of 
burning is not extremely severe, but it may produce damage. 

Detonation is the second mode of burning. It occurs when the flame and shock wave travel 
together through the mixture at supersonic speed. Detonations generally occur in confined or 
partially confined areas. Areas with three or more surfaces (Le., one floor and two walls) 
frequently produce detonations. Thus, the design of the HTSF when coupled with a sufficient 
concentration of hydrogen is conducive to detonations. It takes powerful ignition sources to 
produce a detonation in an unconfined hydrogen-air mixture." 

3.1 Inventory 

The maximum amount of hydrogen (physical limit) in one hydrogen tube trailer is approximately 
38,000 cubic feet which yields 4,071 pounds TNT equivalent (See Appendix B of this document, 
Hand Calculations, page 22). The maximum amount of hydrogen in the hydrogen backup supply 
is 3,960 cubic feet which yields 424 pounds TNT equivalent (See Appendix B of this document, 
Hand Calculations, page 50). 

3.2 Conditions of Storage and Use 

Both the primary and backup hydrogen reserves are in approved DOT containers and are labeled, 
maintained, and used in accordance with 29 CFR 19 10.103' and The National Fire Protection 
Agency (NFPA) 50A document.h In addition, Safe Operating Procedures (SOPS) are used in the 
AMPL that prescribe requirements for safe handling of gases. 

The primary hydrogen is a multi-tube semi-trailer, stored at 2,400 psig. If the tube trailer 
pressure drops below 40 psig or when the trailers are being changed, hydrogen is supplied by the 
backup supply system. The AMPL uses approximately 20,000 cubic feet per month. 

The 18 hydrogen cylinders in the backup supply are received and stored in DOT approved 
vessels constructed of alloy steel. The cylinders are secured and manifolded in compliance with 
29 CFR 19 10.' Currently, there are 6 cylinders connected to one manifold with a regulator and 
12 cylinders to a separate manifold with a separate regulator. The cylinders are DOT approved 
for storage of hydrogen at a pressure of 2200 psig. If the backup supply falls below 40 psig, the 
supply gas is automatically switched to argon. 
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The backup supply is connected in parallel with the hydrogen tube trailer. The backup supply is 
enclosed by two concrete block walls and two chain link fences and is covered by a light metal 
roof. One chain link fence has a gate. 
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Properties 

Atomic weight 
Molecular weight 
Specific gravity 
Density 
Melting point 
Boiling point 
Critical density 
Critical temperature 
Critical pressure 
Gross heat of combustion 
Autoig. temp. in air 
Flammability limits 
Detonation limits 
Heat of vaporization 
Specific Volume 

1.008 
2.0 159 
0.06952 @ 75" C @ atm 
0.08988 g/liter (7% that of air) 
-259" C 
-253" C 
0.3 136 g/cc 

12.8 atm. 
33.94 cal(gm)/gram. 

4.0% to 75.0%. 
18.3% and 59.0%. 
2 16. cal(gm)/gm mole" C. 
1 Ib. per 191.3 ft3 

-240" C 

574" C - 585" C. 

3.4 Engineered Controls and Safety Features 

There are 5 hydrogen sensors associated with the AMPL: 3 in the hydrogen brazing area, 1 in 
the dryer, and 1 located in the double wall construction, underground delivery line. If the 
hydrogen sensor detects hydrogen, both the hydrogen tube trailer and the backup supply are 
turned off automatically, and the delivery line is purged with argon. Also, an audible alarm will 
sound in zone 9 of the AMPL, and a visual warning is provided by a flashing light in room 
B 1700, the hydrogen furnace room. In addition, the hydrogen monitor in room B 1700 indicates 
which sensor detects hydrogen and will display the percentage of hydrogen in air. The hydrogen 
sensors are calibrated quarterly. 

The underground delivery line from the hydrogen tube trailer and backup supply to the AMPL is 
constructed with stainless steel tubing and welded joints. The delivery line was pressurized and 
leak tested during installation in 199 1. The underground delivery line is of double-wall 
construction; the hydrogen flows in the center pipe. 

The hydrogen dryer removes oxygen and water from the source hydrogen. The dryer is protected 
from over pressurization by two pressure relief valves (one for each drying .tube) vented above 
the building roof. 



3.5 Administrative Controls 

There are ten safety requirements and or conditions that have been identified for the storage of a 
hydrogen tube trailer.x 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

Hydrogen tube trailers cannot be parked beneath overhead electrical power lines. 

Parked vehicles must be at least 15 feet from the hydrogen tube trailers. 

Hydrogen tube trailers are not to be exposed to other flammable gases or liquids or to 
ignition points. 

The area around the hydrogen tube trailers must be free of dry vegetation for 15 feet. 

Hydrogen tube trailers are to be stored above ground. If the hydrogen tube trailers are 
not stored on higher ground, walls or dikes shall be used to prevent accumulation of 
flammable liquids under the trailers. 

Hydrogen tube trailers shall be marked legibly with the name "Hydrogen." The storage 
location shall be marked with "No Smoking" and "No Open Flames." 

IVote: Smoking. itself. is not an ignition source as the temperature of a cigar or 
cigarette is not as high as the ignition temperature of hydrogen. The reason 
for not allowing smoking in the area of hydrogen is because a match or 
lighter presents an open flame which could cause ignition of a hydrogen-air 
or a hydrogen-oxygen mixture. Lightning or an electrical spark could ignite 
hydrogen.' 

Hydrogen tube trailers shall be compliant to NFPA 50A with regard to DOT 
certification. pressure relief devices. tube and fittings. and gages and regulators. 

Hydrogen tube trailers will be protected against physical damage and against tampering 
by the general public. 

Hydrogen tube trailers shall be grounded during storage. 

10. Administrative controls shall ensure compliance with these requirements. 
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4.0 SCENARIOS 

There are two major hazards associated with the hydrogen in the Hydrogen Storage Facility. 
These hazards are fire and explosion. The two hazard sources within the HTSF are the hydrogen 
tube trailer and the backup supply. The following analysis of the tube trailer and the backup 
supply consists of scenarios involving two events. These hydrogen scenario events include: 
unconfined releases and confined explosions. 

The unconfined release scenarios address the issue of hydrogen dispersal and a resultant 
unconfined explosion. The principles applied to the unconfined release scenarios were based on 
the concentration in percentage of hydrogen to air mixtures rich enough in hydrogen to constitute 
a fire or detonation hazard. The hazardous concentrations are 4 percent or 40,000 ppm hydrogen 
in air for fire and 18.3 percent or 183,000 ppm hydrogen in air for detonation. . 

The confined explosion scenarios address the issue of over pressurization clue to an internal fire. 
The results of the following scenarios are summarized in Section 5.0, Event Consequences. 

4.1 Hydrogen Tube Trailer 

4.1.1 Failure of Primary Barrier 

Hydrogen is stored in tubes on the tube trailer. Therefore, the individual tubes are the primary 
barriers to be considered. The primary barriers could fail through. for example, puncture, 
fracture, embrittlementkorrosion, misoperation of a valve and overpressure. 

1. 

2. 

3. 

Puncture or fracture to a tube could occur while switching trailers or from a collision of a 
gas powered vehicle with a hydrogen trailer. Due to the configuration of the tubes and 
the presence of individual valves, an accident in retrieval and replacement of the trailers 
could conceivably allow a limited release of hydrogen to occur. Once the puncture or 
fracture occurs, the entire contents of the effected vessel would be expelled at a rate 
determined by the size of the hole. Because of the tube’s configuration on the trailers, it 
is possible that a single event could lead to the puncture or fracture of two or more tubes. 

Embrittlement of the tube could occur due to prolonged exposure to hydrogen or 
corrosive attack on the tube. In theory, the tube could be weakened or breached by 
embrittlement or corrosion, leading to an unconfined release of hydrogen. 

Damage of a tube stop valve could occur due to inadvertent misoperation or sabotage. 
The tube trailer is shipped with the rear doors closed concealing the valves at the end of 
each tube and their common manifold. Once in place inside the HTSF, the rear doors are 
opened and secured against the sides of the trailer. After the trailer is connected to the 
hydrogen supply system, the HTSF is secured by a lock on the gate. Thus, in the case of 
sabotage whether the event occurred while in transport, storage or use, the misoperation 
of a tube stop valve would require two separate deliberate acts. It is also conceivable 
that a valve could be inadvertently operated or damaged. The limiting case of this 
scenario would resemble a puncture or rupture in that the entire contents of the tube 
would be released at a rate determined by the degree to which the valve was opened. 
However, if the opening of the valves is a malevolent act, the perpetrator could be 

9 



assumed to open all the available tubes to maximize the impact, producing an unconfined 
release 38 times that of a single tube. 

4. Overpressure from a fire could occur from a solid particle in the line. This is 
conceivably the worst case scenario because of its potential effect on the integrity of the 
entire system and the rate at which pressures compound within a confined environment. 
The resulting explosion would equal 20.5 pounds of TNT for each pound of hydrogen 
resulting in the production of both primary and secondary fragments. A solid particle in 
the line could cause an ignition by the following mechanisms: 

a. Energy of translation converted to heat by rapid deceleration. Particles traveling at 
or near sonic speeds possess enough energy to obtain the necessary hydrogen-air 
ignition temperature of 585" C if the particle is stopped in one collision. Conditions 
must exist for the sonic velocity to take place (Le., a large drop in pressure and no 
slippage between the particle and the'gas in which it is flowing). It should be noted 
that this is most likely to occur in the valve while opening and closing the valve. 

b. Static charge buildup within flowing gas. A particle with a mass of 0.1 g at or near 
sonic velocity has a kinetic energy of approximately 50 joules which-is sufficient to 
raise the particle to the hydrogen-air ignition temperature. If the particle converts 20 
microjoules to electrical energy, a static discharge could ignite the hydrogen-air 
mixture upon striking a grounded wall. The process only needs to be a few 
hundredths of 1 YO efficient, and the hydrogen is too poor a conductor of electricity to 
dissipate a charge build-up. 

c. Particle rupture within a valve seat upon being crushed by a closing valve. A 
particle passing through a seat valve can be squeezed and ruptured as the valve is 
closed. The cleavage surface is a high energy, local, hot spot that although less 
likely than the two previously mentioned scenarios, could possibly cause ignition. 

4.1.2 Effects on Other Barriers 

The HTSF is an open air facility. Therefore, no physical barriers exist which would prevent the 
hydrogen from being released to the atmosphere. However. three 15 foot high concrete walls are 
located five feet from the trailer and enclose the trailer from the north, south, and east. There IS a 
chain link gate located on the west side of the trailer. The concrete walls are eight inches thick 
and would mitigate the impact of an explosion. It is assumed that a higher overpressure would 
occur above the trailer and on the west side of the trailer. The resultant consequences are 
calculated in section 5.0 of this document. 

4.1.3 Range of Possible Releases 

Scenarios involving barrier failure due to a puncture, fracture, embrittlementkorrosion of a tube 
or misoperation of a valve would result in the same amount of material released. These failure 
modes have been assigned release designations P-1 through P-12 and are identified below as 
Unconfined Releases. Scenarios involving barrier failure due to overpressure of a tube are 
identified below as Confined Explosions, release designations P-13 through P-16. 
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4.1.4 Confined Explosions 

The following scenarios involve overpressure of tubes due to a fire originating within the 
confines of the delivery system or a malevolent act, resulting in ground level explosions. 
Scenarios involving confined explosions do not consider differences in meteorological 
conditions. 

Table 4.2 
Hydrogen Tube Trailer Confined Explosion Scenarios 

4.2 Hydrogen Backup Supply 

4.2.1 Failure of Primary Barrier 

For the hydrogen backup supply, the hydrogen is stored in alloy steel cylinders. Therefore, the 
individual cylinders are the primary barriers to be considered. The primary barriers could fail 
through the same modes described above: puncture, fracture, embrittlementkorrosion of 
cylinder, misoperation of a valve, or overpressure. 

1. Puncture or fracture could occur while transporting cylinders. Because the cylinders are 
independent vessels with valves allowing each cylinder to be self contained, it is 
conceivable that if a release were to occur, the amount of materials released from this 
scenario would probably be limited. Once a puncture or fracture occurs, the entire 
contents of the effected vessel would be expelled at a rate determined by the size of the 
hole. Because of the close proximity of the cylinders to each other, it is possible that a 
single event could lead to the puncture or fracture of two or more cylinders. 

2. Embrittlement of the cylinder could occur, as explained in Section 4.1.1. 

3. Misoperation or damage of a cylinder stop valve could occur. Cylinders are shipped and 
stored with protective caps in place, concealing the cylinder valves. The cylinder is 
secured in place by a chain secured to a wall. It is then connected to the hydrogen 
backup supply. The HTSF backup system is within a closed fence. Thus, in the case of 
sabotage whether the event occurred while in transport, storage or use the misoperation 
of a cylinder stop valve would require two separate deliberate acts. It is also conceivable 
that a valve could be inadvertently operated or damaged. The limiting case of this 
scenario would resemble a puncture or rupture in that the entire contents of the cylinder 
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would be released at a rate determined by the degree to which the valve was opened. 
However, if the opening of the valves is a malevolent act, the perpetrator could be 
assumed to open all the available cylinders to maximize the impact, producing a 
combined release 18 times that of a single cylinder. 

4. Overpressure could occur due to a solid particle in the line, as explained in Section 4.1.1. 

4.2.2 Effects on Other Barriers 

The HTSF backup system is within an open air facility. Therefore, no other barriers exist. An 
incident involving the HTSF would result in an unconfined release to the atmosphere that would 
constitute a potential for fire and detonation. 

4.2.3 Range of Possible Releases 

As mentioned above, barrier failure due to a puncture, fracture, embrittlement/corrosion of a 
cylinder or misoperation of a valve would result in the same amount of material released. These 
failure modes have been assigned release designations B-1 through B-8 and are identified below 
as Unconfined Releases. Scenarios involving barrier failure due to overpressure of a cylinder are 
identified as Confined Explosions. release designations B-9 through B- 12. 

Table 4.3 
Hydrogen Backup Supply Unconfined Release Scenarios 

1 cylinder 0.375" hole in diameter Average B- 1 

Worst Case B-2 
220 ft3 of hydrogen 1 Second Release 

B-3 I 3 cylinders (3) 0.375" holes Average I 660 ft3 of hydrogen 1 Second Release 
Worst Case B -4 

12 cylinders (12) 0.375" holes Average B-5 
2,640 ft3 of hydrogen 3 Second Release 

Worst Case B-6 

18 cylinder ( I  8) 0.375" holes 
3 Second Release I/ 3,960 ft3 of hydrogen 

II I I Worst Case I B-8 11 



4.2.4 Confined Explosions 

The following scenarios involve overpressure of cylinders due to a fire originating within the 
confines of the delivery system or a malevolent act, resulting in ground level explosions. 
Scenarios involving confined explosions do not consider differences in meteorological 
conditions. 

Table 4.4 
Hydrogen Backup Supply Confined Explosion Scenarios 

B-9 1 1 cylinder/220 fi3 of hydrogen 

18 cvlinders/3.960 ft3 of hvdrogen B-12 



5.0 CONSEQUENCES and PROTECTIVE ACTIONS 

To determine the consequences of fire and explosion, the computer model ARCHIE, Automated 
Resource for Chemical Hazard Incident Evaluation,1t version 1 .O, was utilized. ARCHIE was 
specifically used to determine discharge rates, toxic vapor dispersion analyses, flammable vapor 
cloud hazards, explosion hazards, and flame jets for the Hydrogen Storage Facility. 

The purpose of ARCHIE is to provide emergency planning efforts with the resources necessary 
to undertake comprehensive evaluations of potentially hazardous facilities and activities within 
their respective jurisdictions and thereby formulate a basis for their planning efforts. ARCHIE 
was reviewed and approved for distribution by the DOT, EPA, and FEMA. ARCHIE provides a 
rough estimate of the magnitude of downwind areas that will be at risk and in no way should the 
model results be expected to be either highly accurate or precise. The answers produced by 
vapor dispersion models are considered, by many professionals, to be of acceptable accuracy if 
they are correct within a factor of two in 50% or more of trials." Even though ARCHIE is a 
heavy gas model, the resultant consequences, although conservative, provide adequate 
information for the purpose of emergency planning. 

ARCHIE also has a tank over pressurization application but was not utilized because of 
limitations in ARCHIE'S ability to calculate inventories as large as those present in the HTSF. 
To determine over pressurization effects, hand calculations were applied. These calculations, 
derived from the Department of the Air Force Manual, "Structures to Resist the Effects of 
Accidental Explosions,"l-' can be found in Appendix B. 

The potential consequences resulting from the unconfined release scenarios and confined 
explosion scenarios are described below. 

5.1 Unconfined Releases 

Scenarios involving unconfined releases ranged from a release of 220 ft3 to 38,000 ft3 of 
hydrogen. The consequences were determined by analyzing the following: 

0 the distances at which Lower Flammability Levels and Lower Detonation Levels were 
reached 

the impact to personnel and or the general public should an unconfined explosion occur 

0 the time permissible to evacuate the area between the AMPL building and the source of 
the release (approximately 100 ft.) prior to Lower Flammability Levels and Lower 
Detonation Levels reach the AMPL. 

The results of this analysis are depicted in Tables 5.1 and 5.2. 
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Table 5.1 
Hydrogen Tube Trailer 

P-4 Worst Case 9 14 

P-5 Average 195 

P-6 Worst Case 684 

P-7 Average 267 

P-8 Worst Case ' 914 

P-9 Average 286 

P-10 Worst Case 1,585 

P-11 Average 286 

P-12 Worst Case 1,721 

1,000 fi3 instantly 

3,000 ft3 in 3 sec 

3,000 fi3 in 3 sec 

3,000 ft3 instantly 

3.000 ft3 instantly 

30.000 ft3 in 25 sec 

30.000 fi3 in 25 sec 

38,000 ft3 instantly 

38,000 ft3 instantly 

50 1 Slight to Serious 0.6 min 

95 Slight to Serious 0.2 min 

366 Slight to Serious 0.6 min 

152 Slight to Serious 0.2 min 

50 1 Slight to Serious 0.6 rnin 

119 Slight to Serious 0.2 min 

830 Slight to Serious 0.6 min 

119 Slight to Serious 0.2 min 

882 Slight to Serious 0.6 min 

Injury at 20 ft 

Injury at 15 ft 

Injury at 15 fi 

Injury at 20 fi 

Injury at 20 ft 

Injury at 3 1 ft 

Injury at 31 ft 

Injury at 3 1 ft 

Injury at 31 ft - 

16 



Table 5.2 
Hydrogen Unconfined Release Consequences 

Note: These results were derived from ARCHIE and can be referenced in Appendix A. 

5.1.1 Protective Actions 

The correlation of event scenarios and estimated consequences are used to determine the 
protective actions that are appropriate to the scenarios, as well as the observable indications (i.e., 
Emergency Action Levels - EALs) to trigger protective actions. 

The EAL involves any condition which could breach the cylinder and create a hydrogen release. 
If one of the five hydrogen sensors associated with the HTSF detects hydrogen, both the 
hydrogen tube trailer and the backup supply are turned off automatically and the delivery line is 
purged with argon. 

The recommended protective actions involving a fire at the Hydrogen Trailer Storage Facility is 
the establishment of a half mile (2,640 ft.) isolation zone as prescribed in DOT P-5800.5 
(Illustration 5-1). This zone encompasses both the farthest Lower Flammability Level distance 
(1,72 1 fi.) and the farthest Lower Detonation Level distance (882 ft.) which were calculated 
through the ARCHIE computer model. 

17 



Hydrogen is not considered a toxic hazard, and therefore, no protective measures concerning 
toxicity are warranted. However, hydrogen is an extremely dangerous fire and explosion hazard. 
In the event of a fire or a hydrogen leak, AMPL personnel should evacuate from the northwest 
comer of the AMPL. In addition, the residents of the trailers within 150 feet of the HTSF should 
evacuate away from the hydrogen trailer. The recommended protective action for the remaining 
individuals within the half mile isolation zone is to shelter in place. These individuals should 
move away From windows and seek shelter within interior rooms or halls, under sturdy furniture 
or doorways. 

.. 

HYDROGEN 
ISOLATION ZONE 

Illustration 5-1 
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5.2 Confined Explosions 

Overpressure @sig) 

0.03 
0.30 

0.5- 1 .O 
1 .o 

1 .O-8.0 

2.0 
2.0-3.0 
2.4- 12.2 

2.5 

3.0-4.0 
5 .O 

5.0-7.0 
10.0 

14.5-29.0 

Scenarios involving confined explosions ranged from 220 ft3 to 38,000 ft3 of hydrogen. The 
consequences were determined by analyzing: 

“ ExpectedDamagte. ~ 

Occasional breakage of large windows already under stress. 
Some damage to house ceilings; 10% window breakage. 
Windows usually shattered; some window frame damage. 
Partial demolition of houses: made uninhabitable. 
Range for slight to serious injuries due to skin lacerations from 
flying glass and other missiles. 
Partial collapse of walls and roofs of houses. 
Non-reinforced concretekinder block walls shattered. 
Range for 1-90% eardrum rupture among exposed populations. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 1-99% fatalities among exposed populations 
due to direct blast effects. 

. 

0 the pressure impacting the nearest structures which included the walls surrounding the 
HTSF (-5 feet from the HTSF) and the AMPL (-100 ft. from the HTSF) 

0 the distance at which 1 .O psi overpressure threshold was reached. 

0 the distance at which 10.0 psi overpressure threshold was reached 

0 the initial fragment velocity 

the sizes of fragments and the distance to which different sized fragments reached the 
striking threshold 

0 the velocity of different sized fragments at the threshold 

As calculated in Appendix B, the overpressure levels of concern are 1 .O psi and 10 psi as these 
overpressures represent conditions ranging from slightherious injuries from flying glass/objects 
to lethal effects to personnel and the general public. The following chart depicts the expected 
damage at various overpressure thresholds. 



Table 5.3 

(1)1,000 ft3 7 at B 

P-14 386 lbs 4,000 at A 

(3)l.OOO ft3 8 at B 
P-15 3857 lbs 8,000 at A 

(30) 1,000 f13 75 at B 
P-16 4886 Ibs 9,000 at A 

(38) 1,000 ft3 80 at B 
B-9 28 Ibs 800 at A 

(1)220 ft3 5 at B 
B-10 85 lbs 900 at A 

(3)220 ft3 6 at B 
B-1 1 340 lbs 3,OOOat A 313 63 

(12)220 ft3 8 at B 

328 66 

706 141 

764 153 

137 '2 7 

198 40 

B-12 509Ibs 5,000atA 360 72 
( 18)220 ft3 9 at B 

7.8 0~11584 ft 7.8 odl19 
2905 I 1.5od914 ft 1.5 od619 

2905 7.8 od1584 ft 
1 Sod914 ft 

2905 7.8 oz/1584 ft 
1.5od914 ft 

3025 5.7 od1308 ft 
1 So21454 ft 

3025 5.7 od1308 ft 
1 Sod454 ft 

3025 5.7 od1308 fi 
1 Sod454 fi 

7.8 odl19 
1.5 oz/619 
7.8 odl19 
1.5 od619 

5.7 od163 
1.5 oz/6 19 

5.7 od163 
1.5 0216 19 
5.7 0~1163 
1.5 od619 

5.7 od1308 ft 5.7 od163 
3025 I 1 Sod454 ft I .5 02/6 19 

A - The walls surrounding the HTSF (approximately 5 feet from trailer) 
B - The AMPL (approximately 100 feet from trailer) 

Note: These results were derived from calculations identified in AFM 88-22 and DOD 6055.9 
which can be referenced in Appendix B. 

5.2.1 Protective Actions 

The probable overpressure damage at 10.0 psi is total building destruction. As shown in Table 
5.4, the worst case scenario is an explosion involving 38,000 ft3 (RD P-16) which would result in 
a 10.0 psi threshold distance of 153 feet. No protective actions could be implemented to warn or 
evacuate personnel within the 10 psi threshold distance as the explosion and damage would 
occur instantly. 

The eight inch thick concrete walls would mitigate the impact of an explosion. However, the 
concrete walls, located five feet fiom the trailer, would be shattered and would not withstand an 
explosion. As shown in Table 5.4, the overpressure resulting from one cylinder is estimated to 
be 1,000 psi at the concrete walls. It is assumed that a higher overpressure would occur above 
the trailer and on the west side of the trailer. it is also assumed that the 20% safety factor 
calculated in Appendix B of this document would account for the increased overpressure above 
the trailer and to the west of the trailer. 
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i 

There are several chemical and waste satellites within this distance that could be adversely 
impacted by an explosion from the HTSF. In such an event, mitigative measures can be taken to 
protect the general public from exposure to the chemicals stored in this area. These chemicals 
belong to various organizations within AMPL, and those that have been determined hazardous 
are analyzed in the AMPL Hazards Assessment Document.14 

, 
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6.0 CONCLUSION 

As a result of this analysis, the maximum amount of hydrogen available for release is 38,000 ft3 
which represents the worst case scenario. The results of the scenarios involving 38,000 f13 are 
described below. 

0 

0 

0 

The farthest Lower Flammability Level distance is 1.72 1 feet. 
The farthest Lower Detonation Level distance is 882 feet. 
The greatest distance at which 10.0 psi overpressure (Le., total building destruction) is 
reached is 153 feet. 

The recommended protective action involving a fire at the Hydrogen Trailer Storage Facility is 
the establishment of a half mile (2,640 fi.) isolation zone as prescribed in DOT P-5800.5. 

In the event of a fire or a hydrogen leak involving the HTSF, the recommended protective action 
for the AMPL occupants is to evacuate from the northwest comer of the AMPL. In addition, the 
residents of the trailers within 150 feet of the HTSF should evacuate away from the hydrogen 
trailer. The recommended protective action for the remaining individuals within the half mile 
isolation zone is to shelter in place. These individuals should move away from windows and 
seek shelter within interior rooms or halls. under sturdy hmiture or doorways. 
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ARCHIE Dispersion Model Printouts 

Release Designations for Hydrogen Tube Trailcr 
RD P-1 ........................................................... 
RD P-2 ........................................................... 
RD P-3 ......................................................... 
RD P-4 ........................................................... 
RD P-5 ........................................................ 
RD P-6 ........................................................ 
RD P-7 ........................................................ 
RD P-S ........................................................ 
RD P-9 ........................................................ 
RD P-10 ...................................................... 
RD P-l 1 ...................................................... 
RD P-12 ...................................................... 

Relcasc Designations for Hydrogen Backup Si1 
RD B-1 ......................................................... 
RD B-2 ......................................................... 
RD B-3 ......................................................... 
RD B-3 ....................................................... 
RD €3-5 ....................................................... 
RD B-6 ....................................................... 
RD €3-7 ....................................................... 
RD B-S ....................................................... 

1 
8 

15 
33  

29 
36 
43 
50 
57 
64 
71 
75 

I ply 
55 
92 
99 

100 
113 
190 
127 
134 

. . . ....- , , (.- - ...... .-. ...... .e* . .  . .  . 



HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-1.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 0.375 inches in diameter under average 
met. conditions taking approximately 3 seconds. 

******* DISCHARGE RATWDURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 95.1 
= .OS6 
= 5.20 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
Downwind distance to concentration of 40000 ppm 
- -  at groundlevel = 035 feet - -  at discharge height = 417 feet 

Peak concentration on ground is 340516 pprn 
at a downwind distance of 131 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

******* FUME IJXT HAZARD RESULTS 
Flame jet length = 289 

Flame jet duracion = -056 
Safe separation distance = 578 

feet 
feet 
minutes 

******* FLAMMABLE VAPOR CLOUD E A Z 2 4 i  X3SULTS 

For concentration of 1/2 LFL LFL - - - - - - -  ------ 
Downwir,d hazard distance = 589 457 feet 
Max hazard z m e  width = 295 229 feet 
Max weight explosive gas = 5.8 5.4 lbs 
Relative gas/air density = 1.01 1-01 initially 
Model used in analysis = Neutrally bu.oyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, exceFt when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION EAZARDS: See attached. table(s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
----------------- Concentration Concentration Zone Width* 
(feet) (miles) (PPm) ( PPm) (feet) 

1 0 0  .02 54954  48614 13  0 
1 0 2  .02 53699  47557 1 2 0  
1 0 3  .02 52477  46528  1 2 0  
1 0 4  .02  51286  45525  1 2 0  
1 0 6  .02 50126  44549  1 1 0  
1 0 7  .03 48996 43598  1 1 0  
1 0 8  .03  47895  4 2 6 7 1  95  
1 0 9  .03  46823 41767  90 

1 1 2  - 0 3  44762 40029  75  

114 .03 42807  38377 59  
1 1 6  .03 41868 37582  4 9  
117 .03 40953 36807  3 5  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 .03 45779 40887  83  

113 .03  43772 39192  68 

- 3 6 0 5 1  I 118 .03 40000 

*Uscally safe for c 1 hour release. Longer releases o r  sudden wind shifts 
may require a laraer width o r  different direccion for the evacuation zone. 
See Chapters 3 and 1 2  of the guide for details. Source height specified 
by the user f o r  this scenario was 5 feet. 

1 0 0  
1 0 2  
1 0 3  
1 0 4  
1 0 6  
1 0 7  
i o 8  
10-9 
lil 
1 1 2  
113 
1 1 4  
1 1 6  
117 
1 1 8  

.02  

.02  

.02  

.02  

. 02  

. 03  

. 0 3  
* 03 
- 0 3  
-03 
.03 
. 03  
. 0 3  
.03 
. 0 3  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

. 2  

.2 

. 4  

. a  

.4  

. 4  

. a  

.4  

.4 

.4  

.4  

.4  

.4  

. a  

.4  

. a  

.4  

CAUTION : See guide for assumptions 
4 
4 

used 

2 

in estimating these times. 



UNCONFI?.ED VAPOR CLOUD EXPLOSION EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TSTANCE FROM EXPLOSION EXPECTED DAMAGE 

(feet) 

198 
28 

11 - 19 Windows usually shattered; some frame damage. 
11 Partial demolition of homes; made uninhabitable. 

3 - 11 Range serious/slight injuries from flying glass/object. 
7 Partial collapse of home walls/roofs. 

5 - 7  Non-reinforced concrete/cinder block walls shattered. 

__________-___--__------------------------------------------------------ 
Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 

3 - 6  
6 

Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 

4 - 5  Frameless steel panel buildings ruined. 

3 - 4  Nearly csmplete destruction of houses. 

2 - 2  Range far 99-1% fatalities among exposed populations 

4 Wooden utility poles snapped. 

3 Probable total building destruction. 

due ta direct blast effects. 

Note: The center of an uxonfined gas/vapor explosion can be anywhere 
within the groune are2 passed over See 
results of the vaFcr cioud fire hazard analysis for the maximum 
downwind distance 2116 maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL -~ ~ 

NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PIiES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 

LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

LOWER FLAMMABLE LIMIT '(LFL) 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAPIITER 
DISCHARGE COEFFICIZNT OF HOLE 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURE 

= -423 degrees F 
2.0159 
2400 
124167 
2400.1 
124167 
1.4 
4 
191.7 
-03 
40000 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

Horizontal cylinder 
5.20 lbs 
.375 inch(es) 
.98 
68 degrees F 
2000 psia 

ENVXRONMENT,AL/LOCATION CXARACTERISTICS 
AMBIENT TEMPEX.'??UW = 68 
WIND VELOCITY 
ATMOSPBERIC STA31LITY CLASS = C 

- 0  -~ 

VAPOR/GAS DISCY?ARC-E HEIGHT = s  

degrees F 
mpn 

feet 

KEY RESLZTS OVERRIDDEN BY USER AT SOm POIXT ,AFTER COMPUTATION 
NONE OBSEXVED 

, 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-1DETON.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 0.375 inches in diameter under average 
met. conditions taking approximately four seconds. 

******* 

******* 

Note: 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate = 95.1 

Amount discharged = 5.24 
Duration of discharge = -056 

State of material = Gas 

lbs/min 
minutes 
lbS 

TOXIC VAPOR DISPERSION AXALYSIS RESULTS 

Downwind distance to ccccentration of 183GOO Fpm 
- -  at groundlevel = Not observed. 
- -  at discharge height = 44 ftet 

Minimum computable answer is 33 feet! 
Actus1 hazard distance may be less. 

Peak concentration on ground is 137994.1 pcm 
at a downwizd distance of 43 feet for 
elevated emission source specified by user. 

See attached table ( s )  for further details. 

F T A E  JET €??ZARD RESULTS 

Flame jet length = 289 

Flame jet duration = .OS6 
Safe separation distance = 578 

F m L E  VAPOR CLOUD F-IZARD RESULTS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance y 166 126 feet 
Max hazard zone width f 83 63 feet 
Max weight explosive gas = 5.4 5.4 lbs 
Relative gas/air density = 1.01 1.O:L initially 
Model used in analysis = Neutrally buoyant 
Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfinbd, except when one of a cer- 
tain few materials have been discharged. 

------- - - - - - -  

EXPLOSION H-?ZAR3S: See attached table (s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
----------------- Conceztration Concentration Zone Width* 

(feet) (feet) (miles) (PPm) (PPm) 

33 .01 121336 309687 58 

35 .01 127409 282048 54 

37 .01 131919 258170 49 
37 .01 133643 247444 47 
38 .01 135045 237437 44 

40 .01 136971 219352 38 

42 .01 137998 196318 24 

44 .01 137675 183000 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
32 .01 117665 325152 60 

34 .01 124578 295353 56 

36 .01 129848 269681 52 

39 .01 136146 228091 41 

34 41 -01 137540 211172 
29 42 -01 137876 203507 

43 .01 137925 189569 17 

*Usually safe for c 1 hour release. Longer releases or sudden wind shifts 
may require a larger width or differezt direction for the evacuation zone. 
See ChaDters 3 and 12 of zne guide for details. Source keight specified 
by the user for this scenario was 5 feet. 

32 
33 
34 
35 
36 
37 
37 
38 
39 
40 
41 
42 
42 
43 
44 

C A U T O N :  

-01 
.01 
-01 
-01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 

See guide for 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

1 .- 

assumptioh 4 

4 

used in estimating tkese times . 
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INPUT PARAMETER SUMMARY ---------------------------------.-- 
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 

VAPOR PRES AT AMBIENT TEMP - 
SPECIFIC HEAT RATIO FOR GAS = 
LOWER FLAMMABLE LIMIT (LFL) = 
LOWER HEAT OF COMBUSTION - 
GAS EXPLOSION YIELD FACTOR - 
TOXIC VAPOR LIMIT - 

- - 
- 
- - 

- 
- 
- 

2400 ps ia  
124167 mm Hg 
2400.1 psia  
124167 mm H g  
1.4 
4 vol% 
191.7 Btu/lb 
.03 
1 8 3 0 0 0  PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal. cylinder 
TOTAL WEIGHT OF CONTENTS = 5.24 lbs 
DISCHARGE ROLE DIAMETER = .375 inch(es) 

TEMP OF CONTAINER CONTENTS = 68 degrees F 
DISCHARGE COEFFICIENT OF EOLS = - 9 8  

TANK R U P T W  PRESSURE = 2400 p s i s  

ENVIRONMENTPL/LOCATION CHARACTSRISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPEERIC ST-ILITY CUSS = C 
VAPOR/GIZS DISCHARGE HEIGXT = s  

degrees F 
mPh 

feet 

KEY 

KEY 

RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METSODS 
NONE OBSERVED 

RESULTS OVERRIDDEN BY USE2 A'2 SOME POIXT AFTER COMPbYXION 
NONE OBSERVZD 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-2.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 0.375 inches in diam. under worst case 
met. conditions taking approximately three seconds. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 95.1 lbs/min 
minutes 
lbs 

State of material = Gas 

Duration of discharge = .OS6 
Amount discharged = 5.24 

Downwind distance to concentration of 40000 ppm 
- -  at groundlevel = 435 feet -- at discharge height = 417 feet 

Peak concentration on ground is 340516 ppm 
at a downwind distance of 131 feet for 
elevated emission source specified by user. 

See attached table(s) for furtner details. 

******* FLAME JET HAZARD RESULTS 
Flame jet lensth = 289 

Flame jet duration = .OS6 
Safe separation distance = 578 

feet 
feet 
minutes 

******* FLAMMABLE VAPOR CLOUD F?AZARD RSSULTS 

For concentration of 1/2 LFL LFL 
- - - - - - -  - - - - - -  

Downwind hazard distance = 589 457 feet 
Max hazard zone width = 295 229 feet 
Max weight explosive gas = 5.4 
Relative gas/air density = 1.01 1-01 initially 
Model used iE analysis 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explcee when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION H A W S :  Gee 4 attached table (s) 

lbs 5.4 

Neutrally buoyant 

# 
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100 
124 
148 
172 
196 
220 
244 
268 
291 
315 
339 
363 
387 
411 
435 

.02 

.03 

.03 

.04 

.04 

.05 

.05 

.06 

.06 

.06 

.07 

.07 

.08 

.08 

.09 

269870 
339072 
323748 
278545 
230371 
188204 
153736 
126255 
104493 
87229 
73454 
62379 
53399 
46057 
40000 

1000000 
722050 
454929 
311315 
227178 
173721 
137334 
111205 
91683 
76664 
64851 

47731 
41435 
36215 

5-5400 

73 
91 
110 
13 0 
150 
160 
180 
200 
220 
230 
250 
270 
290 
290 
1 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different direction for the evacuation zme. 
See Chapters 3 and 12 of the wide for details. Source heisht specified 
~y the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION P X U Y S I S  RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind. Distance Contaminant Arrival Time Contarnhant Departure Time 
- - - - - - - - - - - - - - - - -  at Downwind. Location at Downwind Locaticr? 
(fee?) (miles) (minutes) (minutes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 
124 
148 
172 
196 
220 
244 
268 
291 
315 
339 
363 
387 
411 
435 

CWTION: 

. 02  

.03 

.03 

. 04  

.04 

.05 

.05 

.06 

.06 

.06 

.07 

.07 

.08 

.08 

.09 

See gui& for 

.5  

.8 
-9 
1 
1.2 
1.3 
1.4 
1.5 
1.7 
1.8 
2 
2.1 
2.2 
2.4 
2.5 

assumptiops used in estimating 
4 

9 

1.2 
1.5 
1.8 
2.1 
2.3 
2.6 
2.9 
3.2 
3.4 
3.7 
4 
4.2 
4.5 
4.8 
5 

these times. 



11 

3 

5 
3 

a 

3 

2 

198 
28 

11 

7 
- 

6 

19 

11 

7 
6 

5 

a 

2 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total buileing destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the ground area passed cver See 
results of the vapor cloud firs hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 

VAPOR PRES AT CONTAINER TEMP = 2400 p s i a  

VAPOR PRES AT AMBIENT TEMP = 2400.1 psia 

MOLECULAR WEIGHT = 2.0159 

= 124167 mm Hg  

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOmR FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

- 
mm H g  

vol% 
Btu/lS 

P P m  

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizonta:L cyl inder  
TOTAL WEIGHT OF CONTENTS = 5.24 lbs 
DISCHARGE HOLE DIAMETER = .375 inch (es 1 
DISCHARGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 p s i s  

ENVIRONMENTAL/LOCATION CHARACTER1 ST I CS 
AMBIENT TEMPSRATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CUSS = F 
VAPOR/GAS DISCHARGE HEIGHT = 5  

degrtes F 
m p h  

feet 

KEY RESULTS PROVIDED BY USER INSTEAD OF BY SVALUATION METHODS 
NONE OBSERTzD 

KEY RESULTS OVERXIDDEN BY USER AT SOME POI>E' AF'ER COMPUTATION 
NONE OBSERED 

11 . ,  



HAZARDOUS VATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 9-8-93 
= P-2DETON.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 0.375 inches in diam. under worst case 
met. conditions taking approximately three seconds. 

******* DISCHARGE F?ATE/DURATION ESTIMATES 
ComGressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 95.1 
= .OS6 
= 5.24 
= Gas 

lbs/min 
minutes 
lbs 

Downwind distance to concentration of 183000 ppm 
feet -- at discharge height = 215 feet 

-- at groundlevel = 223 

Peak concentration on ground. is 340413.4 ppm 
at a downwind distance of 131 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

******* FL?&'E JET HAZARD RESULTS 

Flame jet lenqth = 289 

Flame jet duration = .056 
Safe separation distance = 578 

feet 
feet 
minutes 

f f * + f * f  F m  LE VAPOR CLOUD HAZARD RESULTS 

Fcr concentration of 1/2 LFL LFL 

Downwind hazard distance = 589 457 feet 
Max hazard zone width = 295 229 feet 
M a  weight explosive gas = 5.4 5.4 . lbs 
Relative gas/air density =' 1.01 1.01 initially 
Mcdel used in analysis 4 Neutrally buoyant 

Note: Clauds or plumes containiEg less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
ccmpletely unconfined, exceGt when one of a cer- 
tain few materials have-been 4 discharged. 

******* E22LOSION HAZARDS: See attached table(s) 

- - - _ _ - _  _ - - - - -  
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS .____-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Jwnwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feec) (miles) (PPm) (ppm) (feet 

100 . 02  269870 1000000  73 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

109 .03 309099 1000000 80 
8 6  1 1 8  .03 331632 829552 

127 .03 340267 686087 92  
13 6 .03 338468 5 7 4 9 5 1  99 
144 .03 329431  487810 1 1 0  

162 .04  299348 363207 1 2 0  

179 .04  263567 281188 1 4 0  

197 .04  228614 224675 1 5 0  
206 .04  212359 202786 150 
214 .05  197114 184029 
223 .05 183000 1 6 7 8 1 1  

1 2 0  153 .03 315743 4 1 8 6 8 1  

1 7 1  .04  281639 318172 1 3  0 

1 4 0  1 8 8  .04  245760 250470 

1 3 0  
1 

rUsuaLly safe for c 1 hour release. Longer releases or sudden wind shifts 
lay rquire a larger width or different direction for the evacuation zone. 
;ee Chapters 3 and 12 of the guide for details. Source height specified 
)y the user for this scenario was 5 feet. 

152 
2.59 
1 1 3  
127  
13 5 
144 
15 3 
162 
1 7 1  
173 
1 E 8  
197 
2 5 5  
2 LL1 
223 

C-ALT I ON : 

.02  

.03 

.03 

.03 

.03 

.03 

.03 

.04  

.04  

.04  
* 04 
.04  
.04  
.05 
.os  

See guide 

.6 

.7  

. 7  

. 8  

. 8  

.9  

.9  
1 
1 
1.i 
1.1 
1 . 2  
1 . 2  
1.3 
1 .3  

for assumptiops 
4 

I 
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used in estimating 

1 .2  
1 . 3  
1 . 4  
1 . 5  
1 .7  
1.7 
1 . 8  
1 . 9  
2 
2 . 1  
2 . 2  
2.3 
2 . 4  
2 .5  
2 . 6  

these times. 



INPUT PARAMETER SUMMARY 

MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT = -423 

= 2.0159 
= 2400 
= 1241G7 
= 2400.1 
= 124167 
= 1.4 
= a  
= 191.7 
= .03 
= 183000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

P F  

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 5.24 lbs 
DISCHARGE HOLE DIAMXTER = .375 inch (es) 

TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK R U P m  PEIESSCRE = 2400 psia 

DISCHARGE COEFFICIBNT.0F HOLE = .98 

ENVIRONMENTAL /LOCAT ION CI-=AIL9CTD,RI ST I CS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = i? 
VAPOR/GAS DISCEARGE HEIGET = 5  

KEY 

KEY 

degrees F 
mPh 

feet 

RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METEODS 
NONE OBSERVED 

4 

4 

4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-3.ASF 

*** SCSNARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
t,hroug.h a hole 9.0 inches in diameter under average 
met. conditions instantaneously. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 34620 
= .001 
= 5.24 
= Gas 

lbs/min 
minutes 
lbs 

* * * * * i f  TOXIC VAPOR DISPERSION FXALYSIS ZSULTS 

Downwind distance to concentraticn of 40000 Fpm 
- -  at groundlevel = 254 feet 
- -  at discharge height = 261 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 35 feet for 
elevated emission source ssecified by user. 

See attached table(s) for further details. 

******* FLAME JET HqZARD FSSULTS 
Flame jet length = 6926 
Safe separation distance = 13851 
Flame jet duratior? = -001 

feec 

minuzis 
c zeec 

*******  FLAMMABLE VAPOR CLOUD F ? L W  RZSLiiTS 

For concentration of 1/2 LTL LFL 

Downwind hazard distance = 341 267 feet 
Max hazard zone width = 171 134 feet 
Max weight explosive gas = 35 35 lbs 
Relative gas/air density = 1.01 1.01. initiaily 
Model used in analysis d Neutrally buoyant 

Not=: Clouds or plumes containing less than 1000 pour,& 
of vapor or gas are very unlikely to explode whez 
completely unconfined, except wnen one of a cer- 

- - - - - - -  ----I- 

. tain few materials have been discharged. 

* * * * i f *  EXPLOSION HAZARDS: See attached table (s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
----------------- Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet) 

100 .02 541204 478767 350 
112 .03 408945 365860 390 
124 .03 315948 285958 430 
13 6 .03 248915 227725 460 
147 .03 199494 184267 440 
15 9 .04 162313 151183 430 
171 .04 133830 125560 410 
182 .04 111653 105415 390 
194 .04 94135 89361 360 
206 .04 80116 76415 340 
217 .05 68764 65860 300 
229 .05 59474 57170 270 

253 .05 45399 43904 160 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

241 .05 51798 49951 220 

264 .05 40000 38801 1 

*Usually safe for c 1 hour release. Longer releases or sudden wind shifts 
may require a larger width or differeEt direction for the evacuation zone. 
See Chapters 3 and 12 of the Fide for details. Source height specified 
by the user for this scenario was 5 feet. 

100 
112 
120 
136 
147 
159 
171 
182 
194 
206 
217 
229 
241 
253 
264 

CAUTION: 

.02  
-03 
-03 
-03 
-03 
.04 
-04 
.04 
.04 
.04 
-05 
- 0 5  
* 05 
.05 
.os 

See guide 

.2 

.2 

.2 

.2 

.2  

.3 

.3 

.3 

.3 

.3 

. 3  

.3 

.4 

. 4  

. 4  

for assumptiohs 4 used in 

.3 

.3 

. 4  

.a 

. a  

. s  

.5 

.5 

.s 

.6 

.6 

.6 

.7 

.7 

. 7  

estimating these times. 
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20 

5 

9 
4 

a 

6 

3 

34 

20 

12 
11 

9 

7 

4 

Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collaFse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum ruFture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the sround area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take piace cn or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSZOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

degrees F 

p s i a  
mm Eg 
ps ia  
mm Hg 

vol% 
Btu/lb 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Eorizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 5 . 2 4  lbs 
DISCHARGE HOLE DIAMETER = 9  inch (es 1 

TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

DISCHARGE COEFFICIENT OF EOLE = . 5 2  

ENVi3ONMENTAL/LOCATION W-CTERISTICS 
AMBIENT TEMPERATUR.E = 68 

- a  WIND VELOCITY - d  

ATMOSPHERIC STABILITY CLASS = C 
5 - VAPOR/GAS DISCHARGE ESIGXT - 

desrees F 
mPh 

feet 

KEY XESULTS PROVIDED BY USER INSTEAD OF T3V EVALUATION METZODS 
NONE OBSERVED 

KEY 3ESULTS OVERRIDDEN BY USER AT SOME BOINT AFTER COMWTATION 
NONE OBSERVED 

4 

, 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-3DETON.ASF 

*** SCENARIO DESCBIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 9.0 inches in diameter under average 
met. conditions instantaneously. 

* * * * * * * 

******* 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate = 34620 

Amount discharged = 5.24 
State of naterial = Gas 

Duration of discharge = .001 
lbs/min 
minutes 
lbs 

TOXIC VAPCR DISPERSION ANALYSIS RESULTS 

Downwind eistance to concentration of 183000 ppm 
- -  at groundlevel = 152 feet 
- -  at discharge height = 148 feet 

Peak concentration on ground is 1000000 pprn 
at a downwind distance of 34 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

FLAME JET XAZARD RESULTS 

Flame jet ltngth = 6926  
Safe separition distance = 13851 
Flame j e c  duracion ’ = .001 

feet 
feet 
ninut es 

FLAMMABLE VAPOR CLObD HAZARD FESULTS 

For concentration of 1/2 LFL LFL 

Downwind kazard distance = 341 257 Leet 
Max hazar5 zone width = 171 13 4 feet 

Relative gas/air density : 1.01 1.01. initially 
Model used in analysis 
Clouds oz plumes containing less than 1000 pounds 
of vapor c r  gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

EXPLOSION FAZARDS : bee attached table ( s )  

- - - - - - -  _- - - - -  
r 

Max weigkcrt explosive gas = 35 35 15s 

Neutrally buoyanc 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
- - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PW) ( feet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 .02 541204 478767 230 
104 .02 494106 438583 230 
io8 .03 452193 402817 220 
112 -03 414795 370863 210 
115 .03 381338 342217 200 
119 .03 351332 316453 190 

130 .03 278069 
134 .03 258178 235816 150 
137 .03 240128 220036 14 0 
141 .03 223714 205631 120 
145 .03 208756 192453 94 

152 .03 183000 169286 1 

123 .03 324352 293214 180 
126 .03 300036 272196 170 

253138 160 

149 .03 195099 180376 67 

*Usually safe for e I hour release. Longer releases or sudden wind shifts 
may rquire a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide f o r  &tails. Source height specifiee 
by the user for this scenario was 5 feet. 

100 
104 
108 
112 
115 
119 
123 
126 
13 0 
134 
137 
141 
145 
149 
152 

CAUTION: 

.02 

.02 
-03 
.03 
.03 
.03 
.03 
.03 . 
.03 
.03 
.03 
.03 
.03 
.03 
.03 

See guide 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

for assumptidns used 
4 

.3 

.3 

.3 

.3 

.3 

. a  

.4 

.4  

.4  

. a  

.4 

.4 

.4 

.4  

.4 

in estimating these times. 
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PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER C-CTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 
DISCHARGE COEFFICIENT OF EQLE 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURE 

-423 
2.0159 
2400 
124167 
2400.1 
124167 
1.4 
4 
191.7 
.03 
183000 

Horizontal 
5.24 
9 
-62 
68 
2400 

ENVIRONMENTAL/LOCATICN CXARACTZXSTICS 
AMBIENT TEMPERATURE = 6 8  
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCHFiiGE HEIGZT = s  

degrees F 

psia 
mm Hg 
p s i a  
mm Hg 

vol% 
Btu/lb 

P P  

cylinder 
lbs 
inch(es) 

degrees F 
ps ia  

degrees F 
mph 

feet 

KEY RESULTS PROVIDED BY USER INSTE-ZQ3 OF BY EVALGATION VETHODS 
NONE OBSERVED 

KEY RESULTS OVERRIDDEN BY USER AT SOME POINT AFT23 COMPbTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-8-93 
NAME OF DISK FILE = P-4.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 9.0 inches in diameter under worst case 
met. conditions instantaneously. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 34620 

Amount discharged = 5.24 
Duratior, of discharge = .001 

State of material = Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DIS3ERSION ANALYSIS RESULTS 

Downwind. distance to concentration of 40000 ppm 
feet 

- -  at discharge height = 887 feet 
- -  at groundlevel = 900 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 123 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

******* FLAME CZT ELAZAII RESULTS 

Flame j e t  length = 6926 
Safe seoaration distance = 13851 
Flame j e t  duracion = -001 

feet 
feet 
minutes 

******* FLAMMABLE VAPOX CLOUD HAZARD RESULTS 
For coccentratizn of 1/2 LFL LFL 

Downwind hazard. distance = 1187 914 feet 
Max hazard zone width = 594 457 feet 
Max weight explosive gas = 35 35 lbs 
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds cr plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unccnfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION HAZLWS: $ee attached table (s) 

- - - - - - -  - - - - - -  

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
awnwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feet) (miles) (PPm) (PP) (feet) 

100 .02 1000000 1000000 
158 .03 1000000 1000000 120 
215 .05 1000000 1000000 160 
272 .06 819165 720574 200 
329 .07 524952 462477 240 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
73 

290 386 .08 354610 316911 
443 .09 250618 227401 330 

370 500 .1 183884 169080 
410 558 .11 139166 12,9382 

615 .12 108077 101395 450 
672 .13 85778 81077 490 

540 
580 

65956 729 .l4 69350 
786 .15 56966 54458 
843 .16 47443 45552 620 
900 .18 40000 38539' 1 

kUsually safe for e 1 hour release. Lonqer releases or suddec wind shifts 
nay require a larger width or differznt direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified - 
2y the user for this scenario was 5 ?=et. 

- 

TOXIC VAPOR DIS?Z:IISION AXALYSIS XEST&TS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Contaminant J.Yrival Time Contaminant Departure Time 

(feeE) (miles) (micutesf (minutes) 
at Dom-wind Locacion at Downwind Locaticn - - - - - - - - - - - - - - - - -  

100 
158 
215 
272 
329 
386 
443 
500 
558 
615 
672 
729 
786 
843 
900 

CP,UTION : 

.02 

.03 

.05 

.06 

.07 

.08 

.09 

.1 

.11 

.12 

.13 

.14 

.15 

.16 

.18 

See guide 

. 6  

1.3 
1.6 
1.9 
2.2 
2.6 
2.9 
3.2 
3.5 
3.9 
4.2 
4.5 
4.8 
5.2 

c 
.d 

for assumptior-s 
I # 

23 

used in estimatinc; 

1.2 
1.8 
2.5 
3.1 
3.8 
4.4 
5.1 
5.7 
6.4 

7.7 
8.3 
9 
9.6 
10.3 

- 
1 

these times. 



UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DISTANCE FROM EXPLOSION EXPECTED DAMAGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (feet) 

369 Occasional breakage of large windows under stress. 
52 Some damage to home ceilings; 10% window breakage. 

20 - 34 Windows usually shattered; some frame damage. 
20 Partial demolition of homes; made uninhabitable. 

5 - 20 Range serious/slight injuries from flying glass/object. 
12 Partial collapse of home walls/roofs. 

9 - 12 Non-reinforced concrete/cinder block walls shattered. 
4 - 11 Range 90-i% eardrum rupture among exposed population. 

50% destruction of home brickwork. 
8 - 9  Frameless steel panel buildings ruined. 

6 - 7  Nearly complete destruction of houses. 

3 - 4  Range for 99-1% fatalities among eqosed populations 

11 

7 Wooden utilit?; poles snapped. 

S Probable total building destruction. 

due to dirzct blast effects. 

Note: The cerrter of an unconfined Gas/vapor explosior: can be anywhere 
within the ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the clocd or plume. 

' 
'4 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT 
MOLECULAR WEIGXT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCPJLRGE HOLE DIAMETER 

= -423 
= 2.0159 
= 2400 
= 124167 
= 2400.1 
= 124167 
= 1.4 
= 4  
= 191.7 
= .03 
= 40000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

= Horizontal cylinder 
= 5.24 lbs 
= 9 .  inch (es 1 

DISCEWGE COEFFICIENT OF HOLE = .62 
TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK XUPTURE PRESSURE = 2400 psia 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 

, WIND VELOCITY = 2  
ATMOSPHEXIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE HEIGHT = 5  

degrees F 
mPh 

feet 

KEY RZSUIZTS PBOVIDED BY VSER INSTD.3 OF BY EVALUATION METEODS 
NONE OBSERVED 

KEY RESULTS OVERRIDDEN BY USER AT SOME POINT -AFTER COMPUTX'ION 
NONE OBSZXVED 

\ 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSM€NT = 9-8-93 
NAME OF DISK FILE = P-4DETON.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 1,000 cubic feet of hydrogen 
through a hole 9.0 inches in diameter under worst case 
met. conditions instantaneously. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 34620 lbs/min 
Duration of discharge = .001 minutes 
Amount discharged = 5.24 lbs 
State of material = Gas 

******* TOXIC VAPOR DISPERSION ANALYSIS RES'JLTS 
Downwind distance to concentration of 183000 ppm 
- -  at groundlevel = 501 feet - -  at discharge height = 485 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 124 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

******* FLAME E T  HAZARD RZSULTS 

Flame jet length = 6926 feet 
Safe separation distance = 13851 feet 
Flame jet duration = .001 minutes 

******* F W - U L E  VAPOR CLOUD H A W  RESULTS 

For concentration of i/2 LFL LFL - - - - - - -  - - - - - -  
Downwind hazard distance = 1187 914 feet 
Max hazard zone width = 594 457 feet 
Max weight explosive gas = 35 35 lbs 
Relative gas/air density = 1.01 1-01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vagor or gas are very unlikely to explode when 
complztely unconfiaed, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION WIZARDS: 6ee attached table (s) 
. 4  
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TOXIC VAPOR DISPERSION ANALYSIS RJ3SULTS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
amwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feet) (miles) (PPm) (PPm) (feet) ____-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
100 .02 1000000 1000000 73 
129 .03 1000000 10 0 0 0 0 0. 94 
158 .03 1000000 1000000 120 
186 .04 1000000 1000000 140 
215 .05 1000000 1000000 160 
244 .05 1000000 930124 180 
272 .06 816419 718084 200 
301 .06 648845 569410 220 
330 .07 522881 460702 240 
358 .07 427017 378773 270 
387 .08 353067 315591 290 
415 . oa 295249 265967 310 
444 .09 249457 226393 330 
473 .09 212750 194421 340 
501 .1 183000 168294 1 

. C  *Usually safe for c 1 hour release. Lonqer releases o r  sudden wind s k r z s  
may require a larger width or diffsrent airection for the evacuation zone. 
See Chapters 3 and 12 of the guicie for details. Source height specified 
4y the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Contaminant Arrival Time ' Contaminant Departuri T h e  
- - - - - - - - - - - - - - - - -  at Downwind Location at Downwind Locatio2 
(feet) (miles) (mimtes) (minutes) 

100 

158 
186 
215 
244 
272 
301 
330 
358 
387 
415 
444 
473 
501 

129 

CAUTION : 

.02 

.03 

.03 

.04 

.05 

.05 

.06 

.06 

.07 

.07 

.08 

.09 

.09 

.1 

. oa 

See guide for 

.5 

. 8  

.9 
1.1 
1.3 
1.4 
1.5 
1.8 
1.9 
2.1 
2.2 
2.4 
2.6 
2.7 
2.9 

I 

assumgcio?s 
4 

used 

27 

in est I imat ing 

1.2 
1.5 
1.8 
2.2 
2.5 
2.8 
3.1 
3.5 
3.8 
4.1 
4.4 

5.1 
5.4 
5.7 

4.8 

these times. 



NORMAL BOILING POINT 
M0LECUIA.R WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 

= -423 
= 2.0159 
= 2400 
= 124167 
= 2400.1 
= 124167 
= 1.4 
- 4  
= 191.7 
= .03 
= 183000 

- 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
B t-U/ lb 

PPm 

= Horizontal cylinder 
= 5.24 lbs 
= 9  inch (es 1 

DISCHARGE COEFFICISX" OF HOLE = .62 
TEMP OF CONTAINER CONTENTS = 63 
TmiK R U P m  PRESSURE = 2400 

ENVIIiONMENTAL/LOCATION CXARACTERISTICS 
AMBIENT TEMPERATURE = 6 8  
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE HEIGHT = 5  

degrees F 
psia 

degrees F 
mPh 

feet 

KZY RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METEODS 
NONE OBSERVED 

KEY XESULTS OVERRIDDEN BY USER AT SOME POINT AFTER COMPUTATION 
NONE OBSEXVED 

I 

4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF D I S K  FILE = P-5.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3, 'OOO cubic feet of hydrogen 
through 3 holes, 0.375 inches in diameter each, under 
average met. conditions taking approx. three seconds. 

******* DISCHARGE m'E/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharse rate = 285.5 
, Duration of Escharge = .056 
Amount discharged = 15.72 
State of material = Gas 

lbs/mir? 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
Downwind distance to concentration of 40000 pFrn 
- -  at groundLive1 = 190 feet 
-- at dischaqe height = 186 feet 

Peak concentrztion on ground is 414086.5 ppm 
at a downwicC distance of 43 feet for 
elevated emission source specified by user. 

See attached cable (s) for further detail-s. 

******* FLAME JET FAZ.X?9 RESULTS 

Flame jet Iencth = 501 
Safe separatlm distance = 1001 
Flame jet Ccration = .056 

feet 
feet 
minutes 

******* FLAMMABLE V-EOR CLOUD HAZARD MSULTS 

For concentrszion of 1/2 LFL LFL 

Downwind hazsrd distance = 253 195 feet 
Max hazard zme width = 127 98 feet 
Max weight e:qlosive gas = 16 16 lbs 
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis 7. Neutrally buoyant 

Note: Clouds or plzmes containing less than 1000 pounds 
of vapor or cas are very unlikely to explode wher? 
completely cconfined, except when one of a cer- 
tain few matsrials have been discharged. 

- - - - - - -  - - - - - -  

******* EXPLOSION H%ZAXDS: See attached table (s )  
I 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 

(feet) (miles) (PPm) (PPm) (feet) 

100 .02 164977 145944 330 
107 .03 146707 130561 320 
113 .03 130737 117093 310 
120 .03 116785 105268 300 
12 6 -03 104589 94862 290 
133 .03 93915 85686 280 
13 9 -03 84556 77578 260 
145 .03 76335 70401 250 
152 .03 69096 64033 230 
158 -03 62707 58373 220 
165 .04 57053 53330 200 
171 - 0 4  52038 48829 170 
177 .oa 47576 44801 140 
180 .04 43598 41189 98 
190 -04 40000 37944 1 

Concentration Concentration Zone Width* ----------------- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

"Usually safe for e i hour release. Longer releases o r  sudden wind shifts 
may require a larger width or different direction for the evacuation zoce. 
See Chapters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

100 
107 
113 
120 
126 
i33 
13 9 
145 
152 
158 
165 
171 
177 
184 
190 

CAUTION: 

. 02  
-03 
-03 
.03 
.03 
.03 
.03 
.03 
-03 
-03 
.04 
-04 
* 04 
.04 
.04 

See guide for 

.2 

.2 

.2 

.2 
- 2  
.2 
.2 
.2 
.2 
.2 
.3 
.3 
-3 
.3 
-3 

assumptions 
.?4 

used in estimating 

. 4  

. a  

. a  

.a 

.4 

. a  

.5 

.5 

.5 

.5 

.5 
- 5  
.6 
.6 
- 6  

these times. 

30 



15 

4 

7 
4 

6 

5 

3 

285 
41 

15 

10 
- 

- 
a 

6 

4 
- 
- 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 

26 Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 

15 Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 

10 Non-reinforced concrete/cinder block walls shattered. 
8 Range 90-1% eardrum rupture among exposed population. 

7 Frameless steel panel buildings ruined. 

6 

3 Range for 99-1% fatalities among exposed populations 

50% destruction of home brickwork. 

Wooden utility Doles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 

due to direct blast effects. 

Note: The center of an unconfir,ed gas/vapor explosion can be anywhere 
within the ground area passed over See 
results of the vapor clouC fire hazard analysis for the maximum 
&ownwind distance and maxiaum width of this area. Emlosion is 
assumed to take place on o r  near the ground. 

by the clouci or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES 'OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

degrees F 

psia 
mm .Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 15.72 lbs 
DISCHARGE HOLE DfAMETER = . 6 5  inch (es) 
DISCHARGE COEFFICIENT OF HOLE = -98 
TEMP OF CONTAINEil CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

ENVIBONMENTAL/LOCAT ION CHXUCTERI STI CS 
AMBIENT TEMPERATURE = 68 

ATMOSPEERIC ST-A3ILITY CLASS = C 
WIND VELOCITY = Q  d 

VAPOR/GAS DISCFXGE HEIGHT = s  

degrees F 
mph 

feet 

KEY XESULTS PROVIDED 3Y USER INSTEAD OF BY EVALUATION METHODS 
NONZ OBSERVED 

KEY ZSbTLTS O V E R R I D E X  BY USZR AT SOME POIXT AFTER COMPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-5DETON.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of hydrogen 
through 3 holes, 0.375 inches in diameter each, under 
average met. conditions taking approx. three seconds. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 285 .5  
Duration of discharge = .056 
Amount discharged = 1 5 . 7 2  
State of material = Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION AlQLYSIS iGSULTS 

Downwind distance to conceztration of 183000 ppm 
- -  at groundlevel = 95 feet 
- -  at discharge height = 88 feec 

Peak concentration on grsund is 414157 .8  pGm 
at a Eownwind. distancs of 42 feec for 
elevated emission source specified by user. 

See attached table ( s )  for further details. 

******* FLAME JET FAZARD RESULTS 

Flame jet length = 5 0 1  
Safe separation distance = 100.1 
Flame jet duration = .OS6 

For cancentration of 1/2 LF5 LFL - - - - - - - - - - - - - 
Downwind hazard distance = 253 1 9 5  feet 
Max hazarci zone width = 127 98 feet 
Max weignt explosive gas = 16 1 6  IbS 
Relazive gas/air density = 1.01 1-02, initially 
Model used in analysis =. Neutrally buoyant 

Note: Clouds or plumes ContairiiZg less than 1000 pounds 
of vapor or gas are very znlikely to explode wher, 
complstely unconfined, except when one of a cer- 
tain Zew materials have hen discharged. 

- 

******* EXPLOSION HAZARDS: CSee aztached table(s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation - - - - - - - - - - - - - - - - -  Concentration Concentrat ion Zone Width* 
(feet 1 (miles 1 (PPm) (PPm) (feet) 

32 .01 353241 976138 12 0 
37 .01 398128 762495 13 0 
41 .01 413739 616259 150 
46 -01 410143 512894 160 
50 .01 395204 437583 170 
55 .02 374196 380943 160 
59 .02 350406 336913 150 
64 - 0 2  325804 301555 150 
68 .02 301535 272306 140 
73 - 0 2  278248 247489 130 
77 * 02 256287 226000 120 
81 . 0 2  235813 207100 97 
86 .02 216877 190287 80 
90 . 02  199459 175200 58 
95 .02 183000 161596 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Usually safe for e 1 hour release. Longer releases o r  sudden wind shifts 
may reaxire a larger width or aizrerent direction for the evacuation zone. 
See Chapters 3 and 12 of the Fide for details. Source height specified 
by the user for this scenario was 5 feet. 

.,. - -  

3 2  
37  
41 
45 
50 
55 
59 
64 
68 
73 
77 
81 
86 
90 
95 

C9UTIC)N: 

* 01 
.01 
.01 
.01 
.01 
. 0 2  
.02  
. 0 2  
.02 
.02 
.02 
.02 
.02 
-02 
.02 

See guide for assumpciohs 
1 

1 

. 2  

. 2  

.2  

. 2  

. 2  

. 2  

.3 

.3 
-3 
.3 
.3 
.3 
.3 
.3 
.3 

used in estimating these times. 

34 



INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 
MOLECULAII WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 psia 

VAPOR PRES AT AMBIENT TEMP = 2400.1 psia 

LOWER FIAMMAB LE LIMIT (LFL) = 4 vol% 
LOWER HEAT OF COMBUSTION . = 191.7 Btu/lb 

TOXIC VAPOR LIMIT = 183000 PPm 

= 124167 mm Hg 

= 124167 mm Hg 
SPECIFIC HEAT RATIO FOR GAS = 1.4 

GAS EXPLOSION YIELD FACTOR = .03 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = HorizoEtal cylinder 
TOTAL F7EIGHT OF CONTENTS = 15.72 lbs 
DISCHARGE HOLE DIAMETER = . 6 5  inch (es) 

TEMP OF CONTAINER CONTENTS = 68 degrees 3 
TANK RUPTURE PRESSURE = 2400 psia 

DISCHARGE COEFFICIENT OF HOLE = -98 

ENVIRONMENTAL/LOCATION C'a-MCTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPIiEiZIC STA3ILITV CLASS = C 
VAPOR/GAS DISCHARGE HEIGHT = 5  

degrees F 
mPh 

feet 

KEY RESULTS PXOVIDED BY USER INSTEAD OF xi EVALUATION METHCDS 
NONE OBSEiZV€D 

KEY RESULTS OVERRIDDEN l3V USER AT SOXZ POINT AFTER COMPUTATZ\CX 
NONE OESERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-6.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of hydrogen 
through 3 holes, 0.375 inches in diameter each, under worst 
case met. conditions taking approximately 3 seconds. 

******* DISCHARGE FtATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 285.5 lbs/min 
Duration of discharge = .056 minutes 
Amount discharged = 15.72 lbs 
State of material = Gas 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
Downwind distance to concentration of 40000 ppm 
- -  at groundlevel = 668 feet 
- -  at discharge height = 653 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 129 feet for 
elevated-emission source specified by user. 

See attached table ( s )  for further details. 

******* FLAME JET EiAZARD RESILTS 

Flame jet leDgth = 501 
Safe sesaration distance = 1001 
Flame jet duration = . 0 5 6  

feet 
feet 
minutes 

******* F I J U W L E  VAPOR CLOUD €??ZARD R3SULTS 

For concentration of 1/2 LFL LFL 

feet Downwind hazard distance = 886 684 
Max hazard zone width = 443 342 feet 
Max weight explosive gas = 15 16 lbs 
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyaEt 

Note: Clouds or plumes containing less than 1000 pounds 
of vaFor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION HAZARDS: see attached table(s) 

- - - - - - -  

4 
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TOXIC VAPOR DISPERSION ANALYSIS FlESULTS 

awnwind Distance Groundlevel Source Height Initial Evacuation ___-- - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles.) (PPm) (PPm) (feet) 

100 .02 810178 1000000 73 
141 .03 1000000 1000000 110 
182 .04 777706 819422 140 
222 .05 554249 509437 170 
263 .05 394598 348210 200 
303 .06 286778 251704 230 
344 .07 213674 188847 250 
384 .08 163084 145665 280 
425 . 0 9  127215 114876 310 . 
465 .09 101168 92288 340 
506 .1 81832 75326 370 

587 .12 55893 52216 430 
627 .12 47042 44211 460 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

546 .11 67186 62336 400 

668 .13 40000 37795 1 

*Usually safe for c 1 hour rzlease. Longer releases o r  sudden wind shifzs 
gay require a larger width or 2ifferent direction Zor the evacuation zone. 
See Chapters 3 and 12 of the guide f o r  details. Source height specifizci 
by the user for this scemrio was 5 feec: 

100 
I41 
182 
222 
253 
303 
344 
384 
425 
065 
506 
546 
587 
627 
668 

C X J T I O N  : 

.02 

.03 

.04 

.05 

.05 

.06 

.07 

.08 

.09 

. 0 9  

.1 

.11 

.12 

.12 

.13 

See guide 

.6 

.9 
1.1 
1.3 
1.5 
1.8 
2 
2.2 
2.5 
2.7 
2.9 
3.2 
3 .a 
3.6 
3.8 

1.2 
1.7 
2.2 
2.6 
3.1 
3.5 
4 
4.5 
4.9 
5.4 
5.9 
6.3 
6.8 
7.2 
7.7 

f o r  assumptions used in esti-ating these times. 
4 
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UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DISTANCE FROM EXPLOSION EXPECTED DAMAGE 

(feet) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a 

7 
a 

285 
41 

15 - 
15 

10 
- 

- 
8 

6 

a 

- 
- 

26 

15 

10 
8 

7 

6 

3 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/objecc. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the sround area passed over S ~ P I  
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 
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INPUT 'ARAMETER SUMMARY - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  
PHYSIOCHEMICAL PROPERTIES CF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 

VAPOR PRES AT CONTAINEX TEMP = 2400 psia 

VAPOR PRES AT AMBIENT TEMP = 2400.1 psia 

SPECIFIC HEAT RATIO FOR GAS = 1.4 

LOWER HEAT OF COMBUSTION '= 191.7 Btu/lb 
GAS EXPLOSION YIELD F-ACTOR = .03 

MOLECULAR WEIGHT = 2.0159 

= 124167 rnrn Hg 

= 124167 rnm Hg 

LOWER FLAMMABLE LIMIT (LFL) = 4 vol% 

TOXIC VAPOR LIMIT = 40000 PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTEXS = 15.72 lbs 
DISCHARGE HOLE DIAMETZ3 = .65 inch (es ) 
DISCHARGE COEFFICIENT 3F EOLE = .98 
TEMP OF CONTAINER CONYNTS = 68 degrees F 
TANK RUPTURE PRESSUR2 = 2400 psia 

ZNVIRONMENTAL /LOCATION CE.A2ACTSRI STI CS 
AMBIENT TEMPERATURE = 68 

ATNOSPHERIC STABILITY CLASS = F 
WIND VELOCITY = 2  

VAPOR/GAS DISCFXGE EiGXT = 5  

degrees F 
m p n  

feet 

KEY RESULTS PROVIDED BY U S 3  INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

:KEY RESULTS OVERRIDDEN BY T3ZR AT SOME POINT AFTER CCMPbTATICN 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-6DETON.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of hydrogen 
through 3 holes, 0.375 inches in diameter each, under worst 
case met. conditions taking approximately 3 seconds. 

Compressed gas discharge from container 

Peak discharge rate = 285.5 lbs/min 
Duration of discharge = .OS6 minutes 
Amount discharged = 15.72 lbs 
State of material = Gas 

Downwind distance to concentration of 183000 ppm -- at groundlevel = 3 6 6  feet -- at discharge height = 348 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 128 feet for 
elevated emission source specified by user. 

See attache5 table(s) for further details. 

******* FLAME JET E , ? ! !  EXJ'LTS 

Flame jet length = 501 

Flame jet duratio2 = .056 
Safe separacion distance = 1001 

feet 
feet 
minutes 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 886 684 feet 
Max hazard zone width- . = 443 342 feet 
Max weight explosive gas = 15 16 lbs 
Relative gas/air density 5 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containirig less than 1000 pounds 
of vapor or gas are very unlikely to eqlode when 
completely unconfined, except when oce of a cer- 
tain few materials have been discharged. 

bee attached table ( s )  

- - - - - - -  - - - - - -  

******* EXPLOSION 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS _____--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
Dwnwind Distance Groundlevel Source Eeight Initial Evacuation ___-- - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (ppm) (feet) _________--_------------------------------------------.-------------------- 
100 .02 810178 1000000 73 

87 119 .03 1000000 1000000 
110 13 8 .03 1000000 1000000 
120 157 .03 923907 1000000 
13 0 176 .04 809187 878566 

195 .04 694568 686283 150 
214 .05 591586 552273 160 
233 .05 503275 454611 170 
252 .05 429137 380765 190 
271 .06 367442 323266 200 
290 .06 316214 277455 220 

230 309 .06 273614 240291 
328 .07 238067 209704 240 

240 347 .07 208269 184232 
366 .07 183000 162511 1 - 

*Usually safe for c 1 hour release. Longer rel5ases 01: sudden wizd shifts 
nay require a larger widch or different directisn for the evacuation zone. 
See Chapters 3 and. 12 of the wide for details. Source height s9ecified 
oy the user f x  this scenario was 5 feet. 

100 -- ;79 
13 8 
157 
176 
195 
214 
233 
252 
271 
290 
309 
328 
347 
366 

CAUTION: 

.32 

.03 

..33 

.03 

.!I4 

.04 

.05 

.c)5 

.05 

.06 

.06 

.06 

.37 

.07 

.07 

Ste Tuide for 

.6 

.7 

.8 
-9 
1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2 
2.1 

assumptions 
I 

used in estimating 

1.2 
1.5 
1.7 
1.9 
2.1 
2.3 
2.5 
2.8 
3 
3.2 
3.4 
3.5 
3.8 
4 
4.3 

these tines. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR Wl3IGHT = 2.0159 
VAPOR PRES AT CONTAIN3 TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTELTS = 15.72 lbs 
DISCHARGE HOLE DIAMETZX = .65 inch (es 1 

TEMP OF CONTAINER CONTNTS = 68 degrzes F 
TANK RUPTURE PRESS- = 2400 psia 

DISCHARGE COEFFICIENT OF HOLZ = .98 

ENVIRONMENTAL /LOCATION CHP,ECTERI ST I CS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = T 
VAPOR/GAS DISCHARGE FZIGET = s  

degrees F 
W h  

feet 

KEY RESULTS PXOVIDED BY USE?. INSTEAD OF BY EVALUATION METXODS 
NONE OBSEXTED 

KEY RESULTS OVERRIDDEN BY ZSER AT SOME POINT AFTEX COMPLTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-7.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of 
hydrogen instantaneously through 3 holes, 9 inches in 
diameter each, under average met. conditions. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 34620 
= .001 
= 15.72 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS ESULTS 

Downwind distaxe to concentration of 40000 ppm - -  at groundlevel = 254 feec 
- -  at discharge height = 261 feet 

Peak concentration on ground is 1000000 gpm 
at a downwind distance of 35 feet for 
elevated emission source speciE'ied by user. 

See attached table ( s )  for further 

******* FLAME JET EAZAXD RESULTS 

Flame jet length = 6925 
- e - -  Safe separacicn Cistance = 1 5 s ~ ~  

Flame jet ciuration = .oc)1 

details. 

feet 
fset 
minutes 

******* FLAMMABLE VAPOR CLOUD HA2F-W TEZSLZTS 

For concentration of 1/2 LzL LiL 
- - - - - - -  - - - - - -  

Downwind hazard distance = 341 257 feet 
= 171 13 4 feet Max hazard zone width 

Max weight explosive gas = 2 3  
Relative gas/alr density = 1.01 1.01 initially 
Model used in analysis = Neucrally buoyant 

Note: Clouds or plumes containing less tha2 1000 pounds 
of vapor cr gas are very unlikely to explode when 
completely unconfined, excepc when one of a cer- 
tain few materials have been 6Lscharged. 

35 lbs - c  

******* EXPLOSION I r I Z ~ S :  see attaches table ( s )  . 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
- - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet I 

1 0 0  .02 541204 478767  350 
112 .03 408945 365860  390 
1 2 4  - 0 3  315948 285958 430 
1 3  6 .03 248915 227725 460 
1 4 7  -03 199494 1 8 4 2 6 7  440 
1 5 9  .04  162313 151183  43 0 
1 7 1  * 04 133830 1 2 5 5 6 0  410 
1 8 2  .04 111653 105415  390 
1 9 4  .04 94135 8 9 3 6 1  360 
206 .04  80116 76415 340 
217 - 0 5  68764 65860 300 
229 . c 5  59474 57170 270 
2 4 1  .c.5 51798 4 9 9 5 1  220 
253 . 3 5  45399 43904 1 5 0  
264 .05  40000  3 8 8 0 1  - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - -  

1 

*Usually safe for e 1 hour rdease. Longer reieases or sudden wind shifts 
may require a larger width or alriererrt direction for the evacuacion zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
by the user f z r  this scenario was 5 feet. 

.. c c  

130 
1 1 2  
1 2 4  
1 3  6 
1 4 7  
1 5 9  
1 7 1  
1 8 2  
1 9 4  
206 
217 
229 
2 4 1  
253 
264 

CAUTION: 

.02  

.33 

.03 

.33 

.03 

. ‘34 

. a 4  

.34  

.94  

.34  

.05  

.c)s 

.05  

.05 

.05 

see quide 

.2  

.2 
- 2  
.2  
- 2  
.3 
.3 
.3 
.3  
.3  
.3 
- 3  
. 4  
.4  
.4 

for assumptions used 
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.3 

.3 

. 4  

.4 

.4  

.5  

.5 

.5 

.5 

. 6  

. 6  

.6 

.7  

.7  

. 7  

in estimating these times. 
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20 

5 

9 
4 

8 

6 

3 

369 
52 

20 

12 

- 
- 
- 

11 

7 

5 

- 

- 

Occasicnal breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 

34 Windows usually shattered; some frame damage. 
Partiai demolition of homes; made uninhabitable. 

20 Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 

12 Non-reinforced concrete/cinder block walls shattered. 
11 Range 90-1% eardrum rupture among exposed population. 

50% destruction of home brickwork. 
9 Frameless steel panel buildings ruined. 

Wooden utility poles snapped. 
7 Nearly complete destruction of houses. 

Probable total building destruction. 
4 Range for 99-1% fatalities among exposed populations 

due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion. can be anywhere 
within the ground. area passed over by the cloud or plume. See 
results of the vacor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Evlosion is 
assumed to take ?lace on or near the ground. . , . ,  
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = -03 
TOXIC VAPOR LIMIT = 40000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 15.72 lbs 
DISCHARGE HOLE DIAMETER = 9  inch (es ) 

TEMP OF CONTAINER CONTENTS = 6 8  degrees F 
TANK RUPTURE PRESSbW = 2400  psia 

DISCHARGE COEFFICIENT OF HOLE = -62 

ENVIRONKENT,AL/LOCATION CHARACTER1 STI CS 
AMBIENT TEMPERATURE = 6 8  
WIND  LOC CITY = 9  
ATMOSPEERIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE HEIGHT = s  

degrees F 
mPh 

feet 

KEY RESULTS PROVIDED BY USER INSTEAi3 OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVERRIDDEN BY USER AT SOY? POINT AFTER COMPUTATION 
NONE OBSEXVED 
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FAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-7DETON.ASF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of 
hydrogen instantaneously through 3 holes, 9 inches in 
diameter each, under average met. conditions. 

******* 

i****** 

******* 

******* 

Note: 

DISCKARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate = 34620 

Amount discharged = 15.72 
State of material = Gas 

Duration of discharge = -001 
lbs/min 
minutes 
lbs 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentration of 183000 ppm -- at groundlevel = 152 feet 
-- at discharge height = 148 feet 

Peak concentration on ground is 1000000 ppn 
at a downwind distance of 34 feet for 
elevated emission source specified by user. 

See attached table ( s )  for further details. 

FLAME J",T FAZARD RESULTS 

Flame jet length = 6926 
Safe separacion distailce = 13851 
Flame jet euraticn = .001 

feet 
feet 
minutes 

FLAMMABLE VAPOR CLOUD FAZARD R3SULTS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 341 267 feet 
Max hazard zone width = 171 i34 feet 
Max weight explosive gas = 35 35 lbs 
Relative sas/air density = 1.01 1.01 initially 
Model used in analysis 7 Neutrally buoyant 
Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explcde when 
completely unconfined, except when one cr^ a cer- 
tain few materials have been discharged. 

------- - - - - - -  

******* EXPLOSION FAZARDS: $ee attached table(s)' 
# 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
_--------- - - - - - - -  Concentration Concentration Zone Width* 
(feet) . (miles) (PPm) (PPm) (feet) 

100 .02 541204 478767 230 
104 .02 494106 438583 230 

____-__- - - -___- -_____^__________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

108 -03 452193 402817 220 
112 .03 414795 370863 210 
115 .03 381338 342217 200 
119 .03 351332 316453 190 
123 .03 324352 293214 180 
126 .03 300036 272196 170 
13 0 .03 278069 253138 160 
134 .03 258178 235816 150 
137 .03 240128 220036 140 

120 141 .03 223714 205631 

149 .03 1,05099 180376 67 
145 .03 208756 192453 94 

152 .03 183000 169286 1 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
may require a larger widt:?, or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS _- -__ -_______________- - - - - - - - - - - - - - - - -_ - - - - - - - - - - - - - - -  - - - - - - - - - - - - -_ - -_ - - -  
Downwind Distznce Concaminant Arrival Time Contaminant Departure Time 

(feec) (miles) (minutes (minutes) 
at Downwind Location at Downwind Location - - - - - - - - - - _ _ - _ _ _ _  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - _ - _ _ _ _ _ _ - _ _ _ _ _  
100 .02 .2 .3 
104 .02 .2 .3 
108 .03 .2 .3 
112 .03 . 2  .3 
115 .03 .2  .3 

. c3 .2 . 4  

.03 .2 - 4  
125 .03 - 2  .4 

-03 .2 .4 
.03 .2 .4 
-03 .2 . 4  

141 .03 .2 .4  
145 -03 .2 .4  

.03 - 2  . 4  

.03 .2 . 4  

119 
123 

13 0 
134 
137 

149 
152 

CAUTION: See guide for assumptiohs used in estinating these times. 
# 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 ps ia  

VAPOR PRES AT AMBIENT TEMP = 2400.1 p s i a  
= 124167 mm Hg 

= 124167 rnm Hg 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 Btu/lb 
GAS EXPLOSION YIELD FACTOR = .03 

vol% 

TOXIC VAPOR LIMIT = 183000 P P m  

CONTAINER CHARACTER1 STI CS 
CONTAINER TYPE = Eorizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 15.72 lbs 
DISCHARGE HOLE DIAMETER = 9  inch(es) 

TEMP OF CONTAINER CONTEANTS = 6 3  degrees F 
TANK RUPTURE PRESS'TJRE = 2400 psia 

DISCHARGE COEFFICIENT OF UOLE = .52 

degrees F 
ENVIRONMENTPL/LOCATION CFi3lXACTE3ISTICS 

AiiBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  m p n  
ATMOSPHERIC STABILITY CLASS = c  
VAPOR/GAS DISCHARGE S-ISIGET = 5  feet 

KEY RES'JLTS PROVIDED BY USER IYSTJZAD OF SY EVALUATION METHODS 
XONE OBSEWED 

KEY RESLJTS OVEKIIDDEN BY USE?, AT SOME 3OINT AFTER COMPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-8.XF 

*** SCENARIO DESCRIPTION 
3 cylinders release a total of 3,000 cubic feet of 
hydrogen instantaneously through 3 holes, 9 inches in 
diameter each, under worst case met. conditions. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate * = 34620 lbs/min 
Duration of discharge = .001 minutes 
Amount discharged, = 15.72 lbs 
State of material = Gas 

******* TOXIC VAPOR DISPERSION ANALYSIS RESUZTS 

Downwind distance to concentration of 40000 ppm 
-- at groundlevel = 9 0 0  feet 
-- at discharge height = 8 8 7  feet 

Peak concentracion on ground is 1000000 I;cm 
at a downwind distance of 123 feet for 
elevated emission source specified by user. 

See attached, tzble(s) for further details. 

******* 

******* 

Note: 

******* 

FLAME JET EIAZXW RESULTS 

Flame jet lencth = 6926 feet 
Safe separatior? distance = 13851 feec 
Flame jet 6uraticn = .001 minutes 

FLAMMABLE V-WOR CLOUD EAZARD RESULTS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 1187 914 feet 
Max hazard zone width = 594 457 feec 
Max weight explosive gas = 35 35 lbs 
Relative gas/air density = 1.01 1-01 initially 
Model used in analysis p Neutrally bucyant 
Clouds or plumes containing less than l o c o  pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when cne cf a cer- 
tain few materials have been discharged. 

EXPLOSION Hums: ,See attached table (s) 

- - - - - - -  

4 

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS ____- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
awnwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feet) (miles) , (PPm) (PPm) (feet) 

100 .02 1000000 1000000 73 
158 .03 '1000 0 00 1000000 120 

160 215 .05 1000000 1000000 
272 .06 819165 720574 200 
329 .07 524952 462477 240 
386 .08 354610 316911 290 
443 .09 250618 227401 330 
500 .1 183884 169080 370 
558 .11 139166 129382 410 
615 .12 108077 101395 450 
672 -13 85778 81077 490 
729 . 14 69350 65956 540 
786 .15 56966 54458 580 
843 .16 47443 , 45552 620 
900 .18 40000 38539 1 

_______- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different eirection for the evacuation zme. 
See Chapters 3 and 12 of the guide f o r  &tails. Source height specified 
by the user for tlis scenario was 5 feet. 

100 
158 
215 
272 
329 
386 
443 
500 
558 
615 
672 
729 
786 
843 
900 

CAUTION : 

.02 

.03 

. 0 5  ' 

.06 

.07 

.08 

.09 

* 11 
.12 
.13 

.15 

.15 

.18 

1 
.A 

1 4  . - -  

See TLide 

. 6  

.9 
1.3 
1.6 
1.9 
2.2 
2.6 
2.9 
3.2 
3.5 
3.9 
4.2 
4.5 
4.8 
5.2 

for assumptions 
I 

4 

I 
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1.2 
1.8 
2.5 
3.1 
3.8 
4.4 
5.1 
5.7 
6.4 
7 
7.7 
8.3 
9 
9.6 
10.3 

used, in estimating these times. 



369 
52 

20 - 34 
20 

12 
9 - 12 
4 - 11 

11 
a - 9  

7 
6 - 7  

5 
3 - 4  

5 .  - 20 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel pace1 buildings ruined. 
Wooden utility poles snapped. 
Nearly complete descruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blasc effects. 

Note: The center of an unconfined s.as/vapor explosion can be anywhere 
within the ground area passed. over See 
results of the vapor cloud fire hazard analysis f o r  che maximum 
downwind. distance and maximurn width of this area. Explosion is 
assumed to take place on or i1szr the ground. 

by the cloud o r  plume. 

, 
4 



INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGHT = 2.0159 
VAPOR PXES AT CONTAINER TEMP = 2400 psia 

VAPOR PRES AT AMBIZNT TEMP = 2400.1 psia 

LOWER FLAMMABLE LIMIT (LFL) = 4 vol% 
LOWER HEAT OF COMBUSTION = 191.7 Btu/lb 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

= 124167 mm Hg 

= 124167 mm Hg 
SPECIFIC HEAT RATIO FOR GAS = 1.4 

PPm 

CONTAINER CKARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIFIT OF CONTENTS = 15.72 lbs 
DISCHARGE EOLE DIAMETER = 9  inch (es) 

TEMP OF CONTAINER CONTENTS = 6 8  degrees i? 
TANK RUPTUR3 PRESSURE = 2400 p s i a  

DISCHARGE COEFFICIENT OF HOLE = .62 

ENVIRONMENTFL/LOCATION CIFFRACTERISTICS 
AMBIENT TEMPERATLTE . = 6 8  
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE IIEIGHT = 5  

degrees F 
mph 

feet 

KEY RESULTS PROVIDED 3V USER INSTEAD OF 2V EVALUATION METHODS 
NONE OBSEZWD 

KEY RESULTS OVZRRIDDEN 3Y USER AT SOME DGIXT AFTEX COMPUTATIGX 
NONE OBSEEVED 

4 

4 

4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-8DETON.ASF 

*** SCENARIO DESCRIPTION 
3 cylir,ders release a total of 3,000 cubic feet of 
hydrogen instantaneously through 3 holes, 9 inches in 
diameter each, under worst case met. conditions. 

******* DISCWLRGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 34620 
= .001 
= 15.72 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION A.NUYSIS RESl77LTS 

Domwind distance to conceccration cf 183000 ppm 
- -  at groundlevel = >01 feet 
- -  at discharge height = 485 feet 

Peak concentration on grour,d. is 1000000 ppm 
at a downwind distance of 124 fset for 
elevated emission source specified by user. 

See attached table(s) for fxrther &tails. 

* * * * * * * FLX'PIE JET Y-?lZARD RESULTS 

Flane j e t  lengtn = 5 9 2 5  
Safe separation distance = 13851 
Flame j e t  euration = .001 

feet 
feet 
minutes 

For concentration of 

feet Downwind hazard distance = 1187 914 
Max hazard zone width = 594 457 feet 
Max weight explosive gas = 35 3 5  lbs 
Relative gas/air density =: 1.01 1,01 initially 
Model used in analysis 

Note: Clmds or plumes containifis less than 1000 pounds 
of vapor o r  gas are very unlikely to explode whec 
csmpletely unconfined, except whez one of a cer- 
tain few materials have beer!. discharged. 

Neutrally buoyant 

4 

******* EXXOSION FAZARDS: See attache5 table (s) 
'4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
mnwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - -  
(feet 1 (miles) (PPm) (PPm) (feet) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 .02 1000000 1000000 73 

1000000 . 94 129 .03 1000000 
158 .03 1000000 1000000 120 
186 .04 1000000 1000000 140 
215 .os 1000000 1000000 160 
244 .05 1000000 930124 180 
272 .06 816419 718084 200 
301 .06 648845 569410 220 

240 330 .07 522881 460702 
358 .07 427017 378773 270 

290 387 .08 353067 315591 
415 .08 295249 265967 310 
444 .09 249457 226393 330 
4 73 .09 212750 194421 340 
501 .1 183000 1 168294 _ .  

rusually safe for c 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different direction for the evacuation zone. 
see Chapters 3 and 12 of the pide for details. Source height specified 
~y the user for this scenario was 5 feet. 

100 
129 
158 
186 
215 
244 
272 
301 
330 
358 
387 
415 
444 
473 
501 

CAUTION : 

.02 

.03 

.03 

.04 
- 0 5  
.os 
.06 
.06 
.07 
.07 

-08 
.09 
.09 
.1 

. o a  

See guide 

.5 

. 8  

.9 
1.1 
1.3 
1.4 
1.6 
1.8 
1.9 
2.1 
2.2 
2.4 
2.6 
2.7 
2.9 

for assumFtions 

1.2 
1.5 
1.8 
2.2 
2.5 
2.8 
3.1 
3.5 
3.8 
4.1 
4.4 
4.8 
5.1 

' 5 . 4  
5.7 

4 
d 

4 
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PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF 'COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CEFARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGET OF CONTENTS 
DISCH74RGE HOLE DIAMETER 

= -423 

DISCHARGE COEFFICIENT OF HOLE = 
TEMP OF CONTAINER CONTENTS - 
TANK RUPTURE PRESSURE - 

- 
- 

2.0159 
2400 
124167 
2400.1 
124167 
1.4 
4 
191.7 
.03 
183000 

Horizontal 
15.72 
9 
.62 
68 
2400 

ENVIRONMENTAL/LOCATION CEFARACTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE HEIGHT = s  

degrees F 
I 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

P P  

cylinder 
lbs 
inch(es) 

degrees F 
psia 

degrees F 
mph 

feet 

KSY RESULTS OVERRIDDEN 3V USER AT SOME P O I > T  AFTER COMPUTATION 
NONE OBSERVED 

, 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-9-93 
NAME OF DISK FILE = P-9.ASF 

*** SCENARIO DESCRIPTION 
30 cylinder stop valves release 30,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
average met. conditions taking approximately 25 seconds. 

******* 

******* 

* * * * * * * 

******* 

Note: 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate = 380.1 

Amount discharged = 157.2 
Duration of discharge = .414 

State of material = Gas 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

lbs/min 
minutes 
lbs 

Downwind distance to concentraticn of 40000 ppm 
- -  at groundlevel = 282 feec 
- -  at discharge height = 277 feei 

Peak concentration on ground is 551540.4 ppm 
at a downwind distance of 43 feet for 
elevated emission source specified by user. 

See attached table (s) for further details. 

FLAME JET KMARD RESULTS 

Flame jet length = 578 

Flame jet duration - - . a14 -- 
Safe separation distance = 1155 

F W U B L E  VAPOR CLOUD HqZFD RESLITS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 413 286 feet 
Max hazard zone width = 207 143 feer 
Max weight explosive gas = 158 138 lbs 
Relative gas/air density = 1.01 1.01. initially 
Model used in analysis = Neutrally buoyant 
Clouds or plumes containieg less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, excegt wnen one of a cer- 
tain few materials have bee2 discharged. 

------- - - - - - -  
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feet) - -  (feet) (miles (PPm) (PPm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

100 .02 238980 211410 350 
113 .03 197464 176883 400 

440 126 * 03 165437 150095 

152 -03 120537 111754 480 
165 .04  104564 97787 460 

13 9 .03 140398 128861 490 

178 - 0 4  91546 86248 440 
191 .04 80811 76615 420 
204 .04 71860 68498 390 
217 - 0 5  64323 61599 360 
230 .05 57918 55688 330 
243 .05 52431 50589 290 

259 .06 435ao 42290 170 
256 . 0 5  47635 46150 240 

282 .06 40000 38889 1 

*Usually safs for c 1 hour rzlease. Longer releases or sudden wind shifts 
may require a larger width or differest direction for the evacuation zone. 
See Chapcers 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feec. 

100 
113 
125 
13 9 
152 
155 
178 
191 
204 
217 
230 
243 
256 
259 
282 

CAUTIGN: 

.02 

.03 

.03 

.03 

.03 

. 0 4  

.Ob 
- 0 4  
- 0 4  
.05  
.05 
* 05 
.05 
.06 
- 0 6  

.2 
-2 
.2 
.2 
.2 
.3 
.3 
.3 
.3 
.3 
.3 
.a 
.4 
.$ 
.4 

See guide for assunptions # 

, 

.7 

.7 

.8 

. 8  

. 8  

.9 

.9 
-9 

1 
1 
1.1 
1.1 
1.1 
1.2 

7 
& 

used in estimating these times. 



UNCONFINED VAPOR CLOUD EXPLOSION EFFEXTS 

31 

8 

15 
7 

12 

9 

5 

583 
83 

31 

19 

- 
- 
- - 

16 

11 

7 

- 
- 
- 

Note: 

Note: 

54 

31 

19 
17 

15 

11 

6 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object . 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snaDped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 94-1% fatalities among exposed. populations 
due to direct blast effects. 

The center of an unconfined gas/vapor eqlosion can be anywhers 
within the grour,C area passed over See 
results of the vagor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 
Fragments of tarks that suddenly ruDture may become airborne and 
travel considerable distances. See guide for more information. 
Note that the tank is assumed. to be on or near the ground. 

by the cloud or plume. 

4 

4 

4 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PESIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CFULRACTERI STI CS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 

= -423 
= 2.0159 
= 2400 
= 124167 
= 2400.1 
= 124167 
= 1.4 
= 4  
= 191.7 
= .03 
= 40000 

degrees F 

p s i a  
mm Hg 
psia  
mm Hg 

vol% 
Btu/lb 

PPm 

= Horizontal  cylirrder 
= 157.2 . lbs 
= . 75  inch (es 1 

DISCHARGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 68 decrees F 
TANK RUPTURE PRESSURE = 2400 p s i a  

EWIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPF-RIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE EEIGHT - - c :  

4 

degrees F 
mph 

Jz Leet 

ZX3V RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

:EY R3SULTS OVEIiRIDDEN BY USER J-12 SOME lOINT AFTER CCMWTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 9-9-93 
= P-9DETON.ASF 

*** SCENARIO DESCRIPTION 
30 cylinder stop valves release 30,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
average met. conditions taking approximately 25 seconds. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

from container 

= 380.1 
= .414 
= 157.2 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentration of 133000 ppm - -  at groundlevel = 119 feet - -  at discharge height = 111 feet 

Peak concentration on ground is 551461.9 ppm 
at a downwind distance of 03 feet for 
elevated emission source specified by user. 

See attached table ( s )  for further details. 

******* FLAME JZT HAZAIiD RESULTS 

Flame jet length = 578 
Safe segaration distance = 1155 
Flame jet duration = .414. 

feet 
feet 
minutes 

******* FLAMM33LE VAPOR CLOUD HAZARD FSSULTS 

For concentration of 1/2 LFL LFL 

Downwizd hazard distance = 013 286 feet 
Max hazard zone width = 207 143 feet 
Max weight explosive gas = 158 13 8 lbs 
Relati7ze gas/air density = 1.01 1. 01 initially 
Model used in analysis + Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

------- - - - - - -  

4 

I 

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind Distance Groundlevel Source Height Initial Evacuation 

(feet) (miles) (PPm) (PPm) (feet) 

100 .02 238980 211410 130 
102 .02 234268 207484 130 
103 .02 229683 203667 120 
104 .02 225219 199955 120 
106 .02 220875 196344 110 
107 .03 216645 192829 110 
108 .03 212528 189408 98 
110 .03 208518 186076 92 
111 .03 204614 182831 85 
112 -03 200812 . 179669 78 
114 .03 197108 176587 70 
115 .03 193501 173583 61 
116 .03 189986 170653 50 
118 .03 186561 i67796 36 
119 .03 183000 165009 1 

Concentration Concentrat ion Zone Width* ----------------- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Usually safe for c 1 hour release. Longer releases or sudden wind snifts 
may require a larger width or different direction for. the evacuation zone. 
See Chapters 3 and 12 of the guide for decails. Source height specified 
by the user far this scenario was 5 feet. 

100 
102 
103 
104 
106 
107 
108 
110 
111 
112 

. 7 1 4  -- 
115 
116 
i18 
119 

CM7I'ION : 

-02 
.02 
.02 
.02 
.02 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 

See wide 

. 2  

.2  

.2  

.2 

. 2  

.2 

.2 

.2 

. 2  

.2 

.2 

.2 

.2 

.2 

.2 
4 

for assumptions 
4 

used L-?- estimating 

. 7  

.7 

. 7  

. 7  

. 7  

. 7  

. 7  

. 7  

.7 

.7 

.8 

.8 

.8 

.8 

.8 

these times. 
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INPUT PARAMETER SUMMARY 
--------------------------------.--- 

PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT 
MOLECULAR WEIGhT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 
DISCHARGE COEFFICIENT OF HOLE 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURE 

-423 
2.0159 
2400 
124167 
2400.1 
124167 
1.4 
4 
191.7 
.03 
183000 

Horizontal 
157.2 
.75 
.98 
68 
2400 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPErWTURE = 68 
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCZARGE HEIGHT = 5  

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

cylinder 
lbs 
inch (es) 

degrees F 
psia 

degrees F 
mFh 

feet 

KEY RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESTEtTS OVERRIDDEN BY USER AT SOME POINT AFTER COMPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-10-93 
NAME OF DISK FILE = P-1O.ASF 

*** SCENARIO DESCRIPTION 
30 cylinder stop valves release 30,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
worst case met. conditions taking approximately 25 seconds. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount 6ischarged 
State of material 

= 380.1 
= .414 
= 157.2 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC V-LDOR DISPSRSION ANALYSIS RESULTS 
Downwind distance to concentration of 40000 ppm 
- -  at groundlevel = 1575 feet 
- -  at discharge height = 1564 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 151 feet for 
elevated emission source specified by user. 

See attached tabie(s) for further details. 

******* FLAME J",T Es?ZAR3 RESbTTS 

= 578 7 

P lame j ex length 
Safe separation distance = 1155 
Flame jet duration = .414 

feet 
feeE 
minutes 

******* F W J 3 L Z  VAPOR CLOUD HAZARD FSSULTS 

For concentratisn of 1/2 LFL LCL 

Downwind hazard distance = 2097 1585 feet 
Max hazard zone width = 1049 793 feet 

Relative gas/air density =. 1.01 1.01 initially 
Model used in azalysis = Neutrally buoyant 

Note: Clouds or plumes containihg less than 1000 Gounds 
of vagor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

Max weiGht eclcsive gas = 158 158 IbS 

4 

4 
# 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iownwind Distance Groundlevel Source Height Initial Evacuation ----------------- Concentration Concentration 
(feet) (miles) (PPm) (PPm) (feet) 

Zone Width* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 .02 1000000 1000000 73 
206 .04 1000000 1000000 150 
311 .06 1000000 1000000 230 
416 .08 731894 659465 310 
522 .1 485676 448524 380 
627 .12 336323 316074 460 

540 732 .14 241649 229896 
610 838 .16 179259 172044 
690 943 .18 136681 132035 
770 1048 .2 106707 103590 

1153 .22 85018 82853 840 
1259 .24 68939 67390 920 
1364 .26 56763 55626 1000 
1469 .28 47368 46514 1070 
1575 .3 40000 39343 1 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
may require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

TOXIC VAPOR 9ISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance ContaminaEt Arrival Time Contaminant Departure Time 
- - - - - - - - - - - - - - - - -  at Downwind Location at Downwind Location 
(feet) (miles) (mixtes) (minutes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.6 
2.8 

100 
206 * 04 1.2 
311 .06 1.8 a 
416 .08 2.4 5.2 
522 .1 3 6.4 
627 .12 3.6 7.6 
732 .l4 4.2 8.8 
838 .16 4.8 LO 
943 .18 5.4 11.2 
1048 .2 5 12.4 
1153 .22 6.6 13.6 
1259 .24 7.2 14.8 
1364 .26 7.8 16 
1469 .28 8.4 17.2 
1575 . .3 9 18.4 

e .02 . 3  

CAUTION: See guide for assumptiops used in estimating these times. 
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UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS 

583 
83  

31 - 
31 

8 
19 

1; 
7 

12 

9 

- 

- c 

- 
16 

11 

7 

- 
- 

f - 
d 

54 

31 

19 
17 

15 

11 

6 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among eqosed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruized. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probabie total building destruction. 
Range for 99-1% fatalities among e-osed pcgulations 
due to 6irect blast effecEs. 

Xote: The center of an unconfined gas/vapor explosion can be anywhere 
within the groud area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take piace on or near the ground. 

Note: Fragments of tanks chat suddenly rupture may become airborne and 
travel considerable distances. See wide for more izformation. 
Note that the tank Is assumed to be on or near the ground. 

by the cloud or plume. 

4 

4 
4 
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INPUT PARAMETER SUMMARY 
--------------------------------.--- 

PHYSIOCHEMIa PROPERTIES OF MATERIAL 
NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TZMP = 2400 

= 124167 
VAPOR PRES AT -1ENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = a0000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 157.2 lbs 
DISCHARGE HOLE DIAMETER = .75 inch (es) 

T3MP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

DISCHARGE COEFFICIENT OF HOLE = .98 

ENVIRONMENTAL/LOCXTION CX?G?ACT2RISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE HEIGIIT = 5  

degrees F 
mPh 

feet 

KEY E~JLTS PROVIDED BY USER IXSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY FJSULTS OVERRIDDEN BY USE2 AT SOME FOINT Ar’TER COMPUTATION 
NONE OBSERVED 

4 

4 
4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-10-93 
NAME OF DISK FILE = P-1ODETO.ASF 

*** SCENARIO DESCRIPTION 
30 cylinder stop valves release 30,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
worst case met. conditions taking approximately 25 seconds. 

* *** *** DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas disckarge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 380.1 
= -414 
= 157.2 
= Gas 

Ibs/min 
minutes 
lbs 

Downwind distance == concentration of 183000 pprn 
-- at groundlevel = 830 feet - -  at dischar9e height = 814  feet 

Peak concentratioc on ground is 1 0 0 0 0 0 0  ppm 
at a downwind disttnce of 153 feet for 
elevated emission source specified by user. 

See attached tableis) for further details. 

* * * * * * * FUME JET FZAZAW FZSULTS 

Flame jet length = 578 
Safe separation Eszance = 1155 
Flame jet duraticc = .414 

=rat --- 
feet 
minutes 

******* F W ? L E  VAPOR C L X D  H..ZARD RZSljZTS 

For concentratioc cf 1 / 2  LFL LFL 

Downwind hazard distance = 2097 1585 feet 
= 1 0 4 9  793 feet Max hazard zone t r L Z t h  

Max weight explositre gas = 158 158 lbs 
Relative gas/air Ctnsity = 1.01 1.01 initially 
Model used in analysis H Neutrally buoyant 

Note: Clouds or plumes czntaining less than 1000 ~our,ds 
of vapor or gas trzz very unlikely to explode when 
completely unconfized, except when one of a cer- 
tain few materials nave been discharged. 

- - - - - -_  - - - - - -  

68 



TOXIC VAPOR DISPERSION ANALYSIS RESULTS _- - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - - - - - - - - - - - - - - - - - - - - - - -~ . - - - - - - - - - - - - - - - - - - - -  
ownwind Distance Groundlevel Source Height Initial Evacuation ----------------- Concentration Concentration Zone Width* 
(feet) (miles (PPm) (PPm) (feet) ___-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

73 100 .02 1000000 1000000 
120 153 .03 1000000 1000000 

205 .04 1000000 1000000 150 
257 .05 1000000 1000000 190 
309 .06 1000000 1000000 ' 230 
361 .07 926107 822075 270 
413 .08 741804 667813 310 
465 .09 601639 548838 340 
517 .1 493525 455378 380 
569 .11 409098 381113 420 
622 .12 342434 321573 460 

500 674 .13 289250 273456 
530 726 . 14 246404 234269 
570 778 .15 211566 202112 
1 830 .16 183000 175528 

Wsually safe for e 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
~y the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION AXALYSIS RESULTS ------------------------------------------------------.-------------------- 
Downwind Distance Contaminant Arrival Time Contaminant Departure Time 
- - - - - - - - - - - - - - - - -  at Downwind LocatioE at Downwind Location 
(feet) (miles) (minutes ) (minutes) 

100 
153 
205 
257 
309 
361 
413 
465 
517 
569 
622 
674 
726 
778 
830 

CAUTION: 

-02 
.03 
.04 
.05 
.06 
.07 
.08 
.09 
.1 
.11 
.12 
.13 
.l4 
.15 
.16 

See guide for 

.6 

.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 
3 
3.3 
3.6 
3.9 
4.2 
4.5 
4.8 

assumptiops used ir: estimating 

1.6 
2.2 
2.8 
3.4 
4 
4.6 
5.2 
5.7 
6.3 
6.9 
7.5 
8.1 
8.7 
9.3 
9.9 

these times. 
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INPUT PARAMETER SUMMARY 
,,--------------i------------------ 

PHYSIOEEMICAL PROPERTIES OF MATERIAL 
N O R W  BOILING POINT = -423 

VLOR PRES AT CONTAINER TEMP = 2400 
MOECULAR WEIGHT = 2.0159 

= 124167 
= 2400.1 
= 124167 
= 1.4 
- 4  
= 191.7 
= -03 
= 183000 

- 

VLZOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWR FLAMMABLE LIMIT (LFL) 
LOhiR HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAITEX CHARACTERISTICS 
CONTAINER TYPE = Horizontal 
TOTAL WEIGHT OF CONTENTS = 157.2 
DISC'L3RGE EOLE DIAMETER = .75 
DISL"HARGE COEFFICIENT OF EOLE: = .98 
E X ?  OF CONTAINER CONTENTS = 68 
T-2.X RUPTURZ PRESSURE = 2400 

ENVIRCmNTAL/LOCATION CHARACTE2ISTICS 
AMBIENT TEMPERAT- = 68 
WIhT VELOCITY = 2  
ATXOSPEERIC STABILITY CTLASS = F 
VL=OR/GAS DISCHARGE HEIGZT = 5  

degrees F 

psia 
mm Iig 
psia 
mm Hg 

vol% 
Btu/lb 

p??m 

cylinder 
lbs 
inch ( e s  

degrees ? 
psia 

degrees F 
m p n  

feet 

K E  RESLXTS PXOVIDED BY USER INSTEAD OF 3V EVALUATION METXCDS 
Noh3 OBSERVED 

KEY XESZTS OVERRIDDEN BY USER AT SOME 2OINT AFTER COMPUT-A"ION 
N C 3 i  OBSERVXD 

4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-10-93 
NAME OF DISK FILE = P-11.ASF 

*** SCENARIO DESCRIPTION 
38 cylinder stop valves release 38,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
average met. conditions taking approximately 31 seconds. 

******* DISCEAXGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 380.1 
Duration of discharge = .524 
Amount discharged = 199 
State of material = Gas 

lbslmin 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
Downwizd distance to concentration of 40000 ppm 
-- at groundlevel = 282 feet 
- -  at discharge height = 277 feet 

Peak concentration on ground is 551540.4 ppm 
at a dcwnwind distance of 43 feet for 
elevated emission source specified by user. 

See attached table(s1 for further details. 

******* FLAME J'ET HAZARD RESULTS 

Flame jet length = 578 
Safe separation distance = 1155 
Flame jet duration = .524 

feet 
feet 
minutes 

******* FLAMI??.?ZLE VAPOR CLOUD )r,qZARD RISULTS 

For ccncentration of 1/2 LFL LFL 

Downwhd hazard distance = 414 286 feet 
Max Irzzard zone width = 207 143 feet 
Max weight explosive gas = 199 138 lbs 
Relative gas/air density = 1.01 1.01. initially 
Model used in ,analysis 

Note: Clou6s or plumes containing less than 1000 pounds 
of vaDor or gas are very unlikaly to explode when 
comple"c1y unconfined, except when one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

Neutrally buoyant 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 

(feet) (miles) (PPm) (PPm) (feet) 

100 .02 238980 211410 350 
113 .03 197464 176883 400 
126 .03 165437 150095 440 
13 9 -03 140398 128861 490 
152 .03 120537 111754 480 
165 - 0 4  104564 97787 460 
178 .04 91546 86248 440 

204 .04 71860 68498 390 
217 .05  64323 61599 360 
230 .05  57918 55688 330 
243 .05  52431 . 50589 290 

269 .06 43580 42290 170 

Concentration Concentrat ion Zone Width* _--------- - - - - - - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

191 .04 80811 76615 420 

256 .05  47695 46160 240 

282 .06 40000 38889 1 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
may require a larger width or different direction for the evacuation zone. 
See Chagters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

100 
113 
126 
13 9 
152 
165 
178 
191 
204 
217 
230 
243 
256 
269 
282 

CAUTION: 

.02 
- 0 3  
.03 
.03 
.03 
.04  
.04  
.04 
.04 
.05  
- 0 5  
.05 
.05 
.06 
-06 

See guide for 

.2 

.2 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.3 

.4 

.4 

.4  

.4 

assumpt io& 
4 

used in estimating 

.8 

.9 

.9 
-9 
1 
1 
1 
1.1 
1.1 
1.1 
1.2 
1.2 
1.2 
1.3 
1.3 

these times. 

72 



UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS 

5 8 3  
8 3  

31 
3 1  

8 
19 

15 - 
7 

16 
12 - 

11 
4 

7 

- 
- 

- 

- 
r - 
Note: 

Note: 

54 

31 

19 
17 

15 

11 

6 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden ucility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among emosed populations 
due to direct blast effects. 

The center of an unconfined gas/vapor eqlosion. can be anywhere 
within the ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 
Fragments of tanks that suddenly rupture may become airborne and 
travel considerable distances. See guide for more information. 
Note that the tank is assumed to be on or near the ground. 

by the c1ou.d or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICI PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 

VAPOR PRES AT CONTAINER TEMP = 2400 p s i a  

VAPOR PRES AT AMBIENT TEMP = 2400.1 p s i a  

LOWER FLAMMABLE LIMIT (LFL) = 4 vol% 

TOXIC VAPOR LIMIT = 40000 PPm 

MOLECULAR WEIGHT = 2.0159 

' = 124167 mm Hg 

= 124167 mm Hg 

= 191.7 Btu/lb 

SPECIFIC HEAT RATIO FOR GAS = 1.4 

LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR = .03 

CONTAINER CFWRACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 199 lbs 
DISCEAFGZ HOLE DIAMETER = .75 incn (es 1 

TEMP OF C3NTAINER CONTENTS = 5 8  degrees F 
TANK RUPTURE PRESSURE = 2400 p i a  

DISCFBGE COEFFICIENT OF HOLE = .98 

ENVIRONMENT-AL/LOCATION CHARACTERISTICS 
AMBIENT TSMPERATURE = 5 8  
WIND VELOCITY = 9  
ATMOSPHEXIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE HEIGHT = s  

degrees F 
mPh 

feet 

KEY RESbJTS O'V!2RRIDDEN BY USER AT SCIMZ POINT AFTER COMPbTATION 
NONE OESEXVED 

4 

4 

4 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 9-10-93 
= P-11DETO.ASF 

*** SCENARIO DESCRIPTION 
38 cylinder stop valves release 38,000 cubic feet of hydrogen 
through a common manifsld, 0.75 inches in diameter, under 
average met. conditions taking approximately 31 seconds. 

******* 

******* 

******* 

******* 

Note: 

DISCHARGE FATE/DURl4TION ESTIMATES 

Compressed gas discharge 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

from container 

= 380.1 
= .524 
= 199 
= Gas 

lbs/min 
minutes 
lbs 

TOXIC VAPOR DISPERSION ANALYSIS FSSUrJTS 

Downwind distance co concentration of 183000 ppm 
- -  at groundlevei = 119 feet -- at discharge height = 111 feet 

Peak concentration on ground is 551461.3 pDm 
at a downwind distance of 43 feet for 
elevated emissioc source specified by user. 

See attached tableis) for further details. 

FLAME JET HAZLW ESULTS 

Flame jet length = 578 

Flame jet duracicr, = .524 
Safe separaticn distance = 1155 

feet 
feet 
minutes 

FLAMMABLE VAPOR C X U D  X?.Z-W RESULTS 

For concentration cf 1/2 LFL LFL 

Downwind hazard Eistance = dl4 286 feet 
Max hazard zone width = 207 143 feet 
Max weight explosive gas = 199 13 8 lbs 
Relative gas/air c'tnsity = 1.01 1-01 initially 
Model used in analysis 2 Neutrally buoyant 
Clouds or plumes csntaining less than 1000 pounds 
of vapor or gas art very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

4 

1 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - -  
Downwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  
(feet) - - - - - - - - - - -  (feet) (miles) (ppm) (PPm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

211410 13 0 100 .02 238980 
102 .02 234268 207484 13 0 

203667 120 133 .02 229683 
199955 120 LO4 -02 225219 
196344 110 l06 .02 220875 

108 -03 212528 189408 98 
:10 .03 208518 186076 92 
'71 .03 . 204614 182831 85 

.03 200812 179669 78 ,12 

.03 197108 176587 70 114 -. .03 193501 173583 61 -,5 - -  .03 189986 170653 50 - ~ 6  

.03 186561 157796 36 118 
-29 

107 .03 216645 . 192829 110 

--- 

- -  -03 183000 165009 1 

XCsually safe for e 1 hour release. Longer releases c r  sudden wind shifts 
may require a larger widtk or different direction for the evacuation zone. 
Ssz Chapters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

100 
1 0 2  
103 
104 
106 
107 
108 
110 
111 
112 
ll4 
115 
116 
118 
119 

CAUTION : 

.02 

.02 

. 0 2  

.02 

.02 

.03 
-03 
.03 
.03 
-03 
.03 
.03 
.03 
.03 
* 03 

See guide for 

.2 

.2 

.2 

.2 
-2 
.2 
.2 
- 2  
.2 
.2 
.2 
.2 
.2 
.2 
.2 

assumptiohs . 
4 

.8 

.8 

.8 

.8 

.8 

.8 

.8 

.9 
- 9  
.9 
- 9  
.9 
.9 
.9 
.9 

used in estimating these times. 
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INPUT PARAMETER SUMMARY ---------------------------------.-- 
PHYSIOC-ZMICAL PROPERTIES OF MATERIAL 

NORii BOILING POINT = -423 
MOLZCULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

degrees F 

psia 
rnm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

P P m  

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal. cylinder 
TOTAL WEIGHT OF CONTENTS = 199 lbs 
DISCHARGE HOLE DIAMETER = . 7 5  inch (es ) 
DISCHARGE COEFFICIENT OF EOLE = . 9 8  
TEMP OF CONTAINER CONTENTS = 6 3  decrrees C 
ThTi RUPTURE PRESSURE = 2400 psis 

ENVIRONNENTAL/LOCION CHARF-CTERISTICS 
AM3lENT TEMPERATURE = 6 8  
WIND VELOCITY = 9  
ATXOSPHERIC STABILITY CTLASS = C 
VAEEOR/GAS DISCHARGE HEIGHT = 5  

degrees F 
m P h  

feet 

KEY RESTLTS PROVIDED BY USER INSTW OF 3Y EVALUATION METI-ICDS 
NONE OBSERVED 

mY RESLZTS OVERRIDDEN BY USER AT SOME 2OINT AFTER COMPUTATION 
YON3 OBSERVED 

1 

4 
1 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hykogen 
= PDL 
= 9-10-93 
= P-12.ASF 

*** SCENARIO DESCRIPTION 
38 cylinder stop valves release 38,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
worst case met. conditions taking approximately 31 seconds. 

******* DISCHARGE RATE/DlRATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 380.1 
Duration of discharge = .524 
Amount discharged = 199 
State of material ‘ = Gas 

lbs/min 
minutes 
lbs 

Downwind distance ta concentration of 40000 pgm 
- -  at groundlevel = 1710 feet 
- -  at discharge height = 1700 feet 

Peak concentraticz on ground is 1000000 ppn 
at a downwind diszance of 149 feet for 
elevated emission source specified by user. 

See attached table!s) for further details. 

******* FLAME JET HAZARD rGSULTS 

Flame jet length = 5 7 8  

Flame jet duraticz = .524 
Safe separation eistance = 1155 

feet 
feet 
minutes 

******* FLAMMABLE VAPOR CXVJD HAZARD WSULTS 

For concentratioc of 1/2 LFL LFL 

Downwind hazard ciistance = 2287 1721 feet 
Max hazard zone width = 1144 861 feet 
Max weight explosive gas = 200  
Relative gas/air eensity = 1.01 1.01 initially 
Model used in analysis L Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to emlode when 
completely unconfhed, except when one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

200 lbs 

, 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
-----------------------------------,- ,---------------.--------------------- 
mnwind Distance Groundlevel Source Height Initial Evacuation 

Concentration Concentration Zone Width* _--------- - - - - - - -  
(feet) (miles) (PPm) (PPm) (feet) _____- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - -  
1 0 0  .02  1000000  1000000 73  

1 6 0  215 .05  1000000 1000000  
940273 250 330 . 0 7  1000000 

445  , .09  669849 608118 ,  330 
560 .11 449969  418542 410 
675 .13  316465  299247 500 

660 
1020  . 2  1 3 3 0 5 9  129019 750 

830 
a i 9 2 3  910 1250  .24 83825  
66918 1 0 0 0  

1480  - 2 9  5 6 4 3 7  55429 1080 
1 5 9 5  . 3 1  47244 46oas  1170 
1710  . 3 3  40000 

790 .15 230549 220476 580 
905 .18  172958 166728 

1135 .22  1 0 4 6 1 7  101891  

1 3 6 5  .26  68285  

39415 1 

*Usually safe for e 1 hour release. Longer releases o r  sudden wind shifts 
may require a larger width or different direction for the evacuation mne. 
See Chapters 3 and 1 2  of the guide for details. Sou:cce height specified 
by the user for this scer,ario was 5 feet. 

TOXIC VAPOR DISPERSION AXILYSIS RESULTS 

1 0 0  
215 
330 
445 
560 
675 
790 
905 
1 0 2 0  
1 1 3 5  
1250  
1 3 6 5  
1480  
1 5 9 5  
1710  

CAUTION: 

.02  

. 0 5  

.07 

. 0 9  

.11 

. 1 3  

. 1 5  

. 18  

. 2  

.22  

.24  

. 26  

. 29  

. 3 1  

. 3 3  

See wide 

. 6  
1 . 3  
1 . 9  
2 . 6  
3 . 2  
3 . 9  
4 . 5  
5 . 2  

6 . 5  
7 . 2  
7 . 8  

9 . 1  

5 . 8  

a s  

9 . 8  

for assumptions used 
I 

I , 
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in estimating 

1 . 7  
3 
4 . 3  
5 . 6  
6 . 9  

9 . 6  
1 0 . 9  
12’. 2 
13.5 

1 6 . 1  
1 7 . 4  
1 8 . 7  
20 

8 . 2  

1 4 .  a 

these times. 



UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DISTANCE FROM EXPLOSION EXPECTED DAMAGE 

(feet) 

583 .Occasional breakage of large windows under stress. 
83 Some damage to home ceilings; 10% window breakage. 

31 - 54 Windows usually shattered; some frame damage. 
31 Partial demolition of homes; made uninhabitable. 

8 - 31 Range serious/slight injuries from flying glass/object. 
19 Partial collapse of home walls/roofs. 

15 - 19 Non-reinforced concrete/cinder block walls shattered. 
7 - 17 Range 90-1% eardrum rupture among exposed population. 

16 50% destruction of home brickwork. 
12 - 15 Frameless steel panei buildings ruined. 

11 Wooden utility poles snapped. 
9 - 11 Nearly complete destruction of houses. 

7 Probable total building destruction. 

_-_----------------------------------------------------------------------- 

- 6  Range for 99-1% fatalities among exposed papulations 
due to direct blast effects. 

5 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the ground area passed over See 
resulcs of the vapor cloud fire hazard, analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

Note: Fragments of tanks that suddenly rupture may become airborne and 
travel considerable distances. See wide for more information. 
Note that the tank is assumed to be on or near the ground. 

by the cloud or plume. 

4 

4 

4 
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INPUT PARAMETER SUMMARY --------------------------------..-- 
PHYSIOCHEMICAL PROPEXTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGZT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 

= 124167 
VAPOR PRES AT AMBIENT TEMP = 2400.1 

= 124167 
SPECIFIC HEAT UTI0 FOR GAS = 1.4 
LOWER FUMMABLZ LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

= Horizontal, cylinder 
= 199 lbs 

DISCHARGE HOLE DIAMETER = -75 
DISCHARGE COEF'ICIENT OF HOLE = .98 
TEMP OF CONTAIXER CONTENTS. = 68 
TANK RUPTURE F3.ESSURE = 2400 

ENVIRONMENTAL /LOCAT I ON CHP-RACTERI S T I CS 
AMBIENT TEMPEXA- = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STTaILITY CLASS = F 
VAPOR/GAS DISCCARGE HEXGHT = 5  

inch (es 1 

degrees F 
psia 

degrees F 
mph 

feet 

K3Y RESULTS PROVIDED BY USER -INSTEAD OF BY EVALUATION METXODS 
NONE OBSERVED 

m y  ~SULTS OVERJXIXEN BY USER AT SOME POINT w:rm COMPUTATION 
NONE OBSERVED 

I 

I 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-10-93 
NAME OF D I S K  FILE = P-12DETO.ASF 

*** SCENARIO DESCRIPTION 
3 8  cylinder stop valves release 38,000 cubic feet of hydrogen 
through a common manifold, 0.75 inches in diameter, under 
worst case met. conditions taking approximately 31 seconds. 

******* 

******* 

******* 

******* 

Note: 

DISCHARGE F!ATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate = 380.1 lbs/min 
Duration of discharge = .524 minutes 
Amount discharged = 199 lbs  
State of material = Gas 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentration of 183000 ppm - -  at groundlevel = 882 feet 
feet - -  at discharge height = 866 

Peak concentration on ground Is 1000000 ppm 
at a downwind distance of 147 feet for 
elevated emission source specLfied by user. 

See attached. table ( s )  for furzher details. 

FLAME RESULTS 

= 578 -.. Flame jet le l lgch 
Safe separation distance = --55 
Flame jet duration = .524 

feet 
feet 
minGtes 

F'UMMABLE VAPOR CLOUD HAZARD 3EST3LTS 

For concentration of 1 / 2  LFL LFL 

Downwind hazard distance = 2287 1721 feet 
feet Max hazard zone width = 1244 8 6 1  

Max weight explosive gas = 290 2 0 0  lbs 
Relative gas/air density =' 1.01 1.01 initially 
Model used in analysis f Xeutrally buoyant 
Clouds or plumes containing l e s s  than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, excegt when one of a cer- 
tain few materials have beer, discharged. 

- - - - - - -  - - - - - -  

I 

I 
I 
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TOXIC VAPOR DISPERSION ANALYSIS RESmTS .__-_-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
xmwind Distance Groundlevel Source Height Initial Evacuation - - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet) 

100 .02 1000000 1000000 73 
156 .03 1000000 1000000 120 

268 .06 1000000 1000000 200 

_ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  

212 .05 1000000 1000000 160 

324 .07 1000000 967387 240 
280 380 .08 865661 772248 

435 .09 695432 629741 320 
491 .1 567936 521173 360 
547 .11 470023 436161 400 
603 .12 393317 368358 440 
659 .13 332285 313575 480 
715 .14 283118 268868 520 
770 .15 243094 232081 570 

610 826 .16 210213 201586 
1 882 .17 183000 176135 

‘Usually safe for e 1 hour release. Longer releases or sxdden wind shifts 
nay require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the Fide fsr details.. Source height specified 
2y the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION ANALYSIS FSSLZTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

100 
156 
212 
268 
324 
380 
435 
491 
547 
603 
659 
715 
770 
826 
882 

CAUTION: 

.02 

.03 

.05 

.06 
-07 
.08 
.09 
.1 
.I1 
.12 
.13 
,111- 
.15 
.16 
.17 

See guide for 

.5 

.9 
1.3 
1.6 
1.9 
2.2 
2.5 
2.8 
3.2 
3.5 
3.8 
4.1 
4.4 
4.7 
5.1 

assumptions 
4 

4 
4 

1.7 
2.3 
3 
3.6 
4.3 
4.9 
5.5 
6.2 
5.8 
7.4 
8.1 
8.7 
9.3 
10 
10.6 

used in estimating 3ese times. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPE3TIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGZT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2400 psia 

VAPOR PRES AT AMBIENT TEMP = 2400.1 psia 

SPECIFIC HEAT 2ATIO FOR GAS = 1.4 
vol% LOWER FLAMMABLE LIMIT (LFL) = 4 

LOWER HEAT OF COMBUSTION = 191.7 Btu / lb  
GAS EXPLOSION YIELD FACTOR = -03 

= 124167 mm Hg 

= 124167 mm Hg 

TOXIC VAPOR LINIT = 183000 PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = . Horizontal cylinder 

DISCHARGE HOLE DIAMETER = . 75  inch (es) 

TEMP OF CONTAIX3R CONTENTS = 68 degrees F 
TANK RUPTURE PWSSURE = 2400 psia 

TOTAL WEIGHT OF CONTENTS = 199 lbs 

DISCHARGE COEF’ICIENT OF HOLE = .98 

ENVIRONMENTAL/LOCATION CHARACTER1 STI CS 
AMBIENT TEMPERATURE = 68 

ATMOSPHERIC ST>3ILITY CTZS = F 
WIND VELOCITY = 2  

VAPOR/GAS DISC3RGE HEIGHT = 5  

degrees F 
ngn 

feet 

KEY RESULTS PROVIDE2 BY USER INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KZY RESULTS OVERRIG2EN BY USER AT SOME POINT WTER C3MPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 9-16-93 
NAME OF DISK FILE = B-1.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 220 cubic feet of hydrogen 
through a hole .375 inches in diameter under average 
met. conditions taking approximately one second. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak 2ischarge rate 
Duraticn of discharge 
Amount discharged 
State of material 

= 79.2 
= .013 
= 1  
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC 'TIPOR DISPERSION PiAL,YSIS ZZSULTS 

Downwizd distance to concentratisn of 40000 ppm 
- -  at sroundlevel = 66  feet 
-- at discharge height = 64 feet 

Peak cancentration on ground is i9878.1 pprn 
at a Eownwind distance of 37 feez for 
elevattd emission source specifid by user. 

See zttached table (s) for further details. 

******* FLAME ZET HAZELPD RESTjZTS 

Flame jet length = 264 

Flame jet duration = .Oi3 
Safe seFaration discancs = 527 

feet 
feet 
minutes 

******* FW-13LE VAPOR CLOUD HAZARD IZESZTS 

For csncentration of 1/2 L T  LFL 

Downwkd hazard distance = 99 78 feet 
Max hszard zone width = 50 39 feet 
Max weight explosive gas = 1.1 1.1 lbs 
Relative gas/air density = 1-01 1-01 initially 
Model used in analysis = Neutrally buoyant 

Note: ClouEs or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
complttely unconfined, except when one of a cer- 
tain fsw materials have been discharged. 

- - - - - - -  - - - - - -  

******* EXPLCSION H A Z A R D S :  See attached table(s) 
, 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
----------------- Concentration Concentration Zone Width* 
(feet) (miles) (ppm) (PPm) (feet) 

32 .01 76826 212300 120 
35 .01 79491 177088 120 
37 .01 79826 149328 110 
40 .01 78449 127226 110 
42 .01 75894 109466 110 
45 .01 72583 95064 98 
47 .01 68837 83276 93 
49 .01 64887 73540 88 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

52 .01 60896 65422 83 
54 -02 56974 58592 76 
57 -02 53192 52793 69 
59 .02 49594 47827 60 
61 .02 46203 43538 50 
64 -02 43029 39807 36 
66 .02 40000 36536 1 

*Usuall:r safe for e 1 hour release. Longer releases or sudder, wind shifts 
may reqJire a larger width or different direction for the evacuation zone. 
See ChE9ters 3 and 12 of the guide for details. Source height specified 
by the xser for this scenario was 5 feet. 

32 
35 
37 
40 
42 
45 
47 
49 
52 
54 
57 
59 
61 
64 
66 

CAUTION: 

* 01 
-01 
.01 
.01 
.01 
.01 
.01 
.01 
* 01 
* 02 
.02 
.02 
.02 
-02 
.02 

See guide 

1 

1 
.- .-  
.1 
.I 
.1 
.1 
.1 
.1 

.1 

.1 

.1 

.1 

.1 

.1 

1 .- 

for assumptiofis 
4 

4 

1 

1 
.- .-  
.1 
.I 
.1 
.1 
.1 
.1 

.1 

.1 

.1 

.1 

.1 

.1 

1 .- 

for assumptiofis 
4 

4 

1 
.A 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

used in estimating these times. 
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UNCONFINED VAPOR CLOUD EXPLOSION EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ISTANCE FROM EXPLOSION EXPECTED DAMAGE 

(feet) 

117 
________________________________________---------------------------__-- 

Occasional breakage of large windows under stress. 
17 

7 

4 

7 

2 

3 
2 

3 

2 

1 

- 
- - 

4 

3 

2 

- 

- 

Some damage to home ceilings; 10% window breakage. 
11 Windows usually shattered; some frame damage. 

Partial demolition of homes; made uninhabitable. 
7 Range serious/slight injuries from flying glass/object. 

Partial collapse of home walls/roofs. 
4 Non-reinforced concrete/cinder block walls shattered. 
4 Range 90-1% eardrum rupture among exposed population. 

50% destruction of home brickwork. 
3 Frameless steel panel buildings ruined. 

Wooden utility poles snapped. 
3 Nearly complete destruction of houses. 

Probable total building destruction. 
2 Range for 99-1% fatalities among exposed populations 

due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the Ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximun 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 

I 

I 
I 
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PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER €iEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER C€?AR.ACTERISTI CS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 

= -423 

DISCHARGE COEFFICIENT OF EOLE = 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURZ 

- - 
- - 

2.0159 
2000 
103472 
2000.1 
103472 
1.4 
4 
191.7 
.03 
40000 

Horizontal 
1 
-375 
. 9a  
6 a  
2000 

ENVIRONMENTAL/LOCATION CLLRACTEXISTICS 
AMBIENT TEMPERATURE = 68 

ATMOSPEERIC STABILITY CLASS = C 
WIND VELOCITY = 9  

VAPOR/GAS DISCHARGE E-;Z:IGE=T = s  

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

cylinder 
lbs 
inch(es) 

degrees F 
psia 

degrees F 
mph 

feet 

KEY FESULTS OVERRIDDEN BY,USER 32 SOME POINT AFTZR CC3MPbTATICS 
NONE OBSERVZD 

4 

I 
4 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 9-16-93 
= B-1DETON.ASF 

*** SCENARIO DESCBIPTION 
One cylinder releases 220 cubic feet of hydrogen 
through a hole ,375 inches in diameter under average 
met. conditions taking approximately one second. 

******* 

******* 

Note: 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged, 
State of material 

= 79.2 
= .013 
= 1  
= Gas 

TOXIC VAPOR DISPERSION AXALYSIS WSiXTS 

lbs/min 
minutes 
lbs 

Downwind distance to concentration of 183000 psm 
- -  at groundlevel = Not observed 
- -  at discharge heibht = 34 feet 

Minimum computable answer is 33 feez! 
Actual hazard distance may be less. 

Peak concentration on ground is 79916.9 ppm 
at a downwind distance of 37 feet f x  
elevated emission source specified by user. 

See attached table ( s )  for further &tai:Ls. 

FLAME J E T  HF-ZP-W RESULTS 

Flame jet length = 264 
Safe separation distance = 527 
Flame jet duration = .013 

FLAMMABLE VAPOR CLOUD F-IZAW W S U L 1 3  

feet 
feet 
minutes 

For concentraticn of 1/2 LFL LFL 

Downwind hazard, distarxe = 99 78 feet 
Max hazard zone width = 50 39 feet 
Max weight. explosive gas = 1.1 1.1 lbs 
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 
Clouds or plumes containing less tkan 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfindd, except whez one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

EXPLOSION HAZA2DS: See attached tdDle(s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
- - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles (PPm) (PPm) (feet) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
32 .01 76826 212300 22 
33 .01 77042 210150 22 
33 * 01 77250 208030 21 
33 .01 77448 205938 20 
33 .01 77638 203874 19 
33 .01 77820 201837 18 
33 .01 77994 199828 17 
33 * 01 78159 197844 16 
34 .01 78316 195888 15 
34 .01 78465 193957 14 
34 -01 78606 192051 12 
34 .01 78740 190170 11 
34 .01 78865 188314 9 

34 .01 79094 183000 1 
34 .01 78984 186482 6 

*Usually safe for e 1 hour release. Longer releases or sudden wind skifts 
may require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the Fide for details. Source height specified 
by the user for this scenario was 5 feet. 

32 
33 
33 
33 
33 
33 
33 
33 
34 
34 
34 
34 
34 
34 
34 

CAWION: 

.01 

.01 

. Oi 

.01 

.01 

.01 

.01 

.01 

.01 
-01 
.01 
* 01 
.01 
-01 
.01 

See gui5.e 

.1 
-1 
.1 
.1 
.1 
.1 
.1 

.1 

.1 

.1 

.I 

.1 

.1 

.1 

1 
.A 

.1 

.1 

.1 
-1 
.1 
-1 
.1 
-1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

for assumptions used in estimating these times. 
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INPUT PARAMETER SUMMARY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - -  

PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 psia 

VAPOR PRES AT AMBIENT TEMP = 2000.1 psia 
= 103472 mm Hg 

= 103472 mm Hg 

= 191.7 Btu/lb 

SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

vol% 

P P m  

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 1  lbs 
DISCHARGE HOLE DIAMETER = .375 inch (es ) 

TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2000 psia 

DISCHARGE COEFFICIENT OF HOLE = .98 

ENVIXONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE HEIGHT = 5  

KEY 

KEY 

degrees F 
mPh 

feet 

RESULTS PROVIDED BY USER INSTEAD OF SY EVALUATION METHODS 
NONE OBSERVED 

RESULTS OVERRIDDEN BY USER 3-T SOME POINT AFTEi? COMPITATICN 
NONE OBSERVED 

4 

4 4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 09-30-93 
NAME OF DISK FILE = B-2.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 220 cubic feet of hydrogen 
through a hole -375 inches in diameter under worst 
case met. conditions taking approximately 1 second. 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 79.2 
= .013 
= 1  
= Gas 

lbs/min 
minutes 
lbs 

Downwind distance to concentration of 40000 ppm 
-- at groundlevel = 214 feet -- at discnarge height = 208 feet 

Peak concentration on ground is 74936.3 ppm 
at a downwind distance of 121 feet for 
elevated emission source specified by user. 

See attached table(s) for furtner cletails. 

******* FLAME J JT  F ?  RESULTS 

Flame jet length = 264 
Safe separation distance = 527 
Flame jet duration = .013 

feet 
feet 
mlnut es 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 326 255 feet 
Max hazard zone width = 163 1 2 8  feet 
Max weight explosive gas = 1.1 
Relative gas/air density = 1.01 1-01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containing less tkan 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except wher? one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION HAZARDS: See attached table ( s )  

- - - - - - -  - - - - - -  

1.1 lbs 

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS _________-___--_------------------------------------.--------------------- 
mnwind Distance Groundlevel Source Height 1nitial.Evacuation - - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet) _________-_-_----_-----------------------------------.--------------------- 
100 02 63624 298581 73 
109 .03 70529 237330 79 

125 .03 75072 157844 91 
133 .03 74079 131618 97 

149 .03 68605 95081 110 

85 117 .03 74124 192025 

110 141 .03 71760 111197 

120 157 .03 64975 82201 
166 .04 61129 71783 13 0 

13 0 174 . 04  57243 63256 
182 .04 53435 56199 140 
190 .04 49777 50294 14 0 
198 .04 46311 45302 150 
206 .04 43061 41041 120 
214 .05 40000 37371 1 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different direction for the evacuation zone. 
3se Chapters 3 and 12 of the guide for details. Source height specified 
by the user f o r  this scenario was 5 feet. 

100 
109 
117 
125 
133 
141 
149 
157 
166 
174 
182 
190 
198 
206 
214 

CAUTION : 

.02  

.03 

.03 

.03 
eo3 
.03 
eo3 
.03 
.04 
0 04 
.04 
. 0 4  
.04  
.04 
.os 

See guide 

.6 

.7 

.7 

.8  

.8  

. 9  

.9  

.9  
1 
1 
1.1 
1.1 
1.2 
1 . 2  
1.3 

1.2 
1 . 3  
1.4 
1 . 5  
1 .6  
1:7 
1 .8  
1.8 
1.9 
2 
2.1 
2.2 
2.3 
2.4 
2 . 5  

for assumptions used in estimating these times. 
I 

I 
I 
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117 
17 

7 

4 

- 7 

2 

3 
2 

3 

2 

1 

- 
- 
- 

4 

3 

2 

- 

- 

- 

11 

7 

4 
4 

3 

3 

2 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly comglete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blast effects. 

Note: The center of an unconflned gas/vapor explosion can be anywhere 
within the ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 ~ _ _  

MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

= ,103472 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 

TOXIC VAPOR LIMIT = 40000 
GIG EXPLOSION YIELD FACTOR = .03 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

CONTAINER CHAIUXTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 1  
DISCHARGE HOLE DIAMETER = .375 inch(es1 

TANK RUPTURE PRESSURE = 2400 

lbs 

DISCFXGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 68 degrees F 

psia 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 

ATMOSPHERIC STABILITY CLASS = F 
WIND VELOCITY = 2  

VAPOR/GAS DISCHARGE HEIGXT = I  5 

degrees F 
mph 

feet 

KEY RESULTS PROVIDED BY USER INSTSAE OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVERRIDDEN BY USER AT SCPE POINT AFTER COMPUTATION 
NONE OBSERVED 

I 

# 
I 
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* I  

HAZARDOUS MATERIAL = Hydrogen 
ADDEESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 09-30-93 
NAME OF DISK FILE = B-2DETON.ASF 

*** SCENARIO DESCRIPTION 
One cylinder releases 220 cubic feet of hydrogen 
through a hole .375 inches in diameter under worst 
case met. conditions taking approximately 1 second. 

******* DISCHARGE RATE/DmTION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 79.2 

Amount discharged = 1  
Duration of discharge = .013 

State of material = Gas 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentration of 183000 ppm 
--,  at groundlevel = Not observed - -  at discharge height = 119 feet 

Note: Minimum computable answer is 33 feet! 
Actual hazard distaxxe may be less. 

Peak concentration-on ground is 74938.1 ppm 
at a downwind distance of 121 feet for 
elevated emission source sDecified by user. 

See attached table(s) for further details. 

* * * * * * * FTaE JZT FAqZ.?J!D ~SQ-LTS 

Flame jet length = 254 
Safe separation distance = 527 
Flame jet duration = .013 

******* FLAMMABLE VAPOR CL0I.j RESULTS 

For concentration of 1/2 LFL LFL 

feet Downwind hazard distance = 326 255 
Max hazard zone width = 163 128 f eec 
Max weight explosive gas 2 1.1 1.1 lbs  
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are,very unlikely to explode when 
completely unconfined., except when one of a cer- 
tain few materials 'have been discharged. 

- - - - - - -  _ - - - - -  

lbslmin 
minutes 
lbs 

feet 
feet 
minutes 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

orlou, 
b w m m r l  

CV CJ CJ CJ m cr) m cr) m cr) dl d'dl dl dl 
d 1-1 rl rl rl r t  d rl rl r t  l-t rl r l  d rl 
. . . . . . . . . . . . . . .  a, 

m 

c, 
2 
t7 
E: 
-4 u 
rd 
E 
-rl 
JJ 
m 
a, 

3 I- 
o\ 

W W W W ~ P P ~ P P P P F P P  . . . . . . . . . . . . . . .  

a, a 
-4 
3 
bl 
a, 
a, 
v) .. 

V a l  

k k d c ,  
ordrd 
wl-i k 

tnb 2 I n 

m 
a, 
l-i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

m m m m m  
00000 . . . . .  ~ ~ c a c a ~ m m m m m m m m m m  

000000000000000 . . . . . . . . . . . . . . .  JJ I -4 

-4 I - m l E  !. 

0 01 
0 0 0 0 0 0 0 rl rl rl rl r l  r l  r l  rl 
r-l , -I  rl rl r l  r l  rl rl rl rl I4 I-I  1-4 rl r t  

d' \D P CO 0 401 d' Ln U, b (r\ 



INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 

GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

LOWER HEAT OF COMBUSTION = 191.7 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

= Horizontal cylinder ~~ 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS = 1  lbs 
DISCHARGE HOLE DIAMETER = .375 inch (es 1 
DISCHARGE COEFFICIENT OF HOLE = . 9 8  
TEMP OF CONTAINER CONTENTS = 6 8  degrees F 
TANK R U P m  PRESSURE = 2400 psia 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 

ATMOSPHERIC STABILITY CLASS = F 
WIND VELOCITY = 2  

VAPOR/GAS DISCHAFtGE HEIGHT = 5  

degrees F 
mPh 

feet 

KEY RESULTS PROVIDED BY USER INSTEAD OF BY EVAiiUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVEXIIDDEN BY USER AT SOME POINT AFTER COMPUTATION 
NONE OBSERV-D 

98 



HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF D I S K  FILE 

= Hydrogen 
= PDL 
= 10-1-93 
= B-3.ASF 

*** SCENARIO DESCRIPTION 
Three cylinders release 660 cubic feet of hydrogen 
through three holes, .375 inches in diameter each, under 
average met. conditions taking approximately 1 second. 

******* 

******* 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 237.9 
= .015 
= 3.5 
= Gas 

lbs/min 
minutes 
lbs 

TOXIC VAPOR DISPERSION 3XALYSIS RESULTS 

Downwind distance to concentration of 4.3000 ppm 
- -  at groundlevel ' =  113 feet 
-- at discharge height = 108 feet 

Peak concentration on ground is 261974.3 ppm 
at a downwind distance of 38 feet for 
elevated emissicn source specified by user. 

See attached table ( s )  for further details. 

FLAME JET F I D  RESbTTS 

Flame jet length = 457- 

Flame jet duracion = -01s 
Safe separation distancs = 914 

feet 
fset 
minutes 

FLAMMABLE VLDOR CLOUD XqZARD RESULTS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 153 120 feet 
Max hazard zone width = 77 60 feet 
Max weight eqlosive gas = 3.6 3.6 lbs 
Relative gas/air density = 1-01 I. c:_ initially 
Model used i~ analysis = Neutrally bnoyant 
Clouds or plumes containilig less than 1000 pounds 
of vapor or gas are ve-y unlikely to eqlode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharge&. 

- - - - - - -  - - -  -_.- 

EXPLOSION HAZARDS: See attached table(s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuatioc 

(feec) (miles) (PPm) (PPm) (feet) 
Concent rat ion Concentration Zone Width* ----------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.02 53827 47617 110 
.02 52657 46620 110 
.02 51520 45651 97 
.02 50414 44708 93 

100 
101 
102 

89 
103 

.02 49338 43791 
85 

104 
105 .02 48292 42900 

-02 47274 42032 80 
75 

106 
107 .03 46283 41187 

.03 45319 40365 70 108 

.03 44380 39565 64 109 
38785 57 .03 43467 

50 
110 

.03 42577 38026 
41 

110 
111 .03 41712 37286 

.03 40868 36566 29 112 
i13 .03 40000 35864 1 

*Usually safe for c 1 hour release. Longer releases or sudden wind shifts 
may require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
by the user for this scenario was 5 feet. 

130 
101 
102 
103 
104 
10s 
106 
107 
108 
109 
110 
110 
111 
112 
113 

.02 

.02 

.02 

.02 

.02 

.02 
* 02 
.03 
.03 
03 
.03 
.03 
-03 
.03 
-03 

.2 

. 2  

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.3 

.3 

.3 

. 3  

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

.3 
- 4  

C,nUTION : See guide for assumPtiops used 
4 

in estimating these times. 
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5 
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4 

3 

2 

16 

10 

6 
5 

5 

4 

2 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to direct blast effects. 

Note: The center of an unconfined sas/vapor explosion can be anywnere 
within the ground area passeci over by the cloud or plume. See 
results of the vapor cloud fire hazard analysis for the maxinum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

, 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 

GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

LOWER HEAT OF COMBUSTION = 191.7 

degrees F 

psia 
Hg 

psia - Hg 
vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 3.5 lbs  
DISCHARGE HOLE DIAMETER = .65 inch (es 1 
DISCHARGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

ENVIRONMENTAL /LOCATION CXARACTERI ST I CS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCHZ3GE HEIGET = 5  

degrees F 
mph 

feet 

KEY RESIXJTS PROVIDED 3Y USER INSTEAD OF BY ZV-GZATION METEODS 
NONZ OBSERVED 

KZY ESULTS OVERRIDDEN BY USER AT SOME POINT AF'TSR COMPUTATION 
NONE OBSERVED 

. 

, 
4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF DISK FILE = B-3DETON.ASF 

*** SCENARIO DESCRIPTION 
Three cylinders release 660 cubic feec of hydrogen 
through three holes, .375 inches in diameter each, under 
average met. conditions taking approximately 1 second. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discnarge rate 
Duration of discharge 
Amount discharged 
State of material 

= 237.9 
= .015 
= 3.5 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS XZSULTS 
Downwind distance to ccnc=ntrati.cn of 183000 ppm 
- -  at groundlevel = 56 feet 
- -  at discnarge height = 56 feet 

Peak concentration on sround is 251918.3 ppm 
at a downwind distance of 36 feet for 
elevated enission source specifies by user. 

See attached table (SI for further 

******* F-LAME JXT F-?QZU?.D RESULTS 

Flame jet length = 457 
Safe separation distance = 914 
Flame jet duration = .015 

details. 

feet 
feet 
minutes 

******* FLWZIRLE VAPOR CLOUD E . - W  RESLZTS 

For c,oncentration of 1/2 LFL LFL 

120 feet Downwind hazard distance = 153 
Max hazard zone width = 77 60 feet 
Max weight explosive gas = 3.6 3.6 lbs 
Relative sas/air density = 1.01 1.01- initially 
Model used in analysis 7 Neutrally bu.oyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very xnlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION R-.ZARDS: see attached table ( s )  

- - - - - - -  - - - - - -  

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwin6 Distance Groundlevel Source Height Initial Evacuation -__-_-- - - - - - - - - - -  Concentration Concentration Zone Width* 

(feet) - - - - - -_ -____  (feet) (miles) (PPm) (PPm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.01 249191 688610 91 32 

34 
36 
38 
39 
41 .01 255951 390760 
43 
44 
46 
48 
49 
51 
53 
54 
56 

.01 257383 609004 89 

.01 261499 541249 86 

.01 262209 483328 83 
-01 260163 433609 80 

77 

-01 243016 321471 69 
.01 235089 293371 64 

.01 250090 353683 73 

.01 226604 268757 59 

.01 217794 247104 53 

.01 208842 227975 47 

-02 183000 183000 1 

-01 199889 211005 38 
* 02 191044 195884 28 

*Usually safe for c 1 hour release. Longer releases or sudden wind shifcs 
ma-_/ require a larger width or different direction for the evacuaclon zone. 
See Chapcers 3 and 12 of the guide for details. Source height specified 
by the clser for this scenario was 5 feet. 

32 
34 
36 
38 
33 
4 1  
43 
44 
46 
48 
49 
51 
53 
54 
56 

CAUTIGN: 

-01 
.01 
-01 
-01 
.01 
.01 
.01 
.01 
.01 
-01 
.01 
* 01 
-01 
. 0 2  
.02 

See guide 

1 .- 
.I 
1 
1 

.- .- 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 
1 .a. 

for assumptions 

.A 

CI 

. L  

. 2  

.2 

.2 

.2 

. 2  

. 2  

.2  

.2 

.2 

.2  

.2 

.2 

.2  

used in estimating these times. 
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PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
~ 

NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION. 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER 
DISCHARGE COEFFICIENT OF ROLE 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURE 

-423 
2.0159 
2000 
103472 
2000.1 
103472 
1.4 
4 
191.7 
.03 
183000 

Horizontal 
3.5 
.65 
.98 
68 
2400 

ENVIRONMENTAL/LOCATION CAit9CTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE REIGHT = 5  

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

cylinder 
lbs 
inch (es ) 

deg, rees 
psia 

degrees 
mgh 

fee t  

KEY 

KEY 

RESULTS PROVIDED BY USER INSTEAD OF BY EVALUATION METEIODS 
NONE OBSE2VED 

RESULTS OVERRIDDEN BY USER AT SOMZ POINT AFTER COMPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF DISK FILE = B-4.ASF 

*** SCENARIO DESCRIPTION 
Three cylinders release 660 cubic feet of hydrogen through 
three holes, .375 inches in diameter each, under worst 
case met. conditions taking approximately 1 second. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 237.9 
Duration of discharge = .015 
Amount discharged = 3.5 
State of material = Gas 

lbs/min 
minutes 
lbs 

Downwind, distance to concentration of 40000  ppm - -  at groundlevel = 372 feet 
- -  at discharge height = 354 feet 

2eak concentration on ground is 259468.5 ppm 
at a downwind distance of 124 feet for 
elevated emission source specified by user. 

See attached table (s) for further details. 

******* FLAME JET HAZP2.D RESULTS 

?lame jet lencch = 457 

?lame jet duration = .015 
Safe separation distance = 914 

******* FLAMMABLE VAPOR CLOUD HAZARD RESULTS 

feet 
feet 
minutes 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 510 397 feet 
Xax hazard zone width = 255 199 feet 
?lax weight explosive gas = 
Xelative gas/air density = 1-01 1.01 initiaily 
Model used in analysis 7 Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except wnen one of a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

3.6 lbs 3.6 

4 

******* ZXPLOSION HAZARDS: see attached table (s) 

106 



*Usually safe for e 1 hour r5lease. Longer releases or suddez wind shifts 
may require a larger width sr different direction for the evacuation zone. 
See Chapters 3 and 12 of tke guide for details. Souxce height specifieci 
*>y the user for this scenar5 was 5 feet. 

1 0 0  
120  
13 9 
1 5 9  
1 7 8  
198  
217 
236 
256 
275 
295 
314 
333 
353 
372 

CAUTION : 

. 0 2  

. 03  

. 0 3  

.03 

.04 

.04  

.05 

.05 
- 0 5  
. 0 6  
. 0 6  
. 0 6  
. 0 7  
. 0 7  
. o a  

See Fide for 

._ 6 

. 7  

1 
1.1 
1 . 2  
1 . 3  
1 . 4  
1 .5  
1 . 6  
1 . 7  

1 . 9  
2 . 1  
2 . 2  

. a  

1 . 8  

assumptions 

1 . 2  
1 . 4  
1 . 6  
1 . 9  
2 . 1  
2 . 3  
2 . 5  
2 . 7  
3 
3 . 2  
3 . 4  
3 . 6  
3 . 8  
4.1 
4 . 3  

used in estimating these times. 
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lo 

3 

5 
2 

a 

3 

2 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 

16 Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 

10 Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 

6 Non-reinforced concrete/cinder block walls shattered. 
5 Range 90-1% eardrum rupture among exposed population. 

50% destruction of home brickwork. 
5 Frameless steel panel buildings ruined. 

Wooden utility poles snapped. 
4 Nearly complete destruction of houses. 

Probable total building destruction. 
2 Range for 99-1% fatalities among exposed populations 

due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the ground area Dassed over See 
results of the vapor cloud fire hazard analysis for the maximcm 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on. or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - -  

PHYSIOCHEMICAL PROPERTIES OF MATERIAL 
NORMAL BOILING POINT = -423 degrees F 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 psia 

VAPOR PRES AT AMBIENT TEMP = 2000.1 psia 

LOWER FLAMMABLE LIMIT (LFL) . = 4 vol% 

= 103472 mm Hg 

= 103472 Hg 
SPECIFIC HEAT RATIO FOR GAS = 1.4 

LOWER HEAT OF COMBUSTION = 191.7 Btu/lb 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal. cylinder 
TOTAL WEIGHT OF CONTEiYTS = 3.5 lbs 
DISCLXRGE HOLE DIAMETSR - = .65 inch (es 1 
DISCFMGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 6 8  degrees F 
TANK RUPTURE PRESSUR3 = 2400 psi2 

EWIRONMENTAL/LOCATION CFAUCTERISTICS 
AMBIENT TEMPEEWURE = 6a 

VAPOR/GAS DISCHARGE EXIGHT = 5  

WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 

degrees F 
m g n  

K3Y RESULTS PROVIDED BY USZR INSTEAD OF BY EVALUATION METXODS 
'NONE OBSERVED 

?GY RESULTS OVERRIDDEN BY USER AT SOME DOINT FZTER C3MPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93- 
NAME OF DISK FILE = B-4DETON.ASF 

*** SCENARIO DESCRIPTION 
Three cylinders release 660 cubic feet of hydrogen through 
three holes, .375 inches in diameter each, under worst 
case met. conditions taking approximately 1 second. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of macerial 

= 237.9 
= .015 
= 3.5 
= Gas 

ibs/min 
minutes 
lbs 

Downwind distance to ccncentration of 183000 ppm -- at grounelevel = 183 feet -- at discharge height = 186 feet 

Peak concencration on ground is 259367 ppm 
at a downwir,d distance of 126 feet for 
elevated emission source specified by user. 

See attached table ( s )  for further details. 

Flame jet Iszgth = 457 
Safe separarior, distance = 914 
Flame jet $dration = -015 

feet 
feet 
minutes 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 510 397 feet 
Max hazard z m e  width = 255 199 feet 
Max weight explosive gas = 3.6 3.6 ibs 
Relative gaslair density = 1.01 1.01 initially 
Model used l a  analysis 7 Neutrally buoyant 

Note: Clouds or plxmes containing less than 1000 pounds 
of vapor o r  sas are very unlikeiy to explode when 
completely cnconfined, except when one of a cer- 
tain few macsrials have been discharged. 

- - - - _ _ _  

4 

******* EXPLOSION FJZARDS: see attached table (s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS _---------------------------------------------------..-------------------- 
downwind Distance Groundlevel Source Height Initial Evacuation - - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
( feet ) (miles) (PPm) (PPm) (feet) ____-------------------------------------------------..-------------------- 

1000000 73 100 .02 219615 
865893 78 107 .03 238803 

113 .03 251227 735026 82 
119 .03 257772 629832 87 

544393 91 125 .03 259489 
131 .33 257413 474355 96 
137 .03 252478 416458 100 
143 .03 245473 368225 110 
150 .03 237043 327747 110 
156 .03 227696 293536 120 

120 162 .04 217829 264425 
168 . 04  207737 239486 13 0 
174 * Q4 197643 217984 13 0 

186 . a 4  178038 183000 
180 .!I4 187706 199325 95 

1 

*Usually safe for c 1 hour release. LonGer releases or sudden wind shifts 
nay require a larger width or different eirection f o r  t:ne evacuation zone. 
See Chapters 3 and 12 of the guide for details. Souzce height specifiec! 
'~y the user far this scenario was 5 feet. 

100 
107 
113 
119 
125 
131 
137 
143 
150 
156 
162 
168 
174 
180 
186 

CAUTION: 

.32 

.03 

.03 . 0.3 

.03 

.03 

.03 

.03 
-03 
.!I3 
.04 
. 04  
. 0 4  
eo4 
, 0 4  

See guide 

.6 

.7 

.7 

.7 

. 8  

. 8  

. 8  

.9 
-9 
.9 
1 

1 
1.1 
1.1 

.. 
l 

for assumpticns useci in estimating 

1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.6 
1.7 
1.8 
1.8 
1.9 
2 
2 
2.1 
2.2 

these times. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 

VAPOR PRES AT CONTAINER TEMP = 2000 psia 

VAPOR PRES AT AMBIENT TEMP = 2000.1 psia 

MOLECULAR WEIGHT = 2.0159 

= 103472 mm Hg 

= 103472 mm Hg 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 vol% 

TOXIC VAPOR LIMIT = 183000 PPm 

LOWER HEAT OF COMBUSTION = 191.7 Btu/lb 
GAS EXPLOSION YIELD FACTOR = .03 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 

DISCHARGE HOLE DIAMETSIZ = .6S inch ( es 1 

TEMP OF CONTAINER CONTSNTS = 68 degrees F 
TANK RUPTURE PRESSURZ = 2400 psia 

lbs TOTAL WEIGHT OF CONTEXTS = 3.5 

DISCHARGE COEFFICIENT OF HOLE = .98 

ENVIRONMENTAL/LOCATION CF-LICTERI ST I CS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  

VAPOR/GAS DISCHARGE VIIGHT = 5  
ATMOSPHERIC STABILITY CLASS = F 

degrees F 
mFn 

KEY RESULTS PROVIDED BY USER INSTEAD OF BY EVALITATION METHODS 
NONE OBSERVED 

K3Y RESULTS OVERRIDDEN BY USER AT SOME POINT AFTER COMPrJTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSNENT 
NAME OF D I S K  FILE 

= Hydrogen 
= PDL 
= 10-1-93 
= B-5.ASF 

*** SCENARIO DESCRIPTION 
12 cylinders release 2,640 cubic feet of hydrogen through 
a common manifold, 0.75 inches in diameter, under average 
met. conditions taking approximately 3 seconds. 

******* 

******* 

******* 

******* 

Note: 

******* 

DISCKARGGE RATE/DURATION ESTIVATES 

compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Arnourx discharged 
State of material 

= 316.7 
= .044 
= 13.8 
= Gas 

lbs/min 
minutes 
lbs 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentraticn of 40000 ppm 
- -  at groundlevel = 184 feet 
- -  at discharge height = 180 feet 

Peak concentration on ground is 458863.6 ppm 
at a downwind distance of 42 feet for 
elevaced emission source specified by user. 

See attached table(s1 for furzher details. 

FLAME ZET HAZARD RESULTS 

Flame jet length = 527 
Safe separation distance = 1054 
Flame jet duration = .044 

feet 
feet 
ninu t e s 

FLAPN9BLE VAPOR CLOUD €GUARD RESLZTS 

For czncentration of 1/2 LFL LTL 

Downwind. hazard distance = 243 188 feet 
Max hazard zone width = 122 94 feet 
Max weight explosive gas = - -  14 lbs 
Relative gas/air density = 1.01 , 1.01 initially 
Model used in analysis = Neutrally buoyant 
Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have beerr discharged. 

EXPLOSION HAZARDS: see attached table(s) 

- - - - - - -  ------ 

8 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ----------------- 
Downwind Distance Groundlevel Source Height Initial Evacuation 
- - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles (ppm) (feet) (PPm) - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.02 165216 146156 310 
300 .03 146576 130390 
300 .03 130389 116679 
290 .03 116323 104716 
280 .03 104083 94246 
260 .03 93409 85056 
250 .03 84079 76969 
240 .03 75902 69831 
220 .03 68715 63515 
210 .03 62381 57912 
190 .04 56781 52928 
160 .04 51817 48484 
140 .04 47403 44510 
93 

100 
106 
112 
118 
124 
13 0 
13 6 
142 
168 
154 
160 
156 
172 
178 .04 43469 60949 
184 .04 40000 37750 1 

*Usuilly safe for c 1 hour release. Locger releases or sudden wind shifts 
may require a larger width or different direccion for the evacuation zone. 
See Chapters 3 and 12 of the guide fsr details. Source height specified 
by the user for this scenario was 5 feet. 

100 
106 
112 
118 
124 
13 0 
13 6 
142 
148 
154 
150 
166 
172 
178 
184 

f 02 
.03 
.03 
.03 
.03 
* 03 
.03 
.03 
.03 
.03 
.04  
.04 
.04  
.04  
.04  

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

CAUTION: See guide for assumptions 

.3 

. 4  

. a  

. a  

. a  

. a  

.4  

.5  
.,5 
.5 
.5 
.5 
.5 
.5 
.6 

used in estimating these times. 

114 



15 

4 

7 
3 

6 

4 

2 

Occasional breakage of large windows: under stress. 
Some damage to home ceilings; 10% window breakage. 

25 Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 

15 Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs:. 

9 Non-reinforced concrete/cinder block: walls shattered. 
a Range 90-1% eardrum rupture among eBzosed population. 

5 0 %  destruction of home brickwork. 
7 Frameless steel panel buildings ruined. 

Wooden utility poles snapped. 
5 Nearly complete destruction of houses. 

Probable total building destruction. 
3 Range f o r  99-1% fatalities among exposed populations 

due to direct blast effects. 

Note: The center of an unconfined gas/vapor exglosion can be anywhere 
within the ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 

I 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICP-L PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 degrees F 

VAPOR PRES AT CONTAINER TEMP = 2000 psia 

VAPOR PRES AT AMBIENT TEMP = 2000.1 psia 

SPECIFIC HEAT RATIO FOR GAS = 1.4 

LOWER HEAT OF COMBUSTION = 191.7 Btu/lb 

MOLECULAR WEIGHT = 2.0159 

.= 103472 mm Hg 

mm Hg = 103472 

LOVER FLAMMABLE LIMIT (LFL) = 4 vol% 

TOXIC VAPOR LIMIT = 40000 P P  
GAS EXPLOSION YIELD FACTOR = .03 

CONTAINER CXARACTERISTI CS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 13.8 
DISCHARGE HOLE DIAMETER. = -75 inch (es) 
DISCIiARGE COEFFICIENT OF HOLE = .98 
TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 240G psia 

lbs 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TSMPERATURE = 68 

- WIND VELOCITY - 9  
ATMOSPHEXC STABILITY CLASS = C 
VILDOR/GX DISCHARGE HEIGKT = 5  

degrees F 
mph 

feet 

KEY RESULTS PXOVIDED BY USER INSTEAD OF gY EVALUATION METHODS 
NONE OBSEXGD 

KZY RESULTS OVXRXIDDEN BY USER AT SOME POINT FJ’TER COMPIJTATION 
NONZ OBSEXVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF D I S K  FILE = B-5DETON.ASF 

*** SCENARIO DESCRIPTION 
12 cylinders release 2,540 cubic feet of hydrogen through 
a common manifold, 0.75 inches in diameter, under average 
met. conditions taking approximately 3 seconds. 

******* DISCHAIiGE RATE/DUltn,TION ESTIMATES 
Compressed gas disckarge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 316.7 
= ,044 
= 13.8 
= Gas 

lbs/min 
minutes 
lbs 

******* TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
Downwind distance ~3 concentration of 183000 ppm 
- -  at groundlevel = 96 feet -- at discharge height = 89 feet 

Peak concentratioE cn ground is 458959.7 ppm 
at a downwind discaxe of 42 feet f o r  ' 

elevated emission saurce sgecified by user. 

See attached table!s) f o r  further details. 

******* FLAME JET FAZARD ESULTS 

- Flame jet length - 
Safe separation discance = 
Flame jet duratior, - - 

527 
1054 
.044 

ftet 
feet 
minutes 

******* FLAMMFBLE VAPOR CLC'VD FAZARD RESULTS 

For concentration sf 1/2 LFL LFL 

Downwind hazard distance = 243 188 feet 
Max hazard zone w i 6 , t h  = 122 94 feet 

Relative gas/air ksnsity = 1.01 1.01 initially 
Model used in anal-sis = Neutrally bu.oyant 

Note: Clouds or plumes csntaining less than 1000 pounds 
of vapor or gas ax= very unlikely to explode when 
completely unconfized, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION HAZARDS: ,See attached table(s) 

------- - - - - - -  

Max weight explosi-rs gas = 14 14 lbs 

4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 
- - - - - - - - - - - - - - - - -  Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.01 391832 1000000 120 32 

.01 441930 843180 13 0 37 

.01 458606 679515 150 
160 

42 
46 -01 453192 563636 

-01 434538 478712 170 
160 

51 
.02 408682 414260 

15 0 
55 
50 -02 379526 363645 
54 

.02 320108 288527 14 0 
13 0 

69 
-02 292171 259543 

120 
73 

.02 266139 234516 
98 

78 
.02 242199 212646 

81 
82 

.02 220376 193368 
58 

87 
.02 200599 176265 

1 
91 
96 .02 183000 161021 

.02 349510 322639 150 

*IJsually safe for c 1 hour release. Longer releases or sudden wind shifts 
nay require a larger width or different direction for the evacuation zone. 
See Chapcers 3 and 12 of the guide for details. Source height specified 
by the Qser for this scenario was 5 feet. 

32 
37 
42 
46 
51 
55 
60 
64 
69 
73 
78 
82 
87 
91 
96 

CAUTION : 

.01 
-01 
.01 
.01 
.01 
.02 
.02 
-02 
* 02- 
.02 
.02 
.02 
.02 
-02 
.02 

See guide 

.1 

.1 

.I 

.1 

.1 

.1 

1 
.A 

1 .& 

1 .- 
.1 
.1 
.2 
.2 
.2 
.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

. 3  

for asstlmptions used in estimating these times. 
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INPUT PARAMETER SUMMARY ---------------------------------.-- 
PHYSICCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
XOLECUZIAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

= 103472 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

degrees F 

psia 
rnm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAI-XER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS = 13.8 lbs 
3ISCHARGZ HOLE DIAMETER = .75 inch (es) 

TSMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

DISCHARGE COEFFICIENT OF EOLE = .98 

ENVIRCNMENTAL/LOCATION CHARACTERISTICS 
.i%MBIENT TEMPERATURE = 68 
WiND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCHARGE HEIGHT = 5  

degrees F 
mPh 

feet 

KEY RZSULTS DIZOVIDED BY USER INSTEAD OF SY EVALUATION METJODS. 
NONE OBSERVED 

KEY RZSULTS OVERRIDDEN BY USER AT SOME POINT AFTER COMPbjATION 
SONE OBSERVED 

119 



HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF DISK FILE = B-6.ASF 

*** SCENARIO DESCRIPTION 
12 cylinders release 2,640 cubic feet of hydrogen through 
a common manifold, 0.75 inches in diameter, under worst 
case met. conditions taking approximately 3 seconds. 

Compressed gas discharge from container 

Peak discharge rat= 
Duration of discharge 
Amount discharged 
State of material 

= 316.7 
= .O44 
= 13.8 
= Gas 

lbs/min 
minutes 
lbs 

Downwind distance zo concentration of 40000 ppm 
- -  at groundlevel = 634 feet - -  at discharge height = 619 feet 

Peak concentratios on ground is 936792.7 ppm 
at a downwind distance of 129 feet for 
elevated emission source specified by user. 

See attached table(s) for further details. 

Flame jet length = 527 
Safe separation Cistance = 1054 
Flame jet duraticr, = .044 

feet 
feet 
minutes 

For concentration of 1/2 LFL LFL 

Downwind hazard Clstance = 842 651 feet 
Max hazard zone width = 421 326 feet 
Max weight explosive gas = 
Relative gas/air density 7 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containing less than 1000 pounds 
of vaFor or gas are  very unlikely to explode when 
completely mcor,fIned, except when one 05 a cer- 
tain few materials have been discharged. 

- - - - - - -  - - - - - -  

lbs 14 14 

******* EXPLOSION HAZARDS: kee attached table ( s )  
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yownwind Distance Groundlevel Source Height . Initial Evacuation ----------------- Concentration Concentration Zone Width* 
(feet) (miles) (PPm) ( w m )  (feet) 

1 0 0  .02  761887 1000000 73 
13 9 .03  918469 1000000 1 1 0  

253  .05  377923 335213 190  
2 9 1  .06  277344 243345 220 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

177 .04 724070 784904 13 0 
2 1 5  .05  524185 488931 160  

240 329  .07 208209 183431  
270 3 6 7  .07  159858  142131  

4 0 5  .08  125290  112554 300 
443 .09  1 0 0 0 2 1  ,00755 330 
4 8 1  .1 81159 74315 360 
520 .1 66808 51672 380 
558 .11 5 5 7 0 1  51785 410  
596  .12  46968 43940 440 
634 .12  ' 40000  37633 1 

Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
.ay require a larger width or different dirzction for the evacuatioE zone. 
ee Chapters 3 and 1 2  of the guide for detsils. Source height specified. 
v the user for this scenario was 5 feet. 

1 0 0  
1 3 9  
1 7 7  
215 
253 
2 9 1  
329 
367  
405  
443 
4 8 1  
520 
558 
596 
634 

CAUTION: 

.02  

.03  
- 0 4  
. 0 5  
.05  
. 06  
. 0 7  
- 0 7  
.08  
.09  
.1 
.1 
.11 
.12  
.12  

See guide 

. 6  

. 8  
1.1 
l . 3  
1 . 5  
1 . 7  
1 . 9  
2 . 1  
2 . 4  
2 . 6  
2 . 8  
3 
3 . 2  
3 . 4  
3 . 7  

for assumptions 

1 . 2  
1 . 7  
2 . 1  
2 . 5  
3 
3 . a  
3.8  
4.3 
4 . 7  
5 .1  
5 . 6  
6 
6 . 4  
6 . 9  
7 .3  

used is estimating these times. 
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15 

4 

7 
3 

6 

4 

2 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 

25 Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 

15 Range serious/slight injuries from flying glass/object . 
Partial collapse of home walls/roofs. 

9 Non-reinforced concrete/cinder block walls shattered. 
8 Range 90-1% eardrum rupture among exposed population. 

5 0 %  destruction of home brickwork. 
7 Frameless steel panel buileings ruined. 

Wooden utility poles snapped. 
5 Nearly complete destruction of houses. 

Probable total buiiding destruction. 
3 Range for 99-1% fatalities among exposed popuiations 

due to direct blast effects. 

Note: The center of an unconfined gas/.vapor explosion can be anywhere 
withi2 the ground area passed over See 
resuizs of the vapor cloud, fire hazare analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the Sround. 

by the cloud or plume. 
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PHYSIOCHEMICAL PROPERTIES OF MATEIiIAL 
NORMAL BOILIXG POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAImR CHMUCTZXt STICS 
CONTAINER TYIF, 
TOTAL WEIGET OF CONTENTS 
DISCHARGE HOLZ DIAMETEX 
DISCKARGE COE2FICIENT OF HOLE = 
TEMP OF CONTAINER CONTENTS - 
TANK RUPTURE PXESSURE - 

- 

-423 
2.0159 
2000 
103472 
2000.1 
103472 
1.4 
4 
191.7 
.03 
40000 

Horizontal 
13.8 
.75 

68 
2400 

.9a 

ENVIRONMENTAL /LOCATION CHARACTER I ST I cs 
AMBIENT TEMPZXATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CUSS = F 
VAPOR/GM DISCHARGE HEIGHT = s  

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

cylinder 
Ibs 
inch (es 

desrees F 
psia 

degrees F 
mph 

feet 

KZY RESULTS PROVI3ED BY USER INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVERIIZ3DEN BY USER AT SOME POINT AFTZR COMPTUTA'TION 
NONE OBSERVE3 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 10-1-93 
= B-6DETON.ASF 

*** SCENARIO DESCRIPTION 
12 cylinders release 2,640 cubic feet of hydrogen through 
a common manifold, 0.75 inches in diameter, under worst 
case met. conditions taking approximately 3 seconds. 

******* 

******* 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 316.7 
= .044 
= 13.8 
= Gas 

TOXiC VLDOR DISPERSION ANALYSIS RESULTS 

lbs/min 
minutes 
lbs 

Downwind distance to concentracion of 193000 ppm 
- -  at groundlevel = 347 feet 
- -  at discharge neignt = 329 feet 

Peak concentration on Ground is 937173.6 ppm 
at a downwind distance of 127 feet for 
elevated emissioE source specified by user. 

See attached table(s) for ftlrther details. 

Flame jet lengtk = 527  
Safe separatiorr distance = lOS4 

- Flame jet duration - .c<4  

feet 
feet 
minutts 

******* FLAMMABLE VAPOR CLOUD IL9ZARD 7dSULTS 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 842 651 feet 
Max hazard zone width = 421 326 feet 
Max weight explosive Gas = 2.4 2.4 lbs 
Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containifig lsss than 1000 pounds 
of vapor or 5as are very unlikely to explode when 
completely unccnfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION FLAZARD S :  kee attached table(s) 
4 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
,ownwizd Distance Groundlevel Source Height I n i t i a l  Evacuation 

(feet) (miles) (PPm) (PPm) (feet) 
Concentration Concentration Zone Width* - - - - - - - - - - - - - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
100 .02 761887 1000000 73 
118 .03 919921 1000000 86 
13 6 .03 926391 1000000 99 
153 .03 855459 1000000 120 
171 .04 757136 852859 13 0 
189 .04 656681 667714 140 
206 .04 564704 538312 150 
224 .05 484548 443970 170 
241 .05 416321 372675 180 
259 .05 358866 317190 190 
277 .06 310664 272980 210 
294 .06 270219 237086 220 
312 .06 236204 207502 230 
330 .07 207491 182816 220 
347 .07 183000 162007 1 

*Usually safe for e 1 hour release. Longer releases or strdder, wind shifts 
nay require a larger width or different direction for the evacuation zone. 
See Chapters 3 and 12 of the guide for details. Source height specified 
‘-y the user for this scenario was 5 feet. 

100 
118 
136 
153 
171 
189 
206 
224 
241 
259 
277 
294 
3 12 
330 
347 

CAUTION : 

.02 

.03 

.03 

.03 

.04  

.04 

.04  

.05 

.05 

.os 

.06 

.06 

.06 

.07 

.07 

See guide 

.6 

.7 

.8 

.9 
1 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2 

for assumptioqs 
4 4 

used in estimating 
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1.2 
1.4 
1.6 
1.8 
2 
2.2 
2.4 
2.6 
2.8 
3 
3.2 
3.4 
3.6 
3.8 
4 

tkese times. 



INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOMEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULAR WEIGST = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

= 103472 
SPECIFIC HEAT =TI0 FOR GAS = 1.4 
LOWER FLAMMABLZ LIMIT (LFL) = 4 
LOWER W T  OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 183000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

= Horizontal cylinder 
CONTAINER CHARACTE2ISTICS 

CONTAINER TYPS 
TOTAL WEIGHT OF CONTENTS = 13.8 lbs 
DISCHARGE HOLE DIAMETER = .75 inch ( es ) 
DISCHARGE COEFFICIENT OF HOLE = -98 
TEMP OF CONTAIXER CONTENTS = 68 desrees F 
TANK RUPTURE I3TzESSURE = 2400 psis 

ENVIRONMENTAL/LOCION CEFARACTERISTICS 
AMBIENT TEMPEL.= = 6 8  
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VLDOR/GAS DISCJTGE HEIGHT = s  

degrees F 
mPh 

f eez 

KEY FGSULTS PROVIED BY USER INSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVERRIZDEN BY USER AT SOME POIX -AFTER COMPUTATION 
NONE OBSERVED 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF D I S K  FILE = B-7.ASF 

*** SCENARIO DESCRIPTION 
18 cylinders release 3,960 ctlbic feet of hydrogen through 
two manifolds, 0.75 inches in diameter each, under average 
met. conditions taking approximately 3 seconds. 

******* 

******* 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DmTION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

676.6 
,044 
20.7 
Gas 

TOXIC VAPOR DISPERSION P,slALYSIS RESULTS 

lbs/min 
minutes 
lbs 

Downwind distance to concentraticn of 40000 ppm 
- -  at groundlevel = 215 feet 
-- at discharge height = 212 feec 

Peak concentration on sround is 690687.7 ppm 
at a downwind distance of 42 feet for 
elevated emission source specified by user. 

See attached table (s) for further details. 

FLAME JXT HAZX!D R3SULTS 

Flame jet length = 647 
Safe separation distance = 1293 
Flame jet duration = -044 

feet 
feet 
minutes 

For concentration of 1/2 LFL LFL 

Downwind hazard distance = 282 219 feet 
110 feet Max hazard zone width = 141 

Max weight explosive gas = 2i 21 lbs 
Relacive gas/air densicy = 1.01 1.01- initially 
Model used in analysis 7. Neutrally buoyant 
Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

- - - - - - -  -----.- 

I 

EXPLOSION HAZARDS: See attached table(s) 
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. d  . _  

TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Downwind Distance Groundlevel Source Height Initial Evacuation 

(feeti (miles) (PPm) (PPm) (feet) 
Concentration Concentration Zone Width* ----------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.02 248633 219949 350 

380 
100 

.03 211090 188190 
370 

109 
.03 180151 161930 

350 
117 

-03 154603 140087 
340 

125 
.03 133426 121818 

330 
133 

.03 115791 106460 
310 

141 
.03 101028 93483 

300 
150 

.03 88603 82464 
280 

158 
.04 78089 73061 

260 
166 

.04 69143 65000 
230 

174 
.04 61492 58057 

200 
182 

-04 54915 52051 
170 

191 
- 0 4  49235 46832 

120 
199 

-04 44306 42278 
1 

207 
215 - 0 5  40000 38290 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
may r=quire a larger width o r  differe2t direction for the evacuation zone. 
See Ckapters 3 and 12 of the guicie for details. Source height specified. 
by the user for this scenario was 5 ftet. 

100 
105 
117 
125 
133 
141 
150 
158 
160 
174 
182 

199 
207 
215 

i O i  -a - 

C,O,T I3N : 

- 0 2  
-03 
.03 
-03 
.03 
-03 
-03 
.03 
.Od 
.04 
.04 
.04 
- 0 4  
-04 
- 0 5  

See guide 

.2 

.2 

.2 

.2 

. 2  

.2 

.2 

.3 

.3 

.3 

.3 

.3 

.3 

.3 

- 
. L  

for assumptiops used in estimating 

.3 

.4 

.4 

.4  

.4 

.5 

.5 

.5 

.5 

.5 

. 6  

. 6  

. 6  

.6 

.6 

these times. 
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17 

5 

8 
4 

7 

5 

3 

3 12 
44 

17 

10 

- 
- 
- 

9 

6 

4 

- 
- 
- 

29 

17 

10 
9 

8 

6 

4 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly complete destruction of houses. 
Probable total building destruction. 
Range for 99-i% fatalities among.exposed populations 
due to direct blast effects. 

Note: The center of an unconfined gas/vapor explosion can be anywhere 
within the ground area passed over S t e  
results of the vapor cloud fire hazard analysis for the maxirum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or plume. 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 

VAPOR PRES AT CONTAINER TSMP = 2000 
MOLECULAR WEIGHT = 2.0159 

VAPOR PRES AT AMBIENT TEMP = 2000.1 
= 103472 

= 103472 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 

GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT' = 40000 

LOWER HEAT OF COMBUSTION = 191.7 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DIAMETER . = - 9 2  inch (es 1 
DISCHARGE COEFFICIENT OF EOLE = - 9 8  
TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE 

= 20.7 lbs 

= 2400 p s i a  

ENVI40NMENTAL/LOCATION CHARACT3RISTICS 
AMBIENT TEMPERATURE = 68 

ATMOSPHERIC STABILITY CLASS = C 
WIND VELOCITY = 9  

VAPOR/GAS DISCHARGE H";IGKT = 5  

degrees F 
mpn 

feer 

KZV RESULTS PXOVIDED BY USER IXSTEAD OF BY EVALUATION METHODS 
NONE OBSERVED 

KEY RESULTS OVERRIDDEN BY USER AT SOME BOINT AFTEX COMD~JTA'TION 
NONE OBSERVED 

. 
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HAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 10-1-93 
= B-7DETON.ASF 

*** SCENARIO DESCRIPTION 
18 cylinders release 3,960 cubic feet of hydrogen through 
two manifolds, 0.75 inches in diameter each, under average 
met. conditions taking approximately 3 seconds. 

******* 

******* 

******* 

******* 

Note: 

******* 

DISCHARGE RATE/DURATION ESTIMATES 

Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 476.6 
= .Odd 
= 20.7 
= Gas 

lbs/min 
minutes 
lbs 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS 

Downwind distance to concentration of 183000 ppm 
feet 

- -  at discharge height = 110 feet 
-- at groundlevel = 116 

Peak concentration on ground is 690610.5 ppm 
at a downwind eistance of 43 feet for 
elevated emission source specified by user. 

See attached table (s) for further details. 

FLAME JET HAZAW RESULTS 

Flame jet length = 647 
Safe separation disttrnce = 1293 
Flame j e t  6uration = .O44 

feet 
feet 
minutes 

FLAMMABLE VAPOR CLOUD HAZARD RESQZTS 

For concentration of 1/2-LFL LFL 

Downwind hazard distance = 282 219 feet 
110 feet Max hazard zone width = 141 

Max weight explosive gas = 21 21 lbs 
Relative gas/air density = 1.01 1 . O : L  initially 
Model used in analysis s Neutrally buoyant 
Clouds o r  plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, excegt wnen one of a cer- 
tain few materials have been discharged. 

EXPLOSION HAZAWS: pee attached table (sl 

- - - - - - -  ----I- 

I 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -------------- 
Downwind Distance Groundlevel Source Height Initial Evacuation ----------------- Concentration Concentration Zone Width* 
(feet) (miles) (PPm) (PPm) (feet) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

120 
120 
110 
110 
99 
94 
89 
84 
78 
71 
64 
55 
45 
32 
1 

.02 248633 219949 100 

.02 243135 215297 102 

.02 . 237778 210766 103 
104 .02 232560 206353 

.02 227477 202054 105 

.02 222524 197866 106 
107 .03 217700 193784 

.03 213000 189807 108 
-03 208421 185930 109 

110 * 03 203960 182151 
112 .03 199614 178467 

.03 195380 174875 113 

.03 191254 171373 114 
- 0 3  187235 . 167957 . 11s 

116 .03 183000 164626 

*Usually safe for e 1 hour release. Longer releases or sudden wind shifts 
may require a larser width or different direction for the evacuation zme. 
See Chapters 3 aE6 12 of the Fide for details. Source height specified 
by the user for this scenario was 5 feet. 

TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - -  
Downwind Distancs Contaminant Arrival Time Contaminant Deparccrs Time 

at Downwind Location at Downwind Locazicn - - - - - - - - - - - - - -_- -  

100 
io2 
103 
104 
105 
105 
107 
108 
109 
110 
112 
113 
114 
115 
116 

-02 
.02 
.02  
. 02  
.02 
* 02 
.03 
.03 
.03 
-03 
.03 
.03 
.03 
.03 
- 0 3  

.2 

.2 

.2 

.2 

.2 

.2 

.2 

.2  

.2 

.2 

.2 

.2 

.2 

.2 

.2 

CAUTION : See FLide for assumptiops used in estimating 
e 

these times. 
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INPUT PARAMETER SUMMARY --------------------------------..-- 
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT 
MOLECULAR WEIGHT 
VAPOR PRES AT CONTAINER TEMP 

VAPOR PRES AT AMBIENT TEMP 

SPECIFIC HEAT RATIO FOR GAS 
LOWER FLAMMABLE LIMIT (LFL) 
LOWER HEAT OF COMBUSTION 
GAS EXPLOSION YIELD FACTOR 
TOXIC VAPOR LIMIT 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE HOLE DI-AiiTER 
DISCHARGE COEFFICIZNT OF EOLE 
TEMP OF CONTAINER CONTENTS 
TANK RUPTURE PRESSURE 

= -423 
= 2.0159 
= 2000 
= 103472 
= 2000.1 
= 103472 
= 1.4 
= 4  
= 191.7 
= .03 
= 183000 

degrees F 

psia 
mm Hg 
psia 

Hg 

vol% 
Btu/lb 

PPm 

= Horizontal. cylinder 
= 20.7 lbs 
= .92 inch (es) 
= .9a 
= 68 degrees F 
= 2400 psia 

ENVIFtONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERXTbj = 68 
WIND VELOCITY = 9  
ATMOSPHERIC STABILITY CLASS = C 
VAPOR/GAS DISCEIARGE HEIGHT = 5  

KEY 

KEY 

degrees F 
mph 

feet 

RESULTS PROVIDED BY USER INSTEAD OF BY EVMXATION METHODS 
NONE OBSERVED 

=STILTS OVERRIDDEN i3Y USER AT SOME POINT -AFTER C3MPUTATION 
NONE OBSERVED 

4 
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HAZARDOUS MATERIAL = Hydrogen 
ADDRESS \ LOCATION = PDL 
DATE OF ASSESSMENT = 10-1-93 
NAME OF DISK FILE = B-8.ASF 

*** SCENARIO DESCRIPTION 
18 cylinders release 3,960 cubic feet of hydrogen through 
two manifolds, 0 . 7 5  inches in diameter each, under worst 
case met. conditions taking approximately 3 seconds. 

******* DISCHARGE RATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate = 476.6 
Duration of discharge = .044 
Amount discharged = 20.7 
State of material = Gas 

lbs/min 
minutes 
lbs 

Downwind distance to concentration of 40000 ppm 
-- at groundlevel = 742 feet - -  at discharge height = 728 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 130 feet for 
elevated emission source specified. by user. 

See attached table (s )  for further eetails. 

Flame jet length = 647 
Safe separation distance = 1293 
Flame jet duracion = .044 

*e***** FLAMMABLE VAPOR CLOUD HAZARD NSLYTS 

feet 
leet 
minutes 
.e 

For concentraticn of 1/2 LFL LFL 

Downwind hazard distance = 982 757 feet 
Max hazard zone width = 491 379 feet 
M a x  weight explosive gas = 21 
Relative gas/air density = 1.01 1 - 0 1  initially 
Model used in analysis = Neutrally buoyant 

Note: Clouds or plumes containing less chan 1 0 0 0  pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION KAZAXDS: See attached table (s) 

- - - - - - -  - - - - - -  

21 lbs 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
mnwind Eistance Groundlevel Source Height Initial Evacuation 

Concentration Concent rat ion Zone Width*. - - - - - - - - - - - - - - - - -  
(feet) (miles ) (PPm) (PPm) (feet) 

100 .02 1000000 1000000 73 
146 .03 1000000 1000000 110 

284 .06 441940 387938 210 
330 .07 312294 275155 240 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

192 .04 959325 960524 140 
238 .05 645750 580178 180 

280 375 . 0.8 227941 . 203109 
421 .08 171286 154530 310 
467 .09 132011 120475 340 

95860 380 513 .1 103987 
559 .11 83468 77614 410 
604 .12 68101 63794 440 

742 .15 40000 38107 1 

650 .13 56361 53130 480 
696 .l4 47231 44765 510 

*Usually safe for e 1 hour release. Longer releases or sudeen wind shifts 
lay require a larger width or different direction for the evzacuation zone. 
;ee Chapters 3 and 12 of the guide for details. Source height specified 
)y the user for this scenario was 5 feec. 

TOXIC VAPOR DISPERSION ANALYSIS ESULTS 

100 
146 
192 
238 
284 
330 
375 
421 
467 
513 
559 
604 
650 
696 
742 

CAUTION: 

.02 

.03 

.04 

.05 

. 0 6  

.07 

.08 

.08 

.09 

.1 

.11 

.12 

.13 

.l4 

.15 

See guide 

. 6  

.9  
1.1 
1.4 
1.7 
1.9 
2.2 
2.4 
2.7 
3 
3.2 
3.5 
3.7 
4 
4.3 

1.2 
L.8 
2.3 
2.8 
3.3 
3.8 
4.4 
4.9 
5.4 
5.9 
5 . 4  
7 
7.5 
8 
8.5 

for assumpticps used in estimating these times. 
A 
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312 
44 

17 

10 

- 

- 
- 

9 

6 

4 

- 
- 
- 

2 9  

17 

10 
9 

a 

6 

4 

Occasional breakage of large windows under stress. 
Some damage to home ceilings; 10% window breakage. 
Windows usually shattered; some frame damage. 
Partial demolition of homes; made uninhabitable. 
Range serious/slight injuries from flying glass/object. 
Partial collapse of home walls/roofs. 
Non-reinforced concrete/cinder block walls shattered. 
Range 90-1% eardrum rupture among exposed population. 
50% destruction of home brickwork. 
Frameless steel panel buildings ruined. 
Wooden utility poles snapped. 
Nearly comylete destruction of houses. 
Probable total building destruction. 
Range for 99-1% fatalities among exposed populations 
due to dirsct blasE effects. 

Xote: The center of an cnccnfined gas/vapor explosior, can be anywhere 
within the ground area passed over See 
results of the vapor cloud fire hazard analysis for the maximum 
downwind distance and maximum width of this area. Explosion is 
assumed to take place on or near the ground. 

by the cloud or piume. 

, 
Y 
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INPUT PARAMETER SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSIOCHEMICAL PROPERTIES OF MATERIAL 

NORMAL BOILING POINT = -423 
MOLECULJLR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP = 2000 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

= 103472 
SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 
LOWER HEAT OF COMBUSTION = 191.7 
GAS EXPLOSION YIELD FACTOR = .03 
TOXIC VAPOR LIMIT = 40000 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINER CHARACTERISTICS 
CONTAINER TYPE = Horizontal cylinder 
TOTAL WEIGFIT OF CONTENTS = 20.7 lbs 
DISCHARGE EOLE DIAMETER = .92 inch (es) 

TEMP OF CONTAINER CONTENTS = 68 degrees F 
TANK RUPTURE PRESSURE = 2400 psia 

DISCHARGE COEFFICIENT OF EOLZ = -98 

ENVIRONNENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATURE = 68 
WIND VELOCITY = 2  
ATMOSPHERIC STABILITY CLASS = F 
VAPOR/GAS DISCHARGE HEIGET = 5  

degrees ? 
mph 

feet 

KEY RESULTS PROVIDED BY USER INST2.W OF BY EVALUATION METEODS 
NONE OBSEXVED 

m y  RESULTS OVXXXIDDEN BY USER AT SOME POINT AFTER COMPUTATION 
NONE OBSEXED 
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KAZARDOUS MATERIAL 
ADDRESS \ LOCATION 
DATE OF ASSESSMENT 
NAME OF DISK FILE 

= Hydrogen 
= PDL 
= 10-1-93 
= B-8DETON.ASF 

*** SCENARIO DESCRIPTION 
18 cylinders release 3,960 cubic feet of'hydrogen through 
two manifolds, 0.75 inches in diameter each, under worst 
case met. conditions taking approximately 3 seconds. 

******* DISCIiARGE FtATE/DURATION ESTIMATES 
Compressed gas discharge from container 

Peak discharge rate 
Duration of discharge 
Amount discharged 
State of material 

= 476.6 
= .044 
= 20.7 
= Gas 

lbs/min 
minutes 
l b s  

******* TOXIC VAPOR DISPERSION ANALYSIS FGSULTS 
Downwind distance to concentration of 183000 ppm 
-- at groundlevel = 410 feet 
-- at discharge height = 392 feet 

Peak concentration on ground is 1000000 ppm 
at a downwind distance of 130 feec for 
elevated emission source specified by user. 

See attached table(s) for further details. 

******* FLAME J"T FAZARD RZSULTS 

Flame jet length = 647 

Flame jet duration = .Odd 
Safe separation distance = 1293 

feet 
feet 
minutes 

******* FLAMMABLE VAPOR CLOUD FAZA2.D RESULTS 

For concentration of 1/2 LFL LFL - - - - - - -  - - - - - -  
Downwind hazard distance = 982 757 feet 

Max weight explosive gas = 21 21 lbs 
= 491 379 feet Max hazard zone width 

Relative gas/air density = 1.01 1.01 initially 
Model used in analysis = Neutrally buoyanc 

Note: Clouds or plumes containing less than 1000 pounds 
of vapor or gas are very unlikely to explode when 
completely unconfined, except when one of a cer- 
tain few materials have been discharged. 

******* EXPLOSION HAZARDS: iee attached table(s) 
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TOXIC VAPOR DISPERSION ANALYSIS RESULTS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - -~- - - - - - - - - - -  

downwind Distance Groundlevel Source Height Initial Evacuation 

- (PPm) (PPm) (feet) (feet) (miles) 
Concentrat ion Concentration Zone Width* - - - - - - - - - - - - - - - - -  

_______-_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - -  
100 .02 1000000 1000000 73 

89 123 .03 1000000 1000000 
110 145 .03 1000000 1000000 
13 0 167 .04 1000000 1000000 

999964 140 
211 .04 814612 766500 160 
233 .05 672432 607553 170 

189 .04 gas126 

255 .05 557206 493494 190 
277 .06 464703 408277 210 
300 .06 390474 342644 220 
322 .07 330668 290915 240 

388 .08 210009 i8777a 

344 .07 282182 249406 250 
366 .07 242588 215615 270 

270 
1 410 . oa 183000 164613 

Wsually safe for e 1 hour release. Longer releases o r  sudden wind shifzs 
nay require a larger width or different direction for the evacuation zonp,. 
See Chapters 3 and 12 of the guide for details. Source height specified 
y the user for this scenario was 5 feet. 

100 
123 
145 
167 
189 
211 
233 
255 
277 
300 
322 
344 
366 
388 
410 

CAUTION: 

. 0 2  

.03 

.03 

.04 

.04 

.04 

.05 

.05 

.06 

.06 

.07 

.07 

.07 

.oa  . oa 
See guide 

-6 
.7 
.9 
1 
1.1 
1.2 
1.4 
1.5 
1.6 

1.9 
2 
2.1 
2.3 
2.4 

1 . 8  

1.2 
1.5 
1.7 
2 
2.2 
2.5 
2.7 
3 
3.2 
3.5 
3.8 
4 
4.3 
4.5 
4.8 

for assumFtions used in estimating these times. 
4 
4 
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INPUT PARAMETE2 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHYSI0CHEMICAI-I PROPERTIES OF MATERIAL 

NOLJIAL BOILING POINT = -423 
MOLECULAR WEIGHT = 2.0159 
VAPOR PRES AT CONTAINER TEMP =. 2000 

= 103472 

= 103472 
VAPOR PRES AT AMBIENT TEMP = 2000.1 

SPECIFIC HEAT RATIO FOR GAS = 1.4 
LOWER FLAMMABLE LIMIT (LFL) = 4 

GAS EXPLOSION YIELD FACTOR = -03 
TOXIC VAPOR LIMIT = 183000 

LOWZR HEAT OF COMBUSTION = 191.7 

degrees F 

psia 
mm Hg 
psia 
mm Hg 

vol% 
Btu/lb 

PPm 

CONTAINEX CHARACTERISTICS 
CONTAINER TYPE 
TOTAL WEIGHT OF CONTENTS 
DISCHARGE EOLE DIAMETER 

= Horizontal cylinder 
= 20.7 lbs 
= .92 inch (es 

DISL"EITLRGE COEFFICIENT OF HOLE = .98 

TANii RUPTURE PRESSURE = 2400 
TEMP OF CONTAINER CONTENTS = 68 

ENVIRONMENTAL/LOCATION CHARACTERISTICS 
AMBIENT TEMPERATUR3 = 68 

ATMOSPHZZIC STABILITY CLASS = F 
WIND VELOCITY = 2  

VAFOR/GAS DISCHARGE HEIGXT = 5  

degrees F 
psia 

decrees F 
mPh 

feet 
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Calculation Sheets 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of a single cylinder) 

RD-P 13-00 1 

n 

Prepared by: - 4 4 / 9 4  
Printed Name Date 

Checked by: 

Approved by: 
Printed Name 

The following calculations depict the size, velocity, and the distance a fragment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fiagments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 Ibs/in3 

b. Wt. of Fuel in 1 cylinder = (Volume of Fuel)/(Volume of 1 pound of fuel) 
Wt. = 1,000 ft3A91.3 ft3 = 5.2 lbs 

C. 

d. 
e. 
f. 
g. 
h. 

Weight of explosive (TNT Equivalent) in 1 cylinder. (W) = 
(Weight of fbel)(TNT Equivalent of 20.5) 
W = (5.2)(20.5) = 106.6 plus a 20% safety factor = 128 Ibs 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (k) = .3125 inches 
Length of Charge (IC) = 21 feet (252 inches) 
Density of Casing (dc) = 8.0 s/cm3 (.289 Ibdin3) 

1 



CALCULATION SHEET 

CALCULATION TlTLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of a single cylinder) 

CALCULATION ID: RD-P13-001 (cont'd) 

REVISION: 0 

Step 2: Total weight of the cylindrical portion of the metal casing (W,) 

IT[ (od)2 - (id)' ](lc)(dc) 

4 
W, = 

1~[(9.625)~ -(9)2](252)(0.289) 

4 
Wc = = 665.8 lbs 

.192 =The ratio of the explosive weight to the casing weight. 
W 128 -=-= 
Wc 666 

Step 3: Initial Fragment Velocity Po) 

TNT in mild steel casing, (2Et)'I2 = 6,940 (Reference 15, Table 4-2) 

Vo = (2E')lI2 wc 

v0 = 6,940 0.192 .lr J = 2,904: 7 ft./second 

1+- 

2 



CALCULATION SIFEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of a single cylinder) 

CALCULATION ID: RD-P13-001 (cont'd) 

REVISION: 0 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (B) = .30 
(Reference 15) 

MA =.30(0.3125)s'6(9)3 1+- ~ 0 . 2 4 5  Ibs Y 0.3i25) 
Weight of the largest fragment 

2 

wf=[mln(-,] 

= 7.8 ounces 

Striking Velocity ps) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = V, = 2,905 ft./second 

Number of hgments having a weight greater than 1-1/2 ounces (Nf) 

h N f = e [  8(666) ]--=6.39 (1.5)'12 
(0.245)2 0.245 

Nr= 596 fragments 



CALCULATION SIIEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

Distance to Threshold Blast Overpressures 
(Hydrogen Trailer - Overpressure of a single cylinder) 

RD-P13-002 

li 

/cy;s/9f 
Date 

Prepared by: 
Printed Name 

Checked by: . &kt \ n c r  IZ-Ig-9y 
Date 

ate 
Approved by: 

Printed Name 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (mi) 
1 .o 
1 .O-8.0 

10.0 

Effect 
Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

% = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG= Scaled Ground Distance (Wlb 18 ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, Z G  = 9 

A. lJ&i 

% = (128)1/3(45) 
% = 226.8 ft 

B. 1Opsi 

% = (128)1/3(9) 
% = 45.4 ft 

4 



CALCULATION SHIZET 

CALCULATION TITLE: Blast Force to Nearby Structures 
(Hydrogen Trailer - Overpressure of a single cylinder) 

CALCULATION ID: RD-P13-003 

REVISION: 0 

Prepared by: / .L6  -9y. 

Checked by: < >  A .  SLr,fi,r IZ- /C-W 

Signature Printed Name Date 

' PrintedName Date 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (Z,) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

& = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

for a: 
Pso = 1,000 psi 

b. AMPL Building 
(approx. 105 fi from trailer) 

ZG= (105 ft)/(128)1/3 
ZG = 20.8 

forb: 
Pso = 6 psi 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 n 

Fragment .Velocity at Threshold 
(Hydrogen Trailer - Overpressure of a single cylinder) 

RD-P13-004 

Prepared by: Lw5/9,/ 
* signature Printed Name Date 

‘Printed Name Date 
Checked by: Joscbll A. S A  r I f l d -  I 2 - I r- Qq 

1 

IdIL !An/\ l k  
- 

Approved by : b I S d T d  
Printed Name 

The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 ftnb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 7.8 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

Vs = The velocity in ft/sec at which a given object must travel to achieve 58 ft/lb of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 

A. 7.8 ounce fragment 

=118.97ft/sec 
58 

0.4875 
Vs = 

C 
Vs=- 

W 

B. 1.5 ounce fragment 

58 
0.09375 

= 618.66 Wsec Vb = 

6 



CALCULATION SHEET 

CALCULATION TITLE: Distance fragments travel before dropping below threshold 
velocities (Hydrogen Trailer - Overpressure of a single cylinder) 

CALCULATION ID: RD-P13-005 

REVISION: 0 

Prepared by: 
Printed Name Date 

Checked by: /%- lI,-"lY 
Date 

Approved by: / 2 - / L  / /  fig 
Printed Name I Ddte 

The following calculations depict the distances at which fragments contain energies less than the 58 Wlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf = Distance traveled by a fragment. 
Wf= Weight of the fragment. 

Step 2: 

InqWr"3)  
VS Rf= 
.004 

A. 7.8 ounce framnent B. 1.5 ounce fragment 

2,905 In L( 2 905 1. 5'13) In - (7. 8"3) 
Rf= 119 = 1,584.1 ft Rf= '19 -=914.4ft 

.004 .004 



CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of three cylinders) 

CALCULATION ID: RD-P14-001 

REVISION: 0 

Prepared by: //?///I /%’ 
Date Printed Name 

Checked by: ///I// / .Z- /b-?q 

Approved by: 1 4 6 2 7 4  
Printed Name 

The following calculations depict the size, velocity, and the distance a fragment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: ~ Given: 

a. 

b. 

C. 

d. 
e. 
f. 
g- 
h. 

Type of Explosive = Hydrogen 

Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 lbs/in3 

Wt. of Fuel in 3 cylinders = (Volume of Fuel)/(Volume of 1 lb. of fuel) 
Wt. = 3,000 fi3A91.3 ft3 = 15.7 lbs 

Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of fbel)(TNT Equivalent of 20.5) 
W = (15.7)(20.5) = 321.85 + a 20% safety factor = 386.2 lbs 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (k) = .3 125 inches 
Length of Charge (IC) = 21 feet (252 inches) 
Density of Casing (dc) = 8.0 g/cm3 (.289 lbs/in3) 

8 



CALCULATION S m E T  

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of three cylinders) 

CALCULATION ID: 

REVISION: 0 

RD-P 14-00 1 (cont'd) 

Step 2: Total weight of the cylindrical portion of the metal casing (Wc) 

n[(od)2 - (id)2](lc)(dc) 

4 
W, = 

n[(9.625)2 - (9)2](252)(0.289) 

4 
W, = = 665.8 Ibs 

-. 192 =The ratio of the explosive weight to the casing weight. 
W 128 -=-- 
Wc 666 

Step 3: Initial Fragment Velocity (Vo) 

TNT in mild steel casing, (2E1)'I2 = 6,940 (2E')II2 = 6,940 (Reference 15, Table 4-2) 

Vo = (2E')"' [ :c] 

w 

1+- 

f 
0.192 

l+- 
v0 = 6,940 ,lF J = 2,904.7 ft./second 



CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of three cylinders) 

RD-P14-001 (cont’d) CALCULATION ID: 

REVISION: 0 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Fragment Distribution Parameter (h4d 

The constant for the explosive charge for TNT in mild steel casing (€3) = .30 
(Reference 15) 

MA =.30(0.3125)5’6(9)3 1 +- = 0.245 lbs 
0.:25) 

Weight of the largest fragment 

Striking Velocity (V,) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo = 2,905 ft./second 

Number of fragments having a weight greater than 1-1/2 ounces (Nf) 

l nNf=h[  8(666) 1--=6.39 (1.5)”2 
(0. 245)2 0.245 

Nf= 596 fragments = 1,788 for 3 cylinders 

10 



CALCULATION SHEET 

CALCULATION TITLE: Distances to Threshold Blast Overpressures 
(Hydrogen Trailer - Overpressure of three cylinders) 

CALCULATION ID: RD-P 14-002 

REVISION: 0 

p/;5/9y 
Date 

Prepared by: ,i Lhh/ 
Signature Printed Name 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (psi) Effect 
1 .o 
1 .O-8.0 

10.0 

Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

= Ground distances 
W = TNT equivalent in Ibs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wb 18 ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, Z, = 9 

k = w1I3 (zG) 

A. Ir>si B. 1Ousi 

% = (386.2)1/3(45) 
= 327.6 ft 

R, = (383.8)1/3(9) 
R,= 65.5 ft 



CALCULATION TITLE: 

CALCULATION ID: 

CALCULATION SHEET 

Blast Force to Nearby Structures 
(Hydrogen Trailer - Overpressure of three cylinders) 

RD-P14-003 

REVISION: 0 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (Le. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

Q = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
Z, = Scaled Ground Distance (Wlb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

Z, = (5 fi)/(386.2)1/3 
ZG = .69 

b. AMPL Building 
(approx. 105 ft from trailer) 

ZG= (105 ft)/(386.2)1’3 
ZG = 14.4 

for a: 
Pso = 4,000 psi 

forb: 
P,, = 8 psi 

12 



CALCULATION TITLE: 

CALCULATION ID: 

CALCULATION SHEET 

Fragment Velocity at Threshold 
(Hydrogen Trailer - Overpressure of three cylinders) 

RD-P14-004 

REVISION: 0 

Prepared by: 
Printed Name Date 

Checked by: . LPJL d.  S C L ,  L L L  12- Is-qy 
*) !PrintedName Date 

Approved by: CGI A m  
Printed Name Date 

The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 Wlb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 7.8 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

Vs = The velocity in Wsec at which a given object must travel to achieve 58 M b  of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 

A. 7.8 ounce fragment 

E O  
30 Vs = = 1 18.97 Wsec 

0.4875 

C 
Vs=- 

W 

13 

B. 1.5 ounce fragment 

Vs = 58 = 618.66 Wsec 
0.09375 



CALCULATION SHEET 

CALCULATION TITLE: Distance fragments travel before dropping below threshold 
velocities (Hydrogen Trailer - Overpressure of three cylinders) 

CALCULATION ID: RD-P14-005 

The following calculations depict the distances at which fragments contain energies less than the 58 ft/lb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf = Distance traveled by a fragment. 
Wf= Weight of the fragment. 

Step 2: 

In v"( wf"3) 
VS Rf= 

.004 

A. 7.8 ounce fragment B. 1.5 ounce fragment 

2 905 In -.L- (7. S113) 

.004 
Rf= 119 = 1,584.1 ft 

2 905 
119 

In -1--( 1. 5113) 

.004 
= 914.4 fi Rf= 

14 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of 30 cylinders) 

RD-P15-001 

Date 

I7- lb-4 y 
Prihed Name Date 

- ) L L / A M  IK 
Printed Name 

The following calculations depict the size, velocity, and the distance a fiagment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fiagments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2506 Ibs/in3 

b. 

C. 

d. 
e. 
f. 
g. 
h. 

Wt. of Fuel in 30 cylinders = (Volume of Fuel)/(Volume of 1 lb of fuel) 
Wt. = 30,000 ft3A91.3 ft3 = 156.8 Ibs 

Weight of explosive (TNT Equivalent) in 1 cylinder (W) = (Weight of 
fuel)(TNT Equivalent of 20.5) 
W = (156.8)(20.5) = 3,214.4 + a 20% safety factor =B,857.3 lbs 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (tc) = .3 125 inches 
Length of Charge (IC) = 21 feet (252 inches) 
Density of Casing (dc) = 8.0 g/cm3 (.289 ibsh3) 

15 



CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - 3 0  Overpressure of cylinders) 

CALCULATION ID: RD-P15-001 (cont'd) 

REVISION: 0 

Vo= 6,940 

Step 2: Total weight of the cylindrical portion of the metal casing (W,) 

= 2,904.7 ft./second 
0.192 

.192 
1+- 

n[(od)' -(id)'](lc)(dc) 

4 
w, = 

n[(9.625)* -(9)'](252)(0.289) 

4 
w, = = 665.8 lbs 

-. 192 =The ratio of the explosive weight to the casing weight. 
W 128 
Wc - 666 
---- 

Step 3: Initial Fragment Velocity (Vo) 

TNT in mild steel casing, (2")''' = 6,940 (Reference 15, Table 4-2) 

Vo = (2E')''' W 
l+- "1' 2wc 

16 



CALCULATION SHEET 

CALCULATION TITLE: 
. 

CALCULATION ID: RD-P15-001 (cont'd) 

REVISION: 0 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of 30 cylinders) 

Step 4: 

Step 5: 

Step 6: 

Step 7: 

Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (€3) = .30 
(Reference 15) 

h/lA=.30(0.3125)516(9)3 1+- = 0.245 lbs Y 0.3:25) 

Weight of the largest fragment 

Striking Velocity (V,) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo = 2,905 ft./second 

Number of fiagments having a weight greater than 1-1/2 ounces (Nf) 

m f = I n [  8(666) ]--=a9 (1.5)"' 
(0.245)' 0.245 

Nf = 596 fragments per cylinder (30 cylinders) = 17,880 f iapents  

17 



CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

CALCULATION SHEET 

Distance to Threshold Blast Overpressures 
(Hydrogen Trailer - Overpressure of 30 cylinders) 

RD-P15-002 

Prepared by: (&?@ / E  I .  h h C /  b$g /yy  
Printed Name Date 

Checked by: \ r?. / I  - n d.  .<&llWf- i S - I S .  qc( 
rinted Name Date 

Approved by: d, .pUem%R&ini Printed Name Date 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (psi) 
1 .o 
1.0-8.0 

10.0 

Effect 
Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

% = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG= Scaled Ground Distance (Mbl f 3, 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, Z, = 45 
For 10 psi, ZG = 9 

A. 

& = (3,857.3)1/3(45) 
& = 705.7 ft 

B. 10 psi 

& = (3,857.3)1/3(9) 
&= 141.1 ft 

18 



CALCULATION SHEET 

CALCULATION TITLE: Blast Force to Nearby Structures 
(Hydrogen Trailer - Overpressure of 30 cylinders) 

CALCULATION ID: RD-P15-003 

REVISION: 0 

Prepared by: &hd9F 
Printed Name Date 

Checked by: 
Date 

Approved by: 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

& = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

ZG = (5 ft)/(3,857.3)1/3 
ZG = .32 

for a: 
Pso = 8,000 psi 

b. AMPL Building 
(approx. 105 ft from trailer) 

ZG = (105 ft)/(3,857.3)1'3 
ZG = 6.7 

forb: 
Pso= 75psi 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Fragment Velocity at Threshold 
(Hydrogen Trailer - Overpressure of 30 cylinders) 

RD-P 15-004 

REVISION: 

Prepared by: q7!! /9Y 
Date Printed Name 

Checked by: Q m d  12 /s--a/y 
I PrintedName Date 

Approved by: Lu I ‘L! Ar*T*edM 
Printed Name 

The The following calculations depict the velocity at which fragments exceed the permissible exposure 
level of 58 Wlb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 7.8 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

Vs = The velocity in Wsec at which a given object must travel to achieve 58 Wlb of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 

A. 7.8 ounce fragment 

= 118.97 Wsec 
58 

0.4875 
vs = 

C vs=- 
W 

B. 1.5 ounce fragment 

58 
0.09375 

= 618.66 Wsec vs = 

20 



CALCULATION SHEET 

CALCULATION TITLE: Distance fragments travel before dropping below threshold 
velocities (Hydrogen Trailer - Overpressurz of 30 cylinders) 

CALCULATION ID: RD-P15-005 

REVISION: 0 

Prepared by: - 
Printed Name Date 

Checked by: 

Approved by: 
Printed Name 

The following calculations depict the distances at which fragments contain energies less than the 58 fVlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf = Distance traveled by a fragment. 
Wf = Weight of the fragment. 

Step 2: 

lnv"(wr"') 
VS Rf= 
.004 

A. 7.8 ounce fragment 

2 905 
119 

In L( 7.8"') 

.004 
=1,584.1 ft Rf= 

B. 1.5 ounce fragment 

2,905 ln-( 1. 9'') 
119 -- Rf= - 914.4 fi 
.004 



CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of 38 cylinders) 

CALCULATION ID: RD-P16-001 

REVISION: 0 

/2h6/9 7 
Printed Name Date 

Date 

Printed Name ' Date 

The following calculations depict the size, velocity, and the distance a fragment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 lbs/in3 

b. Wt. of Fuel in 3 cylinders = (Volume of Fuel)/(Volume of 1 lb. of fuel) 
Wt. = 38,000 ft3A91.3 ft3 = 198.6 lbs 

c. Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of fbel)(TNT Equivalent of 20.5) 
W = (198.6)(20.5) = 4,071.3 + a 20% safety factor = 4,885.6 lbs 

d. 
e. 
f. 
g. 
h. 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (tc) = .3 125 inches 
Length of Charge (IC) = 21 feet (252 inches) 
Density of Casing (dc) = 8.0 g/cm3 (.289 lbs/in3) 
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CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of 38 cylinders) 

CALCULATION ID: RD-P16-001 (cont'd) 

REVISION: 0 
~~ 

Step 2: Total weight of the cylindrical portion of the metal casing (W,)) 

n[(od)2 -(id)2](lc)(dc) 

4 
wc = 

n[(9.625)* - (9)2](252)(0.289) 

4 
W, = = 665.8 lbs 

-. 192 =The ratio of the explosive weight to the casing weight. 
W 128 
Wc - 666 
---- 

Step 3: Initial Fragment Velocity (Vo) 

TNT in mild steel casing, (2")'" = 6,940 (Reference 15, Table 4-2) 

Vo = (2E')'I2 [ 5c] w ' I2  

1+- 

0.192 

l+- 
VO = 6,940 J = 2,904.7 ft./second 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Trailer - Overpressure of 38 cylinders 

RD-P16-001 (cont'd) 

Step 4: 

Step 5 :  

Step 6: 

Step 7: 

Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (E3) = .30 
(Reference 15) 

MA=.30(0.3125)5/6(9)3 1+- ~ 0 . 2 4 5  lbs 0*3i25) 
Weight of the largest fragment 

2 

Wf= [ 0.245 h [ , ~ ~ ~ ~ ~ ~ 2 ) ]  = 7.8 ounces 

Striking Velocity (vs) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo = 2,905 ft./second 

Number of fragments having a weight greater than 1-112 ounces (Nf) 

h N f = h  - -- [Ell E 
h N f = h [  8(666) 1--=6.39 (1.5)'12 

(0.245)2 0.245 

Nf= 596 fragments per cylinder (38 cylinders) = 22,648 fragments 
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CALCULATION SHEET 

CALCULATION TITLE: Distance to Threshold Blast Overpressures 
(Hydrogen Trailer - Overpressure of 38 cylinders) 

CALCULATION ID: RD-P16-002 

REVISION: 

Prepared by: 

Checked by: 

Approved by: 

Printed Name Date 

A r r n u  I 2 - IS- 44 
Date 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (psi) Effect 
1 .o 
1.0-8.0 

10.0 

Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

% = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG= Scaled Ground Distance (Mb 18 ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, ZG = 9 

& = m113 (zG) 

A. B. - 1 O D s i  

% = (4,885.6)1”(45) 
% = 763.6 ft 

& = (4,885.6)1/3(9) 
& = 152.7 ft 



CALCULATION SHEET 

CALCULATION TITLE: Blast Force to Nearby Structures 
(Hydrogen Trailer - Overpressure of 38 cylinder) 

CALCULATION ID: RD-P 16-003 

REVISION: 0 

Printed Name Date 

\ AL ,/. ,%TW I Z  15-44 
$rinted Name Date 

Printed Name bate’ 

To determine the Peak Positive Incident Pressure ps0) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

& = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Mb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

ZG = (5 ft)/(4,885.6)1/3 
ZG= -29 

b. AMPL Building 
(approx. 105 fi from trailer) 

ZG= (105 ft)/( 4,885.6)’” 
ZG = 6.19 

for a: 
Pso = 9,000 psi 

forb: 
Pso= 80psi 
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CALCULATION TITLE: 

CALCULATION ID: 

' Fragment Velocity at Threshold 
(Hydrogen Trailer - Overpressure of 38 cylinders) 

RD-P16-004 

REVISION: 0 

Prepared by: LR&i i . h  loo 0- 1 E/;&/ 
Printed Name Date 

' / A d  //I /s-q4 
Date 

Checked by: 

Approved by: d K L / A r n  
Printed Name 

The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 Wlb as prescribed in DOD 6055.9 (Reference 16). Two fiagment sizes are calculated for their 
velocity: a 7.8 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

V, = The velocity in Wsec at which a given object must travel to achieve 58 Rllb of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 
C 

Vs=- 
W 

A. 7.8 ounce fragment 

Vs = =118.97Wsec 
58 

0.4875 

B. 1.5 ounce fragment 

Vs = = 618.66 Wsec 
58 

0.09375 
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CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Distance fragments travel before dropping below threshold 
velocities (Hydrogen Trailer - Overpressure of 38 cylinders) 

RD-P 16-005 

REVISION: 0 

Prepared by: /2/h /9y 
Printed Name Date 

Checked by: f l  5.1 rm:F 12. IL .  94 

ate 
Approved by: 

The following calculations depict the distances at which fragments contain energies less than the 58 Wlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf= Distance traveled by a fragment. 
Wf= Weight of the fragment. 

Step 2: 

Inv"(wf/J) 
VS &= 

.004 

A. 7.8 ounce fragment 

2 905 
119 

In (7. 8"3) 

.004 
= 1,584.1 ft Rr= 

B. 1.5 ounce framnent 

2 905 
119 

In -L- (1.5 ) 
.004 

= 914.4 ft Rf= 
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CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of a single cylinder) 

CALCULATION ID: RD-B9-001 

Printed Name 

The following calculations depict the size, velocity, and the distance a fiagment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. 

b. 

C. 

d. 
e. 

. f. 
g. 
h. 

Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 lbs/in2 

Wt. of Fuel in 1 cylinder = (Volume of Fuel)/(Volurne of 1 pound of fuel) 
Wt. = 220 ft3/191.3 ft3 = 1.15 lbs 

Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of fuel)(TNT Equivalent of 20.5) 
W = (1.15)(20.5) = 23.58 plus a 20% safety factor = 28.3 lbs 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (tc) = .3 125 inches 
Length of Charge (IC) = 5 1 inches 
Density of Casing (dc) = 8.0 gkm3 (.289 lbs/in3) 
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CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of a single cylinder) 

RD-B9-001 (cont'd) 

Step 2: 

Step 3: 

Total weight of the cylindrical portion of the metal casing (W,) 

IT[ ( od)2 - ( id)2 ](IC)( dc) 

4 
wc = 

 IT[(^. 625)2 - (9)2](5 1)(0.289) 

4 
w, = = 135 lbs 

W 28.3 - = - = 0.21 =The ratio of the explosive weight to the casing weight. 
Wc 135 

Initial Fragment Velocity (Vo) 

TNT in mild steel casing, (2E)'12 = 6,940 (Reference 15, Table 4-2) 

112 w 
Vo = (2E')'12 [ 5c] 

l + -  

\112 

0.21 

l + -  
v0 = 6,940 [ o;l J = 3,025.4 ft./second 
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CALCULATION SHEET 

CALCULATION TITLE: .Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of a single cylinder) 

CALCULATION ID: RD-B9-001 (cont’d) 

REVISION: 0 

Step 4: Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (B) = .30 
(Reference 15) 

MA =.30(0.3125)5/6(9)3 1+- = 0.245 I 0.?25) 

Step 5: Weight of the largest fragment 

/ 

Step 6: Striking Velocity (vs) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo =3,025.4 ft./second 

Number of fragments having a weight greater than 1-1/2 ounces (Nf) Step 7: 

8(135) (1.5)”2 
(0. 245)2 0.245 

In Nr = In[ 1-- = 4.798 

Nf= 121 fragments 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Distance to Threshold Blast Overpressures 
(Hydrogen Backup Supply - Overpressure of a single cylinder) 

RD-B9-002 

Dhr/Fy 

Checked by: J-h 4 .4L J I L /  /2-1<-. 9q 

Printed Name Date 

REVISION: 

Prepared by: 

Date 

Approved by: LA& fl /4(6h? 
Printed Name Date 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (mi) 
1 .o 
1 .O-8.0 

10.0 

Effect 
Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

& = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG= Scaled Ground Distance (Mb 1 h  ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, Z, = 9 

A. lJ&i 

& = (28.3)1/3(45) 
& = 137.1 ft  

B. 10 psi 

Q = (28.3)”3(9) 
& = 27.4 ft  
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CALCULATION SHEET 

CALCULATION TITLE: Blast Force to Nearby Structures 
(Hydrogen Backup Supply - Overpressure of a single cylinder) 

CALCULATION ID: RD-B9-003 

REVISION: 0 

Prepared by: &’h/L //&I ,/ &-@; .L&ihz/- /q;.&y 
Printed Name Date 

Checked by: 

Approved by: 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

= Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

Z, = (5 ft)/(28.3)1/3 
Z G  = 1.63 

for a: 
P,, = 800 psi 

b. AMPL Building 
(approx. 105 ft from trailer) 

ZG= (105 ft)/(28.3)1’3 
ZG = 34.4 

forb: 
Ps,= 6psi 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Fragment Velocity at Threshold 
(Hydrogen Backup Supply- Overpressure of a single cylinder) 

RD-B9-004 

REVISION: 0 

Prepared by: L. &Id flh5/?. 
Printed Name Date 

Checked by: //MY- /2 f r-q 
Date 

Printed Name 
Approved by: 

The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 IVlb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 5.7 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

V, = The velocity in Wsec at which a given object must travel to achieve 58 Wlb of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 
C 

Vs=- 
W 

A. 5.7 ounce fragment 

= 162.8 Wsec 
58 

0.35625 
Vs = 

B. 1.5 ounce framnent 

Vs = 58 = 618.66 Wsec 
0.09375 
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CALCULATION SHEET 

CALCULATION TITLE: Distance fragments travel before dropping below threshold 
velocities (Hydrogen Backup Supply - Overpressure of a single 
cylinder) 

CALCULATION ID: RD-B9-005 

REVISION: 0 

Prepared by: 
Printed Name Date 

f 2-16 -e y 
Date 

Checked by: 

Approved by: 
Printed Name ate 

The following calculations depict the distances at which fragments contain energies less than the 58 Wlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf= Distance traveled by a fragment. 
Wf = Weight of the fragment. 

Step 2: 

lIlv"(w,"') 
VS Rr= 
.004 

A. 5.7 ounce fragment B. 1.5 ounce frament 

39025.4 (5.71/3) In 3Y 025.4 (1.51/3) 

= 454.2 ft 618.7 = 1,308.1 ft Rf= 
.004 .004 

162.8 
In 

Rf= 



CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of three cylinders) 

CALCULATION ID: RD-B 10-001 

REVISION: 0 

Prepared by: [hi~k ,/- &.I/’ < / / 6 / v  
Printed Name Date 

The following calculations depict the size, velocity, and the distance a fragment would travel in 
an accident involving ~e overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 s/cm3)/ (27.68) = 3.2E-06 lbs/in3 

b. Wt. of Fuel in 3 cylinders = (Volume of Fuel)/(Volume of 1 lb. of fuel) 
Wt. = 660 ft3/191.3 ft3 = 3.45 lbs 

C. Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of fuel)(TNT Equivalent of 20.5) 
W = (3.45)(20.5) = 70.73 + a 20% safety factor = 84.9 lbs 

d. 
e. 
f. 
g. 
h. 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (k) = .3 125 inches 
Length of Charge (IC) = 5 1 inches 
Density of Casing (dc) = 8.0 gkm3 (.289 lbs/in3) 
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CALCULATION SHEET 

CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of three cylinders) 

CALCULATION ID: RD-B10-001 (cont'd) 

REVISION: 0 

Step 2: Total weight of the cylindrical portion of the metal casing (Wc) 

n[(od)2 -(id)2](lc)(dc) 

4 
w, = 

n[(9.625)2 -(9)2](51)(0.289) 

4 
W, = = 135 lbs 

--- - 0.21 =The ratio of the explosive weight to the casing weight. W 28.3 -- 
Wc 135 

Step 3: Initial Fragment Velocity (V,) 

TNT in mild steel casing, (2E')'I2 = 6,940 (Reference 15, Table 4-2) 

VO = (2E')Il2 [ 5.1 w 

1+- 

/ \ 112 

V, = 6,940 [ ':il] =3,025.4ft./second 
1+- 



CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

REVISION: 0 

Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of three cylinders) 

RD-B 10-001 (cont'd) 

Step 4: Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (B) = .30 
(Reference 15) 

MA =.30(0.3125)s'6(9)3 1+- ~ 0 . 2 4 5  
0-3;25) 

Step 5 :  

Step 6:  

Step 7: 

Weight of the largest fragment 

2 

Wr = [ 0.245 In[ ( ~ ~ ~ ~ ~ ~ 2 ) ]  = 5.7ounces 

Striking Velocity (V,) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo =3,025.4 fthecond 

Number of fragments having a weight greater than 1-1/2 ounces (Nf) 

h N r  = h[ 8(135) I--= (1.5)1'2 4.798 

(0. 245)2 0.245 

Nr = 121 fragments (3 cylinders) = 363 fragments 
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CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Distance to Threshold Blast Overpressures 
(Hydrogen Backup Supply - Overpressure of three cylinders) 

RD-B 10-002 

REVISION: 0 

Prepared by: 
Printed Name Date 
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hinted Name Date 
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Printed Name 1 Daie 

The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (psi) 
1 .o 
1 .O-8.0 

10.0 

Effect 
Partial demolition of houses; made uninhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

= Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 1 8  ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, ZG = 9 

A. 

% = (84.9)1/3(45) 
%= 197.8 ft . 

B. 

39 

% = (84.9)1/3(9) 
& = 39.6 ft 



CALCULATION SHEET 

CALCULATION TITLE: Blast Force to Nearby Structures 
(Hydrogen Backup Supply - Overpressure of thteee cylinders) 

CALCULATION ID: F!D-B 10-003 

REVISION: 0 

Prepared by: / R & i  1. doi/  khd+ 
(7 
- 

Printed Name Date 

Checked by: /7- (C fm 
Date 

Approved by: 

To determine the Peak Positive Incident Pressure (Psa) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 ft. away and the AMPL - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

& = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
Z, = Scaled Ground Distance (Wlb 173 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

ZG = (5 ft)/(84.9)1/3 
ZG= 1.14 

b. AMPL Building 
(approx. 105 ft from trailer) 

ZG = (105 ft)/(84.9)1/3 
ZG = 23.9 

for a: 
Pso = 80 psi 

forb: 
Pso= 7psi 
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CALCULATION SHEET 

CALCULATION TITLE: 

CALCULATION ID: 

Fragment Velocity at Threshold 
(Hydrogen Backup Supply- Overpressure of three cylinders) 

RD-B 10-004 

REVISION: 0 

Prepared by: 
Printed Name Date 

Checked by: 

Approved by: 

The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 Wlb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 5.7 ounce fragment (the largest fragment) and a 1.5 ounce hgment. 

Step 1: Given: 

Vs = The velocity in Wsec at which a given object must travel to achieve 58 M b  of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 

A. 5.7 ounce fragment 

= 162.8 Wsec 
58 

0.35625 
Vs = 

C 
Vs=- 

W 
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B. 1.5 ounce fragment 

Vs = 58 = 618.66 Wsec 
0.09375 
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’CALCULATION TITLE: Distance fragments travel before dropping below threshold 
velocities (Hydrogen Backup Supply - Overpressure of three 
cylinders) 

CALCULATION ID: RD-B 10-005 

REVISION: 0 

Printed Name Date 
Prepared by: L 

Checked by: - Lr/ncr /2-/4 ‘ iy 
1 PrintedName Date 

The following calculations depict the distances at which fragments contain energies less than the 58 Wlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antiloga$hm. 
Rf= Distance traveled by a fragment. 
Wf = Weight of the fragment. 

Step 2: 

in ( W P ~  
VS Rf= 

.004 

A. 5.7 ounce fragment B. 1.5 ounce fragment 

3, 025* (5.710) In 39025.4 (1.51/3) 

= 454.2ft 618.7 162.8 = 1,308.1ft R f =  
In 

Rf= 
.004 .004 
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(Hydrogen Backup Supply - Overpressure of twelve cylinders) 

CALCULATION ID: RD-B11-001 

REVISION: 0 

Prepared by: &#?ill; L.&J /2!/73 
Printed Name Date 

/ I C /  /2*lL-$?9 
Date 

Checked by: 

/ 

! A L L /  c, dr LLI-ftM l#@k&Al 
- 

Approved by: 
Printed Name Signature 

The following calculations depict the size, velocity, and the distance a fragment would-travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in lbs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 Ibs/in3 

b. Wt. of Fuel in 3 cylinders = (Volume of Fuel)/(Volume of 1 lb. of bel) 
Wt. = 2,640 fi3A91.3 fi3 = 13.8 lbs 

C. Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of bel)(TNT Equivalent of 20.5) 
W = (13.8)(20.5) = 282.9.+ a 20% safety factor = 339.5 lbs 

d. 
e. 
f. 
g. 
h. 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (tc) = .3 125 inches 
Length of Charge (IC) = 5 1 inches 
Density of Casing (dc) = 8.0 g/cm3 (.289 lbsh3) 
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CALCULATION TITLE: Primary Fragments from Cased Cylindrical Charges 
(Hydrogen Backup Supply - Overpressure of twelve cylinders) 

CALCULATION ID: RD-B11-001 (cont'd) 

REVISION: 0 

Step 2: Total weight of the cylindrical portion of the metal casing (W,) 

n[ (od)2 - ( id)2](lc)(dc) 

4 
Wc = 

n[(9. 62q2 - (9)2](5 1)(0.289) 

4 
W, = = 135 lbs 

W 28.3 -- - - = 0.21 =The ratio of the explosive weight to the casing weight. 
Wc 135 

Step 3: Initial Fragment Velocity (V,) 

TNT in mild steel casing, (2E')1'2 = 6,940 (Reference 15, Table 4-2) 

w 

1+- 

0.21 

1+- 
v0 =. 6,940 1 o;l J = 3,025.4ft./second 
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(Hydrogen Backup Supply - Overpressure of twelve 
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CALCULATION ID: RD-B11-001 (cont’d) 

REVISION: 0 

Step 4 Fragment Distribution Parameter (MA,) 

The constant for the explosive charge for TNT in mild steel casing (B) = .30 
(Reference 15) 

MA -B(t)”dii(l+$J 

MA =.30(0.3125)”6(9)3 I( 1+ 0.,25) = 0.245 

Step 5: Weight of the largest fragment 

2 

wf=[MAh(-$)] 

Step 6:  Striking Velocity (Vs) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo =3,025.4 ft./second 

Number of fragments having a weight greater than 1-1/2 ounces (Nf) Step 7: 

8Wc Wf“’ 
In Nf = ln[ -1 -- 

MA’ MA 

4.798 
In,=,[ 8(135) I--= (1.5)”’ 

(0.245)’ 0.245 

Nf = 121 fragments (12 cylinders) = 1,452 fragments 
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Prepared by: khhv 
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Checked by: 
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The following calculations identify those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (mi) Effect 
1 .o 
1 .O-8.0 

10.0 

Partial demolition of houses; made uninhabitable 
Range fiom slight to serious injuries due to skin lacerations fiom flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

RG = Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 1 8  ) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, Z,=45 
For 10 psi, ZG = 9 

% = @91/3 (zG) 

A. B. 1ODsi 

RG = (339.5)1/3(45) 
= 312.75 ft 
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RG = (339.5)1/3(9) 
= 62.82 ft 
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RD-Bll-003 

REVISION: 0 

Prepared by: 
Printed Name Date 

Checked by: f l u  /z fS-9c/ 

Approved by: 
ate 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (i.e. the 
walls surrounding the HTSF -5 fi. away and the AMPL - est. 105 fi away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

& = Ground distances 
W = TNT equivalent in Ibs includin a 20% safety factor 
ZG = Scaled Ground Distance (Wlb 18 ) 

a. The walls surrounding HTSF 
(5 ft from trailer) 

for a: 
Pso = 3,000 psi 

b. 
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Ah4PL Building 
(approx. 105 ft from trailer) 

Z, = (105 ft)/(339.5)1/3 
ZG= 15.04 

for b: 
Pso= 8psi 
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The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 M b  as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 5.7 ounce fragment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

Vs = The velocity in Wsec at which a given object must travel to achieve 58 M b  of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 
C vs=- 
W 

A. 5.7 ounce frament 

= 162.8 Wsec 
58 

0.35625 
vs = 

B. 1.5 ounce fragment 

= 618.66 Wsec 
58 

0.09375 
vs = 
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The following calculations depict the distances at which fragments contain energies less than the 58 fVlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf = Distance traveled by a fragment. 
Wf = Weight of the fragment. 

Step 2: 

In (wf"3) 
VS Rf= 
.004 

A. 5.7 ounce fragment 

3Y 025* (5.7113) 

= 1,308.1 ft 162.8 
In 

Rf= 
.004 

B. 1.5 ounce fragment 



CALCULATION SHEET 
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REVISION: 0 

Prepared by: /2//6 /?9 
Printed Name Date 
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Date 
/ 

Approved by: 
Signature I Printed Name 'Date' 

The following calculations depict the size, velocity, and the distance a fragment would travel in 
an accident involving the overpressure of a single cylinder. Although multiple cylinders may be 
involved in an incident, the only factor expected to change significantly would be the number of 
fragments which would be multiplied by the number of cylinders involved in the event. 

Step 1: Given: Type of Explosive = Hydrogen 

a. Density of Explosive (De) in Ibs/in3 = (Density of H2 in g/cm3)/ (Conversion 
Factor of 27.68) (Reference 15) 
De = (0.00008988 g/cm3)/ (27.68) = 3.2E-06 lbs/in3 

b. Wt. of Fuel in 3 cylinders = (Volume of Fuel)/(Volume of 1 lb. of fuel) 
Wt. = 3,960 fi3/191.3 ft3 = 20.7 lbs 

c. Weight of explosive (TNT Equivalent) in 1 cylinder (W) = 
(Weight of fuel)(TNT Equivalent of 20.5) 
W = (20.7)(20.5) = 424.4 + a 20% safety factor = 509.3 lbs 

d. 
e. 
f. 
g. 
h. 

Outside Diameter of Casing (do) = 9.625 inches 
Inside Diameter of Casing (di) = 9 inches 
Thickness of Casing (tc) = .3 125 inches 
Length of Charge (IC) = 5 1 inches 
Density of Casing (dc) = 8.0 g/cm3 (.289 lbs/in3) 
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(Hydrogen Backup Supply - Overpressure of eighteen cylinders) 

CALCULATION ID: 

REVISION: 0 

RD-B12-001 (cont'd) 

Step 2: 

Step 3: 

Total weight of the cylindrical portion of the metal casing (Wc) 

n[(od)2 - (id)2](lc)(dc) 

4 
wc = 

n[(9. 625)2 - (9)2](51)(0.289) 

4 
= 135 lbs W, = 

W 28.3 - = - = 0.2 1 =The ratio of the explosive weight to the casing weight. 
Wc 135 

Initial Fragment Velocity (Vo) 

TNT in mild steel casing, (2E')l12 = 6,940 Beference 15, Table 4-2) 

Vo = (2E')l12 wc 

f 
0.21 

l+- 
v0 = 6,940 1 

o;21 

J = 3,025.4ft./second 
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CALCULATION ID: RD-B12-001 (cont’d) 

REVISION: 0 

Step 4: Fragment Distribution Parameter (MA) 

The constant for the explosive charge for TNT in mild steel casing (E3) = .30 
(Reference 15) 

MA =.30(0.3125)5/6(9)3 1+- = 0.245 0-3i25) 
Step 5: Weight of the largest fragment 

Step 6:  Striking Velocity (vs) 

If the distance traveled by the fragment is less than 20 feet, the striking velocity is taken 
as equal to the initial velocity for all size fragments. 

Therefore, Vs = Vo =3,025.4 ft./second 

Step 7: Number of fragments having a weight greater than 1-1/2 ounces (Nf) 

8WC w$l2 

M A 2  MA 
ln Nf = ln[ -1 - - 

Nf = 12 1 fragments (1 8 cylinders) = 2,178 fragments 
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The following calculations identifl those distances at which the overpressures are 1 psi and 10 psi. 

AIRBLAST EFFECTS ON PERSONNEL AND PROPERTY 

Dose (psi') 
1 .o 
1 .O-8.0 

10.0 

Effect 
Partial demolition of houses; made Anhabitable 
Range from slight to serious injuries due to skin lacerations from flying glass 
and other missiles with eardrum rupture evidenced at 3.4 psi. 
Threshold for lung rupture and probable total building destruction. 

RG = Ground distances 
W = TNT equivalent in lbs including a 20% safety factor 
ZG = Scaled Ground Distance (f~lbl/~) 

Note: ZG may be used as a constant if a particular psi is known. 

For 1 psi, ZG = 45 
For 10 psi, ZG = 9 

A. 

RG = (509.3)1/3(45) 
RG = 359.6 ft 

B. 
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10 mi 

Rc; = (509.3)1/3(9) 
Rc; = 71.9 ft 
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REVISION: 

Prepared by: 

Checked by: 

Approved by: 
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Date 

Printed Name Date 

To determine the Peak Positive Incident Pressure (Pso) impacting the nearest structure (Le. the 
walls surrounding the HTSF -5 ft. away and the M L  - est. 105 ft away), the scaled ground 
distance (ZG) was calculated and applied to a shock-wave parameter scale for hemispherical TNT 
surface explosions (Reference 15, Figure 4-12). 

= Ground distances 
W = TNT equivalent in lbs includin a 20% safety factor 
ZG = Scaled Ground Distance (Mb 173 ) 

a. The walls surroundinp HTSF 
(5 ft from trailer) 

ZG = (5 ft)/(509.3)’/3 
ZG = .63 

b. AMPL Building 
(approx. 105 ft from trailer) 

ZG= (105 ft)/(509.3)1/3 
ZG= 13.14 

for a: 
Pso = 5,000 psi 

for b: 
Pso= 8psi 
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The following calculations depict the velocity at which fragments exceed the permissible exposure level 
of 58 Wlb as prescribed in DOD 6055.9 (Reference 16). Two fragment sizes are calculated for their 
velocity: a 5.7 ounce fiagment (the largest fragment) and a 1.5 ounce fragment. 

Step 1: Given: 

Vs = The velocity in Wsec at which a given object must travel to achieve 58 Wlb of energy. 
W = The weight of the object in pounds. 
C = Constant which is 58. 

Step 2: 

A. 5.7 ounce fragment 

= 162.8 Wsec 
58 

0.35625 
Vs = 

C Vs=- 
W 
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B. 1.5 ounce fragment 

V$ = 58 = 618.66 Wsec 
0.09375 
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The following calculations depict the distances at which fragments contain energies less than the 58 Wlb 
threshold as prescribed by DOD 6055.9 (Reference 16). 

Step 1: Given: 

vs = Striking velocity at a given distance. 
vo = Initial velocity. 
e = Natural antilogarithm. 
Rf = Distance traveled by a fragment. 
Wf = Weight of the fragment. 

Step 2: 

in ( ~ $ 1 3  ) 
VS Rf= 

.004 

A. 5.7 ounce fragment 

In 3Y025'4 (5.7113) 

=lY308.lft  162.8 Rf= 
.004 

B. 1.5 ounce fragment 

In 39025'4 (1.5113) 

= 454.2ft 618.7 Rf= 
.004 
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