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(ANSI), 117
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personal protective equipment, 77
personnel, 87
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maintaining through assembly, 85–87
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Codes, regulations, and guidelines, 116–120
Cold flow, seals, 59
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Diluents, effects of, 50
Disassembly and examination, cleaning, 82
Document assessment results, 55
DoD 6055.9, 90–92
DOT Emergency Response Guidebook, 7
Drying, 83–84

E
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Elastomers, 49
Electrical arc, 14, 65, 66f

data, 45–46, 46t
test method, 36, 45, 45f
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Emergencies, 6–8
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Examinations, operating procedures, 88
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design, 65
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system failures, 89
transportation, 101–102
venting, 96–97
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Good practices, operating procedures, 88
Ground-handling system explosions, 121
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Hazards
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reviews, 131–132
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Heat of combustion
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test method, 27–28, 27f
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Joule-Thomson effect, 106–107, 106f, 106t
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Kindling chain assessment, 55

L
Leaks and spills, 6
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bulk storage, 90–92, 91–93t
component and systems design, 73–74
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disposal, 96
electrical design guidelines, 74
handling hazards, 3–4
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pressurization and purge gases, 74

safety, 3–4
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thermal insulation, 74
transportation, 101–102
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vessel considerations, 73–74
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thread tape and, 85–86
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Magnesium, 48
Material compatibility assessment, 130
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control, 50
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flammability, ignition, and combustion,
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metallic, 46–49
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assessment, 55–56, 56f
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Mechanical cleaning, 79
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test method, 38, 40

Medical oxygen, 4
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Metal oxides, 49
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National Fire Protection Association
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NFPA-55, 65, 96
NFPA-68, 97
NFPA-70, 65
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Nickel and nickel alloys, 28t, 46–47
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Nickel-iron alloys, 47
Noncommercial transport equipment, 
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Nonmetallic materials, 49–50
Nonpropellant, bulk GOX and LOX storage,

90, 91t, 93
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Operating conditions, worst case, 54
Operating procedures, 87–88
Operational readiness inspection (ORI), 131
Operational readiness review (ORR), 131
Operational reviews, 131–132
Operator certification, 87

training review, 131
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Organizational policies and procedures
oxygen use, 6
project management, 123–132

Overpressurization, 7, 89
Oxygen compatibility assessment, 53–56

design, 57
document assessment results, 55
flammability assessment, 54, 54f
kindling chain assessment, 55–56
material selection, 55–56, 56f
reaction effect assessment, 55, 56t
worst-case operating conditions, 54

Oxygen-deficient environment
injury within, 8
OSHA definition, 5

Oxygen detection, 97
Oxygen-enriched environment

fire protection systems for, 97–98
injury within, 8
OSHA definition, 5

Oxygen-enrichment, 89
Oxygen index

data, 27–35t, 28
test method, 28, 37f

Oxygen systems
basic safety, 3–4
clean assembly, 84–86
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emergencies, 6–8
fire hazards inherent in, 16
handling hazards, 3–4
hazard considerations, 72
importance of cleaning, 4
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Packaging, 84
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Particle impact, 9, 10t, 11f
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Personal protective equipment, 77
Personnel

operating procedures, 87
protective equipment, 5, 76
training, 4–5, 123

Physical properties, 103–104, 103t
Pickling, acid cleaning, 80
Pig cleaning, 79
Plastics, 49
Pneumatic impact of nonmetals

data, 38, 39–40t
test method, 38, 38f

Policies and procedures, 124–125
Precleaning, 82
Preliminary design review (PDR), 129
Press fits, 85
Pressure, storage of GOX and LOX, 4
Pressure relief devices, design, 69–70
Pressure vessels, 112–116
Pressurization and purge gases, LOX, 74
Professional societies, codes, regulations,

and guidelines, 119
Project management, 126–129
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(PICT), 16–17, 17f, 18–21t, 21f
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Propellant, 4
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storage tanks and impounding areas, 95

Protection policies, 125

Q
Quality control, 125–126
Quantity-distance guidelines, 90–92

R
Reaction effect assessment, 55, 56t
Resonance, 15, 15f, 46, 66–66
Restricted alloys, 48–49
Rinsing, 82
Risk management, fire, 53, 54f
Risk training, 57
Rollover, 95

S
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Safety analysis report (SAR), 130
Safety assessment review (SAsR), 130
Safety guidelines, 3–8
Safety reviews, 5–6, 131
Scaling laws, 120–121
Seal assembly, 85
Seal configurations, 69f
Seal extrusion, 59
Sealing interfaces, 59
Silicone, 59–60
Society of Automotive Engineers, 119–120
Soft goods

assembling seals, 85
cleaning solvents and, 81
design principles, 59–73
friction, 13

Solubility, 104–105

Solvents, 81
extraction, 83

Stainless steels, 48
Standard operating procedures (SOPs), 

125
Static discharge, 13–14, 46, 65
Steam cleaning, 80
Stem configurations, 68f
Storage vessels, 95
Subsonic particle impact tests, 27t
Supersonic particle impact tests, 26t
Surface preparations, 59
Surface tension, 105, 106f
Swab, spray, and dip cleaning, 79
System safety program plan (SSPP), 130

T
Tank ruptures, 121
Technical and trade groups, codes,

regulations, and gu8delines, 119
Temperature, storage of GOX and LOX, 4
Testing standards and safety groups, codes,
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Test readiness review (TRR), 131
Thermal insulation, LOX system, 74
Thermal runaway, 15
Threaded assembly, 85
Toxicity

in breathing gas systems, 49
cadmium, 48
fire-extinguishing agents, 98
hazard reviews, 133
magnesium, 48
materials, 50
oxygen, 3, 104

Transportation, 101–103
emergency, 6, 103
general operating procedures, 102
public thoroughfares, 101–102
site-controlled thoroughfares, 102

Tumbling, 79

U
Ultrasonic cleaning, 79
US Coast Guard, National Response 

Center, 7

V
Vacuuming and blowing, 79
Valves, 67–68, 68f
Vapor pressure, 104–106f
Ventilation, cleaning, 77
Venting and disposal systems, 96

W
Warning systems and controls, 5
Water break test, 83
Welded soldered and brazed joints, 85
Wipe test, 83
Wire brush or grinder cleaning, 79




