MIPR NUMBER 96MM6678
TITLE: Oxygen System Hazards Analyses
PRINCIPAL INVESTIGATOR: Joel Stoltzfus

CONTRACTING ORGANIZATION: National Aeronautics and Space
Administration
Las Cruces, New Mexico 88004

REPORT DATE: October 1996
TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

0070205 015




REPORT DOCUMENTATION PAGE | Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of inf ion is esti d to age 1 hour per respones, including the time for reviswing instructions, ssarching existing data s,
S:ﬁ'e‘%?i'é?\ :?‘i’n%.rlr?\t:tlgr?q |r‘12l‘ug|.r:; suggestions for re'ducirTq.t'tu'gl burden, to Washington ﬁ:m'qﬁmg:gn&m Directorate Tor In?or‘mltxon Operations nrg ;:Yp;;‘hﬂﬁ' Sflte‘f'f'atvr:o.n
Davis Highway, Suite 1104, Arlington, VA 22202-4302, and to the Office of Manasgement and Budget, Plpo;work Reduction Project 070:—8188), Wuhmqton.'DC 20803.
1. AGENCY USE ONLY (Leave blank) |2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
October 1996 Final (9 Feb 96 - 30 Sep 96)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Oxygen System Hazards Analyses
96MM6678
6. AUTHORI(S)
Joel Stoltzfus
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
National Aeronautics and Space Administration REPORT NUMBER
Las Cruces, New Mexico 88004
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESSI(ES) 10. SPONSORING/MONITORING
U.S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200

The NASA White Sands Test Facility was requested by the USAMMDA to perform an
oxygen hazard analysis on the Genox CT-1 Oxygen Generation and Distribution System
(OGDS), manufactured by Pacific Consolidated Industries (PCI). An oxygen hazards |
analysis was performed per WSTF-TP-713 and in accordance with ASTM G 63, ASTM G
88, and ASTM G 94. Several subsystems were analyzed to thoroughly investigate and
identify potential oxygen-related hazards in the OGDS system. It was determined by the
WSTF Oxygen Hazards Analysis Team that no major oxygen hazards exist in this

system to prevent its use in the given environments. However, several

recommendations were made to enhance the system’s resistance to an oxygen fire and
provide a safer operating environment. '

14. SUBJECT TERMS Genox CT-1, Oxygen-Related Hazards, OGDS, PCI 15. NUMBER OF PAGES
i 42 _
16. PRICE CODE
17. SECURITY CLASSIFICATION |18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION ]20. LIMITATION OF ABSTRACT}
OF REPORT } OF THIS PAGE OF ABSTRACT
Unclassified . Unclassified Unclassified Unlimited

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

DTIC QUALITY INSPECTHD 3 Prescribed by ANSI Std. Z39-18




FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited

distribution is quoted, permission has been obtained to use the
material.

citations of commercial organizations and trade names in
this report do not constitute an official Department of Army

eridorsement or approval of the products or services of these
organizations.

In conducting research using animals, the investigator (s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and use of Laboratory
Animals of the Institute of Laboratory Resources, national
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

M A»—y 10 Dec 96
Jodl/Stoltzfus ﬂ Date




Contents

Section ' Page

Figures iv
1.0 Introduction 1
2.0 Objective 1
3.0 Approach 1
4.0 Component Description 3
5.0 Results and Discussion 10
5.1 ROSE I System 10
52  HOBS System 22
53  PODS System 29
6.0 Recommendations 33

References o 35

iil




Figures

Figure Page
1 Approach to Oxygen Hazards Analysis 2
2 Genox CT-1 OGDS Operational Flow Diagram 4
3 Recharger Oxygen Support Equipment Subsystem 5
4 Hospital Oxygen Backup System 6
5 Patient Oxygen Distribution System 7
6 . Liquid Oxygen Buffer Storage Tank 8
7 High-speed Recharger 9




1.0 Introduction

Most materials, including metals, burn in oxygen-enriched environments. Because of this,
potential hazards always exist in oxygen systems. Oxygen-enriched environments cause
most materials to ignite at considerably lower temperatures than in air, and, once ignited, the
materials have greater combustion rates. Many metals, in fact, burn violently when ignited
in an oxygen-enriched environment. Also, various forms of lubricants, tapes, gaskets, fuels,
and solvents can actually increase the possibility of ignition in oxygen systems.

These hazards, however, do not preclude the use of oxygen. Oxygen may be safely used in a
system where all the materials are considered inflammable in their specific working
environments or if the potential ignition sources are identified and controlled. These ignition
and combustion hazards necessitate a proper oxygen hazards analysis before introducing a
material or component into oxygen service.

Further information on the safe design of oxygen systems can be found in the most current
versions of ASTM G 63, G 88, and G 94; and NASA NSS 1740.15 (1995), and NHB
8060.1C (1991), NFPA 50 (1994), NFPA 53M (1990), and CGA G-4.0 (1987), G-4.1 (1984),
and G-4.4 (1984).

WSTF was requested by Mark Arnold of the USAMMDA to perform an oxygen hazard
analysis on the Genox CT-1 Oxygen Generation and Distribution System (OGDS),
manufactured by Pacific Consolidated Industries (PCI). PCI has manufactured and supplied
this OGDS to various military field hospitals used around the world. The system has been
considered from a functional and operational standpoint by the U.S. Army and approved for
use in field medical hospitals. However, as a prerequisite to procurement, an oxygen hazards
analysis will be performed to thoroughly investigate and identify potential oxygen-related
hazards in the system.

2.0 Objective

The objective is to perform an oxygen hazards analysis on specified components of the
Genox CT-1 Oxygen Generation and Distribution System.

3.0 Approach

The oxygen hazards analysis approach is shown in Figure 1 and discussed at length in
TP-WSTF-713 (Dees and Poe 1993). This approach is consistent with ASTM G 88, G 63,
and G 94 (1991) for analyzing the hazards of components and systems exposed to oxygen-
enriched environments. The approach is based on the premise that a fire will usually not
occur in 2ny environment unless the construction materials of the system or component are
flammable and a credible ignition mechanism is present.

The flammability of the component materials is first reviewed to determine if any fire
hazards exist at the worst-case operating conditions. If the material is flammable, then the
possible ignition mechanisms are surveyed to determine which are credible. If data for the
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appropriate materials tests may be conducted. Finally, the secondary and reaction effects are
evaluated to determine what effect an ignition and possible combustion would have on the
system and the facility.

To use this oxygen hazards analysis as a tool, individual analysis charts are recorded for each
component or group of components. These charts contain the component designation, the
flammability of component materials (metals and soft goods), the possible ignition
mechanisms, the probability of each ignition mechanism occurring in the component, and the
results of the secondary effects analysis and the reaction effects assessment. The
documentation also includes any recommendations or limitations that the oxygen hazards
team decides on, including recommendations of further testing if needed, stipulations of use,
and any additional safety precautions. If component tests are required, these tests may be
performed according to the Guide for Oxygen Component Qualification Tests (Bamford and
Rucker 1992). '

4.0 Component Description

The Genox CT-1 OGDS is comprised of a series of subsystems. The subsystems include a
liquid oxygen (LOX) production plant, a LOX buffer storage tank (BST), a cylinder fill
system (CFS), a high-speed recharger, a recharger oxygen support equipment system
(ROSE I or ROSE II), a patient oxygen distribution system (PODS), a surgical suite oxygen
distribution system (SSODS), and a hospital oxygen backup system (HOBS). Figure 2
shows the operational flow diagram of these subsystems.

Several of these subsystems are similarly configured, but are used in different operations.
Two of these subsystems are the CFS and the HOBS. The HOBS is analyzed in detail as part
of this hazards analysis. Therefore, the CFS is not analyzed as a separate subsystem, only
through its similarity to the HOBS. Another pair of similar subsystems is the PODS and the
SSODS. The PODS is analyzed as part of this hazards analysis, while the SSODS is
analyzed only through its similarity to the PODS. The detailed analysis of the ROSE I also
covers the components of the ROSE II. Additionally, the LOX Plant is not considered in this
hazards analysis. In summary, this analysis will consider the following subsystems in this
order: the ROSE I (Figure 3), HOBS (Figure 4), PODS (Figure 5), BST (Figure 6) and the
high-speed Recharger (Figure 7).

The BST is a 400-gallon LOX tank on a truck, used to transport LOX from distant LOX
sources to the general vicinity of the field hospitals. The ROSE I subsystem is primarily
responsible for transporting LOX from the BST to the field hospital and converting it to
oxygen gas before distribution. It is comprised of a 119-gallon cryo-container for
transportation, a passive vaporizer for low-pressure oxygen, a LOX pump and vaporizer for
high-pressure oxygen, and a vacuum pump for evacuating oxygen cylinders. The HOBS
subsystem contains two central manifolds responsible for filling eight “H” cylinders and ten
“D” cylinders with high-pressure oxygen gas. The HOBS contains a hospital reserve kit
(HRK) which reduces the pressure of the oxygen before delivering it to the hospital. The
high-speed recharger is a subsystem used for quickly converting LOX to high-pressure
gaseous oxygen (GOX) for the CFS.
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Hospital Oxygen Backup System
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5.0 Results and Discussion
5.1 ROSE I System

The ROSE I subsystem is shown in Figure 3. LOX, at a maximum pressure of 120 psig
(0.83 MPa), flows from the storage tank through either a low-pressure line or a high-pressure
line. The low-pressure line has a passive heat exchanger, HX-1, which vaporizes the gas
before it passes through regulator R-1. The high-pressure line has a LOX pump, P-1, which
pumps high-pressure LOX into HX-2. High-pressure GOX flows through valve V-13 and
out to the HOBS.

A summary of the hazards analysis performed on the ROSE I is shown in Chart 1. Each
component listed was analyzed in the hazards analysis and is discussed below. The
following legends apply to all hazards analysis charts in this discussion:

Material
Flammability Ignition Hazards Secondary Effect Reaction Effect
F = Flammable 0 = Almost += Analysis of Affected = A = Negligible
N = Nonflammable Impossible Components Needed B = Marginal
: I = Remotely - = No Further Analysis C = Critical
Possible Needed D = Catastrophic
2 = Possible
3 =Probable

4 = Highly Probable

The material flammability legend applies to the metals and soft goods columns in the
hazards analysis charts. The ignition hazards legend applies to the frictional heating column
through the kindling chain column. The secondary effect legend is for the secondary effect
column, and the reaction effect legend applies to the reaction effect column.

The accumulator in this system, shown as SC-1 in F igure 3, was treated as if it were a

section of stainless steel tubing. Therefore, no hazards analysis discussion is included for
this component.

5.1.1 Manual Valves V-1, V-2, V-3, V-9, V-10

These manual valves are all of the same configuration, but are used for different
applications. V-1 is the liquid fill valve; V-2 is the pressure building valve; V-3 is the tank
vent valve; V-9 is the main oxygen supply valve; V-10 is the high-pressure pump supply
valve. These are bronze cryogenic globe valves, designed for oxygen service. Each of these
valves has a worst-case operating pressure of 115 psig (0.79 MPa) and temperature of
ambient to cryogenic oxygen temperature,

10



Chart 1
Summary of Hazards Analysis for the ROSE I
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Valves: V-1, V-2, V-3, V-9, V-10

Valves: V-4, V-5, V-11, V-15, V-16

Valves: V-6, V-7

Valves: V-12, V-13

Regulator: R-2

Regulators: PCV, R-3

Regulator: R-1

Relief Valves: RV-1,2,3, 4,6

Pressure Indicator: PI-1, PI-2

Liquid Level Guage: LL-1

Pressure Indicator; PI-3

Pressure Switch: PS-1

Relief Valve: RV-5

Check Valve: CV-2

-1

Check Valve:

Connections: C-1, C-2, C-6

Connection: C-5

Pump: P-1

-2

Heat Exchangers: HX-1,

Burst Disc: BD-1
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5.1.1.1 Material Flammability of Metals and Soft Goods

The metal parts of these valves include a bronze valve body, bonnet, and bonnet ring, a brass
bonnet nut, and a 300 series stainless steel valve stem. The metals are considered
nonflammable in the given worst-case operating environment. The soft goods include a
PCTFE valve seat and a 25-percent glass-filled PTFE bonnet bearing and gasket. The soft
goods are considered flammable in the worst-case operating environment.

5.1.1.2 Ignition Mechanisms

The only potential ignition mechanism is particle impact. Particle impact is considered
remotely possible. These valves do not have upstream filters and the PCTFE seat material is
vulnerable. However, direct impingement of a particle on the seat is not likely due to valve
configuration. The remainder of the ignition mechanisms are considered almost impossible.

5.1.1.3 Secondary Effect

If any of these valve components failed by external leakage, the ROSE I’s internal housing
would become oxygen-enriched. Further analysis should be done on the electrical contacts
of heat exchanger HX-2 to determine if an ignition hazard exists.

5.1.1.4 Reaction Effect

If this component caught fire and burned, damage to the component could be critical. A
rating of critical implies that damage to the component could mean loss of capability and
equipment, but no loss of human life. This reaction effect rating applies to all components
considered in this analysis.

5.1.2 Manual Valves V-4, V-5, V-11, V-15, V-16

Manual valve V-4 is the roading pressure control valve; V-5 is the full trycock valve; V-11
is the high-pressure vent-to-tank valve; V-15 is the economizer isolation valve; V-16 is the
high-pressure pump vent-to-atmosphere valve. These valves are also brass cryogenic globe
valves. The worst-case operating conditions are 115 psig (0.79 MPa) and ambient to
cryogenic oxygen temperature.

5.1.2.1 Material Flammability of Metals and Soft Goods

The oxygen-wetted metals in these valves include a brass valve body, bonnet, and bonnet
nut, and a silicon brass valve stem. These metals are considered nonflammable in the given
worst-case operating environment. The soft goods include a PCTFE seat and a 25-percent,
glass-filled PTFE bonnet bearing. These materials are flammable in the given worst-case
environment.

5.1.2.2 Ignition Mechanisms

Again, the only remotely possible ignition mechanism is particle impact. The PCTFE seat is
vulnerable to ignition if struck directly by a fast moving particle. However, this scenario is
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unlikely due to the valve seat configuration. All other ignition mechanisms for these valves
are considered almost impossible.

5.1.3 Manual Valves V-6, V-7

Manual valve V-6 is the low-pressure gauge valve; V-7 is the high-pressure gauge valve.
These are screwed-bonnet, rotating-seal needle valves that act as gauge isolation valves for
the ullage pressure inside the LOX tank. There is relatively no gas flow through the valves.
The worst-case operating conditions are 115 p51g (0.79 MPa) and ambient to cryogenic
oxygen temperature.

5.1.3.1 Material Flammability of Metals and Soft Goods

The metal parts of these valves include a brass body and silicon bronze stem. These metals
are nonflammable in the given worst—case environments. The soft goods include a TFE-
coated stem tip and virgin Teflon™" packing. These materials are flammable if ignited in the
given conditions.

5.1.3.2 Ignition Mechanisms

Because of their benign application and environment, these valves have no recognizable
ignition mechanisms.

5.1.4 Manual Valves V-12, V-13

Manual valve V-12 is the high-pressure pump prime valve; V-13 is the high-pressure GOX
supply valve. These valves are bonnet needle valves that operate to shut-off the discharge
and vent pump P-1. The worst-case pressure to these valves is 2500 psig (17 MPa). The
temperature is approximately ambient.

5.1.4.1 Material Flammability of Metals and Soft Goods

The metals in these valves include a brass body and packing nut and a 316 stainless steel
stem. The stem is considered g] ammable at this high-pressure operating condition. The soft
goods include a CTFE (Kel-F ) stem tip, and Teflon stem packing. Teflon is flammable if
ignited under these operating conditions.

5.1.4.2 Ignition Mechanisms

Frictional heating is an almost impossible ignition hazard because, though the seat is rotating
as it seals, the loads are too small for ignition to occur.

1 . .
Teflon®is a registered trademark of DuPont de Nemours.

? Kel-F®isa registered trademark of 3M.
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Particle impact is the only ignition mechanism of concern. The ignition hazard rating is
possible because the Kel-F seat is vulnerable to ignition if impacted by ignitable particles at
this pressure and fluid velocity. The ignition rating is not more severe because impacting the
Kel-F seat is a secondary impact and operationally unlikely. Additionally, these conditions
are less severe than those shown to ignite these materials. Also, these valves demonstrate a
long history of use with no known fires.

Kindling chain is a possible ignition source for parts surrounding V-12 and V-13 because the
stem is stainless steel and flammable in this environment. If ignition occurred in the valve
seat, the stem would be vulnerable to ignition. History shows that Kel-F will ignite stainless
steel under these conditions.

5.1.5 Regulator R-2

Regulator R-2 is the pressure building regulator. It is a back pressure regulator that
functions to regulate the pressure in the LOX tank. If the liquid head drops below the set
pressure, the regulator opens, allowing liquid to flow through the regulator, vaporize in the
pressure building coil, PBC-2, and pressurize the gas head in the tank. The worst-case
operating pressure is 120 psig (0.82 MPa).

5.1.5.1 Material Flammability of Metals and Soft Goods

The metals in R-2 include a brass body and spring chamber, a bronze diaphragm, and a
stainless steel pressure spring. These materials are considered nonflammable in the given
worst-case environment. The soft goods in R-2 include a Teflon seat disc and dxaphragm
gasket. Teflon is flammable in this environment.

5.1.5.2 Ignition Mechanisms

No credible ignition mechanisms were found in regulator R-2. The pressurization rate is too
low for adiabatic compression to be an issue, and the fluid velocities are too low for particle
impact ignition.

5.1.6 Regulator R-3, PCV

Regulator R-3 is the economizer regulator, and the PCV is the roading regulator. These
components are back-pressure regulating valves. PCV is used as a relief device during
transportation of the ROSE 1. If the pressure in the line upstream of manual valve V-4 builds
greater than the set pressure, the pressure force overcomes the spring force of the regulator
and the poppet lifts off its seat, allowing gas to vent. The function of R-3 is to reduce the
specific line pressure before oxygen gas is delivered to the HOBS. The worst-case operating
pressure for the PCV is 35 psig (0.24 MPa) at the inlet, and atmospheric pressure out. The
worst-case pressure for regulator R-3 is 105 psig (0.72 MPa) at the inlet and 90 psig

(0.62 MPa) at the outlet.
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5.1.6.1 Material Flammability of Metals and Soft Goods

The metals of these regulating valves include a bronze body, spring chamber, and
diaphragm, and a stainless steel seat disc, seat ring, and pressure ring. These metals are
considered nonflammable at the given worst-case operating conditions. The only soft good
in the valves is a Teflon diaphragm gasket. Teflon is flammable in these conditions.

5.1.6.2 Ignition Mechanisms

No credible ignition mechanisms were found for these components in their respective
environments,

5.1.6.3 Secondary Effect

There is a possibility of contaminating the LOX tank of the ROSE I if the PCV failed open,
allowing air or moisture to build up in tank. Consequently, contamination happens even
during normal filling operations with impurities in the LOX. Hence, procedures should be
implemented for detailed maintenance of the tank, most importantly, purging the tank on a
regular basis. It is recommended that this issue be investigated. However, this is ultimately
a purity issue for the breathing gas, not a flammability issue.

5.1.7 Regulator R-1

Regulator R-1 is the medical oxygen pressure regulator. The function of this regulator is to
reduce the upstream gas pressure after it vaporizes in the passive heat exchanger and is
delivered to the HOBS. The worst-case inlet pressure of this component is 115 psig

(0.79 MPa), and the reduced outlet pressure is 90 psig (0.62 MPa).

5.1.7.1 Material Flammability of Metals and Soft Goods

The metals in this component are nonflammable in the given worst-case operating
conditions. These metals include a bronze inlet filter, a stainless steel diaphragm, and a
brass body. The soft goods include a Delrin®' stem bushing and a polymer seat. The
polymer seat material was unknown at the time of the analysis, but was analyzed as nylon to
represent a worst-case scenario. These soft goods are flammable.

5.1.7.2 Ignition Mechanisms

All ignition mechanisms were considered almost impossible. Adiabatic compression data for
Nylon 66 indicates that, even at 500 psi (3.4 MPa) (a higher pressure than the worst-case
here), the no ignitions occurred (WSTF # 81-14598).2 Particle impact ignition is also
considered almost impossible. A particle, upon impact, would most likely hit the stainless
steel plunger. Stainless steel is not a flammable metal in this configuration and at this
pressure. Also, the gas does not reach sonic velocities in this application. Furthermore, the

1 L@, .
Delrin®is a registered trademeark of DuPont de Nemours.

z In-house report. NASA Johnson Space Center White Sands Test Facility, Las Cruces, NM, 1981.
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gas temperature is approximately 25 °F (14 °C) below ambient temperature, making ignition
even more unlikely.

A kindling chain reaction is possible because, though no ignition mechanisms are identified,
if the polymer seat ignited and burned, the stainless steel diaphragm could be ignited.

5.1.8 Relief Valves RV-1, RV-2, RV-3, RV-4, RV-6

Relief valve RV-1 is the inner vessel relief valve; RV-2 is a standard line relief valve; RV-3
is the high-pressure pump vent relief valve; RV-4 is the relief valve downstream of the
passive heat exchanger HX-1, RV-6 is a relief valve for the pressure building regulator. The
purpose of these relief valves is to give overpressure protection in their respective places in
the ROSE 1. The worst-case cracking pressure on any of these components is 150 psig

(1.0 MPa). Relief valve RV-4 is the actual component analyzed because its operation is the
most severe of these five components.

5.1.8.1 Material Flammability of Metals and Soft Goods

The metals in these relief valves include a brass body and spring holder, and a stainless steel
spring. These metals are considered nonflammable in the given worst-case operating
environment. The soft goods in these components include a fluorosilicone seat disc, which
is flammable in this operating environment.

5.1.8.2 Ignition Mechanisms

Again, no ignition mechanisms were identified for the operation of these components in their
given environment. Considering frictional heating of the spring holder on the body upon
relief, data mdlcates that i 1gmt10n of brass rubbing on brass in GOX occurs at approximately
3 x 10°® Ibf/in® x f/min (1x10® W/m? ) (NASA Hydrogen-Oxygen Safety Standards Review
Committee 1995), a much greater energy than that created by this relief valve.

Kindling chain is a remotely possible ignition hazard if these relief valves chatter (seat/
re-seat) and particulate is generated. However, the fluid flowrates are too low for ignition of
particulate to be a concern.

5.1.8.3 Secondary Effect

If relief valve RV-4 fails closed, there is a possibility of a line rupture. The adjacent heat
exchanger line is aluminum, which is most susceptible to this hazard. WSTF data from a fire
that occurred in the testing of a space suit for NASA indicates that fresh metal exposure of
aluminum is a credible ignition source.

5.1.9  Pressure Indicators PI-1, PI-2
Pressure indicators PI-1 and PI-2 are low-pressure Bourdon tube gauges. The maximum

pressure that can be exposed to these components is 115 psig (0.79 MPa) through the LOX
tank or through heat exchanger HX-1.
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5.1.9.1 Material Flammability of Metals and Soft Goods

The only oxygen-wetted metal in these gauges is the brass Bourdon tube. Brass is
considered nonflanmable under the given worst-case operating conditions. There are no
polymers in these gauges.

5.1.9.2 Ignition Mechanisms

The only ignition mechanism considered remotely possible occurs if the component gets
contaminated. Because traditional Bourdon tubes have a bent shape and no flow-through
capabilities, they are very difficult instruments to clean for oxygen service. It can be
assumed that particulate will become trapped at the dead-end of the gauge. However,
because these gauges are designed for low pressure, the Bourdon tubes have a larger internal
diameter and are easier to clean, making the flammability hazard less severe.

5.1.10 Liquid Level Gauge LL-1

This gauge is for the purpose of monitoring the level of LOX in the tank. The worst-case
pressure exposed to the gauge is 120 psig (0.83 MPa).

3.1.10.1 Material Flammability of Metals and Soft Goods

The metals in this gauge include a die-cast aluminum casing and a stainless steel support
plate and range spring. The aluminum casing is considered flammable in the worst-case
operating environment. Data shows that the promoted combustion threshold pressure of
commercially pure aluminum is 25 psia (0.17 MPa) (NASA Hydrogen-Oxygen Safety
Standards Review Committee 1995). The soft goods include a silicone rubber diaphragm,
which acts as a body seal. This material is flammable in the given operating conditions.

5.1.10.2 Ignition Mechanisms
All ignition mechanisms are considered almost impossible in the operating environment. It
should be noted that the cleaning of this component is done by the manufacturer before

shipping, and it is not re-cleaned.

Kindling chain will occur if the silicone rubber diaphragm is ignited and the fire propagates
to the aluminum casing and stainless steel. Therefore, this hazard is considered possible.

5.1.11 Pressure Indicator PI-3

Pressure indicator PI-3 is a high-pressure Bourdon tube gauge. The worst-case pressure the
gauge is exposed to is 2250 psig (15.5 MPa).

3.1.11.1 Material Flammability of Metals and Soft Goods

At 2250 psig (15.5 MPa), the metals in this gauge are considered flammable. The oxygen-
wetted metal is the stainless steel Bourdon tube. There are no polymers to evaluate.
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5.1.11.2 Ignition Mechanisms

All ignition mechanisms except kindling chain are considered almost impossible for this
component.

Kindling chain is considered probable in this high-pressure setting. If oil or other
hydrocarbons contaminate the dead-end of the Bourdon tube and ignite, the fire can
propagate and burn the stainless steel Bourdon tube. This hazard could be eliminated by
changing the Bourdon tube material to brass, or implementing a bleed port to allow flow-
through cleaning in the Bourdon tube.

5.1.12 Pressure Switch PS-1

This instrument contains a Bourdon tube mechanism which triggers a pressure switch to shut
off the LOX pump at low pressures. The worst-case maximum pressure is 2250 psig
(15.5 MPa) at the outlet of the heat exchanger, HX-2.

5.1.12.1 Material Flammability of Metals and Soft Goods

The metal Bourdon tube in the pressure switch is fabricated of stainless steel, which is
flammable at the worst-case operating pressure. There are no polymers exposed to the
oxygen.

5.1.12.2 Ignition Mechanisms

This component is very similar in its configuration to the high-pressure Bourdon tube
pressure gauge PI-3. It was analyzed as such with the same issues to be considered.

5.1.13 Relief Valve RV-5

Relief valve RV-5 acts as a pressure release to protect the accumulator and the heat
exchanger HX-2 from overpressurizing. The cracking pressure is 2500 psig (17.2 MPa).

5.1.13.1 Material Flammability of Metals and Soft Goods

The metals in this relief valve include a stainless steel body and poppet, Cr-V steel belville
washers, and an anodized aluminum (Type II) housing. These metals are considered
flammable in this environment. The polymers include a Teflon TFE O-ring and silicone
O-rings. Under the operating conditions, these polymers are considered flammable.

5.1.13.2 Ignition Mechanisms

It should be noted that this valve has an extensive history of use in many cryogenic
applications. This can reduce the severity of the given ignition mechanisms. Frictional
heating as a result of valve chatter is a remotely possible ignition hazard. Low loads and low
cycle rates reduce the hazard rating. Particle impact is a possible source of ignition in this
valve. Sonic velocities occur across the valve seat and impacts can occur against the TFE
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seat or stainless steel trim. The extensive history of use demonstrates an acceptable risk
level for this component.

Kindling chain is remotely possible. If the TFE valve seat or silicone O-rings ignite, the
surrounding aluminum is likely to ignite.

5.1.14 Check Valve CV-2

Check valve CV-2 is the vent-to-tank check valve. Its purpose is to disallow back- -pressure
to build in the pump, P-1. The valve unseats at 115 psig (0.79 MPa).

5.1.14.1 Material Flammability of Metals and Soft Goods

The metals in this check valve include a 316 stainless steel body and a 17-4 PH poppet. At
115 psig (0.79 MPa), these metals are nonflammable. There are no polymers in this check
valve.

5.1.14.2 Ignition Mechanisms

All ignition mechanisms were considered almost impossible as its operating environment is
not severe. :

5.1.15 Check Valve CV-1

Check valve CV-1 is located at the outlet to the hospital oxygen supply. It prevents
backflow and contaminant from entering the ROSE 1. The worst-case operating pressure of
the check valve is 90 psig (0.62 MPa).

5.1.15.1 Material Flammability of Metals and Soft Goods

The metal parts of this check valve include a 302 stainless steel spring, and a brass body and
poppet. At these low pressures, the metals are nonflammable. The polymers include
Buna-N O-ring seal. Buna-N is considered flammable, even at these low pressures.

5.1.15.2 Ignition Mechanisms

As in check valve CV-2, all ignition mechanisms are considered almost impossible.

5.1.16 Connections C-1, C-2, C-6

Connections C-1, C-2, and C-6 provide quick connections from the ROSE I to the medical
oxygen and vacuum respectively. The maximum pressure is 115 psig (0.79 MPa).

3.1.16.1 Material Flammability of Metals and Soft Goods

Tie body oi the quick connect is stainless steel, which nonflammable in this operating

environment. The soft goods are Buna-N, which is a flammable material in this environment.
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5.1.16.2 Ignition Mechanisms

All ignition mechanisms were found to be almost impossible in this analysis.
5.1.17 Connection C-5

Connection C-5 is the high-pressure oxygen supply connection of the ROSE 1. The worst-
case pressure to this component is 2500 psig (17 MPa) from supply valve V-13. The
temperature is approximately ambient.

5.1.17.1 Material Flammability of Metals and Soft Goods

The metals in the quick connect include 316 stainless steel snap rings and springs and a
stainless steel body. At this high pressure, 316 stainless steel is considered flammable. The
polymers include Virgin TFE and filled TFE seals, packings, and back-up rings, as well as
TFE internal lubricant. These soft goods are flammable in this configuration.

5.1.17.2 Ignition Mechanisms

The only ignition mechanism of concern is contamination. Contamination resulting from
unclean hoses may lead to possible ignition hazards in the system. It is recommended that
the connection cap is placed on the component immediately after disconnection to keep the
components clean.

Kindling chain is remotely possible in connection C-5, but is controlled by the system
configuration.

5.1.18 Pump P-1

Pump P-1 delivers high-pressure LOX to the powered heat exchanger, HX-2. The maximum
operating pressure for the pump is 3500 psig (24 MPa). History of use data show that 20 of
these pumps have been operating in oxygen over the last five years. This component was
designed in the early 1960’s, and no fires are known to date.

5.1.18.1 Material Flammability of Metals and Soft Goods

The metals in the pump include a 316 stainless steel body and poppet, a 440 C stainless steel
sleeve, a bronze head on the pump shaft, and a 440 C stainless steel ball. Stainless steel is
Sflammable at this worst-case pressure. The soft goods in the pump include bronze-filled TFE
split rings and back-up rings. Both are flammable in this environment.

5.1.18.2 Ignition Mechanisms
Frictional heating presents a remotely possible ignition hazard induced by the dynamics of

the pump. Wear of TFE split rings could cause rubbing in the cylinder. The inherent low
velocities of the LOX flow make particle impact ignition almost impossible.
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Kindling chain is remotely possible as polymers, if ignited, could ignite the surrounding
stainless steel.

5.1.19 Heat Exchanger HX-1, HX-2

HX-1 is a passive heat exchanger which heats cold GOX to ambient temperature. It is
analyzed simply as a bundle of bent tubing. The worst-case pressure is 120 psig (0.83 MPa)
protected from overpressure by RV-4. Heat exchanger HX-2 is also a multi-pass, bent
tubing unit, but with heating elements installed to heat the aluminum block. HX-2 has a
maximum pressure of 2250 psig (1 5.5 MPa), coming from the high-pressure pump. The
flowrate is approximately 1500 ft*/hr (42.5 m3/hr) and the velocity is on the order of 121 ft/s
(36.9 m/s) in gas. Only the high-pressure heat exchanger will be analyzed as it represents
the worst-case operating environment.

>

5.1.19.1 Material Flammability of Metals and Soft Goods

The metals include stainless steel tubing inside of an aluminum casting. At the pressure
indicated, the metals are considered flammable. There are no soft goods in the heat
exchanger.

5.1.19.2 Ignition Mechanisms

The only ignition mechanism of concern is that of particle impact in high-velocity gas.
Ignition is remotely possible from particles impacting the 90-degree bends in the stainless
steel tubing. The maximum velocity of the gas is calculated to be 121 ft/s (37 m/s).
Particles have been shown to ignite 316 stainless steel at velocities of 150 ft/s (50 m/s)
(Williams, Benz, and Mcllroy 1988). This hazard could be eliminated entirely if a filter
were strategically placed in the system to catch particles.

If the stainless steel tubing ignites, the aluminum casting would be highly vulnerable to
ignition. Therefore, ignition as a result of kindling chain is probable if the stainless steel
tubing ignites.

5.1.20 Burst Disc BD-1

Burst disc BD-1 is used to prevent overpressure of the low-pressure oxygen line. It is a
bulged-disc configuration which bursts in a pedal arrangement to restrict flow. The burst
pressure is 165 psig (1.1 MPa).

5.1.20.1 Material Flammability of Metals and Soft Goods

The burst disc has a brass elbow and disc. The metals are nonflammable at the maximum
burst pressure. There are no polymers in this component.

5.1.20.2 Ignition Mechanisms

Mechanical impact occurs but the metals are nonflammable at the pressure specified. All
other ignition mechanisms are almost impossible.
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5.1.20.3 Secondary Effects

If the burst disk failed, some secondary effects should be considered. First, metallic particles
might be released downstream creating a particle impact hazard. In this scenario, all
downstream fittings are nonflammable. Therefore, the ignition hazard associated with this

incident is almost impossible.

5.2 HOBS System

The HOBS is shown in Figure 4. Many components of this system are similar to
components on the ROSE I. The operational procedures and conditions of the HOBS were
considered and, in some cases, the HOBS components were analyzed only by similarity to
their counterparts in the ROSE I. Thus, they were not considered in the HOBS analysis.
Table 1 shows the components of the HOBS that were analyzed by similarity to their ROSE I

counterparts.
Table 1
HOBS Components Analyzed in the ROSE I
Not Analyzed Analyzed
HOBS Component ROSE I Counterpart Justification

Regulator R-1
(hospital use regulator)

Regulator R-2
(secondary ROSE I regulator)

Pressure gauge PI-1
(primary pressure indicator)

Pressure gauge PI-2
(secondary ROSE I)

Pressure gauge PI-5
(hospital oxygen supply)

- Pressure gauge PI-4

(vacuum pressure)

Pressure gauge PI-8

(Left manifold pressure
leading to the “D” cylinders)

Pressure gauge PI-9
(Right manifold pressure
leading to the “D” cylinders)

Regulator R-1
(medical oxygen)

Regulator R-1
PI-1
(oxygen delivery)

PI-2
(tank gauge)

PI-2

PI-1, PI-2, on ROSE I
PI-5 on HOBS

PI-3

(gauge on pressure switch,

PS-1)

PI-3

(gauge on pressure switch,

PS-1)

Same configuration. Equal or
less pressure than ROSE I

Same configuration. Equal or
less pressure than ROSE I

Same gauge as on ROSE I
Same gauge as on ROSE I
Same gauge as oanOSE I

Equal or less severe
conditions than on ROSE I

Same 0-5000 psi (0-34.5 MPa)
gauge

Same 0-5000 psi (0-34.5 MPa)
gauge
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In considering the HOBS on a system level, care should be taken to ensure the system is free
of contamination. This can be done by performing visual inspections of often-removed
components and connections, as well as avoiding any hydrocarbon oil or grease during

servicing.

Chart 2 shows a summary of the hazards analysis that was performed on the HOBS. The
analysis of each component is discussed below.

Chart2

Summary of Oxygen Hazards Analysis for the HOBS
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Flexible hose: 1, 2 (02 Cylinders) FI{Fjo{1/f0j0/0j0|0]J0]O0]lO0|2]|-]|C
Flexible hose: 3 (High Pressure Fil)y | F|F[0]|O0 0({0]0|O0]|O|OjO0!l0O|2]|-]|C
Flexible hose: 4 (Hospital Supply) | N|F|o|o0|o0]o0]lo]jo|olololo]o]-]|cC
Regulator: R-3 FI{Fy0{2f0(1|0]|0|O|O0jO0]O0|3]|-|C
CGA 540 Cylinder Valve NiF|o0|jo|lOjOJO]O|O|O|O|O]|1]|-]C
Valves: V-1, V-2, V-4, V-5, V-6 N|{Fj0jy1f0{0|O0]O|OjO]|O|O]|O|-]|C
Valves: V-3 A-H, V-7, V-8 NiF{o|1|o]1]{0{0]lO0|O|OlO|O]|-]|C
Check Valve: CV-1, CV-2, CV-3 N{Fj0|lO0|O0O]|]O|O|O|O|O|O|]1]l0{-{C
Check Valve: CV-4 Fi{Fl|oltjojo0|o0]jJojoOojoOo]jofjo|1]|-]|C
Relief Valve: RV-1 N{F|j0|0/l0|OfO]|]O|O]O]O|O|O]|-]|C

5.2.1 Pressure Indicators PI-3, PI-6, P1-7

PI-3 indicates the HOBS supply pressure. PI-6 and PI-7 indicate the left and right manifold
pressure, respectively. Each of these gauges are 0 - 4000 psi (0 - 27.6 MPa) standard
Bourdon tube gauges. The maximum operating pressure of these gauges is 2500 psig

(17 MPa).
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5.2.1.1 Material Flammability of Metals and Soft Goods

The metals found in the Bourdon tube and corresponding fittings are considered
nonflammable in the worst-case operating condition. There are no soft goods in these
gauges.

5.2.1.2 Ignition Mechanisms

The only ignition mechanism considered to be a potential hazard is the scenario of
contamination in the gauge. If this happens, it is remotely possible for a fire to occur in the
gauge as a result of rapid compression.

5.2.2  Flexible Hoses 1 and 2 (O, Cylinders)

The fdllowing is a general note that applies to all flexible hoses on the HOBS: It is
recommended that operating procedures specify that the ends of all flexible hoses are to be
inspected for cleanliness before connection.

The flexible hoses connected to the “D” cylinders are labeled flexible hose 1. The flexible
hoses connected to the “H” cylinders are labeled flexible hose 2. Both of these hoses have a
maximum operating pressure of 2500 psi (17 MPa).

5.2.2.1 Material Flammability of Metals and Soft Goods

The metals include stainless steel and the soft goods include a Teflon liner in the stainless
steel sheath. Both the metals and the polymers are flammable at the given worst-case
pressure.

5.2.2.2 Ignition Mechanisms

Adiabatic compression was considered a remotely possible source of ignition. The critical
length distance piece on the CGA fittings was calculated as recommended in ASTM STP
986 (Barthelemy and Vagnard 1988). It was determined that the distance piece given on the

flexible hose is sufficient.

If the Teflon liner is ignited, the stainless steel is likely to burn. Therefore, a kindling chain
ignition hazard is considered possible.

5.2.3 Flexible Hose 3 (High-pressure Fill)

Flexible hose 3 is a high-pressure hose connected to the HOBS high-pressure fill line. The
worst-case operating pressure is 2500 psig (17.2 MPa).

5.2.3.1 Material Flammability of Metals and Soft Goods

The metal sheath is stainless steel and the liner is Teflon. Both the metals and soft goods are
Sflammable in the worst-case environment.
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5.2.3.2 Ignition Mechanisms

The only ignition mechanism discussed, but not evaluated, is that of unrestrained flexible
hoses. It is recommended that procedures be written to protect and restrain flexible hoses.
Restraining flexible hoses is a standard practice, especially in high-pressure applications.

As is the case with other lined flexible hoses, if the Teflon liner ignites, the stainless steel is
likely to burn. Therefore, the kindling chain ignition hazard is possible.

5.24  Flexible Hoses 4 (Hospital Supply)

The flexible hoses that connect the HOBS to the hospital oxygen supply are labeled with a 4.
These are low-pressure hoses, with a maximum pressure of 115 psig (0.79 MPa).

5.2.4.1 Material Flammability of Metals and Soft Goods

Each of these hoses is stainless steel with a Teflon liner, similar to those previously
discussed. At the low operating pressure specified, the stainless steel is considered
nonflammable. The Teflon, however, is still flammable.

5.2.4.2 Ignition Mechanisms

The only ignition mechanism of concern is the same as with flexible hose 3. Though the
ignition mechanism was not analyzed, it is recommended that the flexible hose be restrained,
even at this low pressure, for protection and safety. All other ignition mechanisms are
considered almost impossible.

5.2.5 Regulator R-3

Regulator R-3 is the HOBS supply regulator. It regulates a maximum inlet pressure of

2250 psig (15.5 MPa) down to 75 psig (0.52 MPa). It is recommended that, for all system
regulators, extreme care be taken to avoid contamination. Hydrocarbon oil or grease during
servicing should be avoided at all times. In addition, inspection of pieces which are removed
for servicing is necessary.

5.2.5.1 Material Flammability of Metals and Soft Goods

The metals in regulator R-3 include a brass body, spring and stem, and a stainless steel
plunger. At the worst-case operating pressure, stainless steel is considered Sflammable. The
soft goods include a nylon seat and a neoprene diaphragm, which are also flammable.

5.2.5.2 Ignition Mechanisms

Adiabatic compression in regulator R-3 is considered a possible ignition mechanism.
Regulator R-3 can be exposed to rapid compression if any “H” cylinder valves are opened
when valves V-2 or V-1 are open. History of use indicates that no fires have occurred in this
system during three years of operation. The proven history of use for this component makes
its risk level acceptable. Additionally, if component tests are performed on this regulator,
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and the data confirms its resistance to ignition by adiabatic compression in this environment,
then the possible ignition rating may be reduced. Particle impact is a remotely possible
ignition mechanism if the regulator is contaminated.

Kindling chain is a probable ignition hazard if the nylon seat of the regulator ignites. The
neoprene diaphragm and surrounding metals are susceptible to ignition.

5.2.6 CGA 540 Cylinder Valve

The valves used on the “H” size oxygen cylinders of the HOBS are of a CGA 540
configuration. The worst-case operating pressure in these cylinders is 2250 psig (15.5 MPa).

5.2.6.1 Material Flammability of Metals and Soft Goods

The metal pieces of these valves are fabricated from brass and bronze. These metals are
considered nonflammable in this operating environment. The soft goods include a nylon
seat. Nylon is considered flammable in this scenario.

5.2.6.2 Ignition Mechanisms

Adiabatic compression is considered an almost impossible ignition hazard, despite the use of
nylon as a seat material in these valves. If the manifold is pressurized to 2200 psig

(15 MPa), and one of the high-pressure cylinder valves, V-3, is opened, the slug of gas in the
“H” cylinder flexible hose may be rapidly compressed. To determine the severity of this
ignition mechanism, the distance piece on the CGA valve was evaluated per ASTM STP 986
(Barthelemy and Vagnard 1988). The final volume of gas in the connecting flexible hose
when compressed from 1 atmosphere pressure to 2200 psig (15 MPa), is only 0.05 i in’

(0.82 cm ) This volume is compared to the internal volume of manual valve V-3 at the
flexible hose connection, 0.62 in® (10.2 cm ). Because the valve volume is more than an
order of magnitude larger than the compressed gas volume of the flexible hose, rapid
compression will not create enough heat to ignite the nylon seat of the valve.

Kindling chain is a remotely possible ignition hazard for the CGA valves. If the nylon seat
were to ignite and burn, the chances of igniting the surrounding metals are only remotely
possible.

5.2.7 Manual Valves V-1, V-2, V-4, V-5, V-6

Manual valves V-1 and V-2 are the left and right high-pressure manifold isolation valves,
respectively. Valves V-4 and V-5 are the left and right vacuum isolation valves,
respectively. Valve V-6 is a vent valve for the manifold. Each of these valves is a globe-

type configuration with similar materials of construction. The worst-case operating pressure
is 2250 psig (15.5 MPa).
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5.2.7.1 Material Flammability of Metals and Soft Goods

The metals of these valves include a brass stem and body. Brass, under these operating
conditions, is considered nonflammable. The soft goods include a Kel-F valve seat, which is
Slammable in these conditions.

5.2.7.2 Ignition Mechanisms

Adiabatic compression is the only ignition mechanism considered a potential hazard. The
scenario of rapid compression on these valves is similar to that discussed for regulator R-3 in
terms of history and experience, but the configuration and material choices for these valves
are superior. For this reason, adiabatic compression is considered a remotely possible
ignition hazard. Particle impact was evaluated on the vent valve, V-6, and considered an
almost impossible ignition hazard. The gas flowing through V-6 will go sonic as it vents to
atmosphere, but the materials which would see a potential impact are brass. Brass is
considered nonflammable in this environment.

5.2.8 Manual Valves V-3A through V-3H, V-7, V-8

Manual valves V-3A through V-3H are the high-pressure cylinder valves. Valves V-7 and
V-8 are the left and right manifold isolation valves for the “D” cylinders, respectively. Each

of these valves is built to CGA specifications. The worst-case operating pressure is
2500 psig (15.5 MPa).

5.2.8.1 Material Flammability of Metals and Soft Goods

These valves are similar to the other CGA valves analyzed as they have brass stems and
bodies and nylon seats. The metals are nonflammable and the soft goods are flammable.

5.2.8.2 Ignition Mechanisms

Adiabatic compression is considered remotely possible as these valves can be rapidly
pressurized while closed, exposing the nylon seat. However, the configuration of these
valves protects the seat against rapid compression and the history of use is substantial in
oxygen. Particle impact is also considered a remotely possible ignition source. Assembly-
generated particles may be present in the flow stream. However, the valve seat is well
protected in this configuration, which reduces this hazard.

5.2.9 Check Valves CV-1, CV-2, CV-3

Check valve CV-1 is for the primary ROSE 1 line, downstream of regulator R-1. Check
valve CV-2 is for the secondary ROSE I line, downstream of regulator R-2. Check valve
CV-3 is for the HOBS supply line, protecting regulator R-3 from reverse flow. The worst-
case pressure used to evaluate these check valves is 115 psig (0.79 MPa).
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5.2.9.1 Material Flammability of Metals and Soft Goods

The metal pieces in these valves include a 316 stainless steel body, spring, and poppet. The
metals are considered nonflammable in this environment. The soft goods include Viton®'
body seals and Teflon back-up rings, both of which are flammable.

5.2.9.2 Ignition Mechanisms

Particle impact was evaluated as a potential ignition mechanism. Particles can impact the
stainless steel poppet in the normal flow direction at velocities of approximately 90 ft/s

(27 m/s). This velocity is low for particle impact ignition, but stainless steel is not
flammable in this scenario. Thus, particle impact is considered an almost impossible ignition
mechanism. Another ignition mechanism occurs if particles are ignited upon impacting the
stainless steel disk. In this scenario, ignition of the Viton seat is remotely possible.

5.2.10 Check Valve CV-4

Check valve CV-4 is a uniquely designed cartridge-type valve. It is used to prevent
backflow on the HOBS fill line. It has a high-pressure maximum operating condition of
2250 psig (25.5 MPa).

5.2.10.1 Material Flammability of Metals and Soft Goods

The metals on CV-4 include a stainless steel body, plunger, and spring. The sealing material
is Teflon. At the highest operating pressure, both the metals and polymers in the check valve
are considered flammable.

5.2.10.2 Ignition Mechanisms

Adiabatic compression is the ignition mechanism of most concern. Several factors reduce
this ignition hazard to remotely possible. According to pneumatic impact data, TFE (Teflon)
has ignited at 3000 psig (20.7 MPa), but not at 2500 psig (17.2 MPa) (WSTF # 80-13068).2
At 2250 psig (25.5 MPa), this application is less severe. Also, check valve CV-4 has a
configuration which protects the Teflon from direct impingement in the case of rapid
pressurization. Finally, the pressurization rate is estimated to be slower than 50 ms, reducing
the risk of ignition. Particle impact was considered a potential hazard, but the gas velocity
through the valve is only 8 ft/s (2.4 m/s), too low to ignite particles. Therefore, particle
impact ignition is considered almost impossible.

Kindling chain ignition is remotely possible if the Teflon seat is ignited, threatening the
ignition of the surrounding stainless steel.

' Vitonisa registered trademark of 3M.

% In-house report. NASA Johnson Space Center White Sands Test Facility, Las Cruces, NM, 1980.
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5.2.11 Relief Valve RV-1

Relief valve RV-1 acts to protect the HOBS connection manifold from overpressure. The
relief valve is set for 150 psig (1.0 MPa).

5.2.11.1 Material Flammability of Metals and Soft Goods

The materials of construction for RV-1 include a brass body, seat retainer, and spring holder,
and a stainless steel spring. The seat disc is fluorosilicone. At the given worst-case
conditions, the metals are considered nonflammable and the polymers are flammable.

5.2.11.2 Ignition Mechanisms

All ignition mechanisms were considered almost impossible for this component. The
pressurization rate is too slow to ignite the polymer and cause ignition by adiabatic
compression. As a worst-case example, nylon has been shown to pass pneumatic impact
tests in this environment (0 ignitions out of 20 impacts at 500 °F (260 °C) and 500 psig
(3.4 MPa)) (WSTF # 81-14395).!

53 PODS System

A block diagram of the PODS is shown in Figure 5. Oxygen is supplied to the systems
through the ROSE I or HOBS units, or from a back-up oxygen cylinder. A low-pressure
alarm signals when the gas pressure falls below the set minimum of 40 psig (0.3 MPa).
Oxygen is distributed to the individual patients’ beds through a flexible hose and a
flowmeter. The maximum operating pressure from the outside components in the PODS is
60 psi (0.4 MPa).

Chart 3 shows a summary of the oxygen hazards analysis performed on the PODS. Each
component shown was analyzed and their results are discussed below.

The quick disconnects on the Teflon flexible hoses of the PODS were not considered in this
analysis. Their material composition and operating environment are similar to the
connections C-1 and C-2 on the ROSE I and, thus, were adequately analyzed as part of the
ROSE L.

5.3.1 Flexible Hoses

These are Teflon hoses with stainless steel fittings. The maximum flow through each hose is
2.1 f£'/min (60 L/min) at a pressure of 60 psig (0.4 MPa).

" In-house report. NASA Johnson Space Center White Sands Test Facility, Las Cruces, NM, 1981.
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Chart 3
Summary of Oxygen Hazards Analysis on the PODS
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5.3.1.1 Material Flammability of Metals and Soft Goods

The stainless steel fittings are nonflammable at this low pressure, but the Teflon is flammable

in this environment.
5.3.1.2 Ignition Mechanisms

Static discharge in flowing oxygen can be a valid ignition mechanism in Teflon lines. In this
case, ignition from static discharge is only considered to be remotely possible. Another
ignition mechanism considered, but determined to be almost impossible, is any external
ignition source that contacts the Teflon hoses such as lasers or other electrical operating
tools. Standard medical-ward operating procedures are sufficient to keep this from
occurring. Therefore, this is considered to be an almost impossible ignition hazard.

5.3.1.4 Secondary Effect

One secondary effect considered is an external leak from the hose into the hospital or a
patient’s bed. If this happens, an oxygen-enriched environment might result. Upon further

analysis, it is concluded that any potential ignition source must be kept away from the
hospital beds.

5.3.2  Flowmeter Assembly
The flowmeter assembly consists of a regulator, a rotameter-type flowmeter, and the
connection fittings and tubes. The oxygen is supplied at a pressure of 30 to 60 psig (0.21 to

0.41 MPa), then reduced to 15 psig (0.10 MPa) through the regulator. Though analyzed
individually, these components are discussed here as one unit.
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5.3.2.1 Material Flammability of Metals and Soft Goods

The oxygen-wetted metals inside the flowmeter assembly include brass, chrome-plated
brass, and stainless steel. These are considered nonflammable at the worst-case operating
conditions. The soft goods include Teflon, Buna-N, and Viton. These are considered
Sflammable in pure oxygen, even at the low operating pressures.

5.3.2.2 Ignition Mechanisms

All ignition mechanisms are considered almost impossible. This flowmeter designhasa
extensive history of use in many applications. The operating environment is not severe
enough to produce oxygen hazards in this component.

5.3.3 Pressure Switch (Alarm)

The pressure switch, or alarm, detects a pressure loss in the Teflon hose. When the supply
pressure gets too low, it activates an alarm and a light through an analog signal
(microswitch). The pressure switch is set to 40 psig (0.28 MPaj) or less.

5.3.3.1 Material Flammability of Metals and Soft Goods

The metal materials of the pressure switch are considered nonflammable in this operating
environment. The polymers, however, are flammable in pure oxygen, despite the low
pressure.

5.3.3.2 Ignition Mechanisms

The only ignition mechanism of concern is electrical arc. It is determined, however, that the
110-volt power supply is too low a voltage for a spark to develop. In addition, the metals
are considered nonflammable in this environment.

5.4  LOX Buffer Storage Tank (BST)

The BST is shown in Figure 6. The BST is a 400-gallon LOX dewar. The operational
pressure is 40 psig (0.28 MPa) maximum. The setting on the line relief valve RV-1 is

50 psig (0.34 MPa). The tank has a burst disc too, which is set for 75 psig (0.52 MPa). The
BST flow system is similar in design to the ROSE 1. Nearly all the components on the BST
correspond directly to components on the ROSE I, both in material and configuration
{Tablie 2). Also, the maximum nrerating pressure of the BST is less severe than that of the
ROSEI. Therefore, the analysis of the BST was performed only through comparison to the
ROSE I analysis.
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Table 2
BST Components Analyzed by Similarity to the ROSE I

BST Component Similar ROSE I Component

Manual Valve V-3 Manual Valve V-1

Manual Valve V-6 Manual Valve V-1

Manual Valve V-7 Manual Valve V-2

Manual Valve V-8 Manual Valve V-3

Manual valve V-9 Manual Valve V-5

Manual Valve V-10 (Low Pressure) Manual Valve V-6

Manual Valve V-10 (High Pressure) Manual Valve V-7

Manual Valve V-12 Manual Valve V-4

Liquid Level Indicator LL-1 Liquid Level Indicator LL-1
Pressure Indicator PI-1 Pressure Indicator PI-2
Regulator R-1 Roading Regulator PCV
Regulator R-2 Regulator R-2

Relief Valve RV-1 Relief Valve RV-6
‘Relief Valves RV-3, RV-4 Relief Valve RV-3

Safety Disc SD-1 Burst Disc BD-1

Pressure Building Coil PBC-1 Pressure Building Coil PBC-2

5.5 High-speed Recharger System

The high-speed recharger is shown in Figure 7. The high-speed recharger is used to fill the
oxygen cylinders in a short time frame. It fills eight cylinders in approximately 12 minutes.
This component is not located in close proximity to the hospital. Again, similarities exist
between this component and the previously analyzed ROSE I. The similarities are shown in
Table 3. Because of these similarities, a component analysis will only be done on the LOX
pump.

Table 3
High-speed Recharger Components Analyzed by Similarity to the HOBS or ROSE I

High-speed Recharger System Component Similar Component on the
ROSE I
Connector to C-3 on CFS Connection C-3 on ROSE I inlet
Pressure Indicator Pressure Indicator PI-3 on ROSE |
Pressure Switch Pressure Switch PS-1 on ROSE
Relief Valve Relief Valve RV-5 on ROSE I
Manual Valve Manual Valve V-16 on ROSE I
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The summary of the oxygen hazards analysis performed on the high-speed recharger LOX
Pump is shown in Chart 4. The results of the analysis are discussed in the following
sections.

Chart 4
Summary of Oxygen Hazards Analysis on the High-speed Recharger
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55.1 LOX Pump

This LOX pump functions identically to the LOX pump, P-1, of the ROSE I. The poppet,
however, is constructed of different materials. The history of use for this LOX pump is more
extensive than for the ROSE I pump, which is favorable. The maximum operating pressure
of the LOX pump is 2250 psig (15.5 MPa).

5.5.1.1 Material Fiammability of Metals and Soft Goods

The materials in this pump are identical to those in P-1 of the ROSE 1, except for the poppet.
Carbon-filled Teflon is used for the poppet seal (check valve seat), in place of the 440 C
stainless steel ball used in the pump on the ROSE 1. Viton seals also exist on the vacuum.
At the maximum operating pressure, both the metals and the polymers are considered
Slammable.

5.5.1.2 Ignition Mechanisms

All ignition mechanisms were analyzed and found to be almost impossible for this pump.

6.0 Recommendations

From the oxygen hazards analysis performed on the PCI Genox CT-1 Oxygen Generation
and Distribution System, it was determined by the WSTF Oxygen Hazards Analysis Team
that no major oxygen hazards exist in this system to prevent its use in the given
environments. However, several recommendations are made that, if implemented, will
enhance the system’s resistance to an oxygen fire and provide a safer operating environment,
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Contamination is a major cause of fires in oxygen systems. The Genox CT-1
Oxygen Generation and Distribution System has some locations where
contamination is likely. The following is recommended:

a)

b)

d)

It is recommended that maintenance procedures be implemented to
periodically evaluate the contamination level of the LOX tank on the ROSE
I. There exists a possibility of contamination build-up in the LOX tank from
repeated filling and venting (impurities in the LOX), as well as if the PCV
component failed (air/moisture contamination).

It is recommended that procedures dictate that the cap to connection C-5 on
the ROSE I be placed back on the connection immediately after
disconnection. This recommendation applies to all system flexible hose
connections used in oxygen service to maintain cleanliness.

It is recommended that operating procedures specify that the ends of all
flexible hoses are to be visually inspected for cleanliness before connecting
to any system for oxygen service.

It is recommended that, for all system regulators, care be taken to avoid
contamination when servicing. Hydrocarbon oil or grease during servicing
should be avoided at all times. Visual inspections should be performed
before installation.

It is recommended, but not mandated, that system filters be considered in
places where particulate generation is most likely (commonly assembled and
disassembled components), or where particle impact ignition is most likely
(see individual component hazards analysis charts for particle impact
ignition hazards).

As a secondary recommendation, but again not mandated, to prevent
particulate build-up in Bourdon tube pressure gauges, consider
implementing Bourdon tubes with bleed ports. This allows for thorough
cleaning of these gauges. Also, for increased ignition resistance, consider
changing all stainless steel Bourdon tube gauges to brass.

As an issue of safety, it is recommended that procedures be written to protect and
restrain flexible hoses on both the ROSE I and the HOBS. Restraining flexible hoses
is a good safety practice, especially with high-pressure flexible hoses.
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