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Incidents Involving Manually Actuated Isolation
Valves in LOX Service

1 Introduction

In 2013 EIGA was advised of two very serious incidents involving large manually actuated isolation valves at air
separation plants in liquid oxygen (LOX) service. In both incidents there were two fatalities. Wide ranging
investigations were carried out and the preliminary results were detailed in the first edition of this Safety
Information in 2013. The global industrial gases industry decided that due to the severity of the incidents a globally
harmonized publication would be developed to cover the topic in more depth. This publication was published in
2015, EIGA Doc 200, Design, Manufacture, Installation, Operation and Maintenance of Valves Used in Liquid
Oxygen and Cold Gaseous Oxygen Systems. Identical editions were published by the Asia Industrial Gases
Association, (AIGA), Compressed Gas Association, (CGA) and the Japanese Industrial and Medical Gases
Association, (JIMGA). In 2017 the publication was revised to take account of valves used in customer stations.
This Safety Information has been revised to reflect the publication of EIGA Doc 200 and to remind EIGA Members
of the importance of following the recommendations in the publication.

2 Incident involving manually actuated butterfly valve
2.1 Incident overview

There was a violent metal fire (violent energy release) of a DN 150 (6 inch) manually actuated butterfly valve and
the enclosed stainless steel and aluminium equipment in liquid oxygen service of an air separation plant. The
valve was the discharge isolation valve of a standby oxygen pump.

The pump duct was partly destroyed. A significant quantity of perlite was blown out together with liquid oxygen
from the plant.

The resulting fire combusted approximately 50 % of the valve as well as parts of the upstream check valve and
parts of the surrounding pipe system. In total the fire consumed approximately 200 kg of stainless steel and
aluminium.

There were two fatalities associated with this incident.

2.2 Incident summary

The normal process pressure for the relevant plant section was 31 bara. At the time of the incident the pressure
upstream of the valve was between 1,0 and 2,6 bara. Downstream the pressure was 27 bara, due to the second
oxygen pump that was running. The valve body and internal components were manufactured from stainless steel.
The pump system had already been cooled down with LOX and it was in the process of being brought on-line by
opening the downstream isolation valve. The incident happened during the initial opening of the valve. This pump
had not been started at the time of the incident.

From the analysis of the residual parts found in the burned area it was assessed that the first ignition occurred in
the small vertical and / or horizontal bearing parts of the butterfly valve. This then led to ignition of other larger
parts such as the valve disc, valve body, part of the upstream check valve and piping sections. These were either
partially or totally consumed by the fire.
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2.3 Incident investigation

2.3.1 The incident investigation team explored several possible immediate causes for the ignition. These

included:

e adiabatic compression;

e particle impingement;

e hydrocarbon contamination; and

o metallic particles within the grease

2.3.2 After detailed analysis it was concluded that the most probable cause of ignition was the use of oxygen
compatible grease that had been contaminated with hydrocarbon oil. The grease used in this case had
been tested and approved by BAM!? for use in gaseous oxygen service but had not been approved for
liquid oxygen service.

2.3.3 The grease was possibly contaminated with mineral oil coming from the cryogenic stem extension that
had not been fully cleaned for oxygen service. The hydrocarbon oil contamination was identified on other
similar valves that were dismantled during the investigation. The grease was also potentially
contaminated with aluminium particles which could have increased the frictional energy created during
valve operation

2.3.4 The assumed kindling chain is that friction or mechanical impact during the opening of the butterfly valve
ignited the contaminated grease which led to the ignition of the stainless steel bearing ring and other
smaller stainless steel parts inside the valve then igniting the larger parts of the valve.

3 Incident involving manually actuated gate valve
3.1 Incident overview

A violent fire occurred in a DN200 (8 inch) manually actuated gate valve in a pressurized liquid oxygen line of an
air separation plant. The valve was the downstream isolation valve of a double isolation configuration with a by-
pass valve around the upstream isolation valve. The fire was confined to the downstream isolation valve with the
ignition and combustion taking place in the upper part of the valve, breaching the pressure envelope. Part of the
extended bonnet and the packing area was completely consumed by the fire. The lower part of the gearbox and
the stem in this section was partly melted.

There were two fatalities associated with this incident.

3.2 Incident investigation

3.2.1. The process pressure for the relevant plant section was 59,3 bara. The incident happened during a
restart of the internal compression (IC) LOX system whereby the upstream pressure of the double
isolation was already at the normal operating pressure of 59,3 bara. The actual operating pressure at
the downstream valve at the time of the incident could not be ascertained as there was no local pressure
indication and the evidence indicates that the subject valve and downstream drain valves were passing.
The valve and its inner parts were manufactured from stainless steel.

3.2.2 The evidence suggests that ignition first occurred in the stem area where there was a
Polychlorotrifluoroethylene (PCTFE) guide ring.

3.2.3 The investigation identified that other valves in the same service had been visibly wetted with silicone
oil with traces of mineral oil in the spindle and packing area, as well as in this guiding ring area. Some
of these valves also experienced ignition of the PCTFE guide ring with it being either totally or partially
consumed, though without breach of the pressure envelope.

3.24 The failure analysis indicated that the start of the ignition was at this PCTFE guide ring, wetted with
silicone oil, most probably by mechanical excitation (single or repetitive impacts). The mechanical
excitation could have arisen from the subject valve being partially open (with a pressure drop across the
valve), or from vibration induced from operation of the upstream ‘by-pass’ valve. The evidence suggests
that the fire could have progressed in stages, firstly with ignition by mechanical excitation at the guide
ring which was subsequently expelled followed by free passage of LOX into the extended valve bonnet
thereby igniting the stem, stem packing and extension bonnet tube.
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