
Copyright of Shell Deutschland Oil GmbH, Rheinland Raffinerie

Eliminating process hazards in a 
Debutaniser Column: A real life example

European Conference on Plant & Process Safety in Cologne  12.12.2019

European Process Safety Centre (EPSC)

Shell Deutschland Oil GmbH, 
Rhineland Refinery

Kalika Wagner-Gillen

12019



Copyright of Shell Deutschland Oil GmbH, Rheinland Raffinerie

Cautionary note

2Copyright Shell Global Solutions International  B.V. 2015.  

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate entities. In this announcement "Shell", "Shell Group" and "Royal Dutch Shell" are sometimes used for convenience 
where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words "we", "us" and "our" are also used to refer to subsidiaries in general or to those who work for them. These 
expressions are also used where no useful purpose is served by identifying the particular company or companies. "Subsidiaries", "Shell subsidiaries" and "Shell companies" as used in this announcement refer to 
companies in which Shell either directly or indirectly has control, by having either a majority of the voting rights or the right to exercise a controlling influence. The companies in which Shell has significant influence but 
not control are referred to as "associated companies" or "associates" and companies in which Shell has joint control are referred to as "jointly controlled entities". In this announcement, associates and jointly controlled 
entities are also referred to as "equity-accounted investments". The term "Shell interest" is used for convenience to indicate the direct and/or indirect (for example, through our 23 per cent shareholding in Woodside 
Petroleum Ltd.) ownership interest held by Shell in a venture, partnership or company, after exclusion of all third-party interest.
This announcement contains forward looking statements concerning the financial condition, results of operations and businesses of Shell and the Shell Group. All statements other than statements of historical fact are, 
or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management's current expectations and assumptions and involve known and 
unknown risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in these statements. Forward-looking statements include, among other things, 
statements concerning the potential exposure of Shell and the Shell Group to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These 
forward looking statements are identified by their use of terms and phrases such as "anticipate", "believe", "could", "estimate", "expect", "goals", "intend", "may", "objectives", "outlook", "plan", "probably", "project", 
"risks", "seek", "should", "target", "will" and similar terms and phrases. There are a number of factors that could affect the future operations of Shell and the Shell Group and could cause those results to differ materially 
from those expressed in the forward looking statements included in this announcement, including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) changes in demand for Shell's products; (c) 
currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h) risks associated with the identification of 
suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing business in developing countries and countries subject to international sanctions; 
(j) legislative, fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (l) political risks, including the 
risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of projects and delays in the reimbursement for shared costs; and (m) changes in 
trading conditions. All forward looking statements contained in this announcement are expressly qualified in their entirety by the cautionary statements contained or referred to in this section. Readers should not place 
undue reliance on forward looking statements. Additional factors that may affect future results are contained in Shell's 20-F for the year ended 31 December 2016 Royal Dutch Shell’s 20-F (available at 
www.shell.com/investor and www.sec.gov).(These factors also should be considered by the reader.  Each forward looking statement speaks only as of the date of this presentation. Neither Shell nor any of its 
subsidiaries nor the Shell Group undertake any obligation to publicly update or revise any forward looking statement as a result of new information, future events or other information. In light of these risks, results could 
differ materially from those stated, implied or inferred from the forward looking statements contained in this announcement.
Shell may have used certain terms, such as resources, in this announcement that the SEC strictly prohibits Shell from including in its filings with the SEC.  U.S. investors are urged to consider closely the disclosure in 
Shell's Form 20-F, available on the SEC website www.sec.gov. You can also obtain these forms from the SEC by calling 1-800-SEC-0330.
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Back in Time … 2013, Williams Olefins, Geismar Louisiana

2019 3Source: YouTube (https://www.youtube.com/watch?v=1IV7yN7GfTM)
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The Debutaniser at Shell Rhineland
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The Debutaniser at Shell Rhineland
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C4 (-)

C5 (+)

SP = 8 barg
Operated @
4 barg/45°C

LP Steam
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The Debutaniser at Shell Rhineland
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• Two reboilers, one of 
them in spare.

SP = 8 bargSP = 8 barg
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The Debutaniser at Shell Rhineland
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• Two reboilers, one of 
them in spare.

• Spare is “blocked-in”.

SP = 8 barg
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What happened at Williams Olefins?

2019 9Source: USCBS Video on YouTube (https://www.youtube.com/watch?v=TlFrxqzdAMw), shortened
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The Debutaniser at Shell Rhineland
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• Two reboilers, one of 
them in spare.

• Spare is “blocked-in”.

SP = 8 barg
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What we did at Shell Rhineland
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• Two reboilers, one of 
them in spare.

• Spare is blocked in.

• At Shell protected by 
Pressure Relief 
Valve. 

• Design case „blocked 
in“ scenario.

SP = 8 barg

SP = 8 barg
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1985 - Incident in Priolo, Italy
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Is our Debutaniser at risk?

• Major incident killed 23 people.
• Process piping failed due to 

chattering of the reboiler 
pressure safety valve.

• Priolo column had top and 
bottom pressure safety valve at 
same set pressure.

• Same set-up as we have on the 
Debutaniser.

Source: https://areeweb.polito.it/strutture/cemed/sistemaperiodico/s14/e14_1_06.html
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Risk of Chattering in Debutaniser
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SP = 8 barg

SP = 8 barg • Top and bottom pressure safety valves at 
same set pressure. 

• Top and bottom pressure safety valves will open 
simultaneously

• More than 140% of required relief capacity  
leading to ‘over relieve’ the system.

• Valves prone to chattering. 
• Chattering can cause significant mechanical 

strain on pipes and components.
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Risk of Chattering in Debutaniser
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• Two phase flow into valve

• Increased pressure drop in inlet line to 
safety valve

• More than 3% of safety valve set 
pressure

• Valves prone to chattering. 
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Risk of Chattering in Debutaniser
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• Two phase flow from reboiler pressure safety 
valve causes pressure in tail pipe to increase

• Unacceptable backpressure on pressure 
safety valve

• Valves prone to chattering. 

• Top pressure safety valve pops causing pressure 
in flare header

Flare Header

SP = 8 barg

SP = 8 barg • Top and bottom pressure safety valves at 
same set pressure and connected to column.
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What we did at Shell Rhineland
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• New Pressure Safety Valve (larger size)

All risks eliminated?

• New tail piping for the Pressure Safety 
Valve 

SP = 6.5 barg

SP = 8 barg

• New inlet piping for the Pressure Safety 
Valve to fulfill 3% rule

SP = 8 barg
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Major incident on the Debutaniser prevented by ‘luck?!’
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40 cm rupture filled with whitish crystalline material.
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Popcorn Polymer
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What we did at Shell Rhineland
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• Continuous flushing of the stagnant 
volume to the pressure safety valve.

• Updated commissioning procedure 
to reduce oxygen content to about 
20 ppm.

• Passivation treatment before start-
up

• Neutron Backscatter Scan of 
equipment once a year

• Installed SIL1 shut-off safety 
function in case of high pressure.
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Summary and Key Learnings
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 The debutaniser at Shell Rhineland is a real life example for the following:
 Process safety is a journey. Continuous improvement is a must.
 Attention to the detail is critical. Really understand background and scenarios.
 Learn from history and previous incidents.
 Nobody knows all. Keep in touch with other internal and external experts.

Improving the safety of the Debutaniser has been happening over many years, based on 

insights from past accidents and detailed investigations to understand causes. This has helped 

us to install technical barriers to mitigate the risks. We will continue to keep in touch with  

relevant industry partners and experts. The journey might not yet be finished.
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Thank you
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For more information please contact:
 Kalika Wagner-Gillen
 Email: P. Wagner-Gillen@shell.com


