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UreaKnowHow.com:

Largest independent network in the nitrogen fertilizer industry to
exchange technical information with the target to improve Safety and
Performance of all nitrogen fertilizer plants worldwide.

Ay Urea in China

www.ureanet.cn
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Partnerships
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>10.500 Members representing of all urea
plants worldwide

UreaKnowHow.com catalyzes Biweekly a
Round Tables .
1400+ discussions Safety and Performance Technical paper

Now also AmmoniaKnowHow.com is online !
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Safety Risks of Urea Reactors
v' High pressures

v High Temperatures

v Various kinds of corrosion phenomena
v Crystallization risks

v Large volumes

v Release of ammonia in case of a leak

High Demands on Integrity is crucial for a Safe & Reliable urea plant
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Typical design of Urea Reactors
v' Carbon steel pressure bearing wall

v" Protective layer consisting of a loose
liners and/or overlay welding
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Integrity of carbon steel pressure bearing wall
can be threatened by:

v' Carbamate corrosion due to damage of protective layer with
a corrosion rate of 1000 mm/year
 An early and reliable detection is a must
« In case of a leak, stop the plant

v Stress corrosion cracking behind loose liner when water and
contaminants are present

v Stress corrosion cracking from outside when water and
contaminants are present
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v’ 21 serious incidents (integrity of carbon steel threatened)

v' During last 25 year every 3 years such an incident
happened in one of the 500 urea plants worldwide

v' Leading to totally 21 casualties, 55+ people injured inside
and 90+ people injured outside the plant

v In 40% a failing leak detection system was one of the
causes

v In 25% specific corrosion failure modes of carbon steel
occurred (inside & outside)

Source: UreaKnowHow.com Urea Incident Database
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Please realise

Typical lifetime of the 316L Urea Grade protective layer
of a urea reactor is 20-30 years

While
Typical lifetime of a urea plant is 40-50 years

Thus

Every urea reactor will finally operate close to the end
of lifetime conditions of the protective layer

Meaning that at a certain moment a leak in the
protective layer is nearly unavoidable
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Why an Open Source Global Risk Register ?

To further reduce incidents, we believe the Urea Industry
needs to share more safety related information

An Open Source Risk Register based on shared safety
knowledge can fulfil the need of increased safety in
operation

A Risk Register is a list of possible hazards plus ...
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Of each hazard the Risk Register shows:

Possible causes

Possible consequences

Project phase during which the hazard is applicable
Equipment part

Hazard reference document

Risk ranking before Prevention and Mitigation steps
Prevention steps to reduce likelihood

Mitigation steps to reduce consequences

L X X X < X X X

Risk ranking after Prevention and Mitigation steps
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MyRiskRegister Historic Hazards in Ammonia Plants - Risk Register Hello, DEMOAMMONIA! | Logout

View Risk Register.

I N et [

Consequence e.g. Impact on People, Assets, [l Process, Occupational or [ll| Insert comments that can supportthe [l Prevention (Interrupts the Incident [ll| Mitigation (Consequence Occurs but [l
Environment e.g. Gas accumulation leading to Environmental assessment and risk ranking Sequence and Stops the Consequence)

7 N
Perform risk assessment Perform risk assessment
The coil failure resulted in a major fire and explo Process Major Moderate 11 Updated operating procedures i Moderate
New procedure for the bypassing of
] 3 Additional instrumentation improvements X
v Historic Hazards In the trip system that includes a
Ammonia Plants 2 New Procedure rigorous risk assessment.
The ammonia release caused injuries and a fata Commissioning Why oil film formed inside the tank?After repa Catastrophic | Moderate Minor
Improvement on pressure relief system
8 Risk Matrix 3
Perform risk assessment Undated operatin
& Risk Register During the installation of the additional 300 mm Process The tank was in operation? Catastrophic| Moderate Improve pressure relief system plr;cedm eg 9 Minor
@ Reports Install Gas Analyzers
a Updated operating procedures for the
. . Burner management system start-up heater with all current alarm
The primary reformer walls were stopped by the Operation Commisionig procedure was followed? Major Moderate mn 3 ] Moderate
New Operating Procedure and set points. Also, the operating
instructions were revised to reinforce
5 that low syngas flow trip on main
Failure of waste heat boiler. Operation Moderate Moderate 9 Improved operation procedure burners should never be overridden Minor
during start-up.
6
Corrosion in waste heat boiler Procurement Moderate Unlikely 6 Change alkaline filming agent Minor
Additional instrumentation
7 improvements
Second failure of reformer gas waste heat boiler Process Major Unlikely 8 New WHB Minor
Additional improvements such as
s differential pressure measurement
across the coils, thermocouples on
Failure of 125 bar waste heat boiler Process Moderate Unlikely 6 Improved BFW quality each coil to measure tube wall Minor
temperatures and
9 alarms were also taken.
Modified the gas flow path
Process Process What was the cause of the pressure drop? Moderate Moderate 9 Minor
Improve the pressure relief system
Gas and Flame detectors =
] »
Intolerable Risk Risk is unacceptable where elimination of the hazard or implementation of additional risk reduction measure(s) is a must
High Risk Risk is tolerable where elimination of the hazard or implementation of additional risk reduction measure(s) shall be considered with the ALARP principle
Moderate Risk Risk is tolerable where implementation of additional risk reduction measure(s) should be considered with the ALARP principle

Open Source Global document with possible input from all Members
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4. Risk Register Urea Reactor

Case: Risk Register of a typical Urea Reactor
v' Carbon steel pressure bearing wall

v 316L Urea Grade protective layer
(loose liner and overlay welding)

v' Leak detection system for
loose liner:
passive - only tubes
(refer to picture)

Most Urea Reactors currently in operation are like this
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43 hazards are identified (so far)

Engineering, 1 .
Maintenance, 2 | Construction, 2

—

_—

\ Commissioning, 5

Operation, 33
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Risk ranking before(#b) and after (#a)
Prevention and Mitigation steps

Almost

Category Rare Unlikely Moderate Likely Certain

Catastrophic

= Major 11a

Moderate

Minor Zb

Insignificant 4b
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No Mitigation steps are identified: One can only reduce the

likelihood of the incidents.
The Prevention steps lead to 39 recommendations
related to a specific project phase like design, fabrication,

commissioning, operational and maintenance.

In the Risk Register the recommendations are directly connected

to the hazard so One Also Learns Why Instead Of Only What.




UresknowHow.com it IS =gl =BG s e]s

Where the ureasa industrug meets

Top 3 recommendations for an existing 316L UG Reactor:

1. Install an active, vacuum based, leak detection system with a reliable
and accurate ammonia detector. Vacuum because:

« It detects the maximum liner area (also around clips and other failure
modes like condensation corrosion, fatigue cracks, clogged groove etc.)

« It can be applied in every design (also in case no grooves, one hole,
clogged, etc.)

« It avoids risks of liner bulging
2. Perform corrosion inspections during turnarounds by qualified and

experienced inspectors with a frequency depending on age of reactor
and previous inspection findings.

3. Make use of skillful and experienced welders during repair jobs and
apply higher alloy materials.
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Several safety risks threaten Urea Reactors

2. A significant number of serious incidents with Urea
Reactors still occur in the industry

3. Aleak in the protective layer is nearly unavoidable

4. The Open Source Urea Reactor Risk Register targets to
increase Safety and Knowledge in the industry

5. 39 Recommendations are provided, which can reduce
significantly the likelihood of these incidents

6. The Risk Register Learns also Why... Instead of only What...




