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A b st ra c t

• Usage of mechanical seal is widely used in rotating equipment especially pump. It prevents fluid or
product of the pump from leaking to atmosphere. Consequence of seal leaking will be more critical if the
product itself is hazardous.

• Generally, mechanical seal for pump used for hazardous product such as hydrocarbon will be classified as
safety critical element (SCE) which require specific assurance task to ensure it is always operating within
acceptable criteria and condition.

• This case study will be detailing out situation whereby poor preservation of spare mechanical seal can
cause catastrophic failure and subsequently leaving hydrocarbon release to environment. Presence of
moisture in the mechanical seal assembly lead to high possibility for slip stick to happen especially at
seal faces. Subsequently, both stationary and rotating faces tend to rotate together during pump startup
and cause significant impact damage when contacted with anti-rotation pin slot.

• Several mitigations & best practices were outlined on how to handle mechanical seal storage and
preservation with the input from various parties including seal original equipment manufacturer (OEM).
Adhere to proper preservation and assurance task will sustain the process safety barrier related to the
process containment on rotating equipment.
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E xe c u t i ve  S u m m a r y

• The purpose of this case study is to present 2 failure mechanisms which have contributed to catastrophic
mechanical seal failures leading to loss of primary containment (LOPC) at condensate transfer pumps
(CTP). The impact of LOPC is more severe if the product itself is hazardous to people, asset &
environment.

• Mechanical seal failure may be contributed by many factors such as poor installation, misalignment of
seal face cascaded from pump vibration, dry running, over compression, thermal shock or expansion,
poor barrier fluid quality, etc.

• For case#1, catastrophic seal failure occurred due to presence of free water and sludge in seal barrier
fluid which has caused water vaporization due to high heat generation and low boiling point. The thin
barrier fluid film between seal faces could not be sustained leading to face-to face contact causing
chipping of seal face.

• Meanwhile for case#2, another failure mechanism was due to poor preservation of spare mechanical seal
which has caused the moisture from atmosphere to accumulate at the seal face, creating a slip stick
condition and initiated a hairline crack on seal face pin slot. Due to the high torque from the pump, the
hairline crack propagated through the pin slot at the outboard rotating seal face. The outboard seal
cracked, leading to anti-rotating pin dislodged and subsequently hammered the inboard seal face.
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Eq u i p m e n t  O ve r v i e w  ( P u m p )
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Eq u i p m e n t  O ve r v i e w  ( M e c h a n i c a l  S e a l )
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Eq u i p m e n t  O ve r v i e w  ( M e c h a n i c a l  S e a l  A u x i l i a r y  S y s t e m )

Arrangement on the auxiliary system:

1. Common barrier fluid tank to serve all the pumps

2. Auto make-up pump to maintain the seal pressure

3. Equipped with seal protection instrumentation / devices

4. Dedicated accumulator & air fin cooler for each seal i.e. DE & NDE

DE
Mech
Seal

NDE
Mech 
Seal

Barrier Fluid 
Tank
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B a c k g ro u n d

Condensate Transfer Pumps at an onshore production facility, experienced multiple mechanical seal 
leaks in 2020 and 2021 leading to high replacement cost and LOPC (release to atmosphere) 
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Ty p i c a l  Eve n t  S n a p s h o t  D u r i n g  M e c h a n i c a l  S e a l  
C a t a s t ro p h i c  Fa i l u re

DCS event summary during mechanical seal catastrophic failure which led to LOPC
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C a s e # 1 :  M e c h a n i c a l  S e a l  C a t a s t ro p h i c  Fa i l u re

Findings on mechanical seal post disassembly:

1. Failure occurred within 1-2 month post installation & unit running

2. Internal parts showed seal face chipping/discoloration/blistering in most failure events
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Po s s i b l e  C a u s e s  o f  S e a l  Fa c e  Fa i l u re
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Po s s i b l e  C a u s e s  E l i m i n a t i o n  P ro c e s s
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1 ( a )  Ve r i f i c a t i o n  &  E l i m i n a t i o n  P ro c e s s  – A l i g n m e n t  &  
V i b ra t i o n
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1 ( b )  Ve r i f i c a t i o n  &  E l i m i n a t i o n  P ro c e s s  – A l i g n m e n t  &  
V i b ra t i o n
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1 ( c )  Ve r i f i c a t i o n  &  E l i m i n a t i o n  P ro c e s s  – P ro c e s s  
Pa ra m e t e rs
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▪

▪

▪

EU Lo-Hi 07:00 – 18:59

Equipment Status Running Manual

Any abnormalities? Normal

Any sign of leaking? No

Are seal/barrier oil level<30%? If YES please top up No

Any integrity issue? No

Pressure gauge functioning? Yes

Any dirt or debris? No

Discharge pressure Barg 16.9 – 17.1 90

Flow Rate in KL or Hour m3/h 105.9 – 106.1 97

Recycle valve opening % % 0 – 101 30

Tank barrier fluid % % 30 – 101 90

DE lube oil level in oil pot % % 50 – 90 80

NDE lube oil level in oil pot % % 50 – 90 80

Pump strainer inlet pressure Psi 99 – 301 76

Pump strainer outlet pressure Psi 99 – 301 76

DE barrier fluid temperature DegF 0 – 180 152

NDE barrier fluid temperature DegF 0 -100 102

DE barrier fluid pressure Psi 1299.9 – 1300.1 1300

NDE barrier fluid pressure Psi 1299.9 – 1300.1 1300

Ammeter status? Normal

Housekeeping condition? Good

Any other findings? If YES please write here No



1 ( d )  F i n d i n g s  o n  B a r r i e r  F l u i d  Ta n k
Further investigation at site revealed BF tank has been contaminated with water and sludge, and the 
tank cap used was not fit for the BF tank
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C a s e # 1 :  Fa i l u re  M e c h a n i s m  S u m m a r y
T h e  s u s p e c t e d  f a i l u r e  m e c h a n i s m  f o r  6  o f  7  f a i l u r e  c a s e s :
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C a s e # 2 :  M e c h a n i c a l  S e a l  C a t a s t ro p h i c  Fa i l u re

Findings on mechanical seal post disassembly:

1. Failure occurred within minutes after pump running post seal installation

2. Seal faces broken into pieces/shattered. Broken point started around pin slot
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NDE mechanical seal inboard seal face 
broken & shattered

Anti-rotation pin protrude 1 mm at inboard.
Knocking / hammering damage at the back of 

mechanical seal, near pin slot

Broken face out of position from slot

Pin shear off at outboard 

shear off



Po s s i b l e  C a u s e s  E l i m i n a t i o n  P ro c e s s

F o l l o w  s t e p  o n  e l i m i n a t i o n  p r o c e s s  a s  p e r  c a s e # 1  p o s s i b l e  r o o t  c a u s e s .  S o m e  o f  
v e r i f i c a t i o n  t a s k  s u m m a r i z e  a s  p e r  b e l o w :

Open



C a s e # 2 :  Fa i l u re  M e c h a n i s m  S u m m a r y
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Fa u l t  Tre e  A n a l y s i s

The investigation team identified 2 root causes from confirmed events:
• Implementation and coverage of preventive maintenance program for CTP is less-than-adequate as evident in BF contamination
• Mechanical Seal spare preservation conditions & practices are less-than-adequate
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Mechanical seal catastrophic failure

Seal face worn out & chipping

Face to face contact 
between seal faces

Insufficient cooling to seal face

BF reduced cooling efficiency

BF contamination with water

Inadequate sealing for BF tank

Presence of abrasive particle

Contaminated barrier fluid

No proper flushing during 
replacement of barrier fluid oil

Inadequate practice for BF 
replacement (top up without flushing)

Air lock in barrier fluid

Improper venting of 
barrier fluid

Insufficient procedure 
during pump start up

Error in preventive maintenance: ITPM 
performed but less than adequate

Seal face crack

Anti rotation pin dislodged and 
hammering inboard seal face

Outboard rotating seal face crack

Hairline crack at seal face pin slot due 
to stationary and rotating face slip stick

Stationary and rotating seal face stuck 
due to humidity accumulation

Seal spare stored > 1 year 
without servicing

Error in Material Control: Inadequate 
preservation conditions / practice

Seal clearance 
for the 

application LTA

Seal face 
finish LTA

Covered under areas for 
improvement

Implementation and coverage of 
preventive maintenance 

program less than adequate

Mechanical seal spare 
preservation conditions & 

practice are less than adequate



C o n c l u s i o n  &  Re c o m m e n d a t i o n  fo r  c a s e # 1

Implementation and coverage of preventive maintenance program for CTP is less-than-adequate (BF contamination 
with water/sludge)
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C o n c l u s i o n  &  Re c o m m e n d a t i o n  fo r  c a s e # 2

Mechanical seal spare preservation conditions & practices are less-than-adequate (Stationary and rotating seal face 
stuck due to humidity accumulation-long storage item)
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Root Cause



A re a  fo r  I m p ro ve m e n t

Open

•

•

•



Re s u l t s  Po st  Re c o m m e n d a t i o n  I m p l e m e n t a t i o n
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• Average MTBF for CTP on mechanical seal leak used to be 1.1 month.

• Since May 2021, average MTBF for CTP has increased to 12 months and counting. The CTP have been running in good
condition without any mechanical seal leak.



L e s s o n s  L e a r n t
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• It is important to keep BF system clean and free from water ingress for mechanical seal safe operation.

• Proper preservation of mechanical seal spare is crucial to prevent deterioration on its components and unwanted condition.

• Continuous review and enhancement of PM tasks can prevent the equipment against new failure coming from new
process/operating/ambient conditions.


