
By SERGIO VIDAL

Reliability improvements for new 

offshore pump projects



2

Reliability improvements for new offshore 
pump projects

by
Sergio Ricardo Nogueira Contreiras Vidal 

(Pump maintenance specialist)

Dubai, March 2023

3rd Annual Plant Reliability Excellence Conference – Dubai, 
2023



3Dubai, March 2023

Reliability improvements for new offshore pump projects - Index

• Introduction

• Sea Water Lift Pumps

• Crude Oil pumps API BB3 and OH2

• Conclusions

• Questions and Answers

• Bibliography

Sergio Vidal



4Dubai, March 2023

Reliability improvements for new offshore pump projects - Introduction

Sergio Vidal

“The devil is on the details”
"The devil is in the details" is an idiom alluding to a catch or mysterious element hidden in the

details; it indicates that "something may seem simple, but in fact the details are complicated and

likely to cause problems". It comes from the earlier phrase "God is in the details", expressing the

idea that whatever one does should be done thoroughly; that is, details are important – source

Wikipedia.
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• Some Oil & gas companies, don’t plan and execute major projects of their facilities (major

existing facilities upgrades, existing facilities capacity increase, new installations, etc) every

year. Some time they only execute major projects every 5 or 10 years. As a result, they don’t have a

properly sized (in terms of human resource number and/or the human resources skills/knowledge)

Major Project or Engineering depart for new installations. They depend almost completely on the

EPC companies;

• There is a knowledge and generation gap on the Oil & Gas industry, with a lot of older and

experience Oil & Gas professionals retiring;

• Upstream offshore facilities are unique facilities in the Oil & Gas industry, the assets are in remote

locations in the middle of the sea, logistics (boats, helicopters, etc), bed space, sea state, etc

are serious constraint to offshore facilities maintenance and by consequence to the offshore

equipment maintenance;
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• Time and time again, we have seen some major Oil & Gas companies awarding new projects contract to

EPC companies solely based on the lowest cost bid. As result, some EPC companies use mainly engineers

with no or only 1 – 5 years experience on this project. Basically, some EPC companies thrown numbers and not

quality into the new projects design, specification and execution;
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• As part of the reliability improvement and life cycle cost reduction of new projects, the maintenance/reliability

departments lessons learn, improvements and best practices should be introduced on the new projects at

the early stage of the project design and project specification;

Maintenance/reliability 
departments input

Maintenance/reliability 
departments input

Maintenance/reliability 
departments input

Maintenance/reliability 
departments input

Major Oil & Gas Project Main Stages 

• Even during the new projects major equipment first run and site acceptance tests, the maintenance and/or

reliability departments should be involved with the commissioning team;



8Dubai, March 2023

Reliability improvements for new offshore pump projects – Sea Water Lift Pumps

Sergio Vidal

• Offshore sea water lift pumps (SWLP) are

critical pumps on offshore Oil & Gas

Upstream producing facilities;

• Offshore sea water lift pumps (SWLP) are

responsibility for pumping sea water for

process cooling (gas compression, etc),

HVAC units cooling and safety critical fire

water system;

• Main maintenance and reliability challenge

with SWLP pumps:

1. The equipment is under sea water

between 5 to 25 meter depth, there is no

easy access, you cannot see it, you

can touch it, you cannot monitor every

day;

2. The unit (pump and electrical motor) is

completely submergent under sea

water, so always under corrosion

attack and subject to marine growth

and fouling;
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• There are basically two designs for SWLP electrical motors: header tank and non-header tank (sealed electrical

motor);

• The advantage of the header tank design is that you can monitor if the electrical motor mechanical seal starts

leaking (your header tank level will drop) and you can top up the mechanical seal losses at the header tank;

SWLP electrical motor with header tank

SWLP electrical motor without  header tank
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Non header tank SWLP electrical motor details

Mechanical seal

Motor filling fluid 
(potable water + glycol)

• The SWLP electrical motor are filled with proper cooling and lubrication

fluid (potable water + glycol mixture) to guarantee the lubrication on

the radial and thrust bearing and protect the motor windings;

• The weakest link on this type SWLP electrical motor are the electrical motor

mechanical seal that in same design and pump models only last 1-3

years and on other designs and pump models last 3-6 years;

Header tank

SWLP header tank design
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Sea water lift pump 
picture

Sea water lift pump picture

Sea water lift pump picture
Sea water lift pump picture
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• There is another type design for SWLP in each a dedicated lube oil system is always colling and

lubrication the motor bearing with clean oil system and in which the electrical motor power is

send inside the pump discharge pipe;

• This continuous lube oil lubricated SWLP pump initial cost is around 150-170% of the other SWLP

type with or without header tank, but the MTBF of this units is 10-12 years;
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P&I of the continuous lube oil lubricated SWLP pumps

Lube oil circulation unit (OCU)
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• SWLP pumps casing, pumps shaft and pumps impellers material should be in duplex stainless steel (UNS S31803) instead of

the NI-Al-Bz alloy (C95800) used in the past (1970-1990). The casing/impeller wear rings should be duplex stainless steel

(J93404 / UNS J93254);

• SWLP pumps should have a dedicated performance test line to sea with manual control valve and flowmeter. This will

allow to conduct pump performance testing at site at different flow points (yearly mandatory for SWLP fire water pumps as per

NFPA 20 and 25);

Dedicated test line 
overboard to sea
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• SWP pumps minimum field instrumentation should be:

➢ pressure transmitter (PT) with local indication (PI) at pump discharge flange, connected to control room DCS;

➢ discharge flowmeter (FT) connected to the control room DCS;

➢ electrical motor current consumption (amps) connected to the control room DCS;

➢ electrical motor sealing/cooling liquid temperature probes or electrical motor winding temperatures connected to

the control room DCS;

➢ electrical motor mechanical seal leak detection system for sealed non-header tank submerged electrical motors

connected to the control room DCS;

• The SWLP pumps should have a low flow alarm (FAL) and low flow trip (FALL) to protect the pump from running dry and

overheating;

• The SWLP pumps should have a high flow alarm (FAH) to protect the pump from high flow cavitation and/or running the

pump above pump allowable operating range;

Only local 
pressure 

gages

Pressure 
transmitters

Flow 
transmitters
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• SWLP pumps should have an on-line protections and condition monitor system using either:

➢ electrical motor voltage and current analyze system like the GE Artesis or similar system, with information available

on the control room DCS;

➢ permanent vibration and temperature probes for the pump and electrical motor bearings, with information available

on the control room DCS;

• The electrical motor voltage and current analyze system have the advantage that they don’t need installed vibration probes

on the pump and electrical motor casing that are permanently under sea water (subjected to corrosive sea water,

waives and under water currents) and installed at distance from around 10-40 meters below the sea water level (long

length cables);

Electrical motor voltage and current analyze system Electrical motor voltage and current analyze system 
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• Most of the on-line electrical motor voltage and current

analyze system available on the market, give a continuous

health check of the SWLP pumps detecting both

mechanical and electrical problems;

• The on-line electrical motor voltage and

current analyze system available on the

market, only need connection on the Motor

Control Room (MCC) for the SWLP

electrical motor power cables or the

SWLP electrical motor power cables

current measuring transformers;

Electrical motor voltage and current analyze system 

Electrical motor voltage and current analyze system 
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• The on-line electrical motor voltage

and current analyze system

available on the market, can detect

problems like unbalance,

misalignment’s, bearing issues ,

rotor and stator electrical issues,

etc;

Electrical motor voltage and current analyze system 

Electrical motor voltage and current analyze system 
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• Triaxial AC accelerometer to be used on permanent

vibration on-line monitoring for the SWLP pump and

electrical motor, to detect mainly mechanical issues:

unbalance, looseness, bearing defects, etc;

• 4-20 mA output vibration module to be

installed on the top deck above sea water level,

to allow vibration reading and DCS connections

for the SWLP pumps permanent on-line

vibration monitoring system;

Permanent on-line vibration monitoring systems 

Permanent on-line vibration monitoring systems 
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• On-line SWLP electrical motor filling sensor (for

non-header tank SWLP electrical motor design) to

detect if there is any leak on the SWLP electrical motor

cooling fluid, which means there is a deterioration of

the electrical motor mechanical seal;

SWLP electrical motor filling sensor 

(for non-header tank SWLP electrical motor design) 

SWLP electrical motor filling sensor 

(for non-header tank SWLP electrical motor design) 
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• The on-line SWLP temperature sensor PT100 is

inserted on the electrical motor to motor the

filling medium temperature. The resistance

transmit a signal which is proportional to the filing

liquid temperature;

• The on-line SWLP electrical motor temperature

sensor alarm values is normally around 70°C

and shutdown value is normally around 75°C;

SWLP electrical motor temperature sensor
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SWLP electrical motor temperature sensor

On-line SWLP electrical motor 
temperature sensor
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• All SWLP pumps should have a hypochlorite injection system to prevent marine

growth and blockage of the pump suction strainer;

• The hypochlorite injection ring should in titanium and the hypochlorite under water

connections should be either in rubber flexible hoses with reinforce duplex SS

mesh/coating (hydraulic hose type specification) or duplex SS rigid tubing;

• Due to easy of field replacement/installation and duration, we recommend the use of

flexible hoses. We don’t recommend PVC tubing due to its lack of durability

under sea water and sea wave conditions;

Hypochlorite 
injection ring

Hypochlorite 
injection hose

Pump suction 
strainer
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• For the SWLP pumps have two different design in terms of check valve position:

▪ one check valve immediately after the pump discharge flange under water and another check valve on the pump

top side piping, besides an air release valve and PSV valve on the pump top discharge bend curve above water;

▪ other, only a check valve on the pump top side discharge piping, besides an air release valve and PSV valve on the

pump top discharge bend curve above water;

Submerge 
check valve

Top side 
check valve

Top side 
check valve
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• The reasons for the two different design philosophies on the SWLP pumps check

valve position are:

1. Control of the water hammer during the SWLP pump start

up/shutdown;

2. Prevent the SWLP pump to rotate when the pump is stooped;

3. Hydraulic axial loads of the SWLP electrical motor thrust bearing

during the SWLP pumps start-up and shutdown situations;

This design choice and associated calculations must be discussed with the

SWLP OEM and be reported on the pump project documentation;

• Based on our experience, we recommend the design with one check valve

immediately after the pump discharge flange under water and another check

valve on the pump top side;

Submerge 
check valve

Submerged check valve

Submerge 
check valve
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• For SWLP pumps with electrical motor cooling by dedicated tank header, the

cooling medium tubing under water should be either in rubber flexible hoses

with reinforce duplex SS mesh/coating (hydraulic hose type specification) or

duplex SS rigid tubing;

• Due to easy of field replacement/installation and duration, we recommend the use

of flexible hoses. We don’t recommend PVC tubing due to its lack of

durability under sea water and sea wave conditions;

Flexible 
hoses

Duplex SS 
rigid tubing
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Some historic findings on SWLP caisson following ROV/diver inspection

• During the ROV/diver inspection
of the SWL pumps caissons
sometimes have found severe
caisson holes that can affect the
entire caisson structural
integrity (in same cases, the
caissons have failed and drop
down to bottom of the sea, after
10-14 year, taking the SWLP with
them);

• The recommended best practice
is to perform a complete SWL
pump caisson inspection by
ROV/Diver and nondestructive
testing (NDT) methods every 5-7
years or based on Risk Based
Inspection (RBI) criteria. For the
caisson NDT inspection, the SWL
pump must be removed;

Sea water lift pump caisson picture

Sea water lift 
pump caisson 

picture

Sea water lift 
pump layout 

example
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• Another example of the damage found in
the SWLP caissons, during ROV inspection
for caissons installed at least around 9-12
years ago;
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• Some SWLP have sacrificial anodes and others don’t have;

• The SWLP sacrificial anodes, are there not
to protect the pump from sea water
corrosion (because the pumps are in duplex
stainless steel, so they will never corrode)
but to protect the pump caisson that are
made in plain carbon steel, coated or not;
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• Some SWLP pumps are supplied with anodes in order to protect the inside surface area of Carbon Steel (CS)
Caisson Pipes;

• Cathodic Protection (CP) can be defined as e.g. “electrochemical protection by decreasing the corrosion
potential to a level at which the corrosion rate of the metal is significantly reduced” (ISO 8044) or “a technique
to reduce corrosion of a metal surface by making that surface the cathode of an electrochemical cell” (NACE
RP0176). The process of suppressing the corrosion potential to a more negative potential (100 mV) than the
native generated potential for Carbon Steel, i.e. -600 to -700 mV, is referred to as "cathodic polarization"
where protective calcareous films are built up on the cathode surface;
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• Assumptions Concerning Use of Anode Type:

▪ Al-0.1%Ga anodes may be used for coated surfaces where the initial current demand can normally be
omitted since this will not be a critical constraint in the design. This anode type will reduce the risk of
Hydrogen Induced Stress Cracking (HISC) in Duplex SS since the anode potential is closer to -800 mV, where
HISC normally will be suppressed (Ref.: ISO 15589-2). Furthermore, when the CP system is located in a
protected environment away from heavy storms and removal of marine growth inside the Caisson Pipe,
depolarization has been found to have a minor effect. The required Number of Al-0.1%Ga anodes are
therefore normally chosen based on the mean current demand.

▪ Al-In-Zn anodes with a potential of -1050 mV, where Duplex SS can be susceptible to HISC, are used when
low potential Al-0.1%Ga anodes are not allowed by customer or cannot be used due to unpainted CS Caisson
Pipe. For this case the Pump Pipe stack will in addition to paint have wrapping in the critical flange neck
areas in order to suppress hydrogen ingress, hydrogen embrittlement and development of HISC.

▪ Splash zone will only be partly (1/3 of fully) protected by a CP system, and should not be relied upon
alone. DNV-RP-C302 recommends epoxy polyester coating type with DFT 600 μm in Minimum of 3 coats in
splash zone.
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Production well
(oil, water, gas, particles, etc)

Test separator 
vessel

Inlet separator 
vessel

To Flare Drum

Wet Gas

Crude oil pump

Sand clean system

Crude 
oil

Crude oil export pump P&I example

• Offshore crude oil export pumps are critical pumps on offshore Oil & Gas Upstream producing facilities;

• Offshore crude oil export pumps send “crude oil” to other offshore platforms, FPSOs, onshore storage/processing facilities, etc;

• Offshore crude oil export pumps are subject to severe corrosion and erosion due to their closeness to the production wells, they pump a mixture

of crude oil, water, sand particles, H2S, chemical injected products to boost well production, etc;
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Pump arrangement drawing
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API BB3 Crude oil export pump picture

API BB3 Crude oil export pump picture
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Pump arrangement drawing

Pump sectional drawing

Electrical motor
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Pump discharge 
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Impeller

Shaft

Bearings
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API OH2 Crude oil export pump picture

API OH2 Crude oil export pump picture
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• Crude oil export pumps (COE) minimum field instrumentation should be:

▪ suction and discharge pressure transmitter (PT) with local indication (PI) at pump suction/discharge flange,

connected to control room DCS;

▪ discharge flowmeter (FT), connected to the control room DCS;

▪ electrical motor current consumption (amps), connected to the control room DCS;

▪ on-line vibration protection and monitoring system, connected to the control room DCS;

In order to guarantee that we have pump full monitoring for low suction pressure issues, enable pump performance continuous

monitoring, etc;
Crude oil pump P&I example
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• The recommend COE pump materials are:

Option 1 (initial cost: 120 - 150%, estimated MTBF: 6-10 years)

▪ Casing/cover/seal housing – Super duplex steel ASTM A890 Gr.1C with a SUME SA coating on all the wetted parts;

▪ Impeller - Super duplex steel ASTM A890 Gr.1C with a SUME HVOF coating (tungsten carbide);

▪ Shaft - Super duplex steel (UNS S32760) or similar material;

▪ Shaft sleeve - Super duplex steel ASTM A890 Gr.1C or similar material with a SUME HVOF coating (tungsten

carbide);

▪ Casing and impeller rings - Super duplex steel ASTM A890 Gr.1C or similar material with a SUME HVOF coating

(tungsten carbide);

▪ Interstage bushes and sleeves - Super duplex steel ASTM A890 Gr.1C or similar material with a SUME HVOF coating

(tungsten carbide);

Option 2 (initial cost: 100%, estimated MTBF: 4-7 years)

▪ Casing - ASTM A487 CA6NM/B with HVOF coating (tungsten carbide);

▪ Cover/Seal Housing- ASTM A487 CA6NM/B with HVOF coating (tungsten carbide);

▪ Impeller - ASTM A487 CA6NM/B with TMT hardening;

▪ Casing Wear Ring - ASTM A351 CA15 with HVOF coating (tungsten carbide);

▪ Impeller Wear Ring - ASTM 426 CPCA15 Annealed with HVOF coating (tungsten carbide);

▪ Pump Shaft - ASTM A276-410-DT with no coating or AISI 4140 Alloy Steel (chromium, molybdenum and manganese-

containing low alloy steel) with no coating;
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• HVOF (High Velocity Oxygen Fuel) Coating :

▪ The process is one of injecting a powder into a high velocity flame and spraying the particles onto the base

material to form a dense uniform coating. The base material is not heated sufficiently to melt it, and its

properties are not affected by the application of the coating.

▪ Even though the powder can be composed of a wide variety of materials, for COE pumps we prefer the

powders consisting primarily of tungsten carbide with various metallic binders. HVOF coatings are proven

to be more resistant to erosion than are overlays.

Many powders are available but the three listed below are considered industry standards:

▪ The primary recommendation for the COE pumps is the SUME®Pump SA (1). It is proven to have up to

two (2) times more wear resistance plus better bond strength than the JK 112 (2). The third, TAFA

1350 VM (3), is also commonly requested by customers and rates midway between the other two.
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• TMT hardening for impellers:

➢ On some COE pumps we also use impellers fabricated in A487-CA6NM/B + TMT601. This impellers are in CA6NM

material, and they are hardened using a TMT-601 boron diffusion alloying process (final coating end thickness of around

0.0015” and a final coating end hardness of around 1554 khn).

➢ TMT-601 boron diffusion alloy specifications : following diffusion process heat impellers to 1250 Degrees Fahrenheit with

cover gas and hold for 2 hours per inch followed with air cool to less than 90 Degrees Fahrenheit. Reheat part to 1125

Degrees Fahrenheit with cover gas and hold for a minimum of 6 hours or 2 hours per inch (whichever is greater) followed

with air cool to ambient temperature;

ASxxx-P-3631 new 1st Stage Impeller ASxxx-P-3631 new 2nd Stage Impeller
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Impeller made of CA6NM/B base 

material in addition to TMT 

surface treatment (coating 

thickness: 0.0015” and coating 

hardness: 1554 khn)

• TMT coating for impellers:
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➢ Example of crude oil pump 1st stage impeller (ASTM A487 CA6NM/B with TMT hardening) that has been running for more

than 5-6 years without any major problem;

➢ No significant signs chemical attach or corrosion was found on the 1st stage impeller. The impeller the coating was

gone due to erosion in some areas but no chemical attack signs;

ASxxx-P-3621 1st stage impeller (March 2021) ASxxx-P-3621 1st stage impeller (March 2021) 

• TMT coating for impellers example:
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ASxxx-P-3621  2nd stage impeller ASxxx-P-3621 2nd stage impeller (March 2021) 

• TMT coating for impellers example:

➢ Crude oil pump 2nd stage impeller (ASTM A487 CA6NM/B with TMT hardening) that has been running for more than 5-6

years without any major problem;

➢ As you can see on the below pictures, we don’t have any relevant signs of chemical attack on the 2nd stage impeller.

We have some erosion on the impellers, casing, wear rings. On the impellers the coating was gone due to erosion but

no chemical attack signs;
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ASxxx-P-3631 Pump casing DE internal gasket’s seat
ASxxx-P-3631 Pump casing 2nd stage discharge volute 

• ASxxx-P-3631 Pump casing

2nd stage discharge volute - 1

mm and 2 mm round indications

revealed on raw and coated

surface;

ASxxx-P-3631 Pump casing 1st stage suction volute

• ASxxx-P-3631 Pump casing 1st

stage suction volute – 6 to 8 mm

linear indication in raw and coated

material;

Asxxx-P-3631 Pump casing 2nd stage discharge volute

• ASxxx-P-3631 Pump casing 2nd

stage discharge volute - 8 to 10

mm linear indication on raw and
coated material;

• ASxxx-P-3631 Pump casing

DE internal gasket’s seat -

observed a 3 mm linear

indication by LPs on the

machined surface where
gasket seats;

• New crude oil pump casing concerns:
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ASxxx-P-3631 Pump casing exterior area, dye penetrant inspection as per ASME V ARTICLE 6 : 2019 

Acceptance criteria: ASME B16.34:2013 App. III – 2.2 

Non acceptable rounded 

indications 

Non acceptable linear 

indications 

• New crude oil pump casing concerns:
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ASxxx-P-3631 Pump casing interior area, dye penetrant inspection as per ASME V ARTICLE 6 : 2019 

Acceptance criteria: ASME B16.34:2013 App. III – 2.2 

Non acceptable linear 

indications 

• New crude oil pump casing concerns:
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ASxxx-P-3631 Pump casing exterior area, magnetic particle inspection as per ASME V ARTICLE 7 : 2019

Acceptance criteria: ASME B16.34:2013 App. II – 2.1

Non acceptable linear 

indications 
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• New crude oil pump casing concerns:

➢ For COE pumps casing the standard OEM inspection testing plan (ITP plan), recommends the below the following

application of RTs, MTs, LPs:

o RT: only critical areas;

o MT: 100% casting;

o LP: only machined surfaces;

➢ RTs are mainly used to guarantee reliability of heavily loaded areas, such as nozzles, feet and mail bolts’ seat;

➢ MTs and LPs, instead, are applied to casing and internal wet parts, to found defects during manufacturing and machining;

➢ Normally the COE pump casing are manufactured by casting process by a sub-supplier to the pump OEM. The casing are

them delivered to the pump OEM shop to be machined;

➢ The pump casing are normally subject to RT, MT and LP inspection as per own pump OEM procedure and acceptance

criteria (FPD Procedure) at the pump OEM sub-supplier facility;
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• COE pumps should have a commissioning suction strainer of determinate mesh size (Mesh 80) with:

▪ PDT across strainer: to monitor strainer performances and clogging level. PDT not higher than 500 mbar (or any value

suggested by supplier as clogged Δp), connected to the control room DCS:

▪ PT downstream the strainer at the pump suction flange: to monitor real pump’s suction pressure value. PT with at least

0.5/1 bar as margin on vapor pressure, connected to the control room DCS:

Suction pressure is crucial considering the application (wet crude oil and high vapor pressure). Strainer is crucial as well,

because it must protect pump from debris while ensuring the lowest possible pressure drop

• If we have only local suction pressure gages at the pump suction flange or pump suction pressure transmitter far from the pump

suction flange (like for example, on the common pump suction header), we will never have a proper continuous protection

for low pump suction pressure (especially on remote operated pumps that don’t have 24h/7 day human presence);

• We could not find API pump standards like API 610, API 670, API Recommended Practice 686, etc that makes it

mandatory to have installed suction local pressure gage and pressure transmitter at the pump suction flange or mandatory to

have any low pump suction alarm/trip;

▪ “API Standard 610, Centrifugal Pumps for Petroleum, Petrochemical and Natural Gas Industries” only states:
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• Considering the nature of the fluid and the application (low suction pressure), it is suggested to vent pump’s casing and

suction line any time the pump is prepared for start-up. Fluctuation in suction pressure (considering the suction valve kept

always open – as a good practice) could cause gas release and gas pockets formation inside the pump, potentially dangerous for

operation;

• Start-up procedures: When priming and venting is

completed, valves must be prepared for start-up: as per

IO&M Manual, discharge valve must be crack-open

(15÷30 % opening), to ensure adequate control of

flowrate and pressure. It is mandatory to avoid starting

the pump with opening grater than 30%

On the new pump project installation and commissioning

documents there were no clear and details instructions

in how to start the pump: no reference to pump casing

drain checks, pump casing purging, status of the main

discharge valves status during start up, etc;

The pump project installation and commissioning

documents must be reviewed either by the pump OEM

or the company mechanical team;
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• As per API 670 - Machinery Protection Systems, the vibration time delay we can put in a vibration protection

and monitoring system is between 1 to 3 seconds;

• For COE pumps with maximum speeds of 3600 rpm, power ranges of around 300-500 kW and operating on

offshore platforms (not high energy pumps like: boiler feed water pumps, water injection pumps), we recommend

to put the maximum allowable trip delay of 3 seconds. This will prevent un-planned machine trips due to

platform movement due to crane operation, boats docking, etc while still providing an effective machine

mechanical protection;

• Operating offshore COE pumps with 0 time delay on their vibration protection and monitoring system will

can cause operation upsets due to sporadic machine trips that will affect the plant production and

reliability;
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Cellar deck crane laydown area near a COE pump

• Under normal operations there are not a lot of lifting

operation down to on the Cellar deck area however

during offshore campaigns periods, the COE pump

was tripping often;

• The loading/offloading of good at the landing place using the

crane near the COE pump was causing COE pump trips;

Cellar deck crane laydown area near a COE pump

Pump

Crane laydown area
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Vibration velocity sensor 

frequency range 2Hz to 

1500 Hz

Original COE pump vibration transmitter instrument data-sheet
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• As per API 670 - Machinery Protection Systems, this COE pumps vibration tags should have the default filtered velocity

range of 10 Hz to 1000 Hz. This will make sure that low structural frequencies below 10Hz (like the ones generated by

crane operations, boat landing, etc) will not trip the machine;

• So, we can either:

▪ Install/define a filter on the vibration monitoring system to provide a filtered velocity range of 10 Hz to 1000 Hz filter

(as per API 670);

▪ install a new pump vibration transmitter with a filtered velocity range of 10 Hz to 1000 Hz (as per API 670);
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▪ Considering the must offshore COE pumps run at around 2970 rpm (around 50 Hz) and that normally the important mechanical

related vibration issues generated low frequencies of 1/2 x running speed and some time 1/3 x running speed, if the standard

10Hz low pass filter doesn’t work, the maximum low pass filter we can put will be around 12.5 to 15 Hz;
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• As per API 670 - Machinery Protection Systems doesn’t forces any specific radial casing accelerometer location/direction

on the equipment’s bearing housing like: all in vertical direction, all in the horizontal directions, etc.

Normally the  vibration 

probes on the COE pumps 

are installed vertically
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• For COE pumps, mechanical seals with API auxiliary
seal plan using the pumped liquid as cooling /
lubrification to mechanical seal are not
recommended;

• COE Pumps to be supply with double mechanical
seals API plan 53 B with liquid barrier and on-line
top-up/filing system (manual, pneumatic or
hydraulic);

• We prefer the seal barrier fluid to be a commercially
available seal circulation oil, with low viscosity
(normal ISO VG 10) and with good heat transfer
properties to diesel fuel due better lubrication
properties and less probabilities for solid
contaminates, liquid contaminate like water, etc to
be present;

➢ COE pumps mechanical seal plan

• For API53B mechanical seal plan, a low pressure on the barrier fluid should be a PL (alarm) not PLL (trip);
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• Original pump OEM double mechanical seal,

plan API 53B (MTBF: 1 - 2 years):

▪ Frequent top-up – More than 5 times

within a month;

▪ O-Ring Hung up;

▪ Sleeve erosion under the dynamic o-

ring sealing area;

➢ COE pumps API 53 plan B mechanical seal design

Original COE pump OEM mechanical seal
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• COE pumps API 53 plan B mechanical

seal recommend design (MTBF: 2 – 4

years)

COE pump OEM mechanical seal recommended design
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• COE pumps API 53 plan B recommend mechanical seal design specifications:

▪ Process fluid at OD of seal faces -centrifugal forces keep solids away from the inner faces and dynamic components.

▪ Stationary multiple spring configuration with springs located in barrier fluid –prevents spring clogging, less sensitive to shaft

deflection.

▪ Double balanced inner seal – ability to tolerate reverse pressure condition that may occur due to process upsets or

loss of barrier fluid pressure providing greater seal integrity. Without this feature, failure of the outer seal will create

reverse pressure of inner seal, opening of seal faces and product leakage to the environment.

▪ Bidirectional pumping ring – single seal for both DE & NDE, reduces inventory requirements.

▪ Dynamic o-ring and sliding surfaces to move to clean area as the faces wear –to prevent ‘hang-up’.

▪ To achieve these features a dual cartridge seal with face to back layout and stationary flexible element is required.

▪ As per API  682 7.3.1.1 , Having -Note 1: “Liquid-barrier seal designs arranged such that the process fluid is on the

OD of the seal faces help to minimize solids accumulation on the faces and minimize hang-up”

▪ As per API 682 7.3.1.2, “The inner seal shall have an internal (reverse) balance feature designed and constructed to

withstand reverse pressure differentials without opening”.

▪ As per API 682 7.3.4.2.1: “Unless otherwise specified, the configuration shall have the inner and outer seals

arranged in series (3CW-FB)”, having mechanical seals in Face to Back configuration;
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➢ COE pumps trip due to API Plan 53 B low barrier fluid pressure

New 2022 COE pump project seal system P&I

New 2022 COE pump project instrumentation set-

points
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• It doesn’t make sense to have a PLL (low value trip) on barrier fluid pressure, because as you can see on the below API

682 - Shaft sealing systems for centrifugal and rotary pumps, section 7.3.1.2 the pump can run for certain period with

loss of barrier fluid. A low seal barrier fluid pressure doesn’t mean the seal is running dry, it is still being lubricated/cooled by

either the seal barrier fluid or by the crude oil;

• We should only have PL (low value alarm) on the barrier fluid pressure. Neither API 610, API 682 or API 670 call for a

PLL (low trip) on the barrier fluid pressure, they just call for a low-pressure alarm (PL);

• Pump OEM response to PLL removed for pumps trip due to

API Plan 53 B low barrier fluid pressure:

▪ “We recommend original alarm and trip set-points”;

▪ “For safe operation certain parameters shall not be violated.

But of course it is in end-user possibility AND responsibility

to decide if trips will not be performed. In case of critical

process, it is common practice to avoid any trips as the

commercial impact of this trips is higher than any

broken mechanical seal. But it has to be pointed out,

that all warranty aspects lose their relevance in this

case;”
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➢ 3 x Fixed speed COE pumps with FAHH (High flow) alarm
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• As part of a production increase, it was expected that the current 3 x COE pumps

flow of around 309 m^3/h per pump to be increase to around 3 x 340 m^3/h per

pump;

• So, the 3 x COE pumps FAHH at 350 m^3/h that was never an issue now become

one on the new operation regime;

FAHH trip at 

350 m^3/h
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NPSH available formula

• The reasons for the installation of the FAHH at the discharge of the COE pumps are un-known. It is suspected that

FAHHs were installed to protect the pump from cavitation at high flows;
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• NSPH calculation shows that the NPSH margin is

zero at 375 m^3/h. Therefore, pump cavitation

may be expected at flows higher than 375

m^3/h;

• NPSH available will be above the NPSH

required by the pump for the expected 344

m^3/h flow rates and new proposed set point

for the FAH 360 m^3/h;

• Furthermore, pump allowable flow range is 200 to 391

Sm3/h as stated on the vendor datasheet. Therefore,

future operating conditions at 344 m^3/h would be

within the pump allowable flow range;
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• The API 610 “Centrifugal pumps” and the offshore Oil & Gas operating company internal standards stated that:

▪ The difference between the required NPSH (NPSHR) and the available NPSH (NPSHA) at rated point shall be greater than 20%

of the available NPSH (NPSHA);

▪ The difference between the NPSHA at pump inlet and NPSHR shall not be less than 0.5 m throughout the allowable operating

region of flow;

So, as per API 610 the COE pump should be able to operate through its entire pump allowable flow range is 200 - 391 m^3/h

with enough NPSH margin so it will never cavitate;

• The NPSH available calculations show that at 350 m^3/h the NPSH margin is 0.98 meter and at 360 m^3/h is 0.60 meter;

Flow 
(m^3/h)

NPSH required as per 
16/05/2012 Flowserve 

NPSH required test, 
water at 31°C (C0298-

12 test certificate) 

NPSH available as 

per Worley Parson
(SD-NOC-EC-112

(m)) 

NPSH margin
(m) 

NPSH margin
(%) 

SD-NOC-MEC-

271 NPSH 
margin limit

(m) 

0 

195 4.25 7.12 2.87 67.58 0.50 

256 4.34 7.02 2.68 61.85 0.50 

309 4.74 6.81 2.08 43.83 0.50 

316 4.84 6.78 1.94 40.02 0.50 

344 5.42 6.61 1.19 21.89 0.50 

350 5.59 6.57 0.98 17.55 0.50 

355 5.74 6.54 0.80 13.86 0.50 

360 5.90 6.50 0.60 10.11 0.50 

396 7.48 6.21 -1.27 -16.93 0.50 
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• Any possible cavitation issues due to operating at high flows will take time to cause damage and will not cause

any immediate failure of the pump. A FAH (High flow) alarm is enough for operation to recognize this

situation and reduce the flow of the pump to avoid any possible cavitation issues;

• Action plan to remove the FAHH (High flow) alarm:

▪ Phase 1:

o Increase the set point of the FAH high flow alarm from 330 m^3/h to 360 m^3/h;

o Increase the FAHH high flow trip from 350 m^3/h to 375 m^3/h;

o Pumps vibration to be monitored for 4 weeks immediately after the implementation of the new

operating mode as per above points, using “33rd Pump Symposia, Pump Cavitation Severity

Evaluation Using Accelerometers and Dynamic Pressure Transducers” recommended procedures;

▪ Phase 2 to be executed after successful completion of Phase 1 above:

o Remove the FAHH high flow trip at 375 m^3/h while keeping the FAH high flow alarm at 360

m^3/h;

o Keep 1 x spare COE pump at warehouse and 1 x complete spare rotor (shaft + impellers);
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➢ Variable speed COE pumps with FAHH (High flow) trip

New 2022 COE pump project seal system P&I

FAHH trip due 

to NPSH 

margin
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• The COE pump FAHH (High flow) trip should be removed and change to FAH (alarm only) at fix flow of 380 m3/hr

(lowest NPSH margin is at 3200 rpm), because:

▪ as per below NPSH available calculation, the NPSH margin (NPSH required – NPSH available) will only be 0 meter

around 400 m^3/h for 3200 rpm;

▪ any possible cavitation issues due to operating at high flows (for each pump speed) will take time to cause

damage and will not cause any immediate failure of the pump. A FAH (High flow) alarm is enough for operation to

recognize this situation and reduce the flow of the pump to avoid any possible cavitation issues;
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➢ Variable speed COE pumps with only FAL alarm

New 2022 COE pump project seal system P&I

COE pump only have a FAL 
(Low flow alarm)
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• The normal Oil & Gas industry practice is to have a low flow trip FALL to protect the COE pump to run below the pump

continuous flow and overheat and seize;

• The pump OEM clearly recommended that we should have a trip at low flow at around 90% of MCSF (minimum

continuous stable flow) of each pump speed. For the rated speed of 3072 rpm this FALL should be 99 m³/h;

• For each COE pump speed, we have different  MCSF values, as per below picture:

FAL FALL

Speed (rpm)

Minimum continuous safe flow 

(m^3/h)

0.9 x Minimum continuous 

safe flow (m^3/h)

3200 116.7 105.0

3072 111.0 99.9

2500 90.6 81.6

2000 70.3 63.3

1500 53.1 47.8

1000 35.9 32.3
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• All the COE pumps require a dedicated
permanent monorail beams with lifting
hoists for lifting both pump and
electrical motor;

• The permanent monorail beams are
critical for COE pumps removal /
installation jobs to be made in a timely
and safe way;

➢ COE pumps lifting arrangement

New 2022 COE pump proposed lifting arrangement

Proposed mono-rail only covered the 
electrical motor, not the pump
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• As you can see below the API 610 “Centrifugal pumps for petroleum, petrochemical and natural gas industries September
2010”, doesn’t mandate any specific lifting requirements;
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• In order to improve the reliability for new offshore pump projects, several recommendations and

guidelines were presented for:

▪ Pump materials and coating;

▪ Pump field instrumentation;

▪ Pump on-line monitoring and protection system;

▪ Pump mechanical seal type and design;

▪ Pump lifting arrangements;

▪ Etc;

to increase the equipment's overall reliability and maintainability;

• The Maintenance and Reliability departments experience and know-how must be share and

implemented on the new projects, in order not to repeat old mistakes or miss up-grades;

• Just because a new equipment was installed under an EPC company project specification and

design and/or by the equipment OEM specification and design , it doesn't make bullet proof or

Gods word. Always question the new project designs because “The devil is on the details”;
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