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Assemble knowledge and experience in the area of pump and pump unit systems.

Gather information by interviews with each plant on problems encountered that are 
related to the pump and pump system and how they were examined and mitigated. 

Furthermore, summarize experience from pump and pump systems in the Nordic 
nuclear power plants during the commissioning phase of new equipment, as well as 
from a long-term operational perspective.

Objective
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Collecting NPP experiences

Questionnaire
1. Pump types and operation
2. Pump norms and guidelines
3. Pump problems
4. Pump problem investigation and analysis

techniques
5. Pump mitigation activities

Interviews
• Performed with each NPP via digital meetings

• The interviews have been anonymized and the 
responses have been categorized into common 
pump areas.
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Assemble information in the report

Report Layout
1. Introduction
2. Pump vibration standard and norms
3. Pump problems
4. Pump system vibration analysis
5. Pump vibration problem mitigation
6. Results and observation
7. Concluding remarks

Review of report
• Comments by emails from each plant
• Two review meetings with members of the reference 

group
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Content for this presentation

1. Pump types in this work

2. Pump vibration standards and norms

3. Examples of pump problems

Vertical centrifugal pumps

Horizontal centrifugal pumps

Reciprocating pumps

4. Examples of pump system vibration analysis

5. Examples of pump vibration mitigation

6. Results and observation
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1. Pump types in this work

• Vertical centrifugal pump

• Horizontal centrifugal pump

• Reciprocating pumps

At all sites there is a wide range of different pumps 
concerning power and mass flow ranging from a few kW 
up to approximately 11 MW, and mass flow of 
approximately 1kg/s – 7000 kg/s

Approximately 90% of all pumps are of centrifugal type
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2. Pump vibration standards and norms

Frequently used vibration norms for commissioning and long-term operation at the NPPs are:

• ISO 7919-3 (shaft vibration)

• ISO 10816-3 (motors),

• ISO10816-7(centrifugal pumps)

• ISO10816-6 (reciprocating pumps)

• ISO20816-1 (all pumps general instructions) 

together with the plants own experiences

Sweden: TBM specifies vibration-related recommendations for resonance, imbalance, 
runout and straightness/fitting tolerance, and vibration levels. 

Finland: Finnish NPPs have an internal pump specification document approved by STUK
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2. Pump vibration standards and norms

Examples of findings from the NPPs 

• All NPPs agree that it is difficult to set requirements. 

• No specific norm is used for baseplates or foundations regarding stiffness.

• None of the NPPs have an explicit requirement to limit pressure pulsations. They are handled like a 
pipe design issue and considered case by case in the long-term operation phase

• During the commissioning phase usually a pump supplier is not involved in the pipe design and it’s 
up to the system user to design its pipe system.  The pump performance curve and pipe system
curve are not always compared for their intersection point BEP, based on flow and pressure.

• The centrifugal pump norm API610//ISO13709 Centrifugal Pumps for Petroleum, Petrochemical, 
and Natural Gas Industries standard is not used at the NPPs

• No one of the NPPs has requirements for transient torsional vibrations. 
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3. Pump problems 

Vertical Centrifugal Pump

• Often long shaft – low resonance frequency and sensitive to 
misalignment error

• Radial forces controlled by lightly loaded bearings – unstable 
radial loadings of the bearings

• The vertical centrifugal pumps are sensitive to manufacturing 
and assembly tolerances due to their bearing forces in the radial 
direction being lightly loaded (no gravity force in the radial 
direction). The dynamic of the vertical pump rotor with its 
connecting stiffnesses (bearings, sealing, etc) becomes of main 
concern for the vibration response.

• Difficult to access for testing – preferable verify by rotodynamic 
calculation 
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3. Pump problems 

Example of failure  for Vertical Centrifugal Pump

On one of the RCP’s flywheel, the center of gravity was
changed during start-up due to worn keys. Large flywheels
produce long speed-down times and therefore potentially long
periods of high vibration if a critical speed is slowly passed
through on speed-down and can then damage components
like bearings and seals.
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3. Pump problems 

Horizontal Centrifugal Pump

Examples of three different system curves (= 
different pipe systems) which intersect with the 
manufacture pump curve. At the intersection, 
the pump and system are in equilibrium with 
minimum vibration

Pump curve, pressure head versus flow, with marked the 
Preferred Operating Range, POR. Running outside this 
POR window will cause dynamic vibration problems on a 
centrifugal pump 
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3. Pump problems 

Example of failure  for Horizontal Centrifugal Pump due to strong recirculation

Centrifugal pump with its wear ring sealings. The 
wear ring is a barrier between discharge pressure 
and suction pressure. The differential pressure 
across this interface creates an axial flow velocity

The wear ring was detected well pitted all around and could not seal the suction 
side from the pressure side in the pump house. As a result, strong recirculation 
took place from the minimum flow up to the maximum flow range. From the 
vibration spectrum, this looks like a broadband excitation in the frequency range 
f=500-900 Hz
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3. Pump problems 

Reciprocating Pump

Vibration problems from reciprocating pumps create dynamic pressure pulsations.

These pulses can interact with the piping system and cause the following problems:

• Induced forces in the piping may cause excessive vibration and piping failures,

• May lead to pressures exceeding the opening pressure setting of the safety relief valve, SRV.

• Pressure pulsation may result in pressures inside the pump chambers, at the suction valves, dropping low enough to cause bubbles
of gas to form (cavitation).
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3. Pump problems 

Example of failure for reciprocating pump due to pressure pulsation

Before pipe modification – red curve max 10 bar
After pipe modification – blue curve max 5 bar

The below seal is located inside the valve with the marked damaged 
area
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4.  Examples of pump system vibration analysis – verify the pump curve

Effect on pump performance with wear, speed, impeller size. 
Red curve=system curve,

Blue curve=Pump Curve for a new pump, 

Green curve=Pump curve for a worn pump
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4. Examples of pump system vibration analysis – verify the system curve

Effect on system curve when adding extra frictional resistance 
to a present system 

Make sure the pump is “tuned” correctly
to the pipe system it operates in during
all operating conditions 
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4. Examples of pump system vibration analysis – current analysis of motor

AmpFlex sensor measuring I1 I2 and I3 

Perform not just vibration 
measurement. Take current
measurements as well on the driving
motor together with vibration 
measurements – an unstable drive 
induce an unstable pump
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5. Examples of pump vibration mitigation – vertical centrifugal pump

Journal bearing loads on vertical MC-pump are a strong function of radial offset (misalignment) 
between the bearing centerlines. The critical speed is dependent on the bearing stiffness which in terms 
is controlled by the bearing loads. As a result, the resonances may vary between the 8 different MC 
pumps in the reactor cooling pump system setup
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5. Examples of pump vibration mitigation – horizontal centrifugal pump
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5. Examples of pump vibration mitigation – reciprocating pump

• Structural Operational Deflection Shapes of pipe system

• Structural Modal Analysis of pipe system

• CFD of the pipe system for investigation of the acoustic modes,  simulated as a water hammer 

DESIGN of improved
pipe support
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6. Results and observation

❖ Pump vibration problems originating from anomalies in the pump dynamics. 

✓ Both from structural dynamics (foundation and piping)

✓ rotodynamic (rotor, bearing, and sealings) 

✓ hydraulic condition (flow and head)  but often a combination. 

❖ The focus must be on the entire system i.e. pump-set up and the connecting pipe system

❖ Vertical centrifugal pump problems are preferably investigated with a combination of rotodynamic 
calculations and testing. Their journal bearing in the radial direction are lightly loaded due to no gravity force 
in the radial direction.

❖ For a horizontal centrifugal pump, the radial static forces at the bearings are influenced by gravity. The 
stiffnesses from the connecting foundation and piping are then important for tuning the bending structural 
resonances of a horizontal centrifugal pump.

❖ The project concludes that pump vibration standard ISO10816-7 is recommended to be updated to also 
consider the pump performance test when In-situ vibration acceptance tests are performed. An alternative is 
to use API610/ISO13709 instead.
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