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Goals

• Understand key design elements

• Small items that make a BIG difference

Pump Overview

Specifying and Designing Large Pumps

• Regulatory Compliance

• Acceptance Grades

• Transients

• Vibration / Structural

• Electrical Considerations

Case Studies

PRESENTATION OVERVIEW



WHEN/WHERE ARE “BIG” PUMPS USED

Higher Pressures
distribution, finish water 

pumps

Higher Flows
intakes, treatment, 

flood control



PUMP SPECIFIC SPEED

Ns is Specific Speed 

(dimensionless index)

n is pump rotational speed 

(rev/min)

Q is flowrate (gpm) at best 

efficiency point

H is total head (ft) at best 

efficiency point



Vertical Turbine Pump
-JWC Finished Water PS No. 2 

(400HP, 800HP)

-Baltimore City, Cromwell PS 

(500HP, 1250HP)

Split Case Centrifugal
-Baltimore City, Pikesville PS No. 2

(700HP, 1000HP)
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PUMP OVERVIEWS



Pump Components

• Multi-stage impeller 

and volute assembly

Suction Bell

Wear Ring (typ)

2nd Stage Impeller

3rd Stage Impeller

High Pressure Discharge

Interbowl w/ Bearing (typ)

Pump Shaft

Suction Bearing
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VT PUMP OVERVIEW

Bearing Lubrication (Opt)



Intermediate Bearing

Pump Column Extension

Shaft Couplings

Pump Shaft Extension

Column Extension Flanges
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Pump Components

• Multi-stage impeller 
and volute assembly

• Column and shaft 
extensions

VT PUMP OVERVIEW



Motor Shaft

Shaft Coupling

Seal

Top Pump Shaft 

Extension

Discharge Elbow

Pump Base Plate

Pump Sole Plate

Pump Curb

Floor
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Pump Components

• Multi-stage impeller 
and volute assembly

• Column and shaft 
extensions

• Pump base

VT PUMP OVERVIEW



Upper Motor Bearing 

Assembly

Upper Bearing Oil 

Drain/Fill Fitting

Lower Bearing Oil 

Drain/Fill Fitting

Lower Motor Bearing 

Assembly

Power Terminal Box

Instrument Terminal 

Box

Shaft Ground Ring

Motor Shaft

Anti-backspin Ratchet

Pump Components

• Multi-stage impeller 
and volute assembly

• Column and shaft 
extensions

• Pump base

• Motor

VT PUMP OVERVIEW



SPLIT CASE PUMP BREAKDOWN

 High efficiencies and 

low HPSHr

 Shaft and seal loads 

are balanced

 Larger footprint, 

smaller height 

requirements

Suction Volute

Wear Ring (typ)

Impeller

Discharge volute

Shaft Seal (typ)

Shaft Bearing (typ)

Drive Connection



NSF 61 COMPLIANCE

• US EPA – Reduction in Lead Drinking 

Water Act (amendment to Safe 

Drinking Water Act)

• Designed for potable water

• All components meet NSF 61

• (OAR) 333-061-0050 || (WAC) 246-

290-220 || (IDAPA) 58.01.08.501

NSF 61 CERTIFICATION

• Applies to pump assembly

• 3rd party certification

• Limits available pumps 

and features

• Must use spare parts 

matching original certification

NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water

NSF 61 COMPLIANCE VS. CERTIFICATION



NSF 61 COMPLIANCE NSF 61 CERTIFICATION

3RD

PARTY OEM
OEM Alt 

Parts

Pump Internals

Motor, shaft coupling, etc.

3RD

PARTYOEM
OEM Alt 

Parts

NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water

NSF 61 COMPLIANCE VS. CERTIFICATION



ANSI/HI 14.6-2022 

Pump Acceptance Tests

ACCEPTANCE GRADES
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ANSI/HI 14.6-2022 

Pump Acceptance Tests

ACCEPTANCE GRADES
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Take Away: Failure to account for tolerances can cause under/over performance, incorrect pump submission, 

inadequate electrical capacity, or system damage.

ACCEPTANCE GRADES



TRANSIENT AND WATER HAMMER

 Hydraulic Transient = Water Hammer

− A sudden change in pressure that travels 

through a piping system as a high-speed wave

− Caused by an abrupt change in flow rate

− Pressure surge

 Vacuum (Negative) Pressure

− When the hydraulic grade line (HGL) drops 

more than 14.7 psi/33.9 ft below pipe centerline

− Water boils, dissolved air pulled from solution

− Vapor cavity

Image: https://www.flo-dyne.net/pages/12_Surge_Analysis.php



VAPOR CAVITY FORMATION

https://www.youtube.com/PracticalEngineeringChannel

Negative 

Pressure

Air bubbles



VAPOR CAVITY FORMATION AND LOW-PRESSURE DAMAGE

 When is it likely?

− fire flow + power outage

 Potential damage?

− Pipe failure, immediate/long term

− Gasket damage

 How to mitigate?

 Limit pressure drop in the pipeline to -10 psi 

 Add vacuum relief valves, surge tanks



VAPOR CAVITY FORMATION AND LOW-PRESSURE DAMAGE

 Laterals for ARV/VRV 

impact the protection 

capacities

− Length and Diameter

Good Bad Good



– WHEN DO YOU NEED TRANSIENT ANALYSIS – CASE STUDY

 Tacoma Water – McMillian 

Reservoir Case Study

− History of water hammer?

− Changes in pipe alignment/profile 

and size?

− Changes to flow rates?

− Changes to valve closure and/or 

pump control strategies?



– WHEN DO YOU NEED TRANSIENT ANALYSIS – CASE STUDY

 Somerset 2 Booster PS - Case 

Study

− History of water hammer?

− Changes in pipe alignment/profile 

and size?

− Changes to flow rates?

− Changes to valve closure and/or 

pump control strategies?



TRANSIENT ANALYSIS – CASE STUDIES

 Bremerton 

FM Network 

Failure 

Analysis



TRANSIENT ANALYSIS – CASE STUDIES

B) Steady State HGL

A) Max Pressure in FM

D) Min Pressure in FM

E) Min Allowable  Pressure in FM

F) Vapor Cavity Forms

C) Force Main Invert

A

B

C

D

E
F



TRANSIENT ANALYSIS – CASE STUDIES



TRANSIENT ANALYSIS – CASE STUDIES



TRANSIENT ANALYSIS – CASE STUDIES

 Ankeny FM Pipeline Rehab

− Transient pressures impact structural 

design of CIPP liners
 Surge 

 Vacuum Pressures



TRANSIENT ANALYSIS – CASE STUDIES

CIPP Maximum Surge Pressure:

60 psi x 1.5 Safety Factor = 90 psi

60 psi



TRANSIENT ANALYSIS – CASE STUDIES

CIPP Minimum Vacuum Pressure:

-8.4 psi x 1.5 Safety Factor = -12.6 psi

-8.4 psi



ANSI/HI 9.6.8: Lateral Rotor Dynamic, 

Torsional Rotor Dynamic and Structural

Analyses

• Performing these analyses reduce the risk of 

vibration and reliability problems

Case Study: JWC Finished Water PS No, 2

Lateral

Structural

Torsional

VIBRATION ANALYSIS



Lateral Vibration related issues:

• Accelerated wear at wear rings

• Rubs at internal clearance locations 

• Accelerated bearing wear

• Excitation of critical frequencies

Shaft Seal

Intermediate 

bearings (typ)

Bowl Bearings 

and Seals

Motor 

Bearings

Intermediate 

bearings (typ)

Shaft Seal

Motor Rotor

Mechanical Coupling
Shaft

Impellers

Impellers

Mechanical 

Coupling

Shaft 

Couplings (typ)

Shaft 

Couplings 

(typ)

Motor 

Rotor

Shaft

Motor 

Bearings

LATERAL ROTODYNAMIC ANALYSIS



Lateral Vibration related issues:

• Accelerated wear at wear rings

• Rubs at internal clearance locations 

• Accelerated bearing wear

• Excitation of critical frequencies

LATERAL ROTODYNAMIC ANALYSIS

Lateral Analysis 

• Performed on the complete 

train (pump, driver, couplings, 

and gears)



Torsional Vibration related issues:

• Damaged couplings

• Gear wear, noise

• Shaft fatigue or failure

Torsional Analysis 

• Performed on the complete 

train (pump, driver, couplings, 

and gears)

TORSIONAL ROTODYNAMIC ANALYSIS

Vibration “Wave”

Shaft



Structural Analysis 
• Performed to non-rotating portions of 

the pump and system to provide 

reasonable assurance that structural 

natural frequencies will not be close 

enough to typical excitations (resonant).

• Determine reed frequency

• Identify and ideally shift any 

frequencies within the pump 

operating range

• Keep structure stiffness in mind –

may be able to avoid via “bump test” 

of existing structure

STRUCTURAL ANALYSIS



ANSI/HI 9.6.8: Lateral Rotodynamic, torsional 

rotordynamic and structural analysis

Rotodynamic Pumps – Guideline for 

Dynamics of Pumping Machinery:

• Uncertainty (U)

• Blade pass (vanes), coupling 

frequency

• Motor size and speed

• Risk (R)

• “RUN” – Risk * Uncertainty

REQUIREMENT FOR VIBRATION ANALYSIS



NEMA MG-1 vs “VFD Rated”
Safety factors, starting conditions, and 

limitations

Shaft Grounding Rings 

Protect from:

1. Capacity EDM Currents (VFDs)

2. High Frequency Circulating Currents 

(VFDs)

3. Line Current Circulating Currents (Soft 

starts, etc)

Case Study: Portland BES, Headworks and 

WWIPS PS VFD Upgrades (200HP, 400HP)

ELECTRICAL CONSIDERATIONS



ELECTRICAL CONSIDERATIONS

NEMA MG-1 vs “VFD Rated”
Safety factors, starting conditions, and 

limitations

Shaft Grounding Rings 

Protect from:

1. Capacity EDM Currents (VFDs)

2. High Frequency Circulating Currents 

(VFDs)

3. Line Current Circulating Currents (Soft 

starts, etc)

Case Study: Portland BES, Headworks and 

WWIPS PS VFD Upgrades (200HP, 400HP)



ELECTRICAL CONSIDERATIONS

NEMA MG-1 vs “VFD Rated”
Safety factors, starting conditions, and 

limitations

Shaft Grounding Rings 

Protect from:

1. Capacity EDM Currents (VFDs)

2. High Frequency Circulating Currents 

(VFDs)

3. Line Current Circulating Currents (Soft 

starts, etc)

Case Study: Portland BES, Headworks and 

WWIPS PS VFD Upgrades (200HP, 400HP)



Temperature Monitoring
Bearing and winding monitoring

Vibration Monitoring
Point Monitoring vs Continuous Monitoring

Power Monitoring
Load imbalances, temperature correction, ect. 

INSTRUMENTATION AND CONTROLS



• Large Pumps (200+ HP) have unique considerations

• Standards such as NSF 61, HI 9.8, HI 9.6.8, HI 14.6, and 

NEMA MG-1 provide lot of specific guidance

• Still require detailed conversations with both manufacturers 

and clients

• Leverage other municipalities experiences, consultants, 

manufacturers – the water COMMUNITY! (us?)

CLOSING REMARKS



THANK YOU & QUESTIONS?

 parametrix.com


