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EM 1110-2-3105 MECHANICAL AND ELECTRICAL DESIGN 
OF PUMP STATIONS

WHAT’S IN IT FOR YOU?
EM 3105 covers mechanical and electrical components for pump stations. It’s used for design, 
rehabilitation, maintenance, and establishes some inspection criteria for annual and periodic 
inspections.
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EM 1110-2-3105 DOWNLOAD LOCATION
EM 1110-2-3105 can be found at the following website:

http://www.publications.usace.army.mil/
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EM 1110-2-3102 – General Principles of Pumping Station 
Design and Layout

BACKGROUND – EM 3102 & 3105

• Written more general in nature.
• Focused on the layout and bigger picture items of the pump station:

• Number of pumps
• Standby Capacity
• Over the levee discharge considerations
• Through the levee discharge considerations
• Station Cranes
• Fire Protection
• HVAC
• etc

• Previously contained specific design guidance for mechanical and 
electrical engineers when designing pump stations
• Pump life and material considerations
• Maintenance manual requirements
• Pump capacity, head and suction requirements
• Pump bearing and seal considerations
• Control equipment
• Drive selection; Engine and motor types
• Pump tests
• etc

EM 1110-2-3105 – Mechanical and Electrical Design of 
Pumping Stations
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EM 3102 and 3105 are now combined into a single new EM 1110-2-3105. 
• Supersedes EM 1110-2-3105 dated 28 February 1995
• EM 1110-2-3102 has been rescinded.

Changes:
• Pump station layout and intake design references Hydraulic Institute standards.

• HI is a global organization who write criteria for pumps and water distribution components.

NEW EM 1110-2-3105
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Chapter 1: Introduction

The purpose of EM 3105 is to provide information and criteria pertinent to the design and selection of mechanical and electrical
systems for pump stations. EM 3105 applies to all U.S. Army Corps of Engineers projects. 

CHAPTERS OVERVIEW
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Chapter 2: General Station Requirements

CHAPTERS OVERVIEW

Chapter 2 covers general requirements such as design life 
and number of pumps. It also contains general 
recommendations on how to make design decisions and 
directs to other criteria that is applicable to Corps of 
Engineers projects.

Chapter 3 is an overview of different applications where 
USACE uses pump stations and briefly discusses some 
different pump arrangements used to meet those applications

Chapter 3: Pump Station Design
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Chapter 4: Pumping Equipment

CHAPTERS OVERVIEW

Chapter 4 is an introduction to types of pumps used in the 
applications covered in Ch 3. It covers general types of 
pumps, their features, and in general terms, how to select 
pumps to meet a specific application

Chapter 5 is a detailed chapter on how to determine and 
select a pump based on its operating conditions and how to 
Calculate flowrate and head requirements in order to select a 
pump.

Chapter 5: Pumping Requirements
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Chapter 6: Pump Station Geometry

CHAPTERS OVERVIEW

Chapter 6 discusses how the physical shape of the pump 
station wet well affects the performance of the pump station, 
and how to effectively deliver water to the pumps.

Chapter 7 primarily discusses the design of a Formed 
Suction Intake (FSI), which can be used to enhance pump 
performance when dealing with poor inlet conditions.

Chapter 7: Pump Intakes
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Chapter 8: Discharge System

CHAPTERS OVERVIEW

Chapter 8 is focused design considerations when designing 
discharge systems, whether they be a “through the levee” or 
an “over the levee” arrangement

Chapter 9 discusses the general testing performed with new 
stations, as well as recommendations for evaluating hydraulic 
modifications of existing stations.

Chapter 9: Pump and Station Hydraulic Tests:
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Chapter 10: Testing and Commissioning

CHAPTERS OVERVIEW

This chapter discusses the processes involved in bringing a recently 
constructed station into proper working order. Principally, commissioning 
involves the integration of all component mechanisms into a single system 
through adjustment of settings and other operating parameters. It also 
involves operational testing to ensure the station is free of defects, either 
inherent to the design or inadvertently incorporated during facility construction 
or manufacture of equipment. Commissioning should not be viewed as strictly 
taking place at the end of construction, but as a process integral to both the 
design and construction stages of a project as well as the testing and 
acceptance period.
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The purpose of commissioning is to ensure the design intent is being met and ultimately, the end-
user’s needs are being met. This involves inspection and testing of all the systems, such as:
• Pumps
• Electric Motors
• Control Systems
• Lubrication systems
• Cooling Systems
• Paint / coating systems
• Backup power / Generators
• Etc.

In order to ensure the station is fully-functional, commissioning should also verify the following:
• A complete O&M manual is provided
• Any necessary spare parts are provided and located on site
• The end user receives any training required to operate and maintain the station

CH 10 – TESTING AND COMMISSIONING, CONT’D
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Commissioning definition in simple plain English:
“Will it work for the customer?”

CH 10 – TESTING AND COMMISSIONING, CONT’D
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Chapter 11: Pump Drive Selection

CHAPTERS OVERVIEW

Chapter 11 briefly outlines decision strategies for choosing 
between electric motor driven pumps or engine driven 
pumps.

Chapter 12 covers design considerations when using fuel-
powered drive systems for pumping stations.

Chapter 12: Engines and Gears
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Chapter 13: Trash Rakes

CHAPTERS OVERVIEW

Chapter 13 provides information about the selection of trash 
racks and trash raking equipment.

Miscellaneous equipment covers various items such as: 
Bulkheads, Stoplogs, Slide Gates and their operators, Roller 
Gates, Lubrication, Ventilation, HVAC, etc.

Chapter 14: Miscellaneous Equipment
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Chapter 15: Materials and Coatings

CHAPTERS OVERVIEW

Chapter 15 includes information used in the selection of 
materials and coatings for various components in a pumping 
station. 

The Seismic Design chapter provides other references for 
that may be applicable when designing a pump station

Chapter 16: Seismic Design
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Chapter 17: Operation and Maintenance

CHAPTERS OVERVIEW

Chapter 17 covers O&M requirements for pumping equipment. It 
provides guidance for designers when preparing the O&M manual 
and has recommendations for types of inspections and their 
intervals.

“The O&M manual should provide a platform for carry-over of 
information from the designer to the operating personnel. The 
manual should be prepared to aid the operating personnel in 
understanding the equipment and to set the guidelines for 
maintenance procedures.”

Example recommended inspections include:
• Visual Inspections & Operational Testing (bump testing) – Monthly
• Vibration Testing & Coast Down Times – Yearly
• Megger Testing – Every other year
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CHAPTER HIGHLIGHT: CH 17 – O&M
Maintenance Control System (17.2 paragraph d):

An effective maintenance control system should include comprehensive and accurate basic 
data, such as equipment records, historical inspection, maintenance, and repair records.
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Procedure:
1. Use vibration equipment to measure the 

velocity of the pump and motor as 
described in HI 9.6.4.

2. Take vibration measurements at two 
locations, X and Y. X is near the thrust 
bearing on the discharge side of the pump. 
Y is located 90 degrees from X

3. Velocity measurements should be 
compared to the mechanalysis chart. 
Velocity measurements should be in the 
“good” range or better (0.0785 in/sec)

CH 17 - VIBRATION TESTING
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CH 17 - VIBRATION CAUSES
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CHAPTERS OVERVIEW
Chapter 18: Electrical Design
Chapter 19: Power Supply
Chapter 20: Motors
Chapter 21: Power Distribution Equipment
Chapter 22: Control Equipment
Chapter 23: Cybersecurity and Communication
Chapter 24: Pump Station Wiring
Chapter 25: Pump Station and Equipment 

Grounding
Chapter 26: Surge Protection
Chapter 27: Electrical Equipment Environmental 

Protection
Chapter 28: Station Service Electrical Systems
Chapter 29: Station Service Diesel Generator
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APPENDIX OVERVIEW
Appendix A: References
Appendix B: Computer Aided Design Drawings
Appendix C: Head Loss Calculation, Pump 

Selection, and Head Curve 
Development

Appendix D: Operation and Maintenance 
Manual Example for Pump Stations 
Including Gates

Appendix E: Electrical Power Data Request
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QUESTIONS?
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