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Electrical Design of Hydroelectric Power Plants

Module 1: Introduction

Learning Objectives
By the end of this section, you will be able to:

¢ Identify the scope and applicability of electrical design standards for hydroelectric facilities.

e Evaluate the criteria for selecting design methods and equipment based on reliability and
lifecycle economy.

e Define the role and responsibilities of the Hydroelectric Design Center (HDC) in project
execution.

Executive Summary: This manual serves as the primary technical guidance for the electrical design of
new hydroelectric power plants (up to 300 MW) owned or operated by the Corps of Engineers. It
prioritizes standardized, preferred design methods to ensure uniformity, reliability, and long-term
economic security across civil works facilities.

Design Fundamentals

This manual provides comprehensive guidance for design engineers developing electrical systems for
new hydroelectric power plants. While specifically authored for civil works facilities built, owned, or
operated by the Corps of Engineers, it serves as a robust framework for general hydroelectric
applications.

e Primary Focus: New hydroelectric power plant electrical design.

e Pumped Storage: While not explicitly covered, the core principles and subsystems discussed are
largely applicable to pumped storage facilities.

Applicability
The mandates and guidelines within this manual apply to all civil works activities responsible for the
design and implementation of hydroelectric power plants.

Scope of Design
The manual addresses the following technical boundaries and features:

e Generator Rating: Focused on generating units with ratings up to approximately 300 MW.
e Plant Features: Detailed coverage includes:

o Generating equipment and station service.

o Switchyard and transmission line configurations.

o Lighting, communication, and control systems.

o Protective devices for plant equipment and auxiliaries.

e Specification Preparation: Guidance is provided to streamline the preparation of major
equipment specifications using approved guide specifications.

Copyright 2026 Page 1



T
PDH-PRO

Electrical Design of Hydroelectric Power Plants

Design Tip: Follow the "preferred designs" indicated in the manual to ensure uniformity across
plants of similar size. Departures are only recommended when site-specific conditions make the
preferred design unsuitable or cost-prohibitive.

Regulatory Codes and Standards
All design work must comply with applicable portions of codes and standards published by the following
organizations:

e IEEE: Institute of Electrical and Electronics Engineers
e ANSI: American National Standards Institute

e EPRI: Electric Power Research Institute

e IES: llluminating Engineering Society

e NEMA: National Electrical Manufacturers Association
e NFPA: National Fire Protection Association

e UL: Underwriters Laboratory

Engineering Criteria

Design Methodology

Engineers should apply the design methods and assumptions covered in this manual using professional
judgment and discretion. If a preferred alternative is not explicitly identified, refer to the
recommendations in the provided Bibliography.

Deviations and Selection Logic

Departures from these guides are permissible to meet special project requirements. When evaluating
alternate methods or equipment, do not base the final selection solely on first cost.

1. Safety Constraint: Final selection must be based on obtaining overall economy and security by
weighting the following factors:

e Reliability of service.
e Ease and cost of maintenance.

e Ability to restore service rapidly following damage or abnormal circumstances.
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Hydroelectric Design Center (HDC)

The HDC is the designated center of expertise for the specialized field of hydroelectric engineering.
While the Field Operating Activity (FOA) retains authority over funding and administration, the HDC
provides essential technical services:

e Pre-authorization: Providing technical portions of reconnaissance reports.

e Multidisciplinary Design: Executing architectural, structural, electrical, and mechanical designs
for the powerhouse and switchyards.

e Studies: Performing hydraulic transient studies.

¢ Documentation: Preparing Plans and Specifications (P&S), Feature Design Memorandums, and
Operation & Maintenance Manuals.

¢ Technical Support: Reviewing shop drawings, assisting in field/model tests, and maintaining "as-
built" CAD records.

Checkpoint Quiz

1. Which factor should be given the MOST weight when deviating from preferred design methods for
equipment selection?
a) Initial procurement (first) cost.
b) Total weight of the equipment.
c) Overall economy, reliability, and ease of maintenance.
d) The manufacturer's marketing data.

Answer: (c). Selection must prioritize long-term reliability and serviceability over initial costs.

2. What is the maximum approximate generator rating primarily covered by the scope of this
manual?
a) 100 MW
b) 300 MW
c) 500 MW
d) 1,000 MW

Answer: (b). The manual covers units up to approximately 300 MW.
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3. Which entity retains the ultimate responsibility for funding and contract administration during a
hydroelectric project?
a) Hydroelectric Design Center (HDC)
b) Institute of Electrical and Electronics Engineers (IEEE)
c) Field Operating Activity (FOA)
d) National Electrical Manufacturers Association (NEMA)

Answer: (c). While HDC provides technical expertise, the FOA maintains administrative and financial
authority.
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Module 2 Basic Switching Provisions

Learning Objectives
By the end of this section, you will be able to:

e Evaluate different unit switching arrangements based on system reliability and cost-
effectiveness.

e Select appropriate switching schemes for hydroelectric plants based on operational modes
(peaking vs. base load).

e Calculate fault currents using standardized criteria for transformer impedances and generator
reactance.

Executive Summary: The development of the plant one-line diagram is a foundational task in
hydroelectric design, establishing the relationship between generators, transformers, and the
transmission grid. Selection of the optimal switching arrangement—ranging from simple "unit" schemes
to complex multi-generator configurations—requires balancing first-cost against technical performance,
reliability, and maintenance flexibility.

Design Fundamentals of One-Line Diagrams
A plant’s electrical one-line diagram serves as the roadmap for the entire electrical system. It establishes
the electrical location of power circuit breakers, control functions, and protection systems.

Evaluation Factors

When evaluating switching arrangements, consider the following operational constraints:

e Manned vs. Unmanned: Unmanned plants require higher levels of automated protection and
operational simplicity.

e Operational Mode: Peaking operation results in frequent breaker cycles compared to Base Load
operation.

e Flow Restrictions: If continuous flow is mandatory, a "unit" arrangement is often necessary to
minimize loss of generation during disturbances.

Target Characteristics

A robust one-line diagram must achieve:
1. Safety and reliability.
2. Simplicity of operation.
3. Good technical performance.
4. Ease of maintenance (allowing components to be isolated without total plant shutdown).

5. Flexibility for contingencies and future system changes.
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