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Lesson Plans for Module 19305

Steam

and

Process Water Systems

Module 19305 introduces trainees to the general arrangement and operation of a large steam plant. Trainees will
learn to identify the major steam plant components, explain their functions, and, most importantly, understand
the insulating requirements of a typical steam plant.

Objectives

Learning Objective 3

Learning Objective 1

•

•

Compare and contrast steam plants and process water systems.
a. Describe the general layout and principles of
operation of a steam plant.
b. 
Compare process water systems to those of
a steam plant.

Learning Objective 2
•

Describe the major components of a steam
system and explain their functions.
a. Describe the basic layout of an industrial
boiler or steam generator and how it works.
b. 
Describe the construction, materials, and
special features of steam distribution piping.
c. List potential steam loads that might be
found in a steam plant and briefly describe
their functions.
d. 
dentify common auxiliary steam system
components and discuss how they contribute
to the operation of a steam plant.

Describe the major components of a steam
plant’s condensate and feedwater systems and
explain their functions.
a. Identify and explain the purposes for the
major components of the condensate
system.
b. Identify the major components of the boiler
feedwater system and explain its function.

Learning Objective 4
•

Discuss insulation requirements for steam and
process system applications.
a. Discuss the factors that dictate steam
plant insulation requirements and identify
common steam plant insulating materials.
b. Describe some special features of steam
plant insulation installations.

Performance Tasks
This is a knowledge-based module; there are
no Performance Tasks.

Recommended Teaching Time: 10 hours
This Lesson Plan (LP) is divided into sections that correspond to the sections in the Trainee Guide module. As you
plan your class times, review the objectives, content, and lesson plan outline for the section you plan to teach.
Allow sufficient class time for demonstrations, laboratories, field trips, and testing. Each class period should also
include time for administrative tasks and periodic breaks.
Be sure to gather the required equipment, materials, visual aids, and answer keys. Using your access code,
download the PowerPoint® presentations and Performance Sheets for this module from NCCER’s Instructor Resource Center at www.nccerirc.com.
It is advisable to assign the reading of a module section prior to the classroom instruction. The Section Review
and Module Review questions may be assigned as homework. At their discretion, instructors may assign additional homework to meet the teaching objectives.
For information and updates about accessing the Module Examinations, visit www.nccer.org/testing. The passing score for submission into NCCER’s Registry is 70% or above for the Module Exam. Record the testing results
for each trainee on the Registration of Training Modules form and submit the form to the Training Program Sponsor.
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Classroom Equipment and Materials
Whiteboard
Markers
Pencils and paper
PowerPoint® Presentations for Module 19305
DVD player or a computer with a DVD drive
LCD projector and screen
Computer with Internet access
Module Review answer key
Module Examinations

Additional Resources
This module presents thorough resources for task training. The following reference material is recommended
for further study.
Mechanical Insulation Design Guide, National Institute of Building Sciences. Available at
www.wbdg.org/guides-specifications/mechanical-insulation-design-guide
National Commercial and Industrial Insulation Standards Manual, Midwest Insulation Contractors Association (MICA).
National Insulation Association (NIA) website offers resources for products and training. www.insulation.org
Steam/its generation and use, Gregory L. Tomei (editor). 42nd edition. 2015. Charlotte, NC: The Babcock &
Wilcox Company.
There are a number of online resources available for trainees who would like more information on steam and
process water systems. A search for additional information may be assigned as homework to interested trainees.
Instructors should view any videos that may be identified in the lesson plan before using them to ensure their
suitability. The videos can provide examples of both proper and improper work processes and behaviors. Be
prepared to stop the videos at appropriate times to point out and discuss both proper and improper conduct and
techniques.
Instructors are also encouraged to locate additional audiovisual aids available on the Internet, make personal videos, and take still pictures related to the subject matter and add them to the PowerPoint ® presentations throughout the program.
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Section One

Steam Plant

and

Process Water Systems

Safety Considerations
The following safety considerations should be emphasized:
• Remind trainees that they must have the required PPE any time they are in the shop or job site
environment.

Objective
When trainees have completed this section, they should be able to do the following:
1. Compare and contrast steam plants and process water systems.
a. Describe the general layout and principles of operation of a steam plant.
b. Compare process water systems to those of a steam plant.

Kickoff Activities
Locate the video on YouTube entitled “Steam Power Plant,” uploaded by S Ghosh (the video is 5:26
in length). This video provides a conceptual overview of a steam power plant, its major components,
and their role in supporting the operation of a steam plant. Be sure to prescreen this and other videos
to verify that they follow accepted safety practices and follow methods accepted in the industry. At the
conclusion of the video program, ask the trainees if they have any questions regarding safety practices
or methods, if applicable.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this Lesson
Plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with
this Lesson Plan.

Sections 1.0.0–1.1.1
Introduce the purposes of most land-based steam plants today. Provide a summary of the two main
regions of every steam plant to kick off the description of the basic path of steam and water through a
steam plant.
Describe the flow of water and its conversion to steam in a boiler, the flow of steam through pipes to
the turbines or other loads, condensing of steam back into water, and its return to the boiler to compete
the cycle. Be sure to point out the relative pressures and temperatures of the water/steam at each key
point in the steam power plant.

Section 1.1.2
Discuss the principle of boiling water and the factors that determine its boiling point temperature.
Define saturation temperature and describe the relationship between steam pressure and its saturation
temperature.
Discuss the reason for superheating steam and how this relates to the thickness of insulation on pipes
carrying superheated steam.
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Section One

Steam Plant

and

Process Water Systems

Section 1.2.0
Discuss the differences and similarities of process water systems compared to steam plant systems.
Review the reasons for insulation in process water and other piping systems.

Wrap Up Activities
1. Have the trainees answer the 1.0.0 Section Review questions and review the correct answers with
them.
2. Ask trainees if they have any questions about the basic arrangement of a steam plant and particularly
the locations where they can expect the highest temperatures and pressures in an operating steam
plant.
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Section Two

Introduction

to

Steam Systems

Safety Considerations
The following safety considerations should be emphasized:
• Remind trainees that they must have the required PPE any time they are in the shop or job site
environment.

Objective
When trainees have completed this section, they should be able to do the following:
2. Describe the major components of a steam system and explain their functions.
a. Describe the basic layout of an industrial boiler or steam generator and how it works.
b. Describe the construction, materials, and special features of steam distribution piping.
c. 
List potential steam loads that might be found in a steam plant and briefly describe their
functions.
d. 
Identify common auxiliary steam system components and discuss how they contribute to the
operation of a steam plant.

Kickoff Activities
Locate the video on YouTube entitled “Thermal Power Plant - Full Animation Working Video,”
uploaded by The Engineering Science (video length is 9:28). Show the first 5 minutes of this video
to provide an excellent animation of the steam and water systems in a fossil fuel power plant. (The
remainder of the video can be shown when presenting the boiler island components in NCCER
Module 19306, Industrial Boiler Systems. Be sure to prescreen this and other videos to verify that they
follow accepted safety practices and follow methods accepted in the industry. At the conclusion of the
video program, ask the trainees if they have any questions regarding safety practices or methods, if
applicable.

Sections 2.0.0–2.1.1
Introduce the major parts of the steam side of a steam plant. Note that the steam side of a plant begins
at the boiler, which is the source of steam for the rest of the plant.
Provide a summary of the various sources of thermal energy that are available today for converting
water to steam. Note that the concern for human-caused climate change due to fossil-fuel emissions is
driving the development of other sources of thermal and electrical energy.

Sections 2.1.2–2.1.4
Describe the general arrangement of a steam boiler and its features for superheating steam.
Discuss potential locations for a boiler in a facility, depending on its purpose.
Describe economizers and energy-recovery systems connected to the boiler which maximize its
efficiency by extracting and using as much of the heat it generates for various purposes within the
plant.
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Section Two

Introduction

to

Steam Systems

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this Lesson
Plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with
this Lesson Plan.

Sections 2.2.0–2.2.2
Introduce the main components of the steam distribution system.
Describe the typical materials and construction of steam piping, and how it is connected to the boiler.
Describe the supports and runs of steam piping in industrial facilities and other facilities that may use
steam.
Describe and explain the features built into steam pipes and their supports to deal with the expansion
and contraction of steam piping during the significant temperature changes that occur in steam plants.

Sections 2.3.0–2.3.4
Introduce the components of a steam plant whose main purpose is to consume the steam delivered by
the boilers and steam distribution system (i.e., the steam loads).
Describe the role of atomizers and cleaners in improving the efficiency of a boiler.
Describe the functions of turbines that may be used in an industrial facility. Note that there are highand low-pressure steam turbines that extract energy from steam to do mechanical work.
Describe the various kinds of steam heat exchangers that may be found in a facility. Explain that
process water systems often use steam heat exchangers to heat or maintain the temperatures of hot
fluids at various stages of the process.
Describe the function of steam humidifiers in both manufacturing processes as well as in conditioning
HVAC air supplies.

Sections 2.4.0–2.4.3
Introduce the lower-pressure auxiliary steam system.
Explain how the pressure of steam supplied at the main steam header pressure is lowered for auxiliary
steam purposes. Describe typical steam pressure reducing stations and their complexities.
Discuss the role of air ejectors in minimizing steam corrosion inside steam plant pipes as well as
improving turbine efficiency. Note that air ejectors are important loads in the auxiliary steam system.
Discuss the purpose of steam traps and some of the standard ways in which they work. Note that,
unlike most steam plant components, traps are normally left uninsulated to function properly.

Wrap Up Activities
Have the trainees answer the 2.0.0 Section Review questions and review the correct answers with them.
Ask trainees if they have any questions about the material covered.

4 	

NCCER – Mechanical Insulating

Section Three

Condensate

and

Feedwater Systems

Safety Considerations
The following safety considerations should be emphasized:
• Remind trainees that they must have the required PPE any time they are in the shop or job site
environment.

Objective
When trainees have completed this section, they should be able to do the following:
3. Describe the major components of a steam plant’s condensate and feedwater systems and explain
their functions.
a. Identify and explain the purposes for the major components of the condensate system.
b. Identify the major components of the boiler feedwater system and explain its function.

Sections 3.0.0–3.1.1
Introduce the condensate and feedwater systems’ main purposes. Briefly describe the function of the
condensate system.
Describe the location and purpose of the condenser heat exchangers in the overall steam plant cycle.
Explain that the majority of thermal energy produced by any steam power plant is ejected from the
plant within the condensers.
Describe the means by which residual heat in steam is extracted from the turbine condensers and
released to the environment. Note that the temperature of steam condensate must be reduced to a
temperature below saturation to remain in the liquid state.

Section 3.1.2
Describe the general features of the condensate collection system in a steam plant. Explain that
condensed steam from peripheral components may return to the main turbine condenser hotwell or to
other small tanks located throughout the steam plant.

Section 3.1.3
Discuss the purposes of the condensate pumps. Describe the causes for cavitation and how the
condensate pumps help avoid this problem in the boiler feedwater pumps.
Briefly mention that water from the condensate pumps is often analyzed for dissolved oxygen levels
and for boiler chemical levels. Explain that any adjustments to boiler water anti-corrosion chemistry are
done in the condensate and feedwater system.

Section 3.1.4
Explain the reason for removing the last remaining dissolved oxygen in condensate water before
returning it to the boilers.
Describe deaerating and other functions of a deaerating feedwater tank. Note that plant efficiency is
improved by preheating the condensate water using auxiliary steam or heat recovery heat exchangers.
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Section Three

Condensate

and

Feedwater Systems

Sections 3.2.0–3.2.2
Introduce the properties and purpose of the boiler feedwater system.
Discuss in some detail why the feedwater system is necessary. Cover the need to raise condensate water
pressure to boiler pressure to replace water being turned into steam. Also explain that the rate of boiler
water injection is the method for controlling boiler water level. Explain the consequences of losing
control of the boiler water level (either too high or too low).
Describe the construction and operation of multi-stage centrifugal feedwater pumps. Refer back to the
Kickoff exercise, if appropriate. Discuss the prime movers for feedwater pumps typically found in large
power plants. Note the requirement for feedwater pump and system insulation.

Section 3.2.3
Describe the function of the boiler water control system. Mention the kinds of detectors and their
connections to a boiler. Briefly discuss the methods of controlling the rate of water injection into a
boiler.

Wrap Up Activities
Have the trainees answer the 3.0.0 Section Review questions and review the correct answers with them.
Ask trainees if they have any questions about the material covered.
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Section Four

Steam, Condensate,

and

Process System Insulation

Safety Considerations
The following safety considerations should be emphasized:
• Remind trainees that they must have the required PPE any time they are in the shop or job site
environment.

Objective
When trainees have completed this section, they should be able to do the following:
4. Discuss insulation requirements for steam and process system applications.
a. 
Discuss the factors that dictate steam plant insulation requirements and identify common
steam plant insulating materials.
b. Describe some special features of steam plant insulation installations.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with
this lesson plan.

Sections 4.0.0–4.1.1
Introduce the overview of insulation materials used in steam and process water systems, reviewing the
reasons that insulation is required. Summarize why an understanding of where insulation requirements
come from is important.
Discuss the difficulties facing engineers when attempting to identify the actual and economical
requirements for insulation in a plant design.
Identify the factors that go into a plant’s insulation system design. Note that engineers have a variety of
sophisticated tools for making insulation calculations, which result in the insulation specifications that
workers must follow.

Section 4.1.2
Review the common types of insulation materials usually found in high- and medium-temperature
applications normally found in steam and process water plants. Describe where these materials will
typically be found within a plant. Note important exceptions where components are not normally
insulated. Emphasize the precautions to be taken when working in operating steam plants.
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Section Four

Steam, Condensate,

and

Process System Insulation

Sections 4.2.0–4.2.3
Explain that high-temperature systems will usually require multi-layer insulation.
Discuss the need for jacket finishes, especially metal jacket typical in steam plants. Briefly discuss the
difference between lagging and other kinds of jacket.
Describe how expansion joints are fabricated in pipe insulation. Note several solutions to insulating
bellows joints in steam piping.
Review the methods for insulating supported pipes in order to prevent damage to the insulation.

Wrap Up Activities
Have the trainees answer the 4.0.0 Section Review questions and review the correct answers with them.
Ask trainees if they have any questions about the material covered.
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Module Review

and

Examination

Module Review
Ask the trainees if they wish to review any particular information from the module. Have the trainees
complete the Module Review at the end of the module. Alternatively, if the Module Review was
assigned as homework, have them retrieve their answers.
Review the answers to the Module Review prior to administering the module exam. Ask again if the
trainees need clarification on any particular knowledge areas.

Examination
Administer the module exam. As they begin, remind trainees that they must answer at least 70 percent
of the questions correctly to pass the module exam.

Wrap Up Activities
Ask the trainees if there were any problem areas on the exam that they wish to discuss, and ask them
to identify a favorite and least favorite part of this module. As an alternate or if time allows, briefly
introduce the next topic in your planned teaching sequence.

Instructor
Record the testing results as required. The results for exams administered through online testing
systems are recorded automatically in the Registry System.
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Answer Keys
1.0.0 SECTION REVIEW
Answer
1. c		
2. d		

Section Reference
1.1.1
1.2.0

Objective
1a
1b

2.0.0 SECTION REVIEW
Answer
1. c		
2. b		
3. d		
4. a		

Section Reference
2.1.1
2.2.1
2.3.3
2.4.2

Objective
2a
2b
2c
2b

3.0.0 SECTION REVIEW
Answer
1. c		
2. b		

Section Reference
3.1.3
3.2.2

Objective
3a
3b

4.0.0 SECTION REVIEW
Answer
1. b		
2. c		
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Section Reference
4.1.1
4.2.1

Objective
4a
4b
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Answer Keys
REVIEW QUESTIONS
Answer
1. b		
2. d		
3. c		
4. c		
5. d		
6. a		
7. a		
8. b		
9. a		
10. c		
11. a		
12. b		
13. d		
14. c		
15. c		
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Section Reference
1.1.1
1.1.1
1.1.2
1.2.0
2.1.3
2.2.2
2.3.2
2.4.3
3.1.1
3.1.4
3.2.1
3.2.2
3.2.3
4.2.1
4.2.2
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NCCER CuRRiCula — uSER uPDaTE
NCCER makes every effort to keep its textbooks up-to-date and free of technical errors. We
appreciate your help in this process. If you find an error, a typographical mistake, or an inaccuracy in NCCER’s curricula, please fill out this form (or a photocopy), or complete the online form at www.nccer.org/olf. Be sure to include the exact module ID number, page number, a detailed description, and your recommended correction. Your input will be brought
to the attention of the Authoring Team. Thank you for your assistance.
Instructors – If you have an idea for improving this textbook, or have found that additional
materials were necessary to teach this module effectively, please let us know so that we may
present your suggestions to the Authoring Team.
NCCER Product Development and Revision
13614 Progress Blvd., Alachua, FL 32615
Email: curriculum@nccer.org
Online: www.nccer.org/olf
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