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Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-77.42.01-2019.

This document has been prepared as part of the service of ISA, the International Society of Automation,
toward a goal of uniformity in the field of instrumentation. To be of real value, this document should not be
static but should be subject to periodic review. Toward this end, the Society welcomes all comments and
criticisms and asks that they be addressed to the Secretary, Standards and Practices Board; ISA; 67 T.W.
Alexander Drive; P. O. Box 12277; Research Triangle Park, NC 27709; Telephone (919) 549-8411; Fax
(919) 549-8288; E-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards. The Department is further aware of the benefits to USA users of ISA
standards of incorporating suitable references to the Sl (and the metric system) in their business and
professional dealings with other countries. Toward this end, this Department will endeavor to introduce
Sl-acceptable metric units in all new and revised standards, recommended practices, and technical
reports to the greatest extent possible. Standard for Use of the International System of Units (Sl): The
Modern Metric System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and
conversion factors.

Certain metric units that are not a part of the Sl system are in common accepted use. This document
uses bar as a pressure measurement that is convertible to kilopascals by multiplying by 100. Functional
drawings in the annex are provided using established power industry conventions.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards, recommended practices, and technical reports.
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical
reports that ISA develops.

This document is part of a series of standards developed by ISA under the direction of the ISA77 Fossil
Power Plant Standards Committee. It should be used in conjunction with the other ISA77 series of
standards for safe, reliable, and efficient design, construction, operation, and maintenance of fossil-fired
power plants. It is not intended that this document establish any procedures or practices that are contrary
to any other standard in this series.

A variety of feedwater control systems have been developed and used over the years to maintain drum
level within limits and at the required setpoint. This document is intended to establish minimum
requirements for feedwater controls for drum type and once-through type boilers.

CAUTION — ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR
OWN RESPONSIBILITY.

PURSUANT TO ISA’S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS
DOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE
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ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS. FOR MORE
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR
VISIT www.isa.org/StandardsPatents.

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR DETERMINING WHETHER
ANY LICENSING TERMS OR CONDITIONS PROVIDED IN CONNECTION WITH SUBMISSION OF A
LETTER OF ASSURANCE, IF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR
NON-DISCRIMINATORY.

ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS, OR
EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE APPLICATIONS OR
ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN HAZARDOUS
CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND PROFESSIONAL
JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S PARTICULAR
CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF ANY
GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS STANDARD.

ISA (www.isa.org) is a nonprofit professional association that sets the standard for those who apply
engineering and technology to improve the management, safety, and cybersecurity of modern automation
and control systems used across industry and critical infrastructure. Founded in 1945, ISA develops
widely used global standards; certifies industry professionals; provides education and training; publishes
books and technical articles; hosts conferences and exhibits; and provides networking and career
development programs for its 40,000 members and 400,000 customers around the world.

ISA owns Automation.com, a leading online publisher of automation-related content, and is the founding
sponsor of The Automation Federation (www.automationfederation.org), an association of non-profit
organizations serving as "The Voice of Automation." Through a wholly owned subsidiary, ISA bridges the
gap between standards and their implementation with the ISA Security Compliance Institute
(www.isasecure.org) and the ISA Wireless Compliance Institute (www.isa100wci.org).

The following served as members of the ISA77.42 working group and approved the document in 2018:
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1 Scope

The standard is intended to assist in the development of design specifications covering the measurement
and control of feedwater systems in boilers with steaming capacities of 200,000 Ib/h (25 kg/s) or greater.
The safe physical containment of the feedwater shall be in accordance with applicable piping codes and
standards and is beyond the scope of this standard.

2 Purpose

The purpose of this standard is to establish the minimum criteria for the control of levels, pressures, and
flow for the safe and reliable operation of feedwater systems in drum type and once-through fossil power
plants.

3 Definitions

3.1 alarm:
an audible and/or visible means of indicating to the operator of equipment malfunction, process deviation,
or abnormal condition requiring a response.

3.2 boaoiler:

the entire vessel in which steam or other vapor is generated for use external to the vessel. This includes
the furnace, consisting of water wall tubes; the firebox area, including burners and dampers; the
convection area, consisting of any superheater, reheater, economizer section or any combination thereof;
as well as drums and headers.

3.3 cascade control:
a control action in which the output of one controller is the setpoint for another controller.

3.4 controller:
any manual or automatic device or system of devices used to regulate a process within defined
parameters. If automatic, the device or system responds to variations in the process variable.

3.5 drum (steam):
a closed vessel designed to withstand internal pressure. A device for collecting and separating the
steam/water mixture circulated through the boiler.

3.6 feedwater flow control system:
~acontrol system that uses input signals derived from the process for the purpose of regulating feedwater
- flow to the boiler to maintain adequate drum level or water supply to the boiler according to the
- manufacturer's recommendations.

3.7 mass feedwater flow:
* the mass flow of all water delivered to the boiler; it is derived either from direct process measurements
- and/or calculations from other parameters.

¢ 3.8 mass steam flow:
the mass flow of steam from the boiler, derived either from direct process measurements and/or
calculations from other parameters.

3.9 protective logic circuits:
logic circuits designed to prevent damage to equipment by related system equipment malfunctions,
failure, or operator errors.
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3.10 pump drive control:
a control component of the final device that translates a control system demand signal into an electronic,
hydraulic, pneumatic, or mechanical signal that affects pump speed.

3.11 redundant (redundancy):
duplication or repetition of elements in electronic or mechanical equipment to provide alternative
functional channels in case of failure of the primary device.

3.12 runback:
action initiated by the loss of selected auxiliary equipment, in which the load is reduced automatically to a
level which can be sustained with the remaining auxiliary equipment.

3.13 rundown:
an action initiated by an undesirable operating condition, in which the load is reduced until the
undesirable condition has cleared.

3.14 shall, should, and may:
the word "shall" is to be understood as a requirement; the word "should" as a recommendation; and the
word "may" as a permissive, neither mandatory nor recommended.

3.15 shrinkage:
a decrease (shrinkage) in drum level due to a decrease in steam-bubble volume. This condition is due to
a decrease in load (steam flow), with a resulting increase in drum pressure and a decrease in heat input.

3.16 single-element feedwater control:
a control system whereby one process-variable drum level is used as the input to the control loop that
regulates feedwater flow to the drum to maintain the drum level at setpoint.

3.17 steady-state:
a characteristic of a condition (such as value, rate, periodicity, or amplitude) exhibiting only negligible
change over a long (arbitrarily chosen) period of time.

NOTE — It may describe a condition in which some characteristics are static, others dynamic.

3.18 swell:

an increase (swell) in drum level due to an increase in steam-bubble volume. This condition is due to an
increase in load (steam flow), with a resulting decrease in drum pressure and an increase in heat input.
Swelling also occurs during a cold start-up as the specific volume of the water increases.

3.19 three-element feedwater control:

a control system whereby three process variables (steam flow, feedwater flow, and drum level) are used
as inputs to the control loop that regulates feedwater flow to the drum to maintain the drum level at
setpoint. This is a cascaded feedforward loop with drum level as the primary variable, steam flow as the
feedforward input, and feedwater flow (feedback) as the secondary variable.

3.20 transient:
the variable behavior during the transition between two steady states.

3.21 two-element feedwater control:

a control system whereby two process variables (steam flow and drum level) are used as inputs to the
control loop that regulates feedwater flow to the drum to maintain the drum level at setpoint. The
feedforward input is steam flow, with the output of the drum level controller as the primary control signal.
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3.22 two-out-of-three logic circuit (2/3 logic circuit):

a logic circuit that employs three independent inputs and whose output of the logic circuit is the same
state as any two matching input states.

4  Minimum design requirements for a feedwater control system

The control system shall meet operational requirements and correctly interface with the process. To
accomplish this objective, the following requirements are defined for minimum system design:

a) Process measurement requirements

b) Control and logic requirements

c) Final control device requirements

d) System reliability and availability requirements

e) Alarm requirements

f) Operator interface requirements

4.1 Process measurement requirements

4.1.1 Instrument installations for feedwater control

Instruments should be installed as close as practical to the source of the measurement, with
consideration given to excessive vibration, temperature, and accessibility for periodic maintenance.

Specific requirements for the location of drum water-level measuring devices are contained in Section 1
of the American Society of Mechanical Engineers' (ASME) Boiler and Pressure Vessel Code.

Separate process connections, isolation valves, head chambers (when used), and impulse lines shall be
provided for each instrument (see Figure 1).

4.1.2 Drum-level measurement

A drum-level signal is required for single-element, two-element, and three-element drum feedwater
control systems (see Figures 1, 3, 4 and 5). If the instruments used to measure drum level are sensitive to
density variation, then density compensation techniques shall be employed. Please refer to
ISA-TR77.42.02-2014, Compensated Differential Pressure Based Drum Level Measurement, for more
details on level compensation methods.

4.1.3 Steam-flow measurement

A mass steam-flow signal is required for two-element and three-element feedwater control systems. If
volumetric steam flow measuring techniques are employed, the measured (indicated) flow shall be
compensated for flowing steam density to determine the true mass steam flow.

4.1.4 Feedwater-flow measurement

A mass feedwater flow signal is required for three-element drum feedwater control systems. Mass
feedwater flow can be measured by a single transmitter at the boiler feedpump discharge or by the sum
of the furnace feedwater flow and spray attemperator feedwater flow (Figure 2).
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For the purpose of three-element drum level control, superheat spray flow is added to the feedwater flow
(into the drum) if the flow is not already included so both inflow and outflow of the drum are balanced.
Drum blowdown flow is often ignored in three-element drum level control strategy.

When volumetric feedwater flow measurement techniques are employed and the feedwater temperature
at the flow-measuring element variance is equal to or greater than 100 °F (55.6 °C), the measured
(indicated) flow shall be compensated for flowing feedwater density to determine the true mass feedwater

flow.

4.1.5 Furnace feedwater-flow measurement

A mass furnace feedwater-flow signal is required for once-through feedwater control system (Figure 2).
Furnace feedwater flow can be measured by a single transmitter at the furnace (economizer) inlet or by
the difference between the boiler feedpump discharge flow and the spray attemperator flow sensors.

When volumetric furnace feedwater flow measurement techniques are employed and the feedwater
temperature at the flow-measuring element variance is equal to or greater than 100 ° F (55.6 °C), the
measured (indicated) flow shall be compensated for flowing feedwater density to determine the true mass
feedwater flow.
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Figure 1 — Typical drum-level differential pressure transmitter connections
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