ASME PTC 40-2017

(Revision of ASME PTC 40-1991)

Flue Gas
Desulfurization
Units

Performance Test Codes

AN AMERICAN NATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers



ASME PTC 40-2017

(Revision of PTC 40-1991)

Flue Gas
Desulfurization
Units

Performance Test Codes

AN AMERICAN NATIONAL STANDARD

@?A@ The American Society of

® Mechanical Engineers Two Park Avenue ¢ New York, NY ¢ 10016 USA



Date of Issuance: March 23, 2018

This Standard will be revised when the Society approves the issuance of a new edition.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Code. Interpretations are
published on the Committee web page and under http://go.asme.org/InterpsDatabase. Periodically certain actions of the
ASME PTC Committee may be published as Cases. Cases are published on the ASME website under the PTC Committee
Page at http://go.asme.org/PTCcommittee as they are issued.

Errata to codes and standards may be posted on the ASME website under the Committee Pages to provide corrections to
incorrectly published items, or to correct typographical or grammatical errors in codes and standards. Such errata shall be used
on the date posted.

The PTC Committee Page can be found at http://go.asme.org/PTCcommittee. There is an option available to automatically
receive an e-mail notification when errata are posted to a particular code or standard. This option can be found on the
appropriate Committee Page after selecting “Errata” in the “Publication Information” section.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National Standards. The Standards
Committee that approved the code or standard was balanced to assure that individuals from competent and concerned interests have had an
opportunity to participate. The proposed code or standard was made available for public review and comment that provides an opportunity
for additional public input from industry, academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable letters patent, nor
assume any such liability. Users of a code or standard are expressly advised that determination of the validity of any such patent rights, and the
risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or industry
endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME procedures
and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2018 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.


http://go.asme.org/InterpsDatabase
http://go.asme.org/PTCcommittee
http://go.asme.org/PTCcommittee

CONTENTS

A o vi
00 ) vii
Committee ROSEEI .« v v v vttt it it i et ettt et e e e e e e viii
Correspondence With the PTC Committee . . .. ..o v ittt ittt ittt ettt e et e aaenensnss ix
Section 1 Object and SCOPE .« v v v vttt et ettt e et e e et e e 1
1-1 [0 =T o 1
1-2 N0 1
1-3 UnCertainty . .o oo vttt ittt it it i i et e e e e i e 1
Section 2 Definitions and Descriptions of TEIrmS . . . . . vt v ittt ittt ittt ettt et nen s 3
2-1 Definitions & v v vt e e e e e e 3
2-2 Descriptions Of TEIMIS .« v v v v vt vttt it et et ettt et et te i e eeeasaeneneneenens 4
2-3 Abbreviations . . .o oo it e e e e e e e 4
Section 3 Guiding Principles . . . oo vttt e e e e e i e e 8
3-1 INtroduction . . . v v ottt e e e e e et e e e 8
3-2 Test Plan . .ottt e e e e e e i e 10
3-3 Test Preparations . . . ..o v ittt e e e e e i e 11
3-4 Conduct Of TeSt « v vttt it it i i i e i e e i e e 12
3-5 Calculation and Reporting of Results . . ....... i i i 16
Section 4 Instruments and Methods of Measurement . .. ....... .ottt nnenens 18
4-1 Results to Be Determined . . ... ..o i ittt ittt it e e e 18
4-2 Methods of Measurement . . . ... v v ittt it ittt ittt ittt ittt 18
Section 5 Computation of ReSUILS . . . . v ot ittt i i i e e e e e 25
5-1 Calculation of Percent SO; Removal (Y0R) . . . v ot vttt ittt ittt ittt e enens 25
5-2 Calculation of Reagent Stoichiometry and Consumption .. ............ ... 25
5-3 Calculation of Energy/Power Consumption . .. ... ...ttt enenenenens 27
5-4 Calculation of Water Consumption . . ... ..ottt ittt ittt ettt nennenannnss 28
5-5 Calculation of Waste or By-Product . . ... ..ot ittt ittt ittt i e e 28
5-6 Purge Stream Calculation . . ..... .ttt i i it i i e e e 28
Section 6 Report of Results . ..o vttt it i it e e ettt e e 30
6-1 125 3T | 30
6-2 Title Page and Table of Contents . . .. ..o v vttt ittt ittt it ittt i e ennnn 30
6-3 General Information . .. ..ot ittt e e e e e e 30
6-4 Executive SUMMAry . . .o v vttt it ittt it it e ettt ittt ettt 30
6-5 2 0] ot 00 o1 1=) o 30
6-6 2N 0] 0 7<) o 1o (o1 31
Section 7 Uncertainty Analysis . . o v v ittt ittt ettt e e e e 32
7-1 General . .o v i e e e e e e e e e 32
7-2 INtroduction . . .ot vttt e e e e e e e e e 32

il



7-3 Objective of Uncertainty Analysis . . .. ..ot i ittt ittt i ittt e e

7-4 Determination of Overall Uncertainty . ... ... ..ottt ennnnnns
7-5 Calculation of Uncertainty . . . .. cv vt ittt ittt ittt ettt ittt ennenasnnns
7-6 Sensitivity Coefficients . . .. ..ot i ittt i i it e e e e e
7-7 Systematic Uncertainty .. ... ..o ittt ittt it ittt i i i e
7-8 Random Standard Uncertainty for Spatially Uniform Parameters . ..................
7-9 Correlated Systematic Standard Uncertainty . . ... ... ..ottt

Nonmandatory Appendices

A Wet FGD System Sample Calculation ... ...... ...ttt iiiininennn.
B Semi-Dry FGD System Calculations . ... .. .. ...ttt iiiiinnenens
C Uncertainty Calculation Example . . ... ... 0 it i it i e
D References . o v v v et e e e e e e e e
Figures

1-2-1 FGD System Inputs and OUtPULS . . . .ot v ittt it i i it i e
3-44.3-1 Evaluation of TeSt RUNS . . . o vttt it i it it ettt it e e
Tables

1-3-1 Expected Test Uncertainties . . . ..o oo ittt i ittt ittt ittt ettt eeenseeanens
2-2.1-1 Symbols and Descriptions of Constants . . .......cov ittt i,
2-2.2-1 Symbols and Descriptions of Variables . .. ....... ... i e
3-4.2.4-1 Test Proximity to Design Conditions . . ... ... ottt it
3-4.2.5-1 Stabilization Parameters for FGD System . ... ... .ot i ittt ittt i tianenan
3-4.4.1-1 FGD System Test DUrations . . ... oo vt i ittt ittt ittt it ittt it neenns
4-2.1-1 Flue Gas Parameters Required From Tests . .. ... .. vttt ittt
7-5.1-1 Expected Uncertainty for FGD System Testing . ... ... .o,
A-2.1-1 FGD System Inlet Gas Flow Rate . . . ... oo ittt it it it i i e e e
A-2.2-1 Percent MCR . . oot i i i i i i i i e e e
A-2.3-1 FGD System Inlet SO, Concentration . . ... ... ittt ittt rnenennsnns
A-2.4-1 FGD System Inlet Particulate Concentration . ........... . ot nn.
A-2.5-1 FGD System Inlet Temperature . .. ... ...ttt ittt ineinenenensanens
A-2.6-1 Dry Percent Chlorides and Fluoridesin Coal . ......... ... .o,
A-2.7-1 Dry Percent Sulfurin Coal .. .. ...t i ittt ittt ittt
A-2.8-1 Available CaCOsz, DIy . o v v v ittt i e it et e e e e
A-3.1-1 Limestone/Sulfur Dioxide Ratio (Maximum) . . ... ...ttt it enennnnnas
A-3.2-1 Sulfur Dioxide Removal Efficiency (Minimum) .. ......... .. ..
A-3.3-1 Sulfur Dioxide Allowable Emission Concentration (Maximum) . ....................
A-3.4-1 Static Pressure Drop . . ..o v i ittt e e e e e e e
A-3.5-1 Gypsum Production (Minimum) . . .. .ot i ittt ittt it it i e
A-3.7-1 Gypsum Purity (Minimum) . .. .ottt ittt it ittt ettt e e e
A-3.8-1 Gypsum Properties . . .. oo i ittt e e e et e e
A-39-1 Makeup Water Consumption . .. ..o v ittt i it e
A-3.10-1 Power Consumption (Test RUn 1) . ..o v ittt ittt ittt ettt teenannns
B-2.1-1 L0703 75 0 1

32
32
33
33
34
34
35

36
43
47
54

17

13
14
15
19
33
37
37
37
38
38
38
38
38
38
39
39
40
40
41
41
42
42
43



B-2.2-1
B-2.3-1
B-2.9-1
B-2.9-2
B-3.1-1
B-3.1-2
C-2-1
C-2-2
C-2-3
C-2-4
C-2-5
C-3-1
C-3-2
C-3-3
C-3-4

EPA Methods 2and 19 ..............
Coal Sampling and Analysis Results . . ...
FGD System Inlet and Outlet Conditions . .

Determination of Flue Gas Molecular Weight . .. ........ .. ... i,

Lime Usage Measurements ...........
Correction Factors .. ...............

Summary of Post-Test SO, Uncertainty Analysis . .. ......co it inenen..

Inputs for Instrumentation . ..........

Summary of Post-Test Wet FGD System Differential Pressure Uncertainty Analysis . . . . ..

Summary of Post-Test Dry FGD System Water Consumption Uncertainty Analysis . ... ...

Summary of Post-Test Dry FGD System Lime Consumption Uncertainty Analysis . .......

Simulated Readings . ...............

Average Readings Across Locations . . ...

Differences At Each Location .........
Difference Between 6, and Average Value

44
44
44
45
45
45
48
49
50
51
52
53
53
53
53



NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instructions. The following
information is based on that document and is included here for emphasis and for the convenience of the user of the Code. It
is expected that the Code user is fully cognizant of Sections 1 and 3 of ASME PTC 1 and has read them prior to applying this
Code.

ASME Performance Test Codes provide test procedures thatyield results of the highestlevel of accuracy consistent with
the best engineering knowledge and practice currently available. They were developed by balanced committees repre-
senting all concerned interests and specify procedures, instrumentation, equipment-operating requirements, calculation
methods, and uncertainty analysis.

When tests are run in accordance with a Code, the test results themselves, without adjustment for uncertainty, yield the
best available indication of the actual performance of the tested equipment. ASME Performance Test Codes do not specify
means to compare those results to contractual guarantees. Therefore, it is recommended that the parties to a commercial
test agree before starting the test and preferably before signing the contract on the method to be used for comparing the
test results to the contractual guarantees. It is beyond the scope of any Code to determine or interpret how such compar-
isons shall be made.
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FOREWORD

When the twin issues of environmental protection and the need to assure a reliable supply of energy became important
public concerns in the 1970s, The American Society of Mechanical Engineers (ASME) Board on Performance Test Codes
began to explore the possibility of addressing these concerns within the test code framework. As a result of these
discussions, the PTC 40 Committee on Flue Gas Desulfurization (FGD) units was organized in 1978; it held its first
meeting in April 1979. The PTC 40 Code draft was approved by the Board on Performance Test Codes on May 11,
1990. The Code was adopted by the American National Standards Institute as an American National Standard on
March 19, 1991.

In 2006, the ASME Performance Test Code Standards Committee restarted the PTC 40 Committee. This edition of ASME
PTC40 addresses advances in new technology. Specifically, this edition applies to different types of FGD systems: wet FGD,
dry FGD, and regenerable FGD. It applies the various U.S. Environmental Protection Agency (EPA) methods that exist
today.

This Code was approved by the PTC Standards Committee on March 13, 2017, and approved and adopted as an
American National Standard on May 23, 2017.
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus of concerned inter-
ests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revisions or a
case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Code to incorporate changes that appear necessary or
desirable, as demonstrated by the experience gained from the application of the Code. Approved revisions will be
published periodically.

The Committee welcomes proposals for revisions to this Code. Such proposals should be as specific as possible, citing
the paragraph number(s), the proposed wording, and a detailed description of the reasons for the proposal, including any
pertinent documentation.

Proposing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementation of
an approved revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective
immediately upon ASME approval and shall be posted on the ASME Committee web page.

Requests for Cases shall provide a Statement of Need and Background Information. The request should identify the
Code and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as existing
Cases. Requests for Cases should also indicate the applicable edition(s) of the Code to which the proposed Case applies.

Interpretations. Upon request, the PTC Standards Committee will render an interpretation of any requirement of the
Code. Interpretations can only be rendered in response to a written request sent to the Secretary of the PTC Standards
Committee.

Requests for interpretation should preferably be submitted through the online Interpretation Submittal Form. The
form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will receive an
automatic e-mail confirming receipt.

If the Inquirer is unable to use the online form, he/she may mail the request to the Secretary of the PTC Standards
Committee at the above address. The request for an interpretation should be clear and unambiguous. It is further rec-
ommended that the Inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.
Edition: Cite the applicable edition of the Code for which the interpretation is being requested.
Question: Phrase the question as a request for an interpretation of a specific requirement suitable for

general understanding and use, not as a request for an approval of a proprietary design or
situation. Please provide a condensed and precise question, composed in such a way thata
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.



Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Code requirements. If, based on the inquiry information submitted, it is the opinion of the
Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation that
such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
device, or activity.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The PTC Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the PTC Standards Committee. Future Committee meeting dates and locations can be found on the Committee
Page at http://go.asme.org/PTCcommittee.
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Section 1
Object and Scope

1-1 OBJECT

The object of this Code is to establish standard proce-
dures for conducting and reporting of performance tests of
flue gas desulfurization (FGD) systems and reporting the
results in terms of the following categories:

(a) emissions reduction

(b) consumables and utilities

(c) waste and by-product characterization and amount

1-2 SCOPE

The application of this Code is limited to the process and
equipment employed to remove sulfur dioxides from flue
gas or other sulfur-dioxide-laden gas streams. The meth-
odology described in this Code may be adapted for assess-
ment of removal of other emissions if agreed to by the
parties to the test. The performance of an FGD system
is defined to be the characterization of inputs and
outputs (see Figure 1-2-1).

This Code does not apply to removal of sulfur oxides
from gases during the combustion process, e.g., fluidized
bed combustion (see ASME PTC 4).

Figure 1-2-1 FGD System Inputs and Outputs

Energy/power
Reagent(s)/ )
additive(s) Water/air
Untreated Treated
flue gas FGD System flue gas

—» —

By-products Wastes [Note (1)]

NOTE: (1) Waste streams include purge streams used for process
control.

This Code covers the following types of systems:

(a) Dry FGD System. An FGD system process in which a
flue gas containing sulfur oxides passes through an alka-
line material but is not saturated with moisture; the gas
leaves the reactor at a temperature above the adiabatic
saturation, thus producing a dry by-product or dry waste
product.

(b) Wet FGD System. An FGD system process in which a
flue gas containing sulfur oxides passes through an alka-
line material and is saturated with moisture, thus produ-
cing a wet by-product or wet waste product.

(c) Regenerable FGD System. An FGD system process
that regenerates and recycles the sorption medium.

This Code does not cover in detail other FGD system
processes such as dry sorbent injections, seawater, and
ammonia; however, the principles are still applicable.

1-3 UNCERTAINTY

The underlying philosophy of this Code is to achieve test
results of the lowest uncertainty based on current tech-
nology and knowledge with respect to testing, taking into
account test costand value of the information obtained. To
accomplish this and because of the various FGD systems
covered by this Code, this Code establishes an upper limit
of the uncertainty of each parameter. Exceeding the upper
limit of any parameter’s uncertainty requirement is allow-
able only if it is demonstrated that the selection of all in-
strumentation for a test will result in a test uncertainty
equal to or less than what it would have been had all para-
meters’ uncertainty requirements been followed.

A pretest uncertainty analysis is required. It serves to
establish the expected level of uncertainty for a test. The
pretest uncertainty shall be calculated in accordance with
the procedures defined herein and by ASME PTC 19.1.

A post-test uncertainty analysis is also required. It is
used to determine the uncertainty for the actual test.
This analysis should confirm the pretest systematic
and random uncertainty estimates, and validate the
quality of the test results.

The maximum uncertainty for the tests permitted by
this Code could be influenced by the physical configura-
tion and FGD system process, as well as the sensitivity of
the corrected results to the process variables. The sum of
the applicable test uncertainty limits of each parameter
shown in Table 1-3-1 shall result in the expected test
uncertainty for that parameter.





