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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
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Ed that the Code user1s Tully cognizantor sections 1 and 5 ot ASME F1C I and hasread them prior to applying

Performance Test Codes provide test procedures thatyield results of the highestlevel of accuracy consistent
bngineering knowledge and practice currently available. They were developed by balanced committees re
senting dll concerned interests and specify procedures, instrumentation, equipment-operating requirements, calculs

fests are run in accordance with a Code, the test results themselves, without adjustment fer uncertainty, yiel
able indication of the actual performance of the tested equipment. ASME Performance Test Codes do not sp
compare those results to contractual guarantees. Therefore, it is recommended thattheé parties to a comme
e before starting the test and preferably before signing the contract on the method'to be used for comparin
ts to the contractual guarantees. It is beyond the scope of any Code to determite-or interpret how such com
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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

begd
disc
mee
199
Mar

In
PTC
dry
toda

TH
Ame

Tl to explore the possIDIlty of addressing these CONCerns within the test code Iramework. As a result
issions, the PTC 40 Committee on Flue Gas Desulfurization (FGD) units was organized in 1978; itphel
king in April 1979. The PTC 40 Code draft was approved by the Board on Performance Test Codes onl

th 19, 1991.
2006, the ASME Performance Test Code Standards Committee restarted the PTC 40 Commijttee. This editior]

i

rican National Standard on May 23, 2017.

vii

of these

| its first

May 11,

. The Code was adopted by the American National Standards Institute as an American Nationdl Stapdard on

of ASME

10 addresses advances in new technology. Specifically, this edition applies to different typesof FGD systems:wet FGD,
FGD, and regenerable FGD. It applies the various U.S. Environmental Protection Agency (EPA) methods that exist

lis Code was approved by the PTC Standards Committee on March 13, 2017;.and approved and adopfed as an
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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

casef and attending Lommittee meetings. Lorrespondence 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 chahges that appear nec
desifable, as demonstrated by the experience gained from the application of the-Code. Approved revision
published periodically.

the paragraph number(s), the proposed wording, and a detailed description.of the reasons for the proposal, incly
pertinent documentation.

Prioposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early impleme
an approved revision when the need is urgent, or to provide rules'net covered by existing provisions. Cases are
immediately upon ASME approval and shall be posted on the(ASME Committee web page.

R¢quests for Cases shall provide a Statement of Need and‘Background Information. The request should idg
Cod¢ and the paragraph, figure, or table number(s), and beWritten as a Question and Reply in the same formata
Casdgs. Requests for Cases should also indicate the applicable edition(s) of the Code to which the proposed Cas

erpretations. Upon request, the PTC Standards Committee will render an interpretation of any requirem
. Interpretations can only be rendered in reésponse to a written request sent to the Secretary of the PTC S

is accessible at http://go.asme.orgy/InterpretationRequest. Upon submittal of the form, the Inquirer will r
atic 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 S
Comlmittee at the above address: The request for an interpretation should be clear and unambiguous. It is fur
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 tw

bssary or
s will be

Tie Committee welcomes proposals for revisions to this Code. Such proposals.should be as specific as possiljle, citing

ding any

tation of
effective

ntify the
existing
e applies.

bnt of the
fandards

brm. The
bceive an

tandards
ther rec-

b words.

Edition: Cite the applicable edition of the Code for which the interpretation is being req

ested.

Queption: 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

P rto o ol o +al]
y eSO 0T CP1y 15 atCCptantes

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.


https://asmenormdoc.com/api2/?name=ASME PTC 40 2017.pdf

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-€ommittee-Meetings—Fhe PTCStamdardsCommittee Tegutarty trotds Treetingsamd/orteteptome tonfer-
ences thdtare open to the public. Persons wishing to attend any meeting and/or telephone conference should contadt the
Secretary of the PTC Standards Committee. Future Committee meeting dates and locations can be found on the Commijttee
Page at http://go.asme.org/PTCcommittee.
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ASME PTC 40-2017

Section 1
Object and Scope

1-1 |OBJECT

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

(a) emissions reduction
() 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 ¢r other sulfur-dioxide-laden gas streams. The meth-
odollogy described in this Code may be adapted for assess-
menlt of removal of other emissions if agreed to by the
partjes to the test. The performance of an FGD system
is dpfined to be the characterization of inputs and
outfuts (see Figure 1-2-1).

This Code does not apply to removal of sulfur oxides
fron) 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
Uhtreated Treated
flue gas FGD System flue gas

— —

This Code covers the following types of syst¢ms:

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

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

(c) Regenérable 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, seawhter, 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 cost and value of the information obthined. To
accomplish this and because of the various FGD| systems
covered by this Code, this Code establishes an ugper limit
of the uncertainty of each parameter. Exceeding the upper
limit of any parameter’s uncertainty requirementis allow-
able only if it is demonstrated that the selection|of all in-
strumentation for a test will result in a test unfertainty
equal to or less than what it would have been had all para-
meters’ uncertainty requirements been followefd.

A pretest uncertainty analysis is required. It ferves to
establish the expected level of uncertainty for aftest. The
pretest uncertainty shall be calculated in accorddnce 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.

By-products Wastes [Note (1)]

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

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.


https://asmenormdoc.com/api2/?name=ASME PTC 40 2017.pdf

ASME PTC 40-2017

Table 1-3-1 Expected Test Uncertainties

Expected Uncertainty,

Parameter %
Measured SO, +5
SO, removal efficiency +1
Reagent consumption +5
Electrical power consumption +1.5
Water conSUMpTION by carcuiatton 10
Water confumption by direct measurement +2
Flue gas pressure drop +1.5
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Section 2
Definitions and Descriptions of Terms

2-1 |DEFINITIONS grit: impurities in as-received calcined limeg, e.
cined carbonate, hard-burned lime, insoluble
aluminates, sulfates, and ferrites, that.were in
stone before it was calcined. Gritkmay also
some external impurities, e.g., efractory brig
and tramp iron.

addifive: substance added to aliquid or gas stream to cause
a chpmical or physical reaction to enhance the SO, sorp-
tion|process; generally, the additive is not consumed as
part]of the absorption reaction. Other substances can be
addgd and should be recorded, but for the purposes of this

Cod¢, only those mentioned in subsection 1-2 are being  L/G ratio: liquid-to-gas ratio,is defined as the vq
addtessed. flow rate of reagent-laden‘liquid per volumetric
alkafinity: capacity of an alkaline material to neutralize of flue gas. Flue gas ySi@rhe is typically based on 5
S0, gas flow.

alkalinity, reactive: alkalinity determined by acid titration liquor: solutign e liquid and dissolved solids.
and pxpressed as moles of alkali per mole of SO, (absorbed purge strean: process stream that exits the FG
or iplet). and is considered part of waste streams. It is con

maintain FGD system operating parameters ar

alkafinity, total: theoretical expression of alkalinity deter- . o i
istry*within a certain value.

ming¢d from a chemical analysis of the material.
reagent: any chemical compound, usually an alkal
the FGD system either to remove SO, by chemica
or to regenerate another chemical compound.

by-pfroduct: material generated by the removal of SO, with
the FGD system that has commercial value.

consumption, compressed air: compressed air consumed

by the FGD system reagent liquor/slurry: medium by which one

reagents are added to an FGD system process.

tion, : ilati f all
consuimption, energy/power: compilation of allenergy/ reheat: heat-addition process by which the tempe

owgr inputs to the FGD system.

P P 4 the outlet flue gas (stack gas) from the abg
consumption, water: water added to the FGD system. increased.

effluent: stream exiting the FGD system, whether solid, removal efficiency (%R): ratio of removed SO, to i
liquid, or gas (except treated flQiegas). expressed in percent.

emission rate (Esoz): mass rate/at which SO is emitted.  ryp: asused throughout this Code, a subdivision o
entrfiinment: suspension of liquid droplets in the flue gas A run consists of a complete set of observat
stream. recorded data taken at regular intervals, m3

flue lgas: gaseous products of combustion period of time with the independent variables m:

flue|gas desuylfurization (FGD) system: the process and the test.
equipment employed to remove sulfur oxides from flue

gas pr other sulfur-oxide-laden gas stream. The system slurry: mixture of liquid and suspended solids.

b., uncal-
silicates,
he lime-
include
k pieces

lumetric
flow rate
aturated

D system
rolled to
d chem-

i, used in
reaction

or more

rature of
orber is

hput SO,,

f the test.
ons and
de for a
intained

constant within the variations permitted by the parties to

8°F) for

ma standard conditions (S): defined as 20°C (6
CONVETSIoN Of the Sulfur oxides to an essentially nonvo- o2
latile sulfur species for disposal or other use. The to- spheric pressure.

or atmo-

be-treated gas stream or streams are typically generated  steqdy state: condition of the system when transients (e.g,
by the combustion of fossil fuels, but may include other gas pressure, temperature, concentration, and flow rate) in

streams (e.g., from smelting processes). The definition of  {4e system have dampened out and the system is
FGD system in this Code does not address the removal of 5] and thermodynamic equilibrium.

sulfur oxides from gases directly during the combustion
process.

in chem-
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Table 2-2.1-1 Symbols and Descriptions of Constants

Values and Units

Symbol Description Metric Customary Industry Customary
K Concentration conversion factor 1 1 1.660 x 1077 (Ib/dscf)/ppm
K, Mass conversion factor 1 kg/10° mg 1
Mcacos Molecular weight of CaCO3 100.09 kg/kg-mol 100.09 g/g-mol 100.09 1b/Ib-mol

Mcao Molecular weight of CaO 56.08 kg/kg-mol 56.077 g/g-mol 56.08 1b/Ib-mol

Mso2 Molecular weight of SO, 64.06 kg/kg-mol 64.064 g/g-mol 64.06 1b/1b-mol

N Normality of acid solution 2 2 2

Pgta Standard absolute pressure 1.013 x 10° N/m? 7.60 x 10> mm Hg 2.992 x 10" in Hg

[Note (1)]

R Ideal gas constant 3] (mm Hg)m® (h.He)f>

8314 X 1077 —— 6236 x 1028 5185 108
(kg-mol)K 36 X (g-mol)K X (Tb-mol )°R
Tsta Standard absolute temperature (20°C/68°F) 293.16 K 293.16 K 527.67°R

NOTE: (1] N/m? = Pa.

stoichiometric ratio, inlet basis (SRI): moles of reactive
alkali added per moles of SO, inlet. SRI is normally
used in dry-scrubbing processes (e.g., spray dryers, circu-
lating-drjy-scrubbers type dry reactors).

stoichiometric ratio, removal basis (SRR): moles of reactive
alkali adfed per moles of SO, removed. SRR is normally
used in et scrubbing processes.

temperature, adiabatic saturation: for a given mixture of
gas and yapor, temperature below which no more vapor
can be aflded at specified conditions (partial pressure of
vapor is pqual to vapor pressure of the liquid at the gas=
vapor mjxture temperature).

temperature, approach to adiabatic saturation: difference
between the actual temperature of a given gas-vapor
mixture|and the adiabatic saturation temperature of
that gastvapor mixture.

test: thrqughout this Code, the word “test” is applied only
to the entire performance evaluation.

waste: material generated by thé removal of SO, with the
FGD sysfem that has no_eemmercial value and requires
disposalj it may include{urge streams.

2-2 DESCRIPTIONS OF TERMS

2-2.1 Cpnstant Terms

tical measurement deyicesand are the standard units fised
in the industry.

2-2.2 Variable )Terms

The variables shown in Table 2-2.2-1 are defined i the
same three’sets of units as are shown in Table 2-2.1-1| The
Metri¢/Customary or Industry Customary units are fnost
commonly used in testing.

2-3 ABBREVIATIONS

The following abbreviations are used throughout the
text of this Code:

acfm: actual cubic feet per minute

AR: absorber recycle

Ar: argon

As: arsenic

BODs: biological oxygen demand during 5 days of incu-
bation (by aerobic biological organisms to break down
organic material)

C: carbon

CaCl,: calcium chloride

CaCOj3: calcium carbonate

Ca0: calcium oxide

Ca(OH);,: calcium hydroxide

CaSO3: calcium sulfite

CaS0y: calcium sulfate

Cd pa| H

The comstamts SOWIT 1T Table 2=2-1=1are defimed 1
three different sets of units. In this Code, International
System (SI) units are the primary units, and Metric
Customary (MC) units and U.S. Industry Customary
(IC) units are provided as secondary units. These
terms are used in Section 5 and elsewhere in this Code.

Some of the U.S. Industry Customary units are
seemingly unusual combinations of other sets of units
[e.g., concentration conversion factor Ky = 1.660 x 107/
(Ib/dscf)/ppm]. These units arise from their use in analy-

CEMS: continuous emission monitoring system
Cl: chloride

Co: cobalt

CO,: carbon dioxide

COD: chemical oxygen demand

Cr: chromium

Cu: copper

dscf: dry standard cubic foot

EPA: U.S. Environmental Protection Agency
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EPRI: Electric Power Research Institute ppmdv: parts per million by dry volume

F: fluoride R;03: generic expression from trivalent metal oxides,
Fe,03: iron oxide with R (including Fe, Al, Cr)
FGD: flue gas desulfurization RATA: relative accuracy test audit

H: hydrogen

HCI: hydrochloric acid

Hg: mercury

HHV: higher heating value
H,0: water

Sar: sulfur content in coal, as received
scf: standard cubic feet

scfm: standard cubic feet per minute
scm: standard cubic meter

Se: selenium

MPBtu: one million British thermal units (in the United
s, often referred to as MMBtu or mmBtu)
R: maximum continuous rating condition (of a

r)
CO3: magnesium carbonate

0: magnesium oxide

(OH),: magnesium hydroxide

! manganese

: nitrogen gas

HCO3: sodium bicarbonate

OH: sodium hydroxide

: oxygen

M: original equipment manufacturer
: lead

SEM: scanning electron microscope
Si0O,: silicon dioxide (silica)

SO,: sulfur dioxide

SOs: sulfite ion

SO4: sulfate ion

SRI: stoichiometric ratio, inlet based
SRR: stoichiometric ratio, removal based
TDS: total dissolved solids

TGA: thermogravimetricvanalysis
TSS: total suspended,solids

V: vanadium

XRF: x-ray fluorescence

Zn: zinc
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Section 3
Guiding Principles

3-1 INTRODUCTION

This S¢ction provides guidance on the conduct of overall

plant te

ting, and outlines the steps required to plan,

conduct, and evaluate a Code test of FGD system

perform

nce.

This (ode includes procedures for testing the FGD
system to determine various types of test goals. It also

provideq

specific instructions for multiple-party tests

conductgd to satisfy or verify guaranteed performance

specified

in a commercial agreement.

3-1.1 Test Goals

The g

al of this Code is to establish the performance

level of dn FGD system for the established design condi-

tions. Th
to guara

e testing includes comparing actual performance
htee or reference performance for the following

criteria 3s applicable:
(a) pdrcent SO, removal efficiency

(b) ac
(c) re

fual SO, emission rate
hgent consumption as a stoichiometric value<or

actual mfass rate

(d) w

ter and compressed air consumption

(e) wastewater flow rate and characterization

(f) by
(g) el

product characterization
pctric power consumption

(h) pressure drop
(i) stgam use

3-12 G

eneral Precautions

Reasdnable precautions should be taken when
preparing to conduct a)Code test. Indisputable records

shall be
to be te
Descrip
used to

made to jdentify and distinguish the equipment
ted andthe exact method of testing selected.
ions, drawings, or photographs all may be
Serve as a permanent, explicit record.

3-1.3 Agreements and Compliance to Code
Requirements

This Code is suitable for use whenever_perform
shall be determined with minimumruncertainty. S
adherence to the requirements spécified in this Co
critical to achieving that objective.

3-1.4 Acceptance Tests

This Code may be intorporated by reference
contracts to serve aga'means to verify commercial g
antees for FGD syStem performance. If this Codeis use
guarantee acceptance testing or for any other tests w
there are multiple parties represented, those parties
mutually. agree on the exact method of testing and
methods*of measurement, as well as any deviat
from the Code requirements.

3-1.4.1 Prior Agreements. The parties to the test
agree on all material issues not explicitly prescribed b
Code as identified throughout the Code and summat
as follows:

(a) approval of the test plan by all parties to the]

(b) designation of representatives from each o
parties to the test

(c) contract or specification requirements regarj
operating conditions, base reference conditions, pe
mance guarantees, test boundary, and environme
compliance

(d) requirements in support of a Code test, incly|
test fuel supply and thermal and electrical host’s abilj
accept loads

(e) notification requirements prior to test preparg
to ensure all parties have sufficient time to be presen
the test

(f) reasonable opportunity to examine the plant]

hnce
trict
e is

into
uar-
d for
here
chall

the
ions

chall
 the
ized

test
the

ding
[for-

ntal

ding
ty to

tion
t for

and

agree that it is ready to test

Instrum

TIt focation sirattbe predetermmined, agreed to

by the parties to the test, and described in detail in
test records. Redundant, calibrated instruments should
be provided for those instruments susceptible to in-
service failure or breakage.

(g) modifications to the test plan based on preliminary

testing
(h) valve lineup checklist

(i) operations of equipment outside of the suppliers’

instructions
(j) plant stability criteria prior to starting a test

(k) permissible adjustments to plant operations during

stabilization and between test runs
(1) duration of test runs
(m) resolution of nonrepeatable test run results
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(n) criteria for rejection of test readings

3-1.4.2 Data Records and the Test Log. A complete set
of data and a complete copy of the test log shall be
provided to all parties to the test. All data and records
of the test shall be prepared to allow for clear and
legible reproduction. The completed data records shall
include the date and time of day the observation was
recorded. The observations shall be the actual readings

without-application-o 0 a ment correction he

test|log should constitute a complete record of events.

prepared forms that constitute original data sheets
authenticated by the test participants’ signatures.
Whdre automatic data collection methods are used,
prinfed output or electronic files shall be authenticated
by the test coordinator and other representatives of
the parties to the test. When no paper copy is generated,
the parties to the test shall agree in advance to the method
used for authenticating, reproducing, and distributing the
datal The electronic data files shall be copied onto elec-
tronfc media and distributed to each of the parties to the
test.|The data files shall be in a format that is easily acces-
siblg to all.

3-1.5 Test Boundary

The test boundary identifies the energy streams that
shal] be measured to calculate corrected\results. The
test|boundary is an accounting concept ‘used to define
the §treams that shall be measured tovdetermine perfor-
manjce. All input and output energystreams required for
test falculations shall be determinedwith reference to the
point at which they cross the'boundary. Energy streams
withlin the boundary need fiot be determined unless they
verify base operating conditions or they relate function-
ally to conditions oufside the boundary.

The methods and{procedures of this Code have been
developed to proevide flexibility in defining the test
boundary forsa*test. In most cases, the test boundary
enc¢mpasses all equipment and systems on the FGD
systlem Site. However, specific test objectives may
manidate a different test houndary

(g) treated flue gas

For a particular test, the specific test boundary shall be

established by the parties to the test.

3-1.6 Required Measurements

Some flexibility is required by this Code in defining the
test boundary, since it is somewhat dependent on a parti-

cular plant design. In general, measurements or
nations are required for the following:

(a) Flue Gas Flow. Flue gas flow is measured\in
of the FGD system. The location for volume
measurement should be selected based)on thg
reasonable accuracy that canybe ob
Measurement points in ducts should have at le
equivalent diameters straightdength upstream
equivalent straight lengths downstream f
measurement point. May, FGD systems do
the space to allow optimal flow measureme
FGD system inlet. Thedutlet ducting may also hay
timal locations for flow measurement. An eng
analysis for a flow straightener may be deve
ensure adequate flow measurement accuracy. If
work deSign’ is not suitable for flue gas flow j
ments) the flue gas flow from the boiler
caléulated using heat and mass balance arg
boiler. This calculation can also be used to con
gas flow measurements completed at the FGD sys

As an alternative, the flue gas flow may be me
the stack. Stack flow measurement may be prefer
emissions testing ports are generally available,
upstream and downstream straight lengths are :
and emissions compliance monitoring is often c
concurrently with the FGD system performancg

If the stack is the location for the flow meas
careful evaluation of potential error in the meas
should be made. Flue gas leakage or air in-leaka
tial should be considered.

determi-

to or out
ric flow
highest
tained.
st eight
and two
Fom the
ot have
t at the
e subop-
ineering
loped to
the duct-
heasure-
may be
und the
firm flue
eminlet.
sured at
red since
ufficient
vailable,
nducted
test.
irement,
urement
be poten-

(b) Reagent(s) or Additives. The quality, analysis, and

quantity of reagent or other chemical additi
affect the corrected removal efficiency or corre
chiometric ratio shall be determined for correcti
design conditions. Corrections for reagent injed
are limited to variations attributable to dif]

between test and design reagent characteristics.

(c) Energy/Power. The total power consumpti

ves that
ted stoi-
on to the
tion rate
ferences

n forthe

installed equipment is determined through tH

e use of

For this Code to apply, the test boundary shall encom-
pass a discrete FGD system. This means that the following
energy streams shall cross the boundary:

(a) untreated flue gas

(b) reagent(s)/additives

(c) energy/power

(d) water/air

(e) by-products

(f) wastes

watt-hour meters, and the total average power C

onsump-

tion is determined by averaging continuous amperage
measurements at the electrical feeds to the switchgear.
These tests shall determine the maximum instantaneous
and average power requirements over the test period(s).

(d) Water and Air. The installed flowmeters at the tie-in
points shall be used to continuously measure the
consumption of water and/or air. These values shall
then be corrected for process variations (gas temperature,
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composition, etc.) prior to being compared to the guaran-
teed values.

(e) Waste and/or By-Product. The quality and quantity
of waste or by-products are dependent on the specifica-
tion requirements that may include excess reagent
measured in the by-product. To test the quality of the
waste or by-products, samples shall be taken and analyzed
for each test run or based on an overall composite.
Quantities of liquid or solid waste or by-products need

3-2.2 Test Team

The test plan shall identify the test team organization
that shall be responsible for the planning and preparation,
conduct, analysis, and reporting of the test in accordance
with this Code. The test team should include test personnel
needed for data acquisition, sampling and analysis, and
operations; other groups needed to support the test

preparations and implementation; and outside laboratory
aad

to be mdasured by applicable test methods.

3-1.7 Criteria for Selection of Measurement
Locations

Measy
lowest 14
location
mentloc
paramet

rement locations are selected to provide the
vel of measurement uncertainty. The preferred
s at the test boundary, but only if the measure-
htion is the bestlocation for determining required
brs.

3-18 S

The specific measurements required for a test depend
on the particular FGD system design and the testboundary
required| to meet the specific test intent.

pecific Required Measurements

3-19 D
c

During the design phase of the FGD system, considera-
tion should be given to accurately conducting acceptance
testing for its performance. Consideration should also be
given to|the requirements of instrumentation accuracy,
calibratipn, recalibration, documentation requirements,
and location of permanent plant instrumentation to be
used for|testing. Adequate provisions for installation of
temporaly instrumentation where plant instrumentation
isnotadg¢quate to meet the requirements of this Code shall
also be donsidered during the design_stages.

esign, Construction, and Start-Up
pnsiderations

3-2 TEST PLAN

A dethiled test plan,shall be prepared prior to
conducting a Code test\to document all issues affecting
the condlict of the testand to provide detailed procedures
for perfqrming the test.

The tept plafshould include the schedule of test activ-
ities, desjgnation and description of responsibilities of the
test team

3-2.1 Schedule of Test Activities

A test schedule should be prepared that includes the
sequence of events and anticipated time of test, notifica-
tion of the parties to the test, test plan preparations, test
preparation and conduct, and preparation of the report of
results.

10

Ot e T—StrvIcess

A test coordinator shall be designated and, sha
responsible for executing the test in accordance pith
the test requirements. The test coordinator shall be
responsible for establishing a communication plap for
all test personnel and all parties to thetest. The test door-
dinator shall also ensure that completewritten recorfls of
all test activities are prepared,and maintained. The| test
coordinator shall coordinate thé setting of required dper-
ating conditions with the-plant operations staff.

The parties to the testishall observe the test and confirm
that it was conducted‘in accordance with the test reqpire-
ments. They should also have the authority, if necessaty, to
approve any agreed-upon revisions to the test reqfire-
ments duringthe test.

Itis recommended that the test team meets the req
ments of ASTM D7036 or ISO 17025.

I be

lire-

3-2.3 Test Procedures

that
wing

The test plan should include test procedures
provide details for the conduct of the test. The follo
are included in the test procedures:

(a) object of test

(b) method of operation

(c) test acceptance criteria for test completion

(d) base reference conditions

(e) defined test boundary identifying inputs
outputs and locations of measurements

(f) operating, performance, and environmejntal
requirements

(g) complete pretest uncertainty analysis, with
systematic uncertainties established for each meadure-
ment and an estimate of random uncertainties

(h) specific type, location, and calibration reqi

and

systems, and frequency of data acquisition
(i) measurement requirements for applicable e

and frequency and method of recording

(j) sample, collection, handling, and analysis method
and frequency for fuel, reagent, by-product, etc.

(k) method of plant operation

(1) identification of testing laboratories to be used for
fuel, reagent, reactivity, and by-product analyses

(m) required operating disposition or accounting for
all internal thermal energy and auxiliary power consum-
ers having a material effect on test results
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(n) required levels of equipment cleanliness and
inspection procedures

(o) procedures to account for performance degrada-
tion, if applicable

(p) valve lineup requirements

(q) preliminary testing requirements

(r) pretest stabilization criteria

(s) required steadiness criteria and methods of main-
taining operating conditions within these limits

either permanent plant instrumentation or temporary
test instrumentation.

3-3.2 Data Collection

Data shall be recorded by automatic data-collecting
equipment or by a sufficient number of competent obser-
vers. Automatic data logging and advanced instrument
systems shall be recently calibrated to the required accu-
racy. No observer shall be required to take so many read-

(t) allowable variations from base reference condi-
tiong, and methods of setting and maintaining operating
conditions within these limits

(W) number of test runs and durations of each run

(V) test start and stop requirements

(W) data acceptance and rejection criteria

(x) allowable range of fuel, reagents, additives, and
othegr inputs

0/ correction curves with curve-fitting algorithms,
fourldation data, or a performance model

(7) sample calculations or detailed procedures speci-
fying test-run data reduction, and calculation and correc-
tion|of test results to base reference condition

(da) the method for combining testruns to calculate the
final test results

(hb) requirements for data storage, document reten-
tionf and test report distribution

(ck) testreport format, contents, inclusions, and index

3-3|TEST PREPARATIONS

Alll parties to the test shall be given timely notification,
as dpfined by prior agreement, to allow them the heces-
sary| time to respond and to prepare personnel, equip-
menft, or documentation. Updated information should
be provided as it becomes known.

A fest log shall be maintained during the test to record
any pccurrences affecting the test,'the time of the occur-
rende, and the observed resultantéffect. This log becomes
part{of the permanent record-of the test.

The safety of personiél and care of instrumentation
involved in the test should be considered. For example,
personnel should have safe access to test point locations,
and [should be provided with suitable utilities and safe
work areas./Appropriate measures should be taken to
preyent extréme temperature, vibration, or other
ambfient-conditions from damaging instrumentation or
shiffing its calibration.

ings that lack of time may result in insufficient|care and
precision. Consideration shall be given to specifying dupli-
cate instrumentation and taking simultaneous [readings
for certain test points to attain the'specified hccuracy
of the test.

3-3.3 Location and Identification of Instruments

effect of
berature
used in
ment to
ruments
sionand
shall be
fication.
ionships
he test.
1l on the

Transducers shall be lo€ated to minimize the
ambient conditions,e.g., temperature or tem
variations, on ungertainty. Care shall be
routing lead wirés to the data collection equij
prevent electfical noise in the signal. Manual ins
shall be located so that they can be read with prec
convenience by the observer. All instruments
marked uniquely and unmistakably for ident
Calibration tables, charts, or mathematical rela
slidll be readily available to all parties to
Observers recording data shall be instructe
desired degree of precision of readings.

3-3.4 Test Personnel

Test personnel are required in sufficient numhber and
expertise to support the execution of the test (se¢ para. 3-
2.2). Operations personnel shall be sufficiently familiar
with the test operating requirements to operate the equip-
ment accordingly.

3-3.5 Equipment Inspection and Cleanlingss

Since an ASME PTC 40 test is not intended td
detailed information on individual components,
does not provide corrections for the effect of ar
ment that is not in a clean and functional state
conducting a test, the cleanliness, condition, and
equipment should be determined by inspection pf equip-
ment and/or review of operational records. [Cleaning
should be completed prior to the test, and equipment

provide
his Code
y equip-
Prior to
ge of the

Documentation shall be developed or be made available
for calculated or adjusted data to provide independent
verification of algorithms, constants, scaling, calibration
corrections, offsets, base points, and conversions.

3-3.1 Test Apparatus

Instrumentation used for data collection shall be atleast
as accurate as instrumentation identified in the pretest
uncertainty analysis. This instrumentation may be
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cleanliness agreed upon by the parties to the test.

The plant should be checked to ensure that equipment
and subsystems are installed and operating in accordance
with their design parameters and that the plantis ready to
test.

When the manufacturer or supplier is a party to the test,
they should have reasonable opportunity to examine the
equipment, correct defects, and render the equipment
suitable to test. The manufacturer, however, is not
thereby empowered to alter or adjust equipment or
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conditions in such a way that regulations, contract, safety,
or other stipulations are altered or voided. The manufac-
turer may not make adjustments to the equipment for test
purposes that may prevent immediate, continuous, and
reliable operation at all capacities or outputs under all
specified operating conditions. Any actions taken shall
be documented and immediately reported to all parties
to the test.

3-4.1.1 Starting Criteria. Prior to the start of each
performance test, the following conditions shall be
satisfied:

(a) Test Requirements. The agreed-upon test require-
ments for operation, configuration, and disposition for
testing have been met, including

(1) equipment operation and method of control unit
configuration, including required process waste or by-

if equip
instrum
adequac
personn
prelimin
prelimin|
calculati

product flow

inary test runs, with records, serve to determine

ent is in suitable condition to test, to check
bnts and methods of measurement, to check
y of organization and procedures, and to train
], All parties to the test may conduct reasonable
hry test runs as necessary. Observations during
ary test runs should be carried through to the
bn of results as an overall check of procedure,

layout, and organization. If such a preliminary test run

complie
appropr
run wit
Reasons
limited 4
(a) to
suitable
(b) to
evident
(c) to
and datd
(d) to

mined b

5 with all the necessary requirements of the
ate test code, it may be used as an official test
hin the meaning of the applicable code.
for a preliminary run may include, but are not
p, the following:

determine whether the plant equipment is in
condition for the conduct of the test

make adjustments, the needs of which were not
luring the preparation of the test

check the operation of all instruments, controls,
acquisition systems

ensure that the estimated uncertainty as deter-
 the pretest analysis is reasonable by chécking

the complete system

(e) to
tained in
(f) to
and anal
3-4.2.5-1
interrup

(9) to
are not ¢

ensure that the facilities operation can be main-
a steady-state performance

ensure that the fuel and reagent characteristics
yses are within permissible linlits (refer to Table
), and that sufficient quantity is on hand to avoid
ing the test

ensure that processbeundary inputs and outputs
pnstrained otherthan those identified in the test

(2) valve lineup

(3) availability of consistent fuel and reagetlt(s)

within the allowable limits for the test (by~analys
soon as practicable preceding the test)
(4) plant operation within the boundsof the pe
mance correction curves, algorithms, or programs
(5) equipment operation within agreed-upon li
and operating modes
(6) for a series of test ruhs, completion of inte
adjustments required forCrepeatability
(b) Stabilization. The'plant has operated for a suffi
period of time at testload to demonstrate and verify
bility in accordange with the criteria in para. 3-4.2.
(c) Data Collection. Data acquisition system or sys
are functioning, and test personnel are in place and r
to collect, samples or record data.

3-4(1:2 Stopping Criteria. Tests are normally stoj
when the test coordinator is satisfied that requirem
for a complete test run have been satisfied (see para
4.4 and 3-4.5). The test coordinator should verify
methods of operation during test, specified in par
4.2, have been satisfied. The test coordinator
extend or terminate the test if the requirementg
not met.

Data logging should be checked to ensure complete}

s as
for-
mits
rnal

ient
sta-

ems
bady

ped
ents
S. 3-
that
h. 3-
may
are

ness

and quality. After all test runs are completed, equiptnent

operating only for purposes of the test (such as
steam) should be secured and, if appropriate, opers:
control should be returned to normal dispatch funct

3-4.2 Methods of Operation Prior to and Dur
Tests

vent
tion
ons.

ng

requirenpents
(h) toffamiliarizétest personnel with their assignments
(i) to fretrieve\Sufficient data to fine-tune the control
system if necessary

3-4 CONDU

This subsection provides guidelines on the actual
conduct of the performance test.

3-4.1 Starting and Stopping Tests and Test Runs

The test coordinator is responsible for ensuring that all
data collection begins at the agreed-upon start of the test,
and that all parties to the test are informed of the starting
time.

12

All equipment necessary for normal and sustajned
operation at the test conditions shall be operfted
during the test or accounted for in the corrections.
Intermittent operation of equipment within the|test
i edable

to all parties.

Operating equipment includes, but is not limited to,
material handling equipment, wastewater treatment
equipment, environmental control equipment, and
sump pumps.

3-4.2.1 Operating Mode. The operating mode of the
plant during the test should be consistent with the
goal of the test. The corrections used in the general
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Table 3-4.2.4-1 Test Proximity to Design Conditions

Parameter

Sulfur loading at inlet to FGD
system process

Test Criteria [Note (1)]
<20% differential

Flue gas mass flow rate 90% to 100% of design/

performance point
+10°C (18°F)

< maximum design rate

Average inlet flue gas temperature
Fly ash mass loading

Reag,

3-4.2.3 Equipment Operation. Plant equipment
required for normal plant operation shall be operated
as defined by the respective equipment suppliers’ instruc-
tions (to support the overall objectives of the plant test).
Equipment that is necessary for plant operation or that
would normally be required for the plant to operate at
base reference conditions shall be operating or accounted
for in determining auxiliary power loads. An equipment
checklist for electrical auxiliaries shall be developed.

Rt vnc\/‘fivify Within-contractual-or c\gvnn/‘]
upon limits

Within contractual or agreed-
upon limits

Reagent purity

NOTH: (1) Contract or agreed-upon criteria may be different and, if
so, may be substituted for the values listed in this Table.

perfprmance equation and the development of correction
curvles are affected by the operating mode of the plant.

The plant equipment should be operated in a manner
congdistent with the basis of design or guarantee, and that
will [permit correction from test operating conditions to
basq reference conditions.

344.2.2 Valve Lineup and System Isolation. A system
isoldtion checklist shall be developed to meet the goals of
the fest. The checklist should be divided into three cate-
gories, as follows:

(a) Manual Valve Isolation Checklist. The manual valve
isoldtion checklist should be a list of manual valves that
shoyld be closed during normal operation, and that affect
the accuracy or results of the test if they are not secured:
Thege valve positions should be checked before and after
the fest.

(h) Automatic Valve Isolation Checklist. Thé.automatic
valv isolation checklist is a list of valves\that should be
closg¢d during normal operation but anay, from time to
timg, cycle open. As in (a), these-are the valves that
affegt the accuracy or results of-the’ test if they are not
secured. These valve positiops should be checked prior
to tHe preliminary test and/monitored during subsequent
testing. (To the extent &vailable from the plant control
systeém, these valve pesitions should be continually moni-
torefl during the tést:)

(c) Test Valveisolation Checklist. The test valve isola-
tion|checklistis'a list of those valves that should be closed

durlEg the performance test. These valves should be

limited“o ‘'valves that shall be closed to accurately
meapure the FGD system performance during the test.

The equipment checklist shall include a tabulatjon of the
required operating disposition of all electriclandfnonelec-
tric internal energy consumers that haveythe potential to
affect corrected FGD system performance by morg than 25
kW, as well as the actual status during testing, provided
the total energy consumption of small energy ugers does
not add up to more than 2%:

Any changes in equipment operation that affect test
results by more than 2% will invalidate a tesf run, or
may be quantified and-inicluded in test result calqulations.
A switchover to,redundant equipment, e.g., a|standby
pump, is permissible. Intermittent nonelectrical internal
energy consumption and electrical auxiliary ldads, e.g.,
prorating op proportioning, shall be account¢d for in
an equitable manner and applied to the power donsump-
tion ofa complete equipment operating cycle over the test
period. Examples of intermittent loads include waste-
Water treatment regeneration, makeup watdr pump,
material handling, FGD system purge, heat tra¢ing, and
flue gas reheating.

3-4.2.4 Proximity to Design Conditions. It is ¢lesirable
to operate the plant during the test as closely as pgssible to
the base reference performance conditions, and within the
allowable design range of the plantand its equipnjent so as
to limit the magnitude of corrections to removal gfficiency
and stoichiometric ratio. Table 3-4.2.4-1 was dgveloped
based on limiting the overall test uncertainties. Excessive
corrections to plant performance parameters can
adversely affect overall test uncertainty. To maintain
compliance with Code requirements, the acfual test
should be conducted within the criteria given|in Table
3-4.2.4-1 or other operating criteria that gesult in
overall compatibility with test uncertainty targpts.

3-4.2.5 Stabilization. The length of operating time
necessary to achieve the required steady state should
depend on previous operations; see Table 3-4.2.5-1.

No valves normally open should be closed for the sole
purpose of changing the maximum performance of the
plant.

The valves on the test valve isolation checklist should be
closed prior to the preliminary test. The valves may need
to be opened between test runs.

Effort should be made to eliminate leaks through valves
thatare required to be closed during the test, and to deter-
mine the magnitude of any valve through-leakage if elim-
ination is not possible.
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3-4.2.6 Boiler Load. A test may be conducted at any
load condition, as required to satisfy the goals of the
test. At no time should the actual test conditions
exceed any equipment ratings provided by the
manufacturer.

3-4.2.7 Fuel and Reagent(s). Consumption and prop-
erties of fuel and reagent(s) should be maintained as
constant as practicable for the duration of the preliminary
test and actual test. Permissible deviations in fuel
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Table 3-4.2.5-1 Stabilization Parameters for FGD System

Maximum Allowable Variation in Parameters for Wet and Dry FGD System

From 48 h to 8 h Prior to

From 8 h Prior to Data Collection Through

Parameter Data Collection [Note (1)] Data Collection [Note (1)]
Boiler load, MW gross [Note (2)] 20% 5%
Absorber gas flow, scfm [Note (2)] 20% 10%
FGD system inlet temperature 30°C (54°F) 15°C (27°F)
Boiler 0, 2.0% 0.5%
FGD systefir mlet sutrur, 1o/ MBtUO_[Note (2)]  20% T0%
FGD systen inlet particulate loading, Not to exceed design basis Not to exceed design basis
Ib/MBty
Absorber /slurry pH [Note (3)] 0.3 pH 0.1 pH
Absorber /frecycle slurry density Percent of solids varies by not more Percent of solids varies by not more than 1%
than 2%
Reagent slurry Percent of solids varies by not more Percent of solids varies by not more than 2%

than 2%

Number of absorber recycle (AR) pumps,
atomize}s, and spray nozzles in service

Per design basis

for wet FGD{system and not more thaph 1%
for dry FEGD system

Per design basis

Absorber /slurry density set point Per design basis Per/design basis
Emission ¢r SO, removal control set point Per design basis Per design basis
NOTES:

(1) The hpurly durations are given as a guide only and may vary greatly depending.on project-specific conditions. The stabilization period
requitjed is dependent on process design and operating conditions that impact’the residence time of reagent in the process. For confplete

steady-state conditions, sufficient time is required to allow turnover of solids.orliquids in the process. Sulfur level of the test fuel as compared
to the maximum design sulfur level is a major consideration in the length ofstabilization required. The specific stabilization periods shoild be
agreedl to by the parties to the test.

(2) Variatjon shall be calculated as the difference between the high+and low values.

(3) Appligs to wet FGD system only.

propertigs for various fuels and components are spécified should function automatically unless the controlq are

in Table|3-4.2.4-1. required to be operated manually to maintain staljility

3-4.2.8 Emissions. Throughout the tests; the plant
shall be|operated in accordance with,the emissions
limits outlined in the test plan.

3-4.3 Adjustments Prior to-and During Tests

3-4.3.] Permissible Adjustments During Stabilization
Periods pr Between Test)Runs. Any adjustments may be
made to [the equipmentiand/or operating conditions, but
the requiirements, for>determination of stable operation

Recalibration of suspected instrumentation or measure-
ment loops is permissible. Tuning and/or optimization of
the FGD system is permissible. Adjustments to avoid
corrections or to minimize the magnitude of performance
corrections are permissible.

3-4.3.2 Permissible Adjustments During Test Runs.
Permissible adjustments during tests are those required
to correct malfunctioning controls, maintain equipmentin
safe operation, or maintain plant stability. FGD systems

14

criteria. Switching from automatic to manual control,
and adjusting operating limits or set points of instrunients
or equipment, should be avoided during a test.

3-4.3.3 Impermissible Adjustments. Any adjustments
that would result in equipment being operated beyond
manufacturer’s operating, design, or safety limits §nd/
or specified operating limits are not permitted.
Adjustments or recalibrations that would adversely
affect the stability of a primary measurement during a
test are also not permitted.

and

3-4.4 Duration of Runs, Number of Test Runs,

3-4.4.1 Duration of Runs. A test run shall be of suffi-
cient duration to ensure that the data reflects the average
efficiency and/or performance of the FGD system.
Potential deviations in the measurable parameters due
to controls, fuel, and typical plant operating characteris-
tics should be considered when determining test run dura-
tion. The recommended test durations are shown in Table
3-4.4.1-1.
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The test coordinator may determine that a longer test
period is required. The recommended times shown in
Table 3-4.4.1-1 are generally based on continuous data
acquisition. Depending upon the personnel available
and the method of data acquisition, the length of a test
may need to be increased to obtain a sufficient
number of samples of the measured parameters to
attain the required test uncertainty. When point-by-
pointtraverses are required, the test run should be of suffi-

precision component of uncertainty may be calculated
directly from the test results.

The results of multiple runs shall be averaged to deter-
mine the mean result. The uncertainty of the result is
calculated in accordance with ASME PTC 19.1.

3-4.4.4 Number of Readings. Sufficient readings shall
be taken within the test duration to yield total uncertainty

consistent with frequency and timing of durations. Ideally
atleast 30 sets of data should be recorded forall non nte-

cientlength to complete atleast one full traverse. Test runs
using blended or waste fuels may also require longer dura-
tions if variations in the fuel are significant. Test run dura-
tion sh¢uld consider transit times of samples to
measurement devices.

3-4.4.2 Number of Test Runs. Arunisacomplete set of
observatfions with the unit at stable operating conditions.
A test is|the average of a minimum of 3 runs.

After ¢gompletion of the first test run that meets the
criteria for an acceptable test run (that may be the pre-
liminary|test run), the data should be consolidated, and
preliminpry results calculated and examined to ensure
that the [results are reasonable.

3-4.48 Evaluation of Test Runs. When comparing
results ffom two test runs (X; and X;) and their uncer-
tainty infervals, the parties to the test should consider
the following three cases that are illustrated in Figure
3-4.4.3-1

(a) Case 1. A problem clearly exists when there is no
overlap|between uncertainty intervals. One of the
following is likely the cause: uncertainty intervals have
been grpssly underestimated, an error exists in-the
measurgments, or the true value is not cohstant.
Investigdtion to identify bad readings, or overleoked or
underesfimated systematic uncertainty, ete, iS necessary
to resolye this discrepancy.

(b) Cdse II. When the uncertainty intervals completely
overlap, ps in this case, one can beonfident that there has
been a proper accounting of all major uncertainty compo-
nents. The smaller uncertainty interval, X, * U,, is wholly
containefd in the interval, % + U;.

(c) Case IIl. This case€jwhere a partial overlap of the
uncertaipty exists,is.the most difficult to analyze. For
both test run réstlts and uncertainty intervals to be
correct, the triewvalue lies in the region where the uncer-
tainty inftervals overlap Consequently, the larger the
overlap, lthe
the measurements and the estimate of the uncertalnty
intervals. As the difference between the two measure-
ments increases, the overlap region shrinks.

Should a run or set of runs fall under Case I or Case III,
the results from all of the runs should be reviewed in an
attempt to explain the reason for excessive variation. If the
reason for the variation cannot be determined, then either
increase the uncertainty band to encompass the runs to
make them repeatable, or conduct more runs so that the

16

grated measurements of primary parameters and yari-
ables. There are no specific requirements, for| the
number of integrated readings or for measurements of
secondary parameters and variables foxn each test rjun.

Multiple instruments should be msed as needegd to
reduce overall test uncertainty. The*frequency of data
collection is dependent on the particular measurement
and the duration of the test,“Po the extent practical, at
least 30 readings should-be‘collected to minimizq the
random error impact onthepost-test uncertainty analysis.
The use of automated«data acquisition systems is re¢om-
mended to facilitate\acquiring sufficient data.

Calibration or-adequate checks of all instruments
be carried outy and those records and calibration rey
shall be made available to the test personnel.

chall
orts

3-4.4.5 Sample Quantities. Sufficient sample qupnti-
ties\for chemical analysis shall be taken within the]test
daration.

3-5 CALCULATION AND REPORTING OF RESULTS

The data taken during the test should be reviewed
rejected in part or in whole if it is not in compliance
therequirements for the constancy of test conditions.
Code test shall include pretest and post-test uncerts
analyses, and the results of these analyses shall fall w
Code requirements for the type of plant being te
Methods for review of data, significance of read
and calculation of uncertainty may not be applicab
regulatory or legal requirements for reporting of]
emission data.

and
Wwith
Fach
inty
thin
ted.
ngs,
e to
SO,

3-5.1 Causes for Rejection of Readings

Upon completion of the test or during the test itself, the
test data shall be reviewed to determine if data from
certaln time perlods should be re]ected prior to the calcu-

3 ’ E e atarbjec-
tion criteria. Any plant upsets that cause test data to
violate the requirements of Table 3-4.2.4-1 shall be
rejected.

Should serious inconsistencies that affect the results be
detected during a test run or during the calculation of the
results, the run shall be invalidated completely, or it may
be invalidated only in part if the affected part is at the
beginning or at the end of the run. A run that has been
invalidated shall be repeated, if necessary, to attain the
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Figure 3-4.4.3-1 Evaluation of Test Runs

Case | Case ll Case lll
No Overlap Complete Overlap Partial Overlap
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| | Ly |
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test pbjectives. During the test, should any control system
set points be modified that affect stability of operation
beyond Code-allowable limits as defined in Table 3-
4.2.4-1, test data shall be considered for rejection from
the galculations of test results.

An outlier analysis of spurious data should also-be
performed in accordance with ASME PTC 19.%'on all
primary measurements after the test has ended. This
analysis will highlight any other time periods from
whi¢h data should be rejected prior to calculating the
test [results.

3-512 Uncertainty

3-5.2.1 Introduction. Test.uhcertainty and test toler-
ancg¢ are not interchangeable terms. This Code does
not pddress test tolerance, which is a contractual term.

Pilocedures relatinig to test uncertainty are based on
congepts and methods described in ASME PTC 19.1,
whigh specifies;procedures for evaluating measurement
uncgrtainties‘ffom both random and systematic errors,
and |theceffects of these errors on the uncertainty of a
test [result.

proposed test measurements should be used to he
mine'the number and quality of test instruments
for compliance with Code or contract specifica

The pretest uncertainty analysis shall in
analysis of random uncertainties to establish pe
fluctuations of key parameters, in order to attain
uncertainties. In addition, a pretest uncertaintyj
can be used to determine the correction factorg
significant to the corrected test. Also, pretest un
analysis should be used to determine the level of
required for each measurement to maintain ove
standards for the test.

(b) A post-test uncertainty analysis shall
performed as part of a Code test. The post-test un
analysis will identify whether the allowable te
tainty described in Section 1 has been met.

3-5.3 Data Distribution and Test Report

At the conclusion of the test, copies of all dats
distributed by the test coordinator to those requi
information. A test report shall be written in ac
with Section 6 of this Code and distributed by

lp deter-
required
ions.

lude an
missible
llowable
analysis
that are
Certainty
Accuracy
rall Code

also be
Certainty
bt uncer-

shall be
Fing such
fordance
the test

3-5.2.2 Pretest and Post-Test Uncertainty Analyses

(a) Apretestuncertainty analysis shall be performed so
that the test can be designed to meet Code requirements.
Estimates of systematic and random errors for each of the

coordinator. A preliminary report mcorporaung calcula-
tions and results may be required before the final test

report is submitted.
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Section 4
Instruments and Methods of Measurement
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ergy /power consumption
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THODS OF MEASUREMENT

lue Gas

'stem performance tests may be combined with
'y compliance tests. In such cases, the parties to
hould contact the regulatory agency and deter-
at test modifications, if any, may be required.

e gas parameters listed in Table 4-2.1-1 are used
" direct measurement of performance guarantees
bking corrections that affect performaice guar-
easurement shall be at the inlet and outlet of the

FGD sysfem, as appropriate.

Sulfur
calculati
tion for
data. Th

content analysis and approptiate combustion
bns can provide valuable background informa-
nterpretation of other fequired measurement
e fuel analysis would be)jused if SO, removal is

based on fuel sulfur content/in lieu of measured SO,

content
be used
in lieu
factors 4
consistel

at the FGD system: inlet. Fuel analysis should
for determining appropriate F; and F. factors
f the EPAstandard factors. The F; and F.
t the EGD, system inlet and the stack shall be
ht.

4-2.2

This paragraph covers the testing parameters for, and
properties of, reagents before reaction. Refer to paras. 5-
2.2.3 and 5-2.3 for reagent stoichiometry.

4-2.2.1 General

(a) Reagent(s) include the following:

&)

any alkali or reagent introduced individually into

the FGD system. Such alkali is separate from that in the flue
gas stream
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(2) any secondary SO, removal chemical flow h¢
sary to regenerate the primary reagent(s)
(3) any additives for improving performance o
removal reagents
(b) The following are not considefed reagents:
(1) chemicalsthatare addedto aid in the FGD sy
process but do not result in inereased SO, removal (|
as flocculants used in a thickenér)
(2) chemicals that dreradded to improve pro
water quality but do nofincrease SO, removal
(c) Fly ash alkalinity may be of interest in s
processes and may warrant quantification.

4-2.2.2 Dry FGD System

(a) Chemical Analysis. Principal constituents for w
the reagent or reagent solid, liquor, and/or slurry are
callyranalyzed include, but are notlimited to, the follov

(1) CaO

(2) Ca(OH),
(3) Mg(OH),
(4) NaOH
(5) MgO

(6) NaHCO;

The reagent or reagent/liquor and/or slurry shal
analyzed to determine the weight percent of]
sample represented by each constituent rea
compound. Such analysis may include reagents spe
to a particular system, including performance addit
Density of any reagent should also be determined.

Where applicable, the primary analytical method
these constituents are described in the standard met
published by the American Society for Testing
Materials (ASTM International), such as ASTM C25,
in EPRI CS-3612 (latest amended version
supplements).

ces-

S0,

tem
such

CesS

pme

hich
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(b) Parameters of Interest. Other parameters that

not limited to, the following:
(1) pH
(2) reagent liquor/slurry temperature
(3) reactivity (see ASTM C110)
(4) particle size distribution
(5) weight percent of solids
(6) makeup water composition
(7) slaking water composition

L are
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Table 4-2.1-1 Flue Gas Parameters Required From Tests

Flue Gas Parameter

Test Method [Note (1)]

Test Duration

SO, concentration, ppmdv
SO, emission rate, Ib/MBtu
SO, flow rate, Ib/hr

EPA Method 6C [Note (2)]
EPA Method 19 [Note (3)]

By calculation

0, and CO,, %

Moisture, % EPA Method 4 [Note (5)]

EPA Method 3 or 3A [Notes (4) and (5)]

2 h min.
N/A
N/A

2 h min.

As required per stack traverse

Gas flow, wet or dry scfm

EPA Methods 1 and 2, 2F, or 2G [Notes (5) and (6)]

As required per stack tifaverse

Flue gas pressure drop, in. wc See para. 4-2.3.3.3 See para. 4-2.3.3.3
[Note (7)]
NOTES:
(1) HPA methods listed are as published in the Code of Federal Regulations, Title 40 (40 CFR), Part 60 (see Nonmandatory Apgendix D).

(2) 1

or all emissions measured by continuous emission monitoring systems (CEMS), the CEMS relative accuracy est audit (RATA),
fequirements of 40 CFR, Part 75 or other mutually agreed-upon CEMS calibration, shall be performed no mdreithan 30 days prior

neeting all
fo the start

kelected in

qf the performance test.

(3) The F, or F, factor shall be consistent with the fuel being fired.

(4) Test shall be concurrent with that for SO, concentration.

(5) HPA Method 2 may be combined with other tests, such as those for particulate matter.

(6) Alternatively, ASME PTC 4 may be used, utilizing heat and mass balance around the boiler®

(7) Hressure measurements are made in accordance with ASME PTC 19.2. Because flow separation and large-scale turbulent gas flow|conditions
1hay be present in large gas ducts, the total pressure should be measured at several loCations in ducts. These locations should be
dccordance with ASME PTC 19.2 for determination of measurement locations for velocity and flow.

The parameters listed in (1) through (7)shall be deter-
ming¢d by the methods specifically referenced in (a), by the
methods in Standard Methods for the Examination of
Watgr and Waste Water (specified or latest edition), or.
by EPA analytical methods promulgated under the
authlority of Section 304(h) of the Clean Water Act.

(c) Methods of analysis and calculation for constituent-
compound reporting not described in the documents
refefenced in (a) and (b) are subject tosagreement by
the parties to the test.

442.2.3 Wet FGD System
(a

Chemical Analysis. Principal-constituents for which

M 5220
hf Water
bds (see

analytical methods are required, SM 5210 or
from Standard Methods for the Examination
and Waste Water, and ASTM standard meth
Nonmandatory Appendix D) shall be used.
Measurement uncertainty for the chemical andlyses are
included as part of the referenced analytical mgthods.
Methods of analysis and calculation for confstituent-
compound reporting not described in the references
cited above are subject to agreement by the plarties to
the test.
(b) Parameters of Interest. Other parameters fhat may
be of interest in the FGD system process may indlude, but
are not limited to, the following:

the rleagentliquor/slurry istypically analyzed include, but (1) pH

are ot limited to, the following: (2) reagent liquor/slurry temperature
(1) Ca0O (3) organic acids
(2) Ca(OH), (4) alkalinity
(3) Mg(OH)4 (5) reagent grindability
(4) NaOH (6) reactivity
(5) MgQ (7) weight percent of solids
(6)(Gaco; (8) calcium
(7yMgC03 (9) magnesium
(8) NaHCO; Hsutfa

The reagent or reagent liquor/slurry shall be analyzed (11) carbonate

to determine the weight percent of the sample repre- (12) free moisture

sented by each constituent reagent compound. Such (13) sulfite

analysis may include reagents specific to a particular (14) sulfate

system, including performance additives. Density of
any reagent should also be determined.

Where applicable, the primary analytical methods for
these constituents are described in EPRI CS-3612 (latest
amended version and supplements). Where additional

19

The parameterslisted in (1) through (14) shall be deter-
mined per the methods referenced in (a). Methods of
analysis and calculation for constituent-compound
reporting not described in the references cited in (a),
such as x-ray fluorescence (XRF) or thermogravimetric
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analysis (TGA), are subject to agreement by the parties to
the test.

The measurement of limestone reactivity is a significant
issue for which a specific industry standard is not
currently available. ASTM International is in the
process of developing a standard reactivity test, but it
is currently not available. Each FGD system vendor has
its own test method and acceptable limestone reactivity
basis that further complicates evaluation of the limestone

Volumetric flow measurements shall be recorded at
intervals of no longer than 5 min, totalized at the end
of each test run, and (where possible) continuously
recorded.

(c) Dry Mass and Volumetric Flow (Solids). Solid reagent
flow may be measured by dry mass flow-measuring
devices, or by volumetric flow. It is expected that the
measurement uncertainty for dry mass flow-measuring
devices shall be within 2%.

reactiviffy. The use of any limestone reactivity test is
subject o agreement by the parties to the test.

4-2.2.4 Flow Measurement. The quantity of reagent
used dufing the performance test shall be measured
either bhsed on a drop in the level of reagent in the
tank or by a direct recording of reagent flow rate.

(a) Lével Drop (Liquids). Where the FGD system
containg a tank for storage or dilution of reagent or
reagent liquor/slurry, prior to the start of FGD system
testing, this tank should be isolated during the run and
the levellof reagent in the tank, or “tank level,” recorded
at the stqrt and the conclusion of the run. Nonisolable seal
water dilution is permitted if the liquor and/or slurry
sample i taken before dilution occurs.

Tank level can be measured by calibrated instrumen-
tation or|by manual techniques, depending on tank config-
uration gnd slurry type. Reagent consumption for the FGD
system chn be accurately measured by change in level only
if the prdcess is at steady state. Measurement of change in
level should be a direct physical measurement. The limita-
tions of the measurement device(s) should be well-known
before uging this method. It is expected that the measure-
ertainty shall be within 1% for this method.
greement by all parties to the test shall be
secured for the method employed.

It is assumed that the tank used for such-flow measure-
ment coptains reagent liquor and/or'\slurry in its final
form. Alll dilutions should be conducted before the tank
is isolatpd for the test run. Where sufficient reagent
storage fis not available tosallew the tank to operate
during the entire run without additional reagent
makeup [to the tank, quahtity measurement shall be by
volumetfric flow, as.described in (b). If the tank cannot
be isolated during System operation, then quantity
measurejment shall’'be by volumetric flow, as described
in (b).

(b) Vdlunietric Flow (Liquids). Existing flowmeters in

The accuracy of dry volumetric flow measuperhent
depends on specific conditions, e.g., reagent type|and
degree of aeration.

(d) Dry Mass Weight (Solids). Solid reagént wqight
measurement should be determined by \direct meagure-
ment of material from feed bins by, load cells or a sfrain
gauge device. The storage bin should be isolated dyring
the run, and the bin weight should be recorded at the ptart
and the conclusion of the run. Itis expected that the ucer-
tainty for the dry mass @eight measurement shall be
within the accuracy of the weight-measuring devicg.

4-2.3 Energy/Power Consumption

4-2.3.1 Introduction. The energy and power gara-
meters tocbe measured during the FGD system |test
depend«on the system configuration. Paragraplls 4-
2.3.1.through 4-2.3.3.3 provide guidance on meagure-
ment location and methods.

4-2.3.1.1 Inputs to Be Included. The direct energy

and power inputs to the FGD system, including electrical,
thermal, and mechanical parameters, shall be measyred.

Devices whose energy and power consumption are fypi-
cally measured include

(a) material-handling systems

(b) pumps

(c) compressors

(d) blowers

(e) fans (dedicated to the FGD system)

(f) agitators

(g) feed preparation systems

(h) waste by-product systems

4-2.3.1.2 Inputs to Be Excluded. All nonprocess
energy or power loads should be excluded from|this
test. Examples of nonprocess loads include lighting,
heating, ventilating, air conditioning, cranes,|and
elevators.

the FGD system should be used to monitor flow rates
of reagents into the FGD system if agreed to by all
parties to the test orifthe level drop method isimpractical.
Differential pressure meters shall be constructed in
conformance with ASME PTC 19.5. Meters not covered
in ASME PTC 19.5, and whose use is agreed to by the
parties to the test, shall be installed and calibrated in
accordance with the manufacturer’s recommendations.
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4-2.3.1.3 Optional Inputs

(a) Potential and kinetic energy may be neglected if
agreed to by the parties to the test.

(b) Power effects of both gas and liquid streams may be
neglected if agreed to by the parties to the test.

(c) Chemical heats of reaction may be neglected if
agreed to by the parties to the test.
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4-2.3.2 Measurement Duration. All measurements
should be made over the test period, and time averaged.
For cycling and intermittent loads that do not run continu-
ously during the test period, the readings may be taken
over arepresentative period (e.g., 24 h) and time averaged
to account for those devices that have intermittent duty
cycles.

4-2.3.3 Measurement Methods

The thermal properties of the heating media should be
evaluated in accordance with the latest edition of the
ASME International Steam Tables for Industrial Use if
steam or hot water is used.

If a heating medium other than steam or hot water is
used, NIST REFPROP shall be used as the reference or the
reference properties shall be agreed to by the parties to
the test.

4-2333 Pr

4-2.3.3.1 Power. Attach calibrated watt-hour meters
or recording wattmeters on the FGD system energy/
powgr supply.

All nonessential loads that are deemed to be nonprocess
related shall be shut off. For nonprocess loads that cannot
be shut off during testing, calibrated watt-hour meters or
recording wattmeters should be used to measure their
powgr consumption during the test.

After the run, the energy values indicated by the
nonprocess watt-hour meters or recording wattmeters
shal] be deducted from the values obtained from the
FGD[system electrical supply for the same period of time.

However, to achieve this practically, it may be necessary
to sgparate the electrical feed into process and nonprocess
equipment. It is expected that the measurement uncer-

Typical thermal energy measurements include, but are
not [limited to, flue gas reheat and seal 9r\purge air
heaf. Sources of thermal energy/power.may include,
but jare not limited to, hot air, hot wwater, steam, hot
fluids, and fuels.

If thermal heating is accomplished by direct fuel firing,
thermal energy/power is obtained by measuring the
quantity (or flow rate) and heat content of the fuel.

Flpw shall be measuréd\in accordance with ASME PTC
19.5. Heat content (ealorific value, heating value) for
gaseous fuel shall.be/analyzed using gas chromatography
in adcordance with- ASTM D1945. Liquid fuel heating value
shal| be detefmined by bomb calorimeter in accordance
with ASTM..D48009.

If heatifig is accomplished by a medium other than fuel,
al energy shall be determined by measuring the

the flue gas. However, the préssure drop in wjater and
slurry lines is also of interest. Energy consumption is
directly related to the‘ptoduct of the fluid| (gas or
liquid) flow rate and the-total pressure (static 4 velocity
head) drop across the-device.

Equipment performance guarantees are|usually

expressed as pressure drop at a specific flpw rate.
Measured-flow rates are seldom exactly those on
which theé guarantees for the FGD system are based.
Therefore, a correction for flow rate versus the [pressure
drop.shall be developed to determine compliande at flow
rates other than design. Duct and system head lofs curves
should form the basis for pressure drop correcti

Pressure measurements are made in accord
ASME PTC 19.2. Because flow separation and lafge-scale
turbulent gas flow conditions may be present in Jarge gas
ducts, the total pressure should be measured at several
locations in ducts. These locations should be sdlected in
accordance with ASME PTC 19.2 for determination of
measurement locations for velocity and flow.

4-2.4 Water

Flow measurement and analysis of water inpts to the
FGD system may be required, depending on thg bound-
aries chosen. Effluent from the FGD system is discussed
in paras. 4-2.5 and 4-2.6.

4-2.4.1 Flow Measurement Methods. Flow measure-
ment shall be determined as specified in ASME PTC 19.5.

4-2.4.2 Chemical Analysis. The following aie consti-
tuents and characteristics of water inputs that rhay be of
interest in the FGD system process:

difference between the heat inputs and outputs of the
heating media. The heat inputs and outputs are based
on the measured flow, temperature, and pressure of
the heating media. Enthalpy of the medium shall be deter-
mined using the NIST Reference Fluid Thermodynamic
and Transport Properties Database (REFPROP).

Temperatures shall be measured in accordance with
ASME PTC 19.3.

Pressure shall be measured in accordance with ASME
PTC 19.2.
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(a) calcium

(b) sodium

(c) chloride

(d) “P” alkalinity; the “P” refers to the pH indicator

phenolphthalein (endpoint 8.2 to 8.3)

(e) sulfites

(f) sulfates

(g) total phosphate

(h) pH
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(i) total suspended solids (TSS)

(j) magnesium

(k) potassium

() “M” alkalinity; the “M” refers to the pH indicator
methyl orange (endpoint 4.2 to 4.5)

(m) thiosulfates

(n) orthophosphate

(o) carbonates

(p) total dissolved solids (TDS)

(-d) density
(-e) TCLP by EPA Method 1311
Where applicable, the primary analytical methods for
these constituents are described in the Standard Methods
published by ASTM International, e.g., ASTM C471M, and
EPRI CS-3612. The measurement uncertainty is included
as part of the referenced test method.
(c) Chemical Analysis
(1) Commercial-Grade Gypsum

per metHods in Standard Methods for the Examination of
Water and Waste Water, or per EPA analytical methods
promulghted under the authority of Section 304(h) of the
Clean Whter Act.

Para"ieters listed in (a) through (p) shall be determined

4-2.5 By-Product

Measurement of by-product flow and/or analysis of by-
product ¢haracteristics may be required, depending on the
boundarjes chosen for the FGD system. By-product from
the FGD pystem may be either sold in the form of gypsum
or landfi]led. In addition to evaluating FGD system opera-
tion, pefformance tests may provide the information
needed [to determine whether the by-product is of
salable quality or is waste that should be disposed.

4-2.5.1 Dry FGD System By-Product. The qualities of
the by-product of a dry FGD system are not covered in the
Code bedause they are not determined as part of a typical
dry FGD|system performance test.

4-2.5.

(a) Mgasurement Methods. Methods for measuring by-
product flow are not described in this Code, as they are
subject o agreement by the parties to the test:

(b) Physical Characteristics

(1) |Commercial-Grade Gypsum. The typical physical
characteristics of commercial-grade\gypsum by-product
include free moisture and particle size as determined
by a lasqr diffraction method. 'Additional characteristics
that may be of interest inelude, but are not limited to,
the following:

() specific surface area (Blaine), as determined
by ASTM C204

(-b) density,

() texieity characteristic leaching procedure
(TCLP) Hy<EPA Method 1311

P Wet FGD System By-Product

(-a) The chemical analysis of commercial-gfade
gypsum by-product typically determines the follow|ng:

(-1) gypsum purity, %CaS0, x 2HzO.

(-2) amount of water-soluble chloride, as dg¢ter-

mined by ASTM C471 or by ISE probe on filtrate of gygsum

cake.

from filtrate of gypsum cake; measurement of anfions
and cations, excluding CaS®,. CaSO, is soluble in
water, which will result in-a high bias of results.

(-4) pH, as determined from filtrate of gygsum

(-3) total water-soluble, salts, as deterrrrl;llned

cake.
(-b) Additienal analyses may be done to determine

levels of othereonstituents, including, but not limited to,
the following:

(+1) CaSO0; x “%H,0

(-2) acid insoluble

(-3) SiO,

(-4) Rz03

(-5) CaCO3

(-6) MgCO;

(-7) fly ash, as determined by scanning eledtron
microscope (SEM)

(-8) ammonia, as determined by ASTM D1
or EPA Method 350.2

There are other tests that may be performed, buf
is left up to the parties to the test.

(2) Disposable By-Product. The chemical analysis of
disposable by-product may include, but is not limited to,
the following:

(-a) %CaS0, x 2H,0
(-b) %CaS0; x %H,0
(-c) amount of fly ash, as determined by SE
(-d) amount of lime
(-e) amount of acid insolubles
Where applicable, the primary analytical methodp for

these constituents are described in the ASTM Stanflard
]\/lnf]f\r\r‘c’ such ac ASTM CA4.71 ]\/f’ and EPRIL CS erz.

426

this

(-#5—particte—shape
(2) Disposable By-Product. The physical characteris-

tics of disposal by-product include, but are not limited to,
the following:

(-a) permeability, as determined by EM 1110-2-
1906, Appendix VII

(-b) unconfined compressive strength, as deter-
mined by ASTM D2166

(-c) solids content, as determined by EPRI Method
F1 or ASTM D2216
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Methods of analysis and calculation for constituent-
compound reporting not referenced in ASTM C471M or
EPRI CS-3612, e.g.,, XRF or TGA, are subject to agreement
by the parties to the test. The measurement uncertainty is
included as part of the referenced test method.
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4-2.6 Purge Stream Quantity and Quality

4-2.6.1 Introduction. Measurement of purge-stream
flow and analysis of purge-stream(s) constituents may
be required, depending on the boundaries chosen for
the FGD system (see Figure 1-2-1). This is expected to
apply predominantly to a wet FGD system, where a
liquid purge stream for chloride and/or fines control is
often required with systems having more tightly closed
wate —Fheprrgestreai Rsidere e—the
untrjeated stream to purge chlorides and/or fines and

is rqquired and the treatment is part of the supplier’s
scoyle, it is considered to be outside the scope of this
Cod¢ (see Figure 1-2-1). It can be assessed as an optional
item| by the parties to the test (see para. 4-2.6.4).
P¢rformance test results can provide evaluative infor-
mation on FGD system operating practices and may help
determine the suitability for disposal of the purge stream

(s)-

442.6.2 Inputs to Be Included. Listed below are consti-
tuernits and other parameters that may be of interest if the
FGDJsystem purge stream(s) is being evaluated. The scope
of rdlevant parameters depends on the treatment system
emplloyed (parameters undergoing treatment) and the
efflyent requirements at the supplier’s scope limit(s).
Thefefore, the analyses to be performed, sampling
freqhency, and importance of the purge-stream evaluation
are feviewed on a case-by-case basis, depending on the
project requirements and scope. The list below is consid-
ered to be representative of an untreated purge*stream
leaving the FGD system. Additional parameters can be
addg¢d as needed for projects if agreed to-by~all parties
to the test. Most, if not all, of these parameters would
equglly apply to the treated stream leaving a purge treat-
system. The parameters include
purge stream flow rate, m3/h (gpm)
purge stream temperdture, °C (°F)
pH or pH range
total suspendedsselids (TSS), mg/L
total dissolved, solids (TDS), mg/L
sulfite (SO4*),“mg/L
sulfate (S04%), mg/L
chloridé (Cl"), mg/L
flueride (F), mg/L
siliea (Si03), mg/L

(5) copper (Cu)
(6) lead (Pb)
(7) manganese (Mn)
(8) mercury (Hg)
(9) selenium (Se)
(10) vanadium (V)
(11) zinc (Zn)

(q) grease, mg/L

(r) oil, mg/L

4-2.6.3 Inputs to Be Excluded. There aré\np known
specific exclusions.

4-2.6.4 Optional Inputs. Any flows or
entering a purge stream treatment)stubsysten]
included, to assess their potential influence
treated purge effluent flow rate and comy
Examples include

(a) flow rates of process or auxiliary ptreams
supporting a purge@reatment system, e.g., tijeatment
chemicals and wash’water

(b) composition of streams entering the purge treat-
ment subsystem relative to parameters and confstituents
of interest

streams
may be
on both
osition.

4-2:6.5 Measurement Duration. All measyrements
should'be made over the test period, and either tfme aver-
aged or approximated by a suitable number of rjepresen-
tative readings or samples taken over the duration of the
test period. For cycling or intermittently operating
processes that do not run continuously during the test
period (e.g., primary or secondary gypsum hydrocy-
clones), the readings or samples shall be taken over a
longer representative period (minimum of 24 h, unless
agreed otherwise) and time averaged, where applicable,
to account for intermittent duty operation.

Flow rate is preferably measured by a flowmetler over a
24-h test period. Shorter times can be agreed ugon by all
parties to the test. Alternatively, in the presencefof buffer
or storage facilities, tank level measurementd may be
performed, as long as proper account can be [taken of
possible incoming and outgoing streams.

When taking samples from buffer tanks, it should be
taken into consideration that physical and chemial prop-
erties of the tank contents do change slowly, pnd may
represent time periods prior to the offi¢ial test
window. Consideration of the tank’s retention fime and
appropriate starting and/or final tank volumg should

(IY—ehemieal-oxyreen-demand 60D meft
(1) biological oxygen demand (BODs), mg/L
(m) ammonium (NH,"), mg/L
(n) nitrate, mg/L
(o) total nitrogen, mg/L
(p) heavy metals (pg/L), such as

(1) arsenic (As)

(2) cadmium (Cd)

(3) chromium (Cr)

(4) cobalt (Co)
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be given to assess properties (e.g., composition or
temperature) representative of the test period. Under
steady operation, only minor changes in properties out
of the buffer tank are expected.

4-2.6.6 Measurement Methods
4-2.6.6.1 Methods

(a) Liquid flow shall be measured as indicated in para.
4-2.2.4.
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(b) Solid flow, if applicable, shall be measured as indi-
cated in para. 4-2.2.4.

4-2.6.6.2 Physical Characteristics. The physical
characteristics of the purge stream(s) may include, but
are not limited to, temperature, solids and dissolved
solids content, pH, and density.
(a) Solids content shall be measured by EPRI Method

F1 or ASTM D2216.
(b) Dpncify shall he measured hy EPRI Methad D3

(h) ammonium (NH,") by EPA Method 350.1 or
equivalent
(i) nitrate by EPRI Method I3 or equivalent
(j) total nitrogen, calculated from EPA Method 351.2
data
(k) heavy metals (ng/L), such as
(1) arsenic (As) by EPA Method 6010 or equivalent
(2) cadmium (Cd) by EPA Method 6010 or equivalent
(3) chromium (Cr) by EPA Method 6010 or

(c) Additional characteristics that may be of interest
include, put are not limited to, the following:
(1) |pbiological oxygen demand (BODs)
(2) [chemical oxygen demand (COD)

4-2)6.6.3 Chemical Analysis. The typical chemical
analysis |of a purge stream includes

(a) sulfite (SO3%*) by EPRI Method M2 or equivalent
(b) sulfate (S0,%) by EPRI Method I3 or equivalent
(c) chloride (CI') by EPRI Method I3 or equivalent
(d) fljoride (F) by EPRI Method I3 or equivalent
(e) siljca (SiO;) by EPA Method 6010 or equivalent
(f) COD by SM 5220 or equivalent
(g) BAODs by SM 5210 or equivalent

equivalent
(4) cobalt (Co) by EPA Method 6010 or equivs
(5) copper (Cu) by EPA Method 6010 ox'equiv
(6) lead (Pb) by EPA Method 6010 or, equivalg
(7) manganese (Mn) by EPA Method 601
equivalent
(8) mercury (Hg) by EPA Method 1669/245
equivalent
(9) selenium (Se) by EPA\Méthod 6010 or equiv
(10) vanadium (VJ~by EPA Method 601
equivalent
(11) zinc (Zn) by EPA Method 6010 or equiva
(1) oil and gredse by EPA Method 1664B or equiv:

lent
\lent
nt

D or

7 or

\lent
or

ent
\lent

24


https://asmenormdoc.com/api2/?name=ASME PTC 40 2017.pdf

ASME PTC 40-2017

Section 5
Computation of Results

5-1|CALCULATION OF PERCENT SO, REMOVAL
(%R)

This subsection provides the method of calculation to
detgrmine the percent removal of sulfur dioxide (SO;)
fronm a flue gas stream. The calculation approach uses
eith¢r the emission rate, as determined by EPA Method
19, pr the corrected concentration reduction of SO,
fron} the dry flue gas stream.

NOTE: All EPA methods cited in Section 5 are as published in the
CodqofFederal Regulations, Title 40, Part 60. See Nonmandatory
Appdndix D.

Tlhe SO, concentration is measured at the inlet and
outlet of the FGD system.

5-1.1 Calculation of Flue Gas Flow Rate (Qq)

Flpe gas flow rate (Q4) shall be measured following EPA
Methods 2, 2F, and/or 2G in combination with EPA
Methods 1, 3/3A, and 4. If the ductwork design is not
suit@ble for flue gas flow measurements, the flue gas
flow] from the boiler may be calculated per ASME PTC
4 uging heat and mass balance around the boiler. This
calcfilation may also be used to confirni flue gas flow
meapurements completed at the FGD_system.

5-1.2 Calculation of Corrected SO, Concentration

S(, concentration is determined from EPA Method 6C
or frjom a recently RATA-approved CEMS. For determina-
tion|of corrected SO, concentration, the measured O, or
CO; [from EPA Method-3'or 3A is used.

The corrected SO3concentration, in parts per million by
dry polume (ppmedv), is calculated as follows:

20.9 — %0 Ref
20.9 — %0,

C802'Corr = Cs02 (-1-1)

5-1.4 Calculation of SO, Removal

The percent SO, removal is determinéd either|by using
corrected concentration as calculated\by EPA Mpthod 19
orbyeq. (5-1-1), or by using results forinlet and dutlet SO,
emission rates, Esgz, and the“following equations,
respectively:

%R = 100 Cs02 Garritr — €502 Corr out} (5-1-3)
Cs02 Corr in
%R= 100 ESOZi; — Es02 out (5-1-4)
SO2 in

5-2 CALCULATION OF REAGENT STOICHIQMETRY
AND CONSUMPTION

5-2.1 Units

Results shall be expressed in gram-moles |(pound-
moles) of reagent required per minute, G,, to maintain
the measured SO, removed as determined dyring the
FGD system performance test.

5-2.2 Dry FGD System Reagent Consumption

5-2.2.1 Reagent Liquid/Slurry Flow Rate. Th¢ reagent
consumption is calculated in mass consumption df reagent
per mass of inlet SO,. The reagent flow rate is cplculated
and divided by the mass of inlet SO, to deterjnine the
stoichiometry.

The first step in determining the individual reagent flow
rate is to calculate the reagent liquor and/or slfirry flow
rate, Q. The reagent can be measured directly; however,
there are inherent inaccuracies associated with
measuring slurry liquids. An accurate tank lejel drop
during the test can be used. For the level drop|method,
Q. is calculated as follows:

where %0, ger Is typically 3% or 6%.

5-1.3 Calculation of SO, Mass Flow Rate

The SO, mass flow rate is determined using the results
of para. 5-1.1 and eq. (5-1-1) and the following equation:

GSOZ = Kl X Kz X CSOZ X Q—STD (5-1-2)

_ (Lo = L) X Acg

5-2-1
Qs P— (5-2-1)
where
Acs = tank cross-sectional area
L; = tank level at time ¢;
Lo = tank level at start of drawdown test
Qs; = cumulative slurry volumetric flow from time t,

to time ¢;
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time of tank level measurement at interval i
time of tank level measurement at start of draw-
down test

<
1

to

For mass flow measurements, the recorded cumulative
volumetric flow rates are determined by eq. (5-2-2).

Gs,i = Qg,i X Pg,i (5-2-2)

where

22046 x 10°°1b
mg

2 X V, X 26417 x 10~* gal/ml

XNXVtXMCaO

Ccao =

(5-2-4b)

where

Ccao = concentration of reactive Ca0O, mg/ml (Ib/gal)
= molecular weight of Ca0, mg/mmol
N = normality of acid solution milliequivalents/ml

Gg; = |cumulative mass flow rate, kg/min (Ib/min)
psi = |average slurry density over test period from ¢tj to
t; kg/m® (Ib/gal)

Alternptively, the cumulative solids mass flow can be
determihed by eq. (5-2-3) when a measure of weight
percentage of solids in the slurry is available. It is recom-
mended [that a grab sample of slurry be collected at each
tank measurement interval.

Gsolids,i = Gs,i X %wt; (5-2-3)
where
Gsoligs} = cumulative solids mass flow, kg solids/min
(Ib solids/min)
%wtt = weight percent at each interval of tank

measurement

5-2.2.2 Calculation of Individual Reagent Flow Rate

(a) Tq determine the individual reagent flow rate, the
quantitylof available Ca(OH), per volume of slurry shall be
determihed. This is accomplished by performing the
method |per ASTM C25 using HCI as the titrant, The
following should be applied to ASTM C25to assist
with determining the reactive Ca(OH), per volume of
slurry:

(1) | Titration Reaction

2HCl + Ca(OH),——~ > > > CaCl, + 2H,0

(2) \Lime Hydration Reaction
CaO + HQ™>\> > Ca(OH),

Therefore, since_I\mole of Ca0 is required to create 1
mole of €a(OH),£eqs. (5-2-4a), (5-2-4b), and (5-2-5) are
calculatdd on @-La0 basis.

(b) Rdactive' CaO is calculated using egs. (5-2-4a) and
(5-2-4b)

= 2.000
Vs = volume of sample, ml
V. = volume of acid solution used to titrate, ml
2 = milliequivalents of HCI required per millipnole
of HCl [2HCI + Ca(OH), >»> €aCl, + 2H,P]

Once a concentration of available'CaO is determined, the
individual reagent flow rate catvbe calculated using eq. (5-
2-5)

Qa0 = Ccap ¥Q; X 60 min/hr (5t2-5)

where
Qcao = reagéntflow rate of Ca0, mg/h (Ib/hr)

5-2.2,3.Dry FGD System Stoichiometry Calculation.
For SRI, the moles of reagent per moles of SO, intq the
FGDcsystem are calculated from

SRI = G,tMg02/G$02 in (572-6)

where the total reagent molar flow rate, G,,, is the sum of
the individual reagent molar flow rates. For exanpple,
reagent molar flow rates for reagents ry, r,, and r{ can
be added together as follows:

Gt =G+ Gp + G3 (512-7)

The total reagent molar flow rate, G,, representg the
total alkali content available to the FGD system for cljem-
ical reaction.

5-2.3 Wet FGD System Reagent Stoichiometry
Calculation

5-2.3.1 Wet FGD System Limestone Stoichiometry
Calculation. The CaC03/S0, molar ratio is defingd as
the molar ratio of the sum (total sulfur and reagtive
CaCO3) to total sulfur in the waste solids

1+ [(moles nf('ﬂs\ — (moles nFMg\

(SI Units)
For mg/ml,

N X Vi X Mcao
2 XV,

(5-2-4a)

Ccao =

(U.S. Customary Units)
For lIb/gal,

SRR CaCO; =
3 moles of sulfur

Limestone stoichiometric ratio is determined by chem-
ical analysis of the washed cake solids that exit the wet
FGD system vacuum dewatering filter, and will include
only the reactive limestone fraction of the solids and
exclude the dolomitic limestone fraction. This equation
assumes suitably reactive limestone is used based on
mutually agreed-upon test methods.
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5-2.3.2 Wet FGD System Lime Stoichiometry
Calculation

moles of calcium — (moles of chloride /2)

SRR lime

moles of sulfur

5-2.3.3 Wet FGD System Sodium Stoichiometry
Calculation

moles of sodium — moles of chloride
2 1 £ 15

SRRNaOH =

q = mge] X HHV (5-3-1b)

5-3.2 Calculation of Mechanical Energy and Power

Mechanical energy and power can be measured directly
using the methods in para. 4-2.3.3. Where direct measure-
ments are impractical, pressure drop can be used to deter-
mine mechanical energy required for the process.
Mechanical energy and power may be expressed either
as pressure drop ata measured flow rate or in horsepower

roreS-or-stritt

5-
Stoi

2.3.4 Wet FGD System Calculation of Reagent
chiometry. The reagent stoichiometry may also be
calcplated from the average reagent molar flow rate
divided by the average SO, removed mass flow.

The SRR is the moles of reagent per mole of SO, removed
as calculated from

SRR = G;Mgs02/(Gs02 in— GS02 out) (5-2-8)

whefe total reagent molar flow rate, G, is the sum of the

indiyidual reagent molar flow rates as shownin eq. (5-2-7)

for the dry FGD.

5-2/4 Wet FGD System Calculation of Reagent
Consumption

Re¢agent mass consumption is a function of the stoichio-
metric ratio, SO, removed in the wet FGD and the reagent
purity. An example calculation for a limestone-based

system is shown below.
g =(SRR CaCO3)(Gs02in — G502 out) Mcaco3)/
[(Ms02)(PR)]
whefe

PR = purity reagent

Fqr this example of alimestonewetFGD system, reagent
purity is defined as the mass fraction of reactive calcium
carbonate in dry limestone:
5-3| CALCULATION-OF ENERGY/POWER
CONSUMPTFION

5-3]1 Calculation of Thermal Energy/Power

(a) Heating Media Other Than Fuel.If a heating medium

(hp).

(a) Gas Phase. When dealing with gas flow;, m¢chanical
energy/power is calculated using the following mlethod. In
both cases, when multiple total presstre values are
measured across the cross section’of large ducts, the
total pressure used in the caleulation shoulfl be the
average of the measured values. See ASME RTC 19.2
for detailed analysis of gas phase pressure drop
measurement.

The pressure drop-at'a measured gas flow ifate is as
follows:

APToT = Py — Pout (5-3-2a)
where
Py, = inlet gas flow pressure, mm H,O0 (ip. H,0)
Roue = outlet gas flow pressure, mm H,O (in. H,0)

APror = total pressure drop, mm H,0 (in. H,0)

The gas flow rate used as reference for this pressure
drop should be the inlet gas flow.

(b) Liquid Phase. When dealing with liqyid flow,
mechanical energy/power is calculated ufing the
following method.

The pressure drop at a measured liquid flow fate is as
follows:

AP1oT = Piy — Fout (5-3-2b)
where
P, = inlet liquid flow pressure, mm H,O [in. H,0)
P, = outletliquid flow pressure, mm H,O|(in. H,0)
APtot = total pressure drop, mm H,0 (in. H,0)

5-3.3 Calculation of Electrical Energy/Power

The total FGD system electrical energy conqumption
shall be measured based on the input energy to the

othelr than fuel is used, the calculation of thermal energy/ ~ FGD system. A watt-hour meter or wattmeter shall

po
g = mx (hi—hy) (5-3-12)
The inlet and outlet enthalpies of the heating fluid are
calculated from reference properties (e.g., ASME Steam
Tables) based on the measured temperature and pressure
of the fluid.
(b) Fuel. If a fuel is used to accomplish heating, the
calculation shall be of the following form:

27

power factor, and kilowatts) that shall be averaged
over a specified period, preferably 24 h but not less
than 12 h.

Power =3 X (phasevolts) X (phasecurrent) (5.3.35

X (power factor)

or
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Power = (phase volts) X (three-phase current)

X (power factor) (5-3-3b)

Finally,

Energy = power X elapsed time (5-3-4)

For further discussion, see IEEE Std 120.

5-4 CALCULATION OF WATER CONSUMPTION

Since different qualities of water, e.g., demineralized
water, service water, or filtered water, can have separate
guarantees, the use of such water supplies may require
separate measurements during the test period.

5-5 CALCULATION OF WASTE OR BY-PRODUCT

Calculations of waste or by-product characteristics are
included in the measurement and/or lab analysis methods

Calculfitions of water consumption are dependent on
the meagurement method chosen in Section 4, and the
calculatipn required should be considered in the selection
of such methods. Water consumption and production can
be measpred by direct flow measurement or tank level
changes |over the test period.

Since $ources and consumers of water within an FGD
system yary depending on the particular FGD system
process) the identification and monitoring of these
sources dnd consumers shall be considered in developing
the spedific test procedure. In addition, FGD system
processgs often include intermittent consumers of
water, e.g., mist eliminator wash cycles. Such intermittent
usage shill be considered when determining the test dura-
tion and|system operating sequence to ensure that the
measurefd water usage over the test period is represen-
tative of the long-term water consumption. Water
consumpption measurements and calculation may also
need to [account for the large reserve of water in the
system pnd the fluctuations that can occur in that
reserve pf water due to changes in the liquid levels, in
makeup|water tanks, reclaimed water tanks, reagent
slurry thnks, reaction tanks, sumps, etc. Any-devel
changes [in these tanks shall be evaluated and‘accounted
for or shown to have potential volume changes that are
insignifigant in the final water consumption calculation.

Potentjial water usage that cannot be easily measured or
monitorgd, e.g.,, washdown hose~stations or reclaimed
water frpm ponds, should be confirmed as isolated for
the test] Otherwise, any nécessary water usage from
such sources should be doecumented.

Evaporation losses to\the flue gas stream are typically
the majof sources of water consumption, but they can also
represent the largest uncertainty in water consumption
determination:.Theé test method should identify a calcula-
od fop correcting the water flow to the actual flue
gas conditions. Psychometric charts in conjunction with
flue gas characteristics at the inletand outlet of the system,
guarantee correction curves, or other method for
correcting the evaporative losses to the design condition
should be identified and agreed upon by all parties prior to
the testing. Other correction curves may also be required
to adjust water usage for variables such as fuel sulfur
content.
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H#r-Seettonr4-and-are-not-addressed-here:

If a waste or by-product flow rate and/or mass produc-
tion is of interest, then the test should include approptiate
measurements and methods.

5-6 PURGE STREAM CALCULATION

Typically, the purge stream flow rate in a wet
system is defined up front during the design on
basis of a certain chlorinesinput to the system and
operating chloride concentration. The amount of chldrine
input and the selected{operating chloride defing the
amount of purge required at a certain chloride conceftra-
tion of the purge'Stream(s), wastes, and by-products, as
per the system“boundaries shown in Figure 1-2-1.

The specification or contract typically defines a
maxim@m)rvalue for the chlorine input to the FGD
system; The input is driven by

{a) “chlorine content in the range of fuels to be copsid-
ered (often the largest contributor)

(b) chloride input through water sources (fresh wpter,
higher chloride cooling tower blowdown, or ofher
sources)

(c) other chloride or chlorine sources entering
system (through additives, etc.)

Additionally, in cases with low chloride input or fhirly
open loops, the amount of purge may be driven moie by
the amount of fines that have to be purged to mairtain
operability (e.g., of solids filtration equipment) thah by
the level of chlorides. In the fines-driven purge ¢ase,
the minimum amount of purge required is typically speci-
fied by the original equipment manufacturer (OEM)[and
can be verified by flow measurement.

For a chlorides-driven purge, the flow can be more
able over time due to fluctuations in the input varig
described in (a) through (c). The OEM often provid
guarantee not to exceed a certain flow rate, so
party responsible for a purge treatment system

FGD
the
the

the

yari-
bles
esa
the
can
—Given
that all chloride and chlorine inputs are fixed, the chloride
discharge is fixed, too. In the case where chloride practi-
cally leaves the system only by means of a purge stream
(with no other major chloride sinks such as ponding of
liquid gypsum slurry), the product of purge flow rate
times purge chloride concentration (equal to mass
flow) is constant [see eqs. (5-2-4a) and (5-2-4b)]. In
that case, the purge flow rate is inversely proportional
to the chloride concentration in the purge stream, i.e.,
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Qp1 X Ccr,p1 = Qpy X Ccr,p2 (5-6-1)

where

CCL,PI

CCL,PZ

chloride concentration, mg/L (ppm), of purge
stream for condition 1
chloride concentration, mg/L (ppm), of purge
stream for condition 2
purge flow rate, m%h (gpm), for condition 1
purge flow rate, m¥h (gpm), for condition 2

Qp =
Qp2

Heavy metals are often an additional quality being
monitored in chloride purge streams. The concentrations
of heavy metals in the purge stream typically behave like
the dissolved chlorides. They show their highest concen-
tration as the liquor is concentrated the most, i.e,, at the
highest chloride concentration. At an operating chloride
concentration lower than the design point, the heavy
metals are expected to be lower than at the design point.

Should the purge flow rate exceed the maximum

Aj
doe
reqy
ther

In|
the
mayj

fro

syst
asa
met

long as the purge flow rate leaving the FGD system
not exceed that maximum, no calculations are

ired, which is the case in the majority of tests and

efore concludes the test.

a system with more than one chloride stream leaving

bystem, a complete chloride/chlorine mass balance

have to be performed around the FGD system

bourIdary, and the allowable purge flow rate determined

the remaining streams entering or leaving the
bm. Many times, a correction curve for purge flow
Function of fuel chlorine and possibly additional para-
brs (fuel sulfur and chloride in water sources) help

simplify the task of doing the chloride balance.

expected value, then a closer ook at the chloride|material
balance is warranted, typically following theltestto deter-
mine why the flow rate has been exceeded. [Possible
reasons include, but are not limited, to, highfer input
than designed for from fuel or other sourceg such as
water, and operation of the system at a lower|chloride
concentration than designedAor~or advised by the OEM.
The flow rates of all incoming streams that mdy contri-
bute to chloride input theh need to be measyred and
analyzed for chlorin€.and chloride content to dptermine
whether a higher,loat of chloride or chlorine entered the
FGD system, leading to the higher purge rate g¢r higher
than expectéd operating chloride concentrat[i-on. The
root causé\for the excess then needs to be addfessed.
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Section 6
Report of Results

6-1 GENERAL

The pdrformance test report documents the data, calcu-
lations, alnd processes employed in conducting the perfor-
mance t¢st. The report presents specific information to
demonstrate that all objectives of the test have been
met, and to describe the test procedures and pertinent
results. The nature of the information gathered should
be complete and thorough in the judgment of the
parties fo the test. The information should include all
raw dat4, all calculations, the final tabulated reduced
data, angl as much general information concerning the
facility 4s is deemed relevant to the test. This Section
providesjguidance on both content and format of informa-
tion typically included in the performance test report,
including the executive summary, test results, and appro-
priate agpendices.

6-2 TlllLE PAGE AND TABLE OF CONTENTS

The titlle page contains the title of the test, the name and
location pf the plant on which the test was conducted, the
unit designation, the names of those who conducted-and
approvedl the test, and the date the report was-préepared.
The tablg of contents lists major subdivisions of the report
to the third level, as well as titles of tables,. figures, and
appendiges.

6-3 GENERAL INFORMATION

The ggneral information séction of the report gives the
reader ifjfformation needed-to understand the basis of the
test and |shall include.thé following:

(a) owner

(b) name anddopcation of the plant

(c) depignation of the unit

(d) stgam-generator manufacturer

(e) ste¢am generator description and size

(f) date of first commercial operation

(g) description of auxiliary apparatus, the operation of
which may influence the test results

(h) description of the FGD system

(i) manufacturer’s predicted performance data sheets

(j) contractual obligations and guaranteed perfor-
mance data

(k) name of head test coordinator/director

30

(1) test personnel, their affiliations, and [test
responsibilities

(m) dates of test

6-4 EXECUTIVE SUMMARY

The executive summary briefly‘describes the objectives,
results, and conclusions of the te'st, and includes the signa-
tures of the test director(s), ¥eviewer(s), and approvdr(s).
Tabular or graphical presentation may be used to gjve a
quick picture of the éssential findings.

6-5 REPORT.CONTENT

6-5.1 Introduction

Theintroduction states the purpose of the test and fele-
vantbackground information, e.g., age, unusual opergting
characteristics, and problems, of the unit to be tested.

6-5.2 Objectives and Agreements

the
fest,
and
test

The objectives and agreements section addresses
authorization for the testing, objectives of the
required test uncertainty, contractual obligations
guarantees, operating conditions, test contractor,
representative parties, and any other stipulations.

6-5.3 Test Description and Procedures

The test description and procedures section inclpdes
the following:
(a) a schematic of the FGD system boundary shoywing
the locations of all measured parameters and process|flow
diagram
(b) alist of equipment and auxiliaries being te
including nameplate data

(c) description oftesting, including test conditions

(d) determination of steady-state conditions

(e) methods of measurement and a list and description
of the test instruments identified in the system diagram

(f) alistofancillary equipment used for additional data
collection

(g9) a summary of key measurements and observations

(h) the magnitude of primary uncertainties in measure-
ment and sampling
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(i) correction factors to be applied because of devia-
tions, if any, of test conditions from those specified

(j) the methods of calculation from observed data and
calculation of probable uncertainty

(k) sample calculations

6-5.4 Results

Testresults are presented computed on the basis of test
operating conditions, instrument calibrations only having

ment uncertainties, including method of application, are
included in this section.

6-5.6 Conclusions and Recommendations

The conclusions and recommendations section
discusses the test, the test results, and the conclusions.
Conclusions directly relevant to the test objectives as
well as other conclusions or recommendations drawn
from the test are included

been applied, and as corrected to specified conditions if
test pperating conditions have deviated from those speci-
fied|Test uncertainty is also stated in the results. Tabular
and|graphical presentations of the test results are
inclyded.
F¢D system performance test results include
(a) percent SO, removal (%R)
(h) stoichiometric ratio (SRI or SRR)
(c) energy and power consumption
(1) electrical
(2) thermal
(3) mechanical
(d) water consumption and characterization
(e) compressed air consumption and characterization
(f] reagent consumption and characterization
(d) waste and/or by-product production and
charfacterization

(M) comparison of measured performance versus
designed performance

6-5/5 Uncertainty Analysis

Tlhe uncertainty analysis section provides\sufficient
detdil to document the target uncertainty~and demon-
strafe that the test has met this target. Primdry measure-

6-6 APPENDICES

Appendices and accompanying illustrationy may be
included to clarify the circumstances, equipnjent, and
methodology of the test; to desctibe the instrunpent cali-
bration methods used; to provide additional details of
calculations, including assample set of compfitations,
and descriptions of any~special testing appafatus; to
present results of preliminary inspections and trials;
and to provide any\Supporting information required to
make the reportya complete, self-contained dpcument
of the entireCundertaking.

Appendices include

(a) test logs and charts

(b) data sheets

{c)' instrument calibration sheets

{d) analytical data

(e) detailed calculations

(f) correction curves

(g) uncertainty analyses and calculations

(h) other pertinent information

31
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Section 7
Uncertainty Analysis

7-1 GEIlIERAL

This Section describes the methodology to be used in
developipg the uncertainty analysis of the performance
test. Undertainty calculations provide pretest and post-
test estimates of the accuracy expected from the test
methodq proposed in this Code, and also help identify
those mpasurements that significantly affect the test
results and the correction factors that should be deter-
mined. Uncertainty calculations are required for every
test cartied out in accordance with the Code. Pretest
uncertaihty calculations should be included in the test
procedufe. Post-test uncertainty calculations shall be
included|in the test report.

7-2 INT

Testu

RODUCTION

hcertainty is an estimate of the limit of error of a
test resylt. It is the interval about the test result that
containg the true value within a level of confidence.
This Code uses a 95% confidence interval for uncertainty
calculatipns. The primary technical reference for uncer
tainty cglculations is ASME PTC 19.1, which prevides
general procedures for determining the uneertainties
in indivlidual test measurements for both~random
errors aid systematic errors, and for tracking the propa-
gation of|these errors into the uncertaifity of a test result.
This Sectlion provides an approach to.uncertainty calcula-
tions spécific to FGD system perfoymance tests. Pretest
and post-test uncertainty analyses are an indispensable
part of a performance test:

(a) Pretest Uncertainty Analysis. In planning a test, a

objectivd
Code-spete
An uncertainty analysis is useful to determine the
number of observations required to meet the Code criteria
for tests.

(b) Post-Test Uncertainty Analysis. A post-test uncer-
tainty analysis determines the uncertainty for the
actual test. This analysis should confirm the pretest
systematic and random uncertainty estimates. It serves
to validate the quality of the test results or to expose
problems.
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A sample calculation for uncertainty is showpn in
Nonmandatory Appendix C.
Test results should be reported using-the“folloying

form:
R + UR

7-3 OBJECTIVE OF UNCERTAINTY ANALYSIS

The objective of a test uncertainty analysis is to estimate
the limit of error of thestest results, which is the int¢rval
about a test result that contains the true value within a
given level of confidence.

This Code do€s 'not cover nor discuss test tolerances;
test toleranées are defined as contractual agreemlents
regarding.ah acceptable range of test results.

7-4 DETERMINATION OF OVERALL UNCERTAINTY

7-4.1 Types of Uncertainty

The total uncertainty is comprised of two typgs of
errors.

(a) Systematic Error. A systematic error is the po
of the total error that remains constant in repepted
measurement of the true value in a test prodess.
Systematic error is caused by measurement characteris-
tics that are inherent to a particular method of meadure-
ment, not to a particular plant or test. The estimated yalue
of each systematic error is obtained by nonstatisftical
methods, and it has many potential sources. Thiis is
usually an accumulation of individual errors not elimi-
nated through calibration.

(b) Random Error. A random error is an error d
limitations or repeatability of measurements. Random
error is the portion of total error that varies in repeated
measurements of the true value through the test profess.
Estimates of random error are derived by statisfical

i te eastrements: The
random error may be reduced by increasing the
number of instruments or the number of readings taken.

In general, the overall uncertainty of a measurement is
calculated as the square root of the sum of the squares
(SRSS) of the systematic and random uncertainties.
Sensitivity coefficients are used to correct the individual
parameter’s uncertainty for the impact on the total
uncertainty.

tion
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Table 7-5.1-1 Expected Uncertainty for FGD System

(b) Statistical Parameters. The elements of uncertainty

stematic

Testing calculations for a complete test can be presented in tabular
Expected form, as shown in Nonmandatory Appendix C. The statis-
Parameter Uncertainty, % tical parameters to be used are as follows:
Measured SO, 45 (1) Measured Parameter: the fluid or energy stream
. parameter that crosses the testboundary, required for test
SO, removal efficiency +1 X
R . N .5 calculation.
eagent consumption x sga__s .
8 ] P ) (2) Sensitivity: the percent change in corrected
Electrical power consumption +1.5 . .
_ . result caused by a unit change in the measured parameter.
Wat LUILUIITPUUIT Uy LaltUldtivull = 1IU (3) Systematic Uncertainty (bx): inherent S}
Water consumption by direct measurement +2 error for the type X of measurement.
Presgure drop +1.5 (4) Combined Standard Uncertainty)(ug

7-412 Sources of Error

Identification of sources of error that affect the test
resylt should be undertaken to determine if they are
random or systematic. Error sources may be grouped

kys): the
product of sensitivity and systematic-uncertainty.

(5) Standard Deviation of the Mean (Sx): stqtistically
determined for multiple measupements of the same
variable.

(6) Random Standard Uncertainty (ug): the
of sensitivity and the standard deviation.

product

into|the following categories: h . f s th
(a) calibration error — residual error not removed by e uncertainty of@measurement, Ux 1S the rpot-sum-
the falibration process square total of overall systematic and fandom
(M) installation error — results from nonideal instru- uncertainties
menjtation installation ux = (b)—(z + S)—(2> (7-5-1)
(c) data acquisition error — typically results from
analpg-to-digital conversion
(d) datareduction error — introduced through trunca- where ) )
tion| round-off, nonlinear curve fitting or data storage bx = systematic uncertainty of the measurgment
algofithms Sx = random uncertainty of the measuremgnt
(d) sampling error — introduced by sampling ux = overall uncertainty of the measurement
techpiques
(f] correction methodology error — introduced by The uncertainty of the result, ug, is calculated|from the
using correction formula overall test random and systematic uncertainty terms
(g) interpolation error — re§ults from curye flttlng or = (b 21 g 2) (7-5-2)
the ghape of a curve between discrete formulation points R R R
(M) model error — occurs when equipment and system
models do not properly account for changes in input para- where
metgrs or actual unit response br = systematic uncertainty of the result
Sg = random uncertainty of the result
7-5|CALCULATION OF UNCERTAINTY up = overall uncertainty of the result
7-5]1 General The expanded uncertainty at 95% confidence i given by
Tlhe elements ofuncertainty calculations for a complete UR,95 = 2UR (7-5-3)
test fan be presented in tabular form, as shown in Table 7-
5.1-1. The testuncertainty associated with each measured 7-6 SENSITIVITY COEFFICIENTS
pargmeterincludes the effects ofit§ sensitivity, systematic Sensitivity coefficients indicate the absolute of relative
uncgrtainty, and random uncertainty. effect of a measured parameter on the test result| Relative
DCIID;t;V;t_y \fUCff;\f;ClltD thﬂt drc \,a}\,u}atcd d ring the

7-5.2 Input Uncertainties

(a) Uncertainties of Recommended Methods. The uncer-
tainties of the recommended ASME PTC 40 methods are as
follows:

(1) velocity: +5%

(2) volumetric flow rate: +5.6%
(3) particulate matter: +12.1%
(4) SOy3: £4% of reading

33

pretest uncertainty analysis identify the parameters
with the largest impacts on the test objectives. A relative
sensitivity coefficient should be calculated for each
measured parameter to determine its influence on test
results. Correction calculations are required for all
measured parameters with relative sensitivity coefficient
values greater than 0.002. The relative sensitivity coeffi-
cient, 6, is calculated by either of the equations below.
(a) Partial Differential Form
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(7-6-1)

where
R = corrected test results
Xavg = measured parameter, average value
OR = _change (partial differential) in corrected test

values of the random uncertainty shall be calculated sepa-
rately. If different values of the systematic uncertainty
have been calculated for positive and negative systematic
uncertainty limits, the larger value should be used to

compute the total uncertainty.

7-8 RANDOM STANDARD UNCERTAINTY FOR

SPATIALLY UNIFORM PARAMETERS

result
0X o change (partial differential) in measured
parameter

(b) Finite Difference Form

9: =

AX R
Xavg

AY (7-6-2)

(%) Xavg(AR]

where
AR = [change (finite difference) in corrected test result

Fhrestamdard—deviation, sz, s a measurenment o
dispersion of the sample measurements. Test meas
ments need to be reduced to average values arid'the s
dard deviation calculated before the performance
uncertainty calculations can be executed-The ran
standard uncertainty is calculated using the sample j

f the
ure-
tan-
and
dom
tan-

dard deviation. For a result, R, calculated from mpany

measured parameters, there,isa combined stan
uncertainty for the result, spaférthe combined meas
ment parameters.

(a) Sample Mean. Thémean for the sample is calcul
from

Hard
ure-

ated

N
= [change (finite difference) in measured para- X = %Z X; (7:8-1)
meter, typically 0.01X,,, i=1
7-7 SYSTEMATIC UNCERTAINTY where :
Nc="number of readings for each set
Identification of the systematic error is an important X;"= set of readings fori =1 to N
step of the uncertainty analysis. Failure to identify a signif- X = average values for measurement set k
icant sysfematic error will lead to reporting a more accu-
rate test than the true uncertainty for the test. The process (b) Pooled Averages. For parameters measured seyeral
requires|a thorough understanding of the test objectives times during a test period that have M sets of meadure-
and methods of the test. Careful consideratien of ments with N readings for each set, the average valu for
publishef data, calibration information, and use’of engi- measurement set k is as follows:
neering judgment are required to eliminateior understand M
the systdmatic errors in measurements: X = L Yk (7}8-2)
Systematic uncertainty of a measurement is identified M o1
as bx. The individual systematic uncertainties can be
combinefd into the systematic(uncertainty of the result, where
bg. The systematic uncertainty Jof the result can be calcu- M = number of sets of measurements
lated acdording to the SRSS‘rule X = sample set pooled average
X = average value for measurement set k
(7-7-1)
(c) Sample Standard Deviation. For measurements|that
do not exhibit spatial variations, the standard deviatign, s,
where of an averaged measurement, X, based on statisfical
bR = u}'Stvmati» ‘Jn»»l‘tuinty oftherestleofa aua}_yoio tscatettatedfromthre ¥ 1uu‘1tip}c nmreasurements
measured parameter, i of X according to the equation
b)—(l_ = systematic uncertainty of the result N INVE
n = number of measured parameters s = Z Xi —X) (7-8-3)
0; = relative sensitivity coefficient for measured et N -

parameter, i

The systematic uncertainty is assumed to have a normal
distribution. If the positive and negative systematic uncer-
tainty limits are not symmetrical, positive and negative

34

where

N = number of times the parameter is measured

sy = standard deviation
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(d) Random Standard Uncertainty of the Mean. The
random standard uncertainty of the mean of an averaged

where

| = number of test runs

measurement X, based on statistical analysis, is calculated R = corrected result, as defined in eq. (7-6-1)
from the N multiple measurements of X according to the 0 = absolute sensitivity coefficient
equation 6’ = relative sensitivity coefficient
sx = X (7-8-4)
JN 7-9 CORRELATED SYSTEMATIC STANDARD
UNCERTAINTY
where
ssf = standard deviation of the mean For mulLiplc TTEISUTETITETItS WHETE Systermatitjerrors of
measurements are notindependent, systematic.grrors are
() Random Standard Uncertainty of the Result. The correlated. Example§ include mez.isurements of differ.ent
random standard uncertainty of the result, s, is deter- ~ Parameters taken with the same instrument, orjmultiple
mingd from the propagation equation (see ASME PTC instruments calibrated with the same, standard. For these
19.1)). There are two forms. The absolute random standard cases, ASME PTC 19.1 should be copsulted to adfiress the
uncdrtainty is determined using proper approach for uncertainty.calculations. Thg general
) equation for calculating the cérrelated systematfic uncer-
i 5 tainty is
r=|Y Osx) (7:8:5) I 1
i=1 br = Z (9ibi)2 +2 Z Z 0.01bix (7-9-1)
i=1 i=1 k=i+1

The relative random standard uncertainty of a result is

1
L sl (7-8-6)
SR ,°X; 7-8-6
== | 2|0
1

R )
i=1

35
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NONMANDATORY APPENDIX A
WET FGD SYSTEM SAMPLE CALCULATION

A-1 GENERAL

This Appendix provides a sample calculation for how
ASME PT|C 40 is applied to a wet FGD system to determine
if the nleasured performance meets the provided
guarantees.

A-2 DESIGN PARAMETER CALCULATIONS
A-2.1 FGD System Inlet Wet Gas Flow

The FGD system inlet gas mass flow, for each FGD
system inlet, is calculated from the FGD system inlet
gas volumetric flow in units of actual cubic feet per
minute (acfm) and gas density. The volumetric flow is
calculatled from the static and velocity pressures
measurgd during the FGD system inlet flue gas flow
traverse) using a two-dimensional Fechheimer probe at
both FGD system inlet flue positions in accordance
with EP)A Test Methods 1 and 2G. Flue gas flow in
acfm is fletermined from velocity and static pressure
measurements, as well as from gas density data (reference
EPA Tesf Method 3). The inputs for these calculations
include Jaboratory test reports for coal, reagents, and
by-products.

The system described has left and right'flué gas inlets.
The following calculation is made to convert the right and
leftinlet flow rates from the actual cubigfeet per minute to
kilograms per hour:

Gin, right or left X 60X Py X 0.454

where
0.454 = conversion of 1b to kg
60 = minutes per hour
Gin, right or leg \=vTight or left inlet flow, acfm
pg> = gas density of flue gas, Ibm/ft3,

corrected for actual conditions

As shown in Table A-2.1-1, the calculated FGD sy$tem
inlet gas flow rate in each of the three test.runs is lgwer
than the specified contract value of 2y924 000 Kg/h.
Appropriate correction, as provided in the test plan, is
made to the relevant test results to reflect the differpnce
between the actual test conditions and the confract
requirements.

A-2.2 Percent of Maximum Continuous Rating
Condition (%MCR)

The percent of MCR (%MCR) is calculated from the ratio
of the testeddnlet gas flow to the design inlet gas flow in
kilogramsper hour. The equation to determine the %MCR
is as follows:

%MCR = Gj,/2 924 000 X 100%

where
Gin
2924000

kg/h as defined in Table A-2.1-1
design FGD system inlet gas flow, kig/h

Table A-2.2-1 shows the %MCR for each of the threg
runs.

The calculated %MCR of the FGD system in each of the
three test runs is lower than the specified contract valjie of
100%. Appropriate correction, as provided in the|test
plan, is made to the relevant test results to reflect the
difference between the actual test conditions and the
contract requirements.

test

A-2.3 FGD System Inlet SO, Concentration

The FGD system inlet SO, concentration is determjined
by averaging the right and left inlet flue gas SO, corlcen-
trations, which are determined using EPA Test Methofl 6C.
The FGD system inlet O, is determined using EPA Method

The total FGD system inlet gas flow, Gj,, is then calcu-
lated as follows:

Gin = Gin, right + Gin, left
where
Gin, 1ere = gas flow at left FGD system inlet, kg/h
Gin, right = gas flow at right FGD system inlet, kg/h

36

3. Pleasenote thatallthe datainthis Appendixiscorrdcted
to 6% 0,. The following equation is used to correct the SO,
concentration from the actual measured % O, to the speci-
fied 6% O,:

Cs02 corr = Cs02 X (209 - 6)/(20.9 - 0, actual)
where

Csoz = actual FGD system inlet SO, concentration
(right or left), ppmdv
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Table A-2.1-1 FGD System Inlet Gas Flow Rate

FGD System Inlet Flue Gas Flow Rate, G;,

Gas Density, p,, Ib/ft® acfm kg/h
Test Run Number Right Inlet Left Inlet Right Inlet Left Inlet Right Inlet Left Inlet Total, kg/h
1 0.056 0.058 899599 903 456 1372284 1427388 2799673
2 0.056 0.057 831222 830791 1267979 1289953 2557932
3 0.056 0.057 731005 893218 1115104 1386882 2501986
PC 1 000-a/e/0:9317406-
Table A-2.2-1 Percent MCR 11, Hght OTIelt ’

FGD System Inlet
Tesf Run Number Gas Flow, kg/h Calculated %MCR

where
0.9317406 = temperature convetsion factor of

1 2799673 96 dscm to m? i.N:
2 2557932 87 PCin, right or 1efr = particulate gconcentration af right or
3 2501986 86 left inlet, g/ dScm
Cdo2 corr = corrected FGD system inlet SO, concentra- The average FGD systérvinlet particulate cdncentra-
tions (right or left), ppmdv tion, PCi,, is then caleulated as follows:

(0,3 | = actual O, concentration, ppmdv
actua PCy = (Pcin) right + Pcin, Ieft)/z
The average inlet SO, concentration, in parts per million

by dry volume (ppmdv), is then calculated as follows: where

PCi, ser= particulate concentration at left FGD

Cs02avg = (Cso2left + Cs02right) /2 system inlet, mg/m? i.N.
PGipyvigne = particulate concentration at right FGD

system inlet, mg/m? i.N.

Ag shown in Table A-2.3-1, the calculated average FGD
system SO, concentration corrected for 6% O, is lower

tharn the specified contract values of 1266 ppmdw As shown in Table A-2.4-1, the calculated avefrage flue
Appfopriate correction, as provided in the test plam\is  gas inlet particulate loading is less than the §pecified
madee to the relevant test results to reflect the difference contract value of 80 mg/m>. No correction, as provided
between the actual test conditions and theveontract in the test plan, is made to the relevant test results.

reqyirements.

A-2.5 FGD System Inlet Temperature
A-2{4 FGD System Inlet Particulate Concentration

The FGD system inlet temperature is meagured, in
The FGD system inlet particulate\concentration is deter- multiple evenly distributed locations at both|flue gas
mingd from the average of the particulate concentration in inlet locations, right and left, using the therm
the FGD system right and leftinlet flues determined by installed on the probes during the gas particulate deter-
EPA|Test Method 5. mination by EPA Method 5. The results are avdraged to
The following equationys used to convert right and left determine the FGD system inlet temperature.
inlef particulate concentrations from grams per dry stan-
dard cubic metér (g/dscm, at 20°C, 1 atm) to Metric
Customary ufits of milligrams per cubic meter in
norrhal conditions (mg/m? i.N,, at 0°C, 1 atm):

bcouples

Tinlet = (Tright + Tieft)/ 2

where
Tinlet = FGD system inlet temperature, °C
Tiefi

FGD system left inlet temperature, °C

Ta g °C

FGD System Inlet SO, Concentration,

ppmdv

Co:sx::a?izon Corrected to As shownin Table A-2.5-1, the average FGD system inlet
o " Uncorrected 6% O temperature is within the contract-specified limits of
Test - — 2 Average, 13700 t5 160°C, but above the minimum limit of

Run Right Left Right Left Right Left Corrected R N . . .
Number Inlet Inlet Inlet Inlet Inlet Inlet to 6% O, 132°C. Appropriate correction, as provided in the test
1 53 60 524 573 500 573 537 plan, is made to the relevant test results to reflect the
2 70 62 473 489 507 496 501 difference between the actual test conditions and the

ntract requirements for the r r consumption.
3 70 62 526 464 563 470 <17 contract requirements for the raw water consumptio

37
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Table A-2.4-1 FGD System Inlet Particulate
Concentration

Table A-2.7-1 Dry Percent Sulfur in Coal

Test Run Number

Sulfur in Coal, %

Inlet Particulate Concentration 1 0.66
g/dscm mg/m> i.N. Average, 2 0.74
Test Run Right Left Right Left mg/m® 3 0.68
Number Inlet Inlet Inlet Inlet i.N.
1 003487 0.07471 3780 59 Table A-2.8-1 Available CaCO;, Dry
2 0.11723  0.00913 126 10 68
3 Test Run ____ Calcium Concentration, _ Available CaCOs,
U.Ua75% U.uu/ 79 23 o ol Number mmol/g %
1 8.970 89:8
Tablle A-2.5-1 FGD System Inlet Temperature 2 8.838 88.5
FGD System Inlet Temperature, °C 3 8.950 89.6

Test Rup Number Right Left Average
1 151 162 157
P 152 160 156
3 152 169 161

A-2.6 Weight Percent of Chlorides and Fluoridesin
Coal

The dify weight percent of chlorides, %Cl, and fluorides,
%F, in the coal is determined from laboratory analysis and
from the|following equations. Results are shown in Table
A-2.6-1.

%(1 = Clin coal, ppm X (1/1000000) X 100%

%F = Fin coal, ppm X (1/1000000) X 100%

As shdwn in Table A-2.6-1, the chloride content-of-the
coal is Igwer than the specified contract value-0f.0:05%,
and the|fluoride content is lower than the“specified
contract] value of 0.015%. Appropriate ¢orrection, as
provided in the test plan, is made to/the relevant test
results tp reflect the difference betiveen the actual test
conditiofps and the contract requirements.

A-2.7

The drjy weight percentofsulfur, %S, in the coal is deter-
mined fjom laboratdry) analysis. Results are shown in
Table A-p.7-1.

The copl sulfutisbelow the specified contract maximum
value of [L.5%.-Appropriate correction, as provided in the
test plan| isimade to the relevant test results to reflect the

ry Weight Percent Sulfur in Coal

Calculated result 89.3% averjage

Table A-3.1-1 Limestone/Sulfur Dioxide Ratio
(Maximum)

Test Run Moles of Moles 6f/ Moles of Limestone/Sulfur
Number CaCO3; Magnesium Sulfur Dioxide Molar Ratio

1 1.1966 0 5.5510 1.00
2 1.2014 0 5.2720 1.00
3 1.8021 0 5.7520 1.01

difference’between the actual test conditions and the

contract requirements.

Ds)

hate,
lab-
are

A-2.8 Dry Available Calcium Carbonate (CaC

The dry weight percent of available calcium carbo
%CaCOs3, in the limestone slurry is determined from|
oratory analysis and the following equation. Results
shown in Table A-2.8-1.

Available CaCO3 = mmole/g CO3
X (1 mole CaCO3/1 mole CO3) X 100.08
g/mole CaCO3 X (1 mole/1000 mmole) X 100p

(>

5%.
test
DOSi-
due

The contract-specified value for available CaCOs is
As shown in Table A-2.8-1, the available CaCO; in thd
limestone is lower than the specified limestone com
tion. Correction shall be made to the applicable result§
to this off-spec item.

A-3 PERFORMANCE GUARANTEE CALCULATIDNS

Table A-2.6-1 Dry Percent Chlorides and Fluorides in

Coal
Chloride in Coal Fluoride in Coal
Test Run Number ppm % ppm %
1 101.4 0.010 31.3 0.003
2 78.6 0.008 25.8 0.003
3 83 0.008 25.8 0.003

38

=3: c
Ratio (Maximum)

The limestone-to-sulfur-dioxide ratio (see Table A-3.1-
1) is determined from the laboratory analysis of total
sulfur and carbonate in the solid phase of the gypsum
cake, as taken from the gypsum conveyor belts perfor-
mance test submitted separate from this report, and
using the following equation from para. 5-2.3.1:
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Table A-3.2-1 Sulfur Dioxide Removal Efficiency (Minimum)

FGD System FGD System SO,
Outlet Removal
Concentration Efficiency, %
FGD System Inlet (Uncorrected) FGD System Outlet
SO, at 6% 0, SO, at 6% O, Sulfur in Coal, Corrected
Test Run Number ppmdv SOz, ppmdv  03,% ppmdv %MCR wt% Actual Guarantee
1 537 26 5.6 26 96 0.66 95.2 93.7
2 501 26 5.8 26 87 0.74 94.9 93.5
3 517 28 5.8 27 86 0.68 94.7 93.6
4RR CaCO4 = 1+ [(moles of CO3) — (moles of Mg)] Z = measured percent of sulfur in cogl
3 moles of sulfur
. A-3.3 Sulfur Dioxide Allowable Emission
The contract-guaranteed value for the limestone-to- . .
: Concentration (Maximum)
sulfyr ratio equals 1.03.
L. . The sulfur dioxide allowable emission concentration is
A-312 Sulfur Dioxide Removal Efficiency measured at the FGD systént outlet using EPA Mpthod 6C
(Minimum) and corrected to 6%/0y
The actual sulfur dioxide removal efficiency (see Table The Contlract-guarantee-:d V?lufof(;)r max1m161£n ?)OZ FGD
A-3.P-1) is calculated from the SO, concentrations of the sysstemToEf e;c;r;cintratlon 1 ppm at 6%|0;.
FGD|system inlet and outlet as measured by EPA Method ee lablegy-o-
6C cprrected to 6% O,. Reference para. A-2.3 for the inlet _ .
SO, foncentration, and test data for the outlet SO, and O, A-3.4 Stafic Pressure Drop
dataj Thepressure drop, AP, is calculated from the sthtic pres-
%R = (Cervr o — C /(Cecr 1) X 100% sures measured by a multidirectional Fechheimler probe
’ (Cs02in 502 ou)/(C502n) ’ during traversing of the FGD system inlet and outlet flues
The guaranteed SO, removal efficiency is 92.1% at the- 3 for gas flow by EPA Method 2G. The calculatfon is as
design conditions of 100%MCR and 1.5% sulfur. If these’ ~ follows:
design conditions are not met during the test, the-guar- AP = Py avg — Bout, avg
anteled SO, removal efficiency shall be corrected toreflect
the difference between the design coal sulfur.and gas flow, where
and [the actual test conditions. The following*correction- Pin, avg = average inlet gas flow pressure, kPa,
curyle equation corrects for the difference between the Pout, avg = average outlet gas flow pressure, kPag
design conditions and the actual test conditions per
the approved performance test plant The guarantee is 3.23 kPa, at 2.924 x10° kg/h|inlet gas
v = A + B(X) + C(2) + D(XZ) + E(X2) + F(ZZ) flow. If the inlejc gas flow is th at design.conditi bns, then
the guarantee is corrected via a correction curye.
wheke The correction curve equation is as follows:
A|= 98.782738 Y = AX? + BX
B|= -0.0621825
Cl= -3.93571 where
D|= 0.00036507 A = -9.8 E-8
E|= -0:0096429 B = 0.0014
F|=.1375 X = FGD system inlet gas flow; see section A-2
XL=S4MCR (cnp para A-2 7) Y = glmr.qnhlpd pressure drop kPa
Y = guaranteed SO, removal efficiency

Table A-3.3-1 Sulfur Dioxide Allowable Emission

Concentration (Maximum)

Test Run FGD System Outlet SO, Concentration Maximum,
Number ppmdy, Corrected for 6% O,

1 26

2 26

3 27

The contract-guaranteed value for the FGD system pres-
sure drop corrected for the proper gas flow varied, as
shown in the “Corrected Guaranteed Pressure Drop”
column (last column) in Table A-3.4-1. The measured
pressure drop is lower than the guaranteed value for

all three test runs as shown in bold typ
“Measured Pressure Drop” column of the same

39

e in the
table.
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Table A-3.4-1 Static Pressure Drop

Measured

i i Corrected
Test Run _Inlet Static Pressure, in. we  gyyjet static __Pressure Drop FGD System Inlet Guaranteed Pressure
No. Right Left Average Pressure, in. wc in.wc KkPa, Gas Flow, kg/h Drop, kPa,
1 9.9 10.0 10.0 -0.8 10.8 2.67 2.800 E+6 3.15
2 10.1 10.0 10.0 -0.8 10.8 2.70 2.558 E+6 2.94
3 9.5 10.0 9.8 -0.8 10.6 2.64 2.502 E+6 2.89
A-3.5 cp——Determin ucts
L . produced per hour.
Gypsum production is defined as the amount of dry
solids gypsum products produced from the SO, Gypsum products produced (kg/h) =
removal|process. The_ gypsum _productlon rate is calcu- moles of CaSOy X 2H,0
lated from the following equations:
Step 1: Calculate the amount of sulfur (in moles) X (172 kg CaSO, x 2H,0/kg-molé GaSO4 X 2H, P )
entering|the FGD system. ) )
) ) . The guaranteeis 5 100 kg/h at 065 wt% sulfur in cqal. If
Mples of sulfur = boiler heat input at 100%MCR/ the percent sulfur in fuel is notat design conditions, fhen
HHYV coal X %MCR x wt% S/32 the guarantee is corrected-yia correction curve.
The following correctioncurve equation corrects foy the
wher.e . difference between the design conditions and the a¢tual
boilerf heat input test conditions p€r the approved performance test plan:
at 100% MCR = 5361000000 kJ/h
= 1.280743 E+9 kcal/h Y=AXx
HHV = }lilggher heating value of coal, kcal/ where
A =.7788.235
%MCR = see section A-2 X .
. ) X(="measured wt% sulfur in coal
wt% S = weightpercentage of sulfurin coal Y'= ouaranteed sum production, kg/h
32 = molecular weight of sulfur, kg S/ & M P » 58
kg-mole S The contract-guaranteed value for the minithum
sum production corrected for the weight percertage
Step 2| Determine the amount of SO,, in moles, reacted Eyp p . . « ghtp . §
4 in th bb of sulfur in the coal is shown in the “Gypsum Produdtion,
(removefl) in the scrubber. Corrected” column of Table A-3.5-1. The measfired
Moles of SO, in scrubber = moles of S entering FGD system gypsum production is lower than the guaranteed value
X (1mol SO5/1 mol S) X %SO, removal for all three test runs as shown in bold type in| the
“Gypsum Production, Measured” column of the same thble.
where S{, removal is determined perypara. A-3.2. . .
Step 3] Determine the moles of gypsum (CaSO, x 2H,0) ~ A-3.6 Gypsum Moisture Content (Maximum)
produceq. The gypsum cake moisture content is determined from
Moleslof CaSO; X 2H,Q_\(pfoduced) = moles of SO, laboratory analysis, with the results shown in the fable
(in sqrubber) X % scfubber oxidation X (1 mole CaSOy below. Gy?SuI}‘;’l- cake was collected at the transfer
x 2H50/1 mole SO4) conveyors for this test.
Test Run Number Measured Free Gypsum Moisture, Wt%
where 1 7.4
C moles of CaSO, X 2H,0 2 7.9
% scrubbgr oxidation = - 2 7
CaSO4 X 2H,O + CaSO3 X ino
Table A-3.5-1 Gypsum Production (Minimum)
Test Run Sulfur in Coal, S0, Scrubber Gypsum Production, kg/h
Number HHYV of Coal, kcal/kg %MCR wt% Removal, % Oxidation, % Measured Corrected
1 7106 96 0.66 95.2 99.7 5818 5140
2 7052 87 0.74 94.9 99.7 5978 5763
3 7076 86 0.68 94.7 99.7 5349 5296
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Table A-3.7-1 Gypsum Purity (Minimum)

Gypsum Purity, %

Test Run Available CaCO3, Inlet Particulate Fluoride in Coal, Chloride in Coal,
Number SO, mmol/g Actual  Adjusted wt% Loading, mg/m? i.N. wt% wt%

1 5.70 98.0 92.1 89.8 59 0.003 0.01

2 5.68 97.7 91.3 88.5 68 0.003 0.01

3 5.68 97.7 92.3 89.6 31 0.003 0.01

The contract-guaranteed value is 10% free moisture for

% gypsum purity = mmol/g SOy

n design

nditions
adjusted
quation:

01071)

N.)

and the
adjusted
pasured)

gypsum

mpliance
runs, as

the gypsumrproduced by the FGDsysten The measured X (T mole CaSQ,—2H,0/T mole 504)
free|moisture is lower than the guaranteed value for all x (172 g/mole CaSO,—2H,0)
threp test runs as shown in the above table. g/mole Lastymat
X (mole/1 000 mmol) X 100%
A-3]7 Gypsum Purity (Minimum)
o ) The gypsum purity guarantee is 95% based d
Tme gypsum purity is calculated by laboratory analysis conditions of 95% CaCOj3 availability in limestone slurry,
of the gypsum cake collected at the gypsum transfer 80 mg/m? i.N. inlet particulate loading, 0.015 Wwt% F in
conyeyors. coal, and 0.05 wt% Cl irfCoal. If the design cd
are not met, then the gypsum purity guarantee is
per the approved test-plan using the following ¢
Table A-3.8-1 Gypsum Properties Adjusted gypsum purity guarantee = 95%
Measured Value per + (0.6)(4ctual available CaCO3z — 95%) + (-0
Test Run [Note (1)]
Gypsum Guaranteed ( . . L 3
ltemf Properties  Units Value 1 2 3 X (dctudl inlet particulate loading — 80 mg/m
A pH N/A 6.5-8 71 71 7.2 +(-1.66667) (actual wt% F in coal)
B CaS03-%4H,0 % Max. 0.5 02 02 02 + (—0.9)(actual wt% Cl in coal)
C | cacos %  Max 15 08 06 08
D Chloride ion  ppm  Max. 120 1 1 1 The contract-guaranteed value varies as a fupction of
E Water-soluble ppm  Max. 75 26 28 28 limestone purity, inlet particulate loading,
sodium chloride and fluoride contents of the coal. The
F Water-soluble ppm  Max. 50 27 27 27 guaranteed gypsum purity and the actual (m
magnesium purity are shown in Table A-3.7-1.
G Water-soluble ppm Max. 75 3 7 5 .
potassium A-3.8 Gypsum Properties
H Tostz}uvgi"‘:es:lts ppm  Max. 600 66 428 408 Gypsum properties are determined from the
. sio % Max. 16 102 114 122 cake, sampled from the gypsum conveyors, by laporatory
P2 ’ ax ’ ' ' analysis. Results are shown in Table A-3.8-1.
0,
J Fe;0s % M )5 0.02- 001 001 There are no corrections for any of these gupranteed
K Inert content % Max. 1.0 0.2 0.2 0.2 values.
GENHRAL NOTES: The measured gypsum properties were in co
() Ifems A, D, E,F, G, H,)I,;and K are from the lab test reportandno  with the contract specifications for all three tes
further calculationy‘are required. shown in the “Measured Value per Test Run” columns of
(b) Items B, C, andY are calculated as follows: Table A-3.8-1
(1) For B, %€aS0;-%4H,0 = (ppm CaSO3-%H,0)/10 000. o7
(2)] For C;.%€aC03 = mmole/g CO3 x (1 mol CaCO3/1 mol CO3) x . .
100.08 g/fmel\CaC03/10. A-3.9 Makeup Water Consumption (Maximum)
(3)| For},%Fe,03 = (ppm Fe,03/1 000)/(55.9 g/mol Fe) x (1 mol Fe/2 . .
MOle$FerBr 598 met-RerOr+6: The makeup water consumption is recorded

rom the

NOTE: (1) The measured gypsum properties were in compliance with
the contract specifications for all three test runs, the measured pH in
each of the three runs was within the guaranteed value, and the
measured results for all other properties were lower than the guar-
anteed values.
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raw water flowmeter. For this sample calculation, a 24-h
run was performed.

The makeup water consumption guarantee is 20 L/s
based on 132°C inlet gas temperature and 100% MCR.
The following correction curve equation corrects for
the difference between the design conditions and the
actual test conditions per the approved performance
test plan:
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Table A-3.9-1 Makeup Water Consumption

Average Makeup Water Consumption,

Volume of Water, m® L/s
Instrument Tag AtOh At 24 h Total Consumed Measured Corrected Guarantee
56-FQT-RW850 557 666.11 558862.98 1196.87 14 29
Y= (a4 BX + O 4 DX 4 EX* 4 FXS)I/ > A-3.10 Power Consumption Guarantee (Maximum)
+ (slope of curve L) X (actualload — 100%) The power consumption is recorded from power analy-
zers measuring power from the switchgear(s) (SWGR),
where power center (PC), and the raw water power center. A
A = 12790.887 24-h test and three test runs (4 h each) wereyperformed.
B = -611.8258 Table A-3.10-1 is an example of one test run.'The pgwer
C = 11.670548 consumption is calculated from the following apprved
D = -0.10867243 performance test plan equation:
E = 0.00049076767 Measured power consumption =/SWGRI + SWGRP
F = -8.5078955 E-7 — 0.75 X raw water
Slope pf curve L = (0.61181755) + (1.5)

(-0.035535208) (load'/?) +  where

(2.2741562E-44) (e'°*%) -(1.5) SWGR1 = switchgear(1
(193.4551)(load **) SWGR2 = switchgear 2
X = actual FGD system inlet gas
temperature; reference section The guarantéed value of 5923 kW is based on 1p0%
A-6 load. If themeasured load varies from the design cdndi-
Y = new guaranteed water consump- tion, thelrthe guarantee is corrected via a correction cirve.
tion, L/s Thecorrection curve equation is as follows:

Y=(AXX)+B

Refer fo para. A-2.2 for load and para. A-2.5 for FGD Where

system ihlet gas temperature. A = 7.7815
The cpntract-adjusted guarantee for the maximuin B = 51449
makeup water consumption is shown in the last X = %MCR; see section A-2
column |of Table A-3.9-1. The measured maximum Y = guaranteed power consumption, kW

makeup [water consumption was 14 L/s, averaged over
a24-h pdriod, which is lower than the adjusted guaranteed
values fqr the test run.

Table A-3.10-1 Power Consumption (Test Run 1)

Power Consumption, KkW-h

Average Power Consumption,

Test Run Time Interval, h kw
Total After 4-h Corrected
Location 0-1 1-2 2-3 3-4 Test Run Measured Guarantee
Switchgear (SWGR1) 1538 1584 1548 1543 6213 1553
Switchgear (SWGR2) 2230 2309 2245 2245 9029 2257
Raw water power center 164.7 165.1 164.7 165.0 659.5 165
Calculated result 3687 5890 at 96% MCR
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NONMANDATORY APPENDIX B
SEMI-DRY FGD SYSTEM CALCULATIONS

B-1|INTRODUCTION

This Appendix provides a sample calculation for how
ASME PTC40 is applied to a semi-dry FGD system to deter-
ming if the measured performance meets the provided
guarantees.

B-2| DESIGN PARAMETER CALCULATIONS

B-2|1 Constants
Sde Table B-2.1-1.

B-2]2 FGD System Inlet Wet Gas Flow

The FGD system inlet gas mass flow, for each FGD
systpm inlet, is calculated from the FGD system inlet
gas Volumetric flow in units of acfm and gas density as
meapured by the emission tester. The volumetric flow
is calculated from the static and velocity pressures
meajsured during the FGD system inlet flue gas flow
travierse, using EPA Test Methods 1 and 2. Flue, gas
flow]in acfm is determined from velocity and statie pres-
surgd measurements, as well as from gas density data
(refgrence EPA Test Method 3A for CO, and~0, concen-
tratipns and moisture from EPA Method*4, all in conjunc-
tion|{with EPA Method 2). See Table:B:2.2-1.

B-2{3 Coal Sampling and Analysis Results

Sde Table B-2.3-1.
B-2/4 Determine Sulfur Content of Fuel per Heat
Basis

The sulfur centent of coal per heat basis, Sy, is deter-
min¢d usingthe following equation and values from Table
B-2.3-1:

Sy = S, , / HHV; X 100,000
=0.32 X 8800 X 100,000 = 0.3641b'S/

B-2.5 Determine F; Factor

The F; is calculated by using EPAMethod 19 ay
tested coal analysis, where thé ¢oal composition i
the fractional composition,See Table B-2.3-1 fd

E; = 1,000,000 X [3.64-XH + 1.53 X C + 0.57 X

MBtu

d the as-
takenas
r values.

J

+ 0.14x (N —10:46) X O]/ (HHVy X 100) dscf/MBtu

= 1,000,000 X [3.64 X 0.0481 + 1.53 X 0.7012 A
X 0.0044+0/14 x (0.0082 — 0.46) X 0.165]
/(12,005 100)

= 9,742 dscf/MBtu

B-2:6'Determine Heat Input to the Unit

The heatinput, HI, to the boiler is calculated frg
the gas flow rate as measured by the emission teg

- 0.57

m Fyand
ter using

eq. F-18 from the Code of Federal Regulations, Tifle 40 (40

CFR), Part 75, Appendix F. See Table B-2.2-1 fg

HI=Q,, X 60 X [(1 — By)/Ej] x [(209 —
X 100) /20.9]

2,161,582 x 60 X [(1 — 0.1493)/9,712]
X [(20.9 — 0.0497 x 100)/20.9]

8,658.6 MBtu/hr

B-2.7 Mass Sulfur Input to the Unit

The mass sulfur input to the unit is determined
sulfur content of fuel per heat basis (see para. B-2
the HI (see para. B-2.6) to the unit.

Sulfur feed, Sy = Spy X HI = 0.364 X 8,658.6 = 3,1

B-2.8 Chlorides and Fluorides From Coal

The dry chloride and dry fluoride contents o

r values.

from the
.4) times

21b S/hr

the coal

Table B-2.1-1 Constants

Gas Molecular Weight, 1b/1b-mol
0, 31.998

CO, 44.01

Ar 39.948

N 28.014

H,0 18.015
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ara datareainad o oo
adfe—aetermeeHrPpat 5

boratory

analysis; the measurements are converted to the total

mass flow rate of the chloride, Cl,,,, and fluorid

e, Fp, by

using the HI to the unit and the higher heating value,
HHV, of the coal. See Table B-2.3-1 and para. B-2.6 for

values.

cl,, =(C1/1,000,000) x HI/(HHV /1,000,00

0)

=(100/1,000,000) X 8,658.4/(8,800/1,000,000)

=984 1b/hr
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Table B-2.2-1 EPA Methods 2 and 19

tions are measured at multiple, evenly distributed
locations using the thermocouples installed on the

Measured

EPA Methods 2 and 19 Data Symbol Value probes during the flue gas flow rate determination by
Stack flue gas flow (scfm) Q0w (wet) 2161582 EPAlMethod 2 ang bydEPA MEthEd lE(I;XDtestmg. .Tlhe
Stack flue gas flow (dscfm) 0. (dry) 1838858 results are av_e.rage to determine the system inlet
Inlet FGD system moisture (fraction b B 0.133 flue gas conditions. See Table B-2.9-1.

volume) Y v v ' (a) Convertdry flue composition values to wet flue gas
Stack moisture (fraction by volume) B, 0.1493 composition values using the following equation:
Stack CO, %) co 13.82 Concentration wet = (concentration dry)
Stack 0,%] (dry) 0, 4.97 X (100% — %Moisture)/100%
GENERAL|NOTE: Measured value is determined using emission . . . .
tester. The equation yields the following results. Arggn is

assumed to be 0.9% in the flue gas system!
Table B-2.3-1 Coal Sampling and Analysis Results Component Symbol Concentration, vol%
Measured 0, (wet) O,w 4:66
Coal Characteristic Symbol Value CO; (wet) COw 12.78

Carbon coptent, mass percent dry C 70.12 Argon (wet) Arw 0.90 (assumed)
Hydrogen [content, mass percent dry H 4.81 Moisture H,0 11.07
Nitrogen dontent, mass percent dry N 0.82 The wet flue composition value for nitrogen, N, is
Sulfur confent, mass percent dry S 0.44 then calculated aé
Oxygen coptent, mass percent dry 0 16.50 N 100862 (0 co Arw) = 70.59 vold
Moisture, mass percent H,0 27.30 W= v 2w + 2w +Aw) = -7 VoI
Sulfur conent, mass percent as received Sg 0.320 (b) Calculate the molecular weight of the flue gas| See
Ash contept, mass percent dry 7.29 Table B-2.9-2.
Ash contept, mass percent as received 5.30
Chlorine cpntent, ppm cl 100.0 B-2.10 Adiabatic Saturation Temperature
Fluorine cpntent, ppm _ F 0.0 The adiabatic saturation temperature, T, is dé¢ter-
Heat valug, Btu/Ib as received HRV 8,800.3 mined based on the specific humidity, SH; dry-pulb
Heat valudg, Btu/Ib dry HHV, 12,105

GENERAL [NOTE: Measured values are determined from lab\results.

E

m

(F / 1,000,000) x HI/ (HHV / 1,000,000)
(0 /1,000,000) X 8,658.4 / (8,800 %1,000,000)
01b/hr

B-2.9 FGD System Inlet Flue .Gas Conditions

The F(
required|
ture of th

D system inlet and outlet flue gas conditions are
to determine théadiabatic saturation tempera-
e flue gas. The-FGD system inlet and outlet condi-

Table B12.9-1 FGD System Inlet and Outlet Conditions

temperature, Tgy,; and duct pressure, Py. A psychomgtric
curve, program, or other means can be used to calcfilate
the saturation temperature of the gas.

Tt = f (SH’ Tap) Pg)

Example of Observed System Temperatures Values
Adiabatic saturation temperature 128.1°F
Average outlet dry bulb temperature 160.1°F
Approach to adiabatic saturation temperature 32.0°F

B-3 CALCULATION OF EMISSIONS AND
PERFORMANCE GUARANTEES

oce-

Measured
FGD’System Conditions Values Sulfur dioxide and other contractual emissions shjould
Inlet bemreasuredamd catcutated per regutatory agerncy pr
Inlet dry bulb temperature — average temperature, 300.0 dures, e.g,, those specified in 40 CFR Part 60, Appendices
°F A-1 through A-7, using a qualified emission tester.
0,, dry percent volume 5.24 Typically no corrections or uncertainty is allowed to
CO,, dry percent volume 14.37 be applied to the emission values.
Moisture, percent volume 11.07 . . .
. B-3.1 Lime Usage Calculation — Using a Tank
Pressure (Pg), psia 13.80
Drawdown Test
Outlet
Outlet dry bulb temperature — average 160.1 See Table B-3.1-1 for lime usage measurements.

temperature, °F
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Step 1: Calculate the tank level drop.
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Table B-2.9-2 Determination of Flue Gas Molecular Weight

Proportioned Molecular Weight,

Concentration in Flue Gas, Molecular Weight, 1b/1b-mol
Component wet vol% 1b/Ib-mol Wet Dry
0, (wet) 4.66 31.998 1.49 1.49
CO, (wet) 12.78 44.01 5.62 5.62
Argon (wet) 0.90 39.948 0.36 0.36
N, (wet) 70.59 28.014 19.78 19.78
Moisfure TT.07 8015 T.99 0
Total of all components 100 29.24 P7.25
Table B-3.1-1 Lime Usage Measurements
Parameter Measurement Source of Measurement
Time| of slurry tank level measurement, hr:min
Stqrt time 9:00 Test
Enjd time 17:00 Test
Slurrf tank level (measured from top), in.
Starting level 74.5 Test
Ending level 187.2 Test
Lime|tank diameter, ft 25.94 Design
Lime|slurry titration, lab reference temperature, °F 79.4 Lab
Slurrly tank temperature during test, °F 122.2 Test
Pebble lime available, CaO wt% dry 90.00 Lab results
Lime|slurry available (CaO Conc1), mg CaO/ml slurry 15500 Lab test
Endlevel — startlevel = 187.2 — 74.5 = 112.68 in. Actual lime usage rate = lime slurry available (CaO Cdnc2) X
Step 2: Calculate the time between measurements.of the slurry consumed
leve| of slurry in the tank. =9.68 X 620
=6,0021b CaO / hr
End time — start time = 17:00 — 09:00 =(8:00 h
Step 3: Calculate the volume of slurry consumed based Corrections to .the lime.usage, shown in Tablg B-3.1-2,
on tank size, level drop, and time betweén measurements. are made folr various testing parameters based OI,I guar-
antee equations or curves agreed to by the supplier and
Tank area = ln D2 £ ln (25,94)2 purchaser. The number of correction factors wil| vary for
4 4 project specifics.
= 52848 f Corrected lime usage rate for comparison to the guar-
antee is calculated by
Slurfy consumed, ft3/hr = tankarea X slurry height used/12 Actual lime usage rate / (C1 X C2 x C3) — C4[- CS
/time (hr) =4,829 Ib /hr
= 620 ft”slurry/hr Additional corrections may be specified, e.g., tb correct
. . . . for alkalinity in the ash.
Step-4:-Determine lime available in slurry.
Table B-3.1-2 CorrectionFactors—

Lime slurry available (Ca0O Concl) =

lime slurry available (CaO Concl) X 0.002204623 1b Correction
CaO /e CaO 28316.8 | f3 1000 ml/L Correction Type Symbol Factor
20/g CaO x 3 ,316.847 ml/ft"/1,000 ml/ CaO multiplier for approach temperature  C1 1.1160
=9.681b CaO /ft CaO multiplier for FGD system inlet C2 1.0000
temperature
Step 5: Calculate the actual lime usage rate. Ca0 multiplier for sulfur feed c3 11116
CaO adder for chlorine feed C4 9.0
Ca0 adder for fluoride feed C5 0.0
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