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FOREWORD

(This Forword is not a part of ASME PTC 46-1996.)

Code Origins

ASME Performance Test Codes (PTCs) have been developed and have long existed for

tetermining the-performarce of MostTMajor CoMPonents Used T electric power production
facilities. A Performance Test Code has heretofore not existed to determine the overall
performance of a power production facility. Changes in the electric power generation
industry have increased the need for a code addressing overall power plant performance
testing. In response to these needs, the ASME Board on Performance Test Codes approVed
the formation of a committee (PTC 46) in June 1991 with the charter of developing(a code
for the determination of overall power plant performance. The organizational,meeting of
this Committee was held in September 1991. The resulting Committee included experi-
enced and qualified users, manufacturers, and general interest category personnel from
both the regulated and non-regulated electric power generating industry;

In developing this Code, the Committee reviewed common industry practices with
regard to overall power plant and cogeneration facility testing. The Committee was not
able to identify any general consensus testing methods, and discovered many conflicting
philosophies. The Committee has strived to develop an objective code which addresses
the multiple needs for explicit testing methods and procedures, while attempting to provide
maximum flexibility in recognition of the wide range. of plant designs and the multiple
needs for this Code.

This Code was approved by the PTC 46 Committee on May 10, 1996. It was then
approved and adopted by the Council as a Standard practice of the Society by action of
the Board on Performance Test Codes on-Qctober 14, 1996. It was also approved as an
American National Standard by the ANSHBoard of Standards Review on November 27,
1996.
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ASME PTC 46-1996

SECTION 0 — INTRODUCTION

0.1 APPLICATIONS AND LIMITATIONS

Power plants which produce secondary energy
outputs (i.e., cogeneration facilities) are included

ducted on each plant component is not an acceptable
alternative to a PTC 46 test.

within—the—seepe—ef—this—Code—For COgEneTation
facllities, there is no requirement for a minimum
percentage of the facility output to be in the form
of electricity; however, the guiding principles, mea-
surement methods, and calculation procedures are
preflicated on electricity being the primary output.
As p result, a test of a facility with a low proportion
of glectric output may not be capable of meeting
the| expected test uncertainties of this Code.

This Code provides explicit procedures for the
determination of power plant thermal performance
and electrical output. Test results provide a measure
of the performance of a power plant or thermal
island at a specified cycle configuration, operating
disgosition and/or fixed power level, and at a unique
set |of base reference conditions. Test results can
then be used as defined by a contract for the basis
of determination of fulfillment of contract guarantees.
Test results can also be used by a plant owner, for
either comparison to a design number, or to trend
rmance changes over time of the overall plant:
results of a test conducted in accordance ‘With
this| Code will not provide a basis for comparing
the thermoeconomic effectiveness of different plant
designs.

Ppwer plants are comprised of many equipment
components. Test data required (by ‘this Code may
alsg provide limited performange information for
some of this equipment; Howéver, this Code was
not |designed to facilitaté._simultaneous code level
ing of individual equipment. ASME PTCs which
addfess testing of major power plant equipment
provide a deternfination of the individual equipment
isolgted from<the rest of the system. PTC 46 has
been designed‘to determine the performance of the
entife heat-cycle as an integrated system. Where
the pérformance of individual equipment operating

0.2 GUIDANCE IN USING THIS CODE

As with all PTCs, PTC 46 was developed primafily
to address the needs of contract @ecceptance| or
compliance testing. This is not intended, howeer,
to limit or prevent the use ofythis Code for other
types of testing where the’accurate determinatjon
of overall power plant pétformance is required,

This Code is not a futorial. It is intended for fise
by persons experiencéd in performance testing| A
working knowledge of power plant operations, tHer-
modynamic aralysis, test measurement methods, 4nd
the use, control, and calibration of measuring gnd
test equipment are presumed prerequisites. Proper
use andnterpretation of this Code also require} a
working knowledge of ASME Performance Tlest
Cédes. At a minimum, users of this Code shotild
be familiar and knowledgeable with the followi hg:

® PTC 1, General instructions
® PTC 19.1, Measurement Uncertainty

Other PTC 19 Instrument and Apparatus Supple-
ment series codes and the applicable PTC 3 serjes
on fuel sampling and analysis may need to e
consulted during the planning and preparatipn
phases of a test. In addition, some measurem¢nt
methods specified in PTC 46 refer to PTCs for testing
of specific equipment.

Use of PTC 46 is recommended whenever the
performance of a heat-cycle power plant must pe
determined with minimum uncertainty. It is suitahle
for incorporation into commercial agreements |as
the means of determining fulfillment of contrict
obligations. However, incorporation of PTC 46 idto
a contract does not eliminate the need for tést
planning. PTC 46 provides the pratacal_or framde-

withithe constramts of their design-specified condi-
tions are of interest, ASME PTCs developed for
the testing of specific components should be used.
Likewise, determining overall thermal performance
by combining the results of ASME code tests con-
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SECTION 1 — OBJECT AND SCOPE

1.1 OBJECT

The objective of this Code is to provide uniform

he thermal performance and electrical output of
hedt-cycle electric power plants and cogeneration
fac|lities.

This Code provides explicit procedures for the
detprmination of the following performance results:

® torrected net power
® corrected heat rate
® ¢orrected heat input

Tests may be designed to satisfy different goals,
including:

® gpecified disposition

® dpecified net corrected power

® gpecified net power

1.2| SCOPE

-

nis Code applies to any plant size. It can be
use]i’ to measure the performance of a plant invits
normal operating condition, with all equipment in
a clean and fully-functional condition.(This Code
proyides explicit methods and procedures for com-
bingd-cycle power plants and for mast gas, liquid,
andfsolid fueled Rankine cycle plants. There is no
inteft to restrict the use of this ‘Cade for other types
of heat-cycle power plants{ providing the explicit
prodedures can be met. t'does not, however, apply
to simple-cycle gas turbine power plants (see ASME
PTC] 22 instead). The scope of this Code begins for
a ggs turbine-based power generating unit when a
heatrecovery steam generator is included within the
test boundary.

test.a-particular power plant or cogeneration
faciljty,>the following conditions must be met.

(b) a means must be available to determine,
through either direct or indirect measurements, all of
he—test to

the pa
the base reference condition;

(c) the test result uncertainties are expected’to| be
less than or equal to the uncertainties giver in Subsec-
tion 1.3 for the applicable plant type;and

(d) the working fluid for vapor cycles must|be
steam. This restriction is imposed only to the extent
that other fluids may require measurements or mka-
surement methods differeptfrom those provided|by
this Code for steam cycles:In addition, this Code dbes
not provide specific yeferences for the propertieq of
working fluids othéc than steam.

Tests addressing other power plant performante-
related issues~are outside the scope of this CoHe.
These include”the following:

emissions tests: testing to verify compliance with re BU-
latory emissions levels (e.g., airborne gaseous and par-
ticulate, solid and wastewater, noise, etc.), or requifed
for calibration and certification of emission-monitpr-
ing systems.,

operational demonstration tests: the various standard
power plant tests typically conducted during stjrt-
up, or periodically thereafter, to demonstrate specified
operating capabilities (e.g., minimum load operatign,
automatic load control and load ramp rate, flel
switching capability, etc.).

reliability tests: tests conducted over an extended pe-
riod of days or weeks to demonstrate the capabilfity
of the power plant to produce a specified minimdm
output level or availability. The measurement meth-
ods, calculations, and corrections to design conditidns
included herein may be of use in designing tests [of
this type; however, this Code does not address this
type of testing in terms of providing explicit testi hg
procedures or acceptance criteria.

(a ans must be available to determine,
through either direct or indirect measurements, all of
the heat inputs entering the test boundary and all of
the electrical power and secondary outputs leaving
the test boundary;
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The explicit measurement methods and procedures
have been developed to provide a test of the highest
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TABLE 1.1
LARGEST EXPECTED TEST UNCERTAINTIES
Corrected Corrected
Heat Rate Net Power
Type of Plant Description (%) (%)
Simple cycle with steam generation Gas turbine with exhaust heat used for 1.5 1.0
steam generation
Combined cycles Combined gas turbine and steam turbine 1.5 1.0
cycles with or without supplemental
firing to a steam generator
Steafn cycle Direct steam input (e.g. geothermal) 1.5 T
Stean cycle Consistent liquid or gas fuel 1.5 1.4
Stean cycle Consistent solid fuel 3.0 1.

levgl of accuracy consistent with practical limita-
tior)s. Any departure from Code requirements could
intrpduce additional uncertainty beyond that consid-
eredl acceptable to meet the objectives of the Code.
It is recognized there is a diverse range of power
plapt designs which can be generally categorized
for | purposes of establishing testing methods and
undertainties. The uncertainty levels achievable from
testing in accordance with this Code are dependent
on |the plant type, specific design complexity, and
corjsistency of operation during a test. The largest
explected test uncertainties are given in Table 1. f
a plant design does not clearly fall under one-of
the| categories included in Table 1, the parties-must
reaph agreement on the most appropriate.category.
The Table 1 values are not targets.~A primary
phiflosophy underlying this Code ds\that the lowest

achievable uncertainty.is-in the best interest of all
parties to the test. Deviations from the metHods
recommended in this Code are acceptable only if
it can be demonstrated they provide equal or lower
uncertainty,

A pretesh uncertainty analysis shall be performed
to establish the expected level of uncertainties| for
the test’ Most tests conducted in accordance vith
this’Code will result in uncertainties that are lower
than those shown in Table 1. If the pretest uncertajinty
analysis indicates that the test uncertainty is greter
than that listed in Table 1, the test must be redesigned
so as to lower the test uncertainty or the parties to
the test may agree, in writing, to higher uncertainty.
A post-test uncertainty analysis is also required to
validate the test. If the post-test uncertainty is higher
than the agreed upon maximum expected unger-
tainty, then the test is not valid. ‘
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SECTION 2 — DEFINITIONS AND DESCRIPTION OF
TERMS

2.1 _SYMBOLS

P@J/& aRD |“U“.|P“Cﬂfi°c correction factors (o) ﬂier'nal

wfAq: additive correction factors to thermal heat in-
put and power, respectively, to correct to base refer-
enge thermal efflux

wfA;: additive correction factors to thermal heat in-
puf and power, respectively, to correct to base refer-
ende generator power factor

w34A3: additive correction factors to thermal heat in-
puf and power, respectively, to correct to base refer-
ende steam generator blowdown

w4 A4: additive correction factors to thermal heat in-
putfand power, respectively, to correct to base refer-
ende secondary heat inputs

wsA,Asa: additive correction factors to thermal heat
inptitand power, respectively, to correct to base refer-
ence air heat sink conditions

wsgAsp: additive correction factors to thermal heat
inpyitand power, respectively, to correct to base refer-
encp circulation water temperature

wsdAsc: additive correction factors to thermal heat
input and power, respectively, to correct to-Base refer-

put pnd power, respectively, to correct for measured
power different from'specified if test goal is to operate
ata predetermined power. Can also be used if required
unit|operating disposition is not as required.

heat input, power, and heat rate, respectively;to’tor-
rect to base reference inlet humidity

Ba,as,fy: multiplicative correction factérs to therfnal
heat input, power, and heat rate, respectively, to gor-
rect to base reference fuel supply temperature

Bs,as,f5: multiplicative correction factors to therfnal
heat input, power, and heat rate, respectively, to dor-
rect to base reference fael composition

fa: multiplicative corréction factors to measured plant
heat rate, dimensichless

HR: heat rate, Btu/kW-hr
HV: heating value, Btu/lbm
P: pewer, kW or MW

Q@ subscripted with “meas” or “corr,” Q is therrhal
heat input from fuel, Btu/hr. Otherwise refers to other
sources of heat in the same units.

gm or m: mass flow, lbm/hr

ap: multiplicative correction factors to measured plant
power, dimensionless

Ba: multiplicative correction factors to measured plant
thermal heat input, dimensionless

Ap: additive correction factors to measured plant
power, kW

A multiplicative correction factors to auxiliary lodds

w,: additive correction factors to measured plgnt
heat input

2.1.1  Abbreviations Used in Subscripts

corr: corrected result to base reference conditions

M i Py
Ty tO—Cor=

rect to base reference inlet temperature

Ba,ay,fr: multiplicative correction factors to thermal
heat input, power, and heat rate, respectively, to cor-
rect to base reference inlet pressure
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GT: gas turbine

meas: measured or determined result prior to correct-
ing to base reference conditions

ST: steam turbine
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2.2 TERMS

base reference conditions: the values of all the exter-
nal parameters, i.e., parameters outside the test
boundary to which the test results are corrected. Also,
the specified secondary heat inputs and outputs are
base reference conditions.

bias (systematic) uncertainty: refer to PTC 19.1 for
definition

consistent liquid or gas fuels: fuels with a heating

OVERALL PLANT PERFORMANCE

precision (random) uncertainty: refer to PTC 19.1 for
definition

primary heat input: energy supplied to the cycle from
fuel or other source (such as steam) available for con-
version to net power plus secondary outputs

primary variables: those used in calculations of test
results. They are further classified as:

Class 1: primary variables are those which have a
relative sensitivity coefficient of 0.2 or greater

valpe that varies less than one percent over the course
of a performance test

conmsistent solid fuels: fuels with a heating value that
varjes less than two percent over the course of a per-
forfnance test

cogeneration plant: any cycle which produces both
electric power and at least one secondary output for
usq in a process external to the test boundary

cofrected heat input: the primary heat input entering
the test boundary corrected to base reference condi-
tions

cofrected heat rate: the test calculated heat rate cor-
redted to specified base reference and secondary out-
put conditions

cofrected net power: the net power leaving the test
boyindary at the test-specified operating conditions
angl corrected to the specified base and secondary:
oufput conditions

coyerage: refer to PTC 19.1 for definition

ermor (measurement, elemental, random, sampling,
bigs, precision): refer to PTC 19.1 for definition

nef power: the net plant electfical power leaving the
test boundary

hept sink: the reservaif to which the heat rejected to
the steam turbine condenser is transferred. For a cool-
ing pond, river,~lake, or ocean cooling system, the
reservoir is the.body of water. For an evaporative or
dry air copled heat exchanger system, the reservoir is
the ambient air.

Class 2: primary variables are those which haye a
relative sensitivity coefficient of less than 0.2

secondary heat inputs: the additional heat inpufs to
the test boundary which must be accounted for, quch
as cycle make-up and process condensate returr,

secondary outputs: any useful_ nonelectrical enprgy
output stream which is used by an external progess

secondary variables: variables that are measured but
do not enter into the cdlculation of the results

sensitivity coefficient, absolute or relative: refer to PTC
19.1 for definition

specified scorrected net power test: a test run Jat a
specified corrected net power that is near to the dgsign
value-ofinterest, for example, an acceptance teft of
a steam cycle plant where heat rate is guarantegd at
aspecific load, and partial-load tests for developrpent
of heat rate curve conditions

specified disposition test: a test run at a specified plant
disposition with both load and heat rate determjned
by the test. Examples of this test goal are valve-goint
testing on a steam cycle plant (including maximum
capability testing) and base-load testing on a dom-
bined cycle plant with or without duct firing.

specified net power test: a test run at a specified net
power regardless of ambient or other external cqndi-
tions. An example of this test goal is acceptancg test
on a duct fired combined cycle plant with an oytput
guarantee over a range of ambient temperatures

test boundary: identifies the energy streams reqyired
to calculate corrected results

uncertainty: an estimate of the error. Refer to [PTC
19.1.
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SECTION 3 — GUIDING PRINCIPLES

3.1 INTRODUCTION
This Section provides guidance on the conduct
of pve plant—testing d—outtite e SIEpS Te-

red to plan, conduct, and evaluate a Code test
verall plant performance. The Subsections discuss
following:

° lest plan (Subsection 3.2)

® test preparations (Subsection 3.3)

® tonduct of test (Subsection 3.4)

® ¢alculation and reporting of results (Subsection 3.5)

The Code recognizes that different types of plants
even different types of tests will have a unique
test|goal and operating mode. The following illustrate
the|different test goals considered by the Code and
includes examples.

(@) The test can be run at a specified disposition
both load and heat rate determined by the test.
An [example of this test goal would be valve-point
testing on a steam cycle plant (including maximum
cappbility testing) or base-load testing on a combined
cycle plant with or without duct firing.

(8) The test can be run at a specified corrected et
power that is near to the design value of .interest.
Examples of this test would be an acceptance test of
a steam cycle plant where heat rate is guaranteed at
a specific load, or partial-load tests for ‘development
of heat rate curves.

The test can be run at-a‘specified net power
regdrdless of ambient or other-external conditions. An
example of this test goat~is-an acceptance test on a
duct-fired combined cycle plant with an output guar-
over a rangeof-ambient temperatures.

Regardless of the test goal, the results of a Code
ill be coffected net power and either corrected
heat rate oh.cdrrected heat input. The test must be
designed-with the appropriate goal in mind to ensure
proger procedures are developed, the appropriate

3.1.1 Test Boundary and Required Measurements.
The test boundary identifies the energy streams which
2asirec aHetrate—corre esylts.

The test boundary is an accounting concept(used
to define the streams that must be measured| to
determine performance. All input and output energy
streams required for test calculations \mfust be defer-
mined with reference to the point, at which t
cross the boundary. Energy strearhs within the bouhd-
ary need not be determined unless they verify bpse
operating conditions or uqléss they relate functipn-
ally to conditions outside the boundary.
The methods andsprocedures of this Code have
been developed to'provide flexibility in defining the
test boundary for-a test. In most cases, the fest
boundary encompasses all equipment and systegms
on the plant Site. However, specific test objectiyes
may mahdate a different test boundary. For examgle,
an acceptance test may be required for a bottom{ng
cyclethat is added in the repowering portion of |an
upgrade.
For this Code to apply, the test boundary mfist
encompass a discrete electric-power-producing heat
cycle. This means that the following energy streams
must cross the boundary:

® all heat inputs
® net electrical output and any secondary outputh

For a particular test, the specific test boundd ry
must be established by the parties to the test. Some
or all of the typical streams required for commpn
plant cycles are shown in Fig. 3.1.

Solid lines indicate some or all of mass flow rafe,
thermodynamic conditions, and chemical analypis
of streams crossing the test boundary, which hale
to be determined to calculate the results of an overhl!
plant performance test.

The properties of streams indicated by dashpd
lines may be required for an energy and mdss
balance, but may not have to be determi to

operating mode during the test is followed, and the
correct performance equations are applied. Section
5 provides information on the general performance
equation and variations of the equation to support
specific test goals.
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calculate test results.

Typical test boundaries for the two most common
applications — steam power plants and combined
cycle power plants — are shown in Figs. 3.2 and
3.3, respectively. If these plants were cogeneration
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~—{=——p» Waste heat
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ﬁ

for test calculation
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for test calculation
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FIG. 3.1 GENERIC TESTUBOUNDARY

Fuel ,\ Stack gas

4 Ash residue

—-—=r
I

h |

Steam turbine Power

K Test boundary

Heat sink

FIG. 3.2 TYPICAL STEAM PLANT TEST BOUNDARY

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD-ASME PTC 4b-ENGL 199: EE 0759670 0587724 Ths W

OVERALL PLANT PERFORMANCE

ASME PTC 46-1996

Fuel
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' l '
Inlet aif e=f=eeealp{  Gas turbine —P Power
! . ; .
HRSG  |———— 4~ —p Stack gas
11

Steam turbine

_x Test boundary

planfs, secondary process input and output streams
d also be shown crossing the test boundary.
Mpre definitive test boundaries for specific repre-

it is somewhat dependent on a particular plant
design. In general, measurements or determinations
are fequired for the following streams.

-1.2.1  Primary Heat Input. Measure_or calcu-
late fuel mass flow and heating value at the point
at which they cross the test boundary. The test
bourdary would typically be where the fuel enters
the plant equipment; however, the actual measure-
ment may be upstream orcdownstream of that point
if a petter measuring location is available and if the
flow|and fuel constituents at the metering point are
equiyalent to or can be accurately corrected to the
conditions at the-test boundary.

For gas and liquid fuels, the method of primary
heat|input.determination depends on the particular
fuel and-plant type. In most cases, it is determined
by the\product of the measured fuel flow and the

FIG. 3.3 TYPICAL COMBINED CYCLE PLANT TEST BOUNDARY

v

Heat sink

energy balancé{method (also called the heat Idss
method).

For solid"fuels of consistent constituency, t
energy. balance method is required.

The, use of higher heating value is preferred,

fuel plants, the use of higher heating value requirps
that latent heat losses be accounted for in the energy
balance method of evaluating plant thermal inpyt.

The equations in Section 5 are applicable for eit

ent (either all lower or all higher) and that
correction curves and heat balance programs
based on the same definition of heating value.

3.1.2.2 Secondary Heat Inputs. Secondary h
inputs to the cycle may include process energy
return; make-up, and low energy external heat rec
ery. Measurements to determine the mass flow and
energy level are required for correction to the bape
reference conditions.

3.1.2.3 Inlet Air For Combustion. The total pres-
sure, the dry bulb temperature, and the specific

average fuel heating value. If the plant is a steam
turbine plant fired by gas or liquid fuels, primary
heat input is sometimes determined by the product
of the heat input to the steam and the inverse of
the steam generator efficiency determined by the

COPY RIGHT 2004; American Society of Mechanical Engineers
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numidity are required for combustion air where the
air enters the plant equipment. Measurement of inlet
air conditions is discussed in Appendix G.

3.1.2.4 Sorbents. The quality, analysis, and
quantity of sulfur sorbent or other chemical additives
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which affect the corrected heat rate or corrected
net power must be measured for correction to the
design conditions. Corrections for sorbent injection
rate are limited to variations attributable to differ-
ences between test and design fuel or sorbent charac-
teristics, or due to variations attributable to ambient
conditions.

3.1.2.5 Electric Power. The electric power out-
put from the plant is the net plant output at the
test boundary, which is generally on the load side

OVERALL PLANT PERFORMANCE

only if the measurement location is the best location
for determining required parameters.

3.1.2.10 Specific Required Measurements. The
specific measurements required for a test depend
on the particular plant design and the test boundary
required to meet the specific test intent.

3.1.3 Application of Corrections. The calculation
of results for any plant or thermal island described
by this Code requires adjusting the test-determined
va i ication

of|a step-up transformer. The specific point of mea-
sufement may be at that location, or may be made
byl measuring the generator outputs and the auxiliary
logds with corrections for step-up transformer losses
baked on transformer efficiency tests. The criteria
fol selection of the specific measurement points is
baked on a determination of the lowest achievable
ertainty.

g scope of this Code, and as such, no emission
itations or required measurements are specified:
Hgwever, since emissions limits may have an‘effect
on|results, the test plan must specify emission-levels
or limits, as required operation conditions for the test.

8.1.2.8 Heat Sink Conditions. Corrections to the
plant output are required for differences between
thg design and test heat sink conditions. The parame-
terg of interest depend ori the type of heat sink
used. For open cycle cgoling, it is the temperature
of |the circulating wdter where it crosses the test
bopndary. For an-evaporative cooling tower, it is
thg barometric pressure and the ambient air wet-
bulb temperature. For a dry air cooling system, it
is the ambient air barometric pressure and dry-bulb
tepperature. When the test boundary excludes the
heat réjection system, the correction is based on

3.1.2.9 Criteria for Selection of Measurement
Locations. Measurement locations are selected to
provide the lowest level of measurement uncertainty.
The preferred location is at the test boundary, but

10
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of additive and multiplicative correction factors| The
general forms of these equations are:

Peorr = (Prmeas + additive “P” corrections)-x (multiglica-
tive “P” corrections)

MR = Qmeas + additive “Q” corrections
corr Preas +-additive “P” corrections
x (multiplicative “HR” corrections)
p

1
57:>

An alternate, definition of corrected heat rat

HReorr = Qcorr/ Peorr

where

Qcorr = (Qmeas + additive “Q” corrections)
x (multiplicative “Q" corrections)

The format of the general equations identify|and
represent the various corrections to measured |per-
formance and to mathematically decouple themn so
that they can be applied separately. The corregtion
factors are also identified as being necessary|due
to operational effects for which corrections are aljow-
able, such as those caused by changes in cogenera-
tion plant process flows, and as those necessary|due
to uncontrollable external effects, such as inlet air
temperature to the equipment.

Also, Section 5 permits the Code user to ufilize
a heat balance computer program with the agpro-
priate test data input following a test run, so|that
the corrected performance can be calculated from
data with only one heat balance run necessary.

While these correction factors are intendefl to
2 all variati base andi-
tions, it is possible that plant performance could be
affected by processes ‘or conditions that were not
foreseen at the time this Code was written. In this
case, additional correction factors, either additive
or multiplicative, would be required.
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All correction factors must result in a zero correc-
tion if all test conditions are equal to the base
reference conditions.

3.1.4 Design, Construction, and Start-up Consider-
ations. During the design phase of the plant, consid-
eration should be given to accurately conducting
acceptance testing for overall performance for the
specific type of plant.

Consideration should also be given to the require-
ments of instrumentation accuracy, calibration, re-
calibrati s i EqUITEMments, and

OUTT GOTU dtiU

is not adequate to meet the requirements of
thisf Code must also be considered during the design
stages. For example, all potential transformers (PTs)
and current transformers (CTs) used for power mea-
surgment should be calibrated.

iffthe steam or electrical hosts are unable to accept
eledtricity or process steam, make other provisions
to maintain the test values within the appropriate
“Pefmissible Deviations from Design” values in Ta-
ble|3.2.
Thble 3.1 lists the items to consider during the
spegific plant design, construction, and start-up.

3.2| TEST PLAN

Al detailed test plan must be prepared prior to
conflucting a Code test. It will document agreements
on gl issues affecting the conduct of the test and
proYide detailed procedures for performing.the test.
The| test plan should be approved, pfior to the
testing, by authorized signatures of all parties to the
testf It must reflect any contract réquirements that
perthin to the test objectives and ‘performance guar-
antges and provide any needed clarifications of
confract issues.

addition to docurpenting all prior agreements,
the ftest plan should.include the schedule of test
actiyities, responsibilities of the parties to the test,
test |procedures, 'and report of results.

test preparation and conduct, and preparation of
the report of results.

3.2.2 Responsibilities of Parties. The parties to
the test should agree on individual responsibilities

11
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required to prepare, conduct, analyze, and report
the test in accordance with this Code. This includes
agreement on the organization of test personnel
and designation of a test coordinator who will be
responsible for the execution of the test in accord-
ance with the test requirements and will coordinate
the setting of required operating conditions with the
plant operations staff.
Representatives from each of the parties to the
test should be designated who will observe the test
i it wa H—aee jce
with the test requirements. They should also/figve
the authority, if necessary, to approve any)agrded
upon revisions to the test requirements during the
test.

3.2.3 Test Procedures. The test’plan should inclyde
test procedures that provide, details for the condlict
of the test. The following. afe included in the test
procedures:
(a) objective of test-and method of operation
(b) test acceptante criteria for test completion
(c) base reference conditions
(d) defined test boundaries identifying inputs ahd
outputs and’'measurements locations
(e) thelintent of any contract or specification |as
to operating conditions, performance guarantees, ahd
environmental compliance _
(f) complete pretest uncertainty analysis, with b|as
Uncertainties established for each measurement
(g) specific type, location, and calibration requite-
ments for all instrumentation and measurement sys-
tems and frequency of data acquisition
(h) measurement requirements for applicable emjs-
sions, including measurement location, instrumenta-
tion, and frequency and method of recording
(i) sample, collection, handling, and analykis
method and frequency for fuel, sorbent, ash, etc.
(j) method of plant operation
(k) identification of testing laboratories to be uspd
for fuel, sorbent, and ash analyses
() required operating disposition or accounting for
all internal thermal energy and auxiliary power cdn-
sumers having a material effect on test results
(m) required levels of equipment cleanliness apd
inspection procedures
(n) procedures to account for performance deg

(o) valve line-up requirements
(p) preliminary testing requirements
(q) pretest stabilization criteria
(r) required steadiness criteria and methods of
maintaining operating conditions within these limits


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.

ASME PTC H4b-ENGL 199 EE 07?59L70 D5a77?27 777 W

ASME PTC 46-1996 OVERALL PLANT PERFORMANCE
TABLE 3.1
DESIGN, CONSTRUCTION, AND START-UP CONSIDERATIONS
No. Item Elect Flow Press. Temp.
1 Permanent plant instrumentation
used for test measurements X X X X

2 Connections and spool sections X X X X

3 Changes in location X X X

4 Changes in loop routing X X X

5 Applicability X X X X

6 Access X X X X

7 Environment effects X X X X

8 Quantity X X

9 Layout X X X

10 Ability to duplicate measurement X X X X
11 Installation timing X

12 Up & down stream straight lengths X

13 Water leg correction X X

14 Water leg inspection X X

15 Condensate pots X X

16 Heat tracing X X

NJTES:

(1] Permanent Plant Instrumentation Used for Test Measurements. It must be considered in the plantidesign if it is desired to use [some
permanent plant instrumentation for primary measurements. Such permanent plant instrumentation'must meet the Class 1 requirefnents
of Section 4 if it must be considered Code quality Class 1 instrumentation, or the Class 2 requirements of Section 4 if lesser acduracy
is acceptable. This includes obtaining appropriate laboratory calibrations and submitting al.laboratory calibration reports, certificgtions
or calibration results for all permanent plant instrumentation used for the test, as applicable. The ability to do post-test recalibritions
or verifications is required as described in this Code. Many times, after considering,such requirements, it may be decided b use
temporary instrumentation in some areas where permanent instrumentation was)initially desired to be used. Similarly, it might also
be determined to use alternate permanent instrumentation. These decisions are'best taken care of in the design stages.

(2] Connections and spool sections required for temporary test instrumentation which will be used for primary measurements. Pressure
connections, thermowells, spool sections for flow meters, and electrical metering tie-ins for temporary test instrumentation needed to
meet the Class 1 requirements of Section 4 should be incorporated intothe plant design.

(3} Changes in Location. Documentation that records the relocation of iféms in the process variable loop routing during the desig and/
or the construction phase of the plant. Any impact on test uncertainty should be identified and reviewed with consideratipn to
contractual and code limitations. An example is the relocation-of a flow meter within a process line.

(4] Changes in Loop Routing. An example is the rerouting of condénsate fegs.

(5] Applicability. The proximity to the desired test process value-measured. Note whether the recorded value is an instantaneous or average
value. Note also the historical logging capabilities necéssary for the testing.

(6] Access is required for inspection, calibration, and.any temporary instrument installation and removal.

(7} Minimize EMF effects, vibration and pulsation tognstruments, and instrument loops. Ensure proper grounding for instrument circuits
and digital systems.

(8] Quantity of devices and instrument ports available at one location to reduce uncertainty and provide contingency data acquigition.
An example is using two (2) or dual element thermocouples to measure critical temperatures.

(9] Layout of instrument loops to minimize.nmeasurement error. Precautions are listed in Section 4 of this Code. If instrument transfofmers
are used, adequate wire size should be'used to reduce voltage drops and a neutral cable should be provided to enable accurgte 3-
phase watt metering.

(10) Ability to duplicate measurements:This allows a validation of process value and includes a contingency plan for test measurerpents.
A separate device should be\idéntified to collaborate and backup a test measurement.

(11} Timing of flow elements installation with respect to acid cleaning and/or steam blows. For instance, a calibrated flow measuring device
should not be installed, prior to acid cleaning or steam blows.

(12} Up and down stream\straight lengths for flow elements to minimize uncertainty. The upstream and downstream lengths impaft the
flow measurementluncertainty, and therefore should be maximized.

(13} Water leg correction necessary for accurate process variable measurement. A difference in flow measurement tap elevation wil| alter
the differential pressure measured at a zero flow condition. Flow measurement devices should be installed in horizontal pipe rjns.

(14) Ability to’inspect water legs to validate water leg height.

(15) Accessible/condensate pots to check or refill condensate lines to transmitter.

(16) Validate' the installation of heat tracing. A check should be made to validate that heat tracing done on water legs is in accordlance
with.manufacturer’s instructions to prevent boiling of condensate.

COPYRIGHT 2004,
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(s) allowable variations from base reference condi-
tions and methods of setting and maintaining op-
erating conditions within these limits

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

(u) test start and stop requirements

(v) data acceptance and rejection criteria

(w) allowable range of fuel conditions, including
constituents and heating value

(x) correction curves or algorithms

(y) sample calculations or detailed
specifying test run data reduction and ation and
ection of test results to base reference condition
7) the method for combining test runs to calculate
final test results
(3a) requirements for data storage, document reten-
tion, and test report distribution
(Bb) test report format, contents, inclusions, and
indegx

procedures

TEST PREPARATIONS

All parties to the test shall be given timely notifica-
as defined by prior agreement, to allow them the
necgssary time to respond and to prepare personnel,
pment, or documentation. Updated information
Id be provided as it becomes known.

Altest log must be maintained during the test to
recqgrd any occurrences affecting the test, the time
of the occurrence, and the observed resultant effect.

P¢rsonnel and instrumentation involved in the test
shoyld be considered. For example, provision of
safe| access to test point locations, availability of
suitgble utilities and safe work areas for personnel
as well as potential damage to instrimentation or
califration shifting because of extfeme ambient con-
ditigns such as temperature or\vibration.

Dpcumentation must be.developed or be made
available for calculated or-adjusted data to provide
independent verificationof algorithms, constants,
scaling, calibration/gorrections, offsets, base points,
and [conversions!

The remainder-of this Subsection describes prepa-
s relating’to:

sonnel (3 3 2)

ASME PTC 46-1996

used for data collection must be at least as accurate
as instrumentation identified in the pretest uncer-
tainty analysis. This instrumentation can either be
permanent plant instrumentation or temporary test
instrumentation.

Multiple instruments should be used as needed
to reduce overall test uncertainty. The frequency
of data collection is dependent on the particular
measurement and the duration of the test. To the
extent practical, at least 30 readings should be

paction

prior to and after the test must be~carried out, 2
those records and calibration reports must be mdde
available. Following the test, “recalibration or adle-
quate reconfirmation or verification is required.

The continuous emissions monitoring  syst¢m
should be in normalioperation throughout the test
time frame unless ‘the parties to the test mutually
agree to the contrary.

3.3.2 Test Personnel. Test personnel are required
in sufficient' number and expertise to support the
execution of the test. (See para. 3.2.2, “Responsib|li-
ties of Parties.”) Operations personnel must be fanil-
iawith the test operating requirements in order|to
operate the equipment accordingly.

3.3.3 Equipment Inspection and Cleanliness. Sinjce
a PTC 46 test is not intended to provide detailfd
information on individual components, this Code
does not provide corrections for the effect of apy
equipment that is not in a clean and functional stafe.

Prior to conducting a test, the cleanliness, congli-
tion, and age of the equipment should be determingd
by inspection of equipment or review of operatiorjal
records, or both. Cleaning should be completpd
prior to the test and equipment cleanliness agrepd
upon.

All parties to the test shall have reasonable oppgr-
tunity to examine the plant and agree that it is reafly
to test. The plant should be checked to ensyre
that equipment and subsystems are installed and
operating in accordance with their design paramn-
eters.

® equipment inspection and cleanliness (3.3.3)
® preliminary testing (3.3.4)

3.3.1 Test Apparatus. Test instruments are classi-
fied as described in para. 4.1.2.1. Instrumentation

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004

3.3.4 Preliminary Testing. Preliminary testing can
and should be conducted sufficiently in advance of
the start of the overall performance test to allow
time to calculate preliminary results, make final
adjustments, and modify the test requirements and/or
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test equipment. Results from the preliminary testing
should be calculated and reviewed to identify any
problems with the quantity and quality of measured
data. The parties shall mutually agree before the
test to any test modifications so determined.

Some reasons for a preliminary run are:

(a) to determine whether the plant equipment is in
suitable condition for the conduct of the test

{b) to make adjustments, the needs of which were
not evident during the preparation of the test

trols, and data acquisition systems
d) to ensure that the target uncertainty can be ob-
taiped by checking the complete system

e) to ensure that the facilities operation can be
mgintained in a steady state performance

f) to ensure that the fuel characteristics, analysis,
anfl heating value are within permissible limits, and
that sufficient quantity is on hand to avoid interrupting
the test

g) to ensure that process boundary inputs and out-
puls are not constrained other than those identified
in the test requirements

h) to familiarize test personnel with their assign-
ments

i) to retrieve enough data to fine tune the control
sygtem if necessary

CONDUCT OF TEST

his Subsection provides guidelines on the actual

lowing areas:

® |starting and stopping tests and test runs (3.4.1)

® |methods of operation prior tovand during tests
(3.4.2)

® [adjustments prior to and-during tests (3.4.3)

® |duration and numberof tests and number of read-
ings (3.4.4)

® |constancy of test.conditions (3.4.5)

n addition, this Subsection contains the following
talples:

®|Tablex3.2 Guidance for Establishing Permissible
Deviations from Design

@ Havte—3- HOTEA ap 3
® Table 3.4 Minimum Test Durations

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

14
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of the test, and that all parties to the test are informed
of the starting time.

3.4.1.1 Starting Criteria. Prior to starting each
performance test, the following conditions must be
satisfied:

(a) operation, configuration, and disposition for
testing has been reached in accordance with the
agreed upon test requirements, including:

(1) equipment operation and method of control
(2) unit configuration, including required pro-
UX flow
(3) valve line-up
(4) availability of consistent fuel and fuélsupple-
ments within the allowable limits of the fuel andlysis
for the test (by analysis as soon as pragticable prejced-
ing the test)
(5) plant operation withimthe bounds of theper-
formance correction curves, algorithms or programs
(6) equipment operation within allowable Ijmits
(7) for a series oftest runs, completion of int¢rnal
adjustments required’for repeatability

(b) Stabilization:Prior to starting test, the plant must
be operated for a sufficient period of time at test|load
to demonstrate and verify stability in accordance|with
para. 3.4.2 criteria.

(¢).Data Collection. Data acquisition syst
functioning, and test personnel in place and rea
collect samples or record data.

m(s)
y to

3.4.1.2 Stopping Criteria. Tests are normally
stopped when the test coordinator is satisfied|that
requirements for a complete test run have been
satisfied. (See paras. 3.4.4 and 3.4.5.) The test coprdi-
nator should verify that methods of operation dirring
test, specified in para. 3.3.2, have been satigfied.
The test coordinator may extend or terminatg the
test if the requirements are not met.

Data logging should be checked to ensure ¢om-
pleteness and quality. After all test runs are ¢om-
pleted, secure equipment operating for purposes of
test only (such as vent steam). Return operjtion
control to normal dispatch functions, if appropfiate.

3.4.2 Methods of Operation Prior To and D

tained operation at the test conditions mu
operated during the test or accounted for i

0 on [ miiien dlOf 9,
within the test boundary should be accounted
in a manner agreeable to all parties.

Typical but nonexhaustive examples of operating
equipment for consideration include fuel handling
equipment, soot blowers, ash handling systems, gas

for
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turbine compressor inlet chillers or evaporative cool-
ers, gas compressors, water treatment equipment,
and blowdown. Any environmental control system
must be operating and within normal ranges, includ-
ing percent solids, gas flow, inlet and outlet emission
concentrations, pH, and solid and liquid concentra-
tions.,

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 utilized
in thegenera € equation and the devel-
opment of correction curves will be affected by the
operjating mode of the plant. If a specified corrected
or mleasured load is desired, the plant control system
shodld be configured to maintain the load during
the fest. If a specified disposition is required, the
control system should maintain the disposition and
not make changes to the parameters which should
be flxed, such as valve position.

The plant equipment should be operated in a
manner consistent with the basis of design or guaran-
tee, |[and in a manner that will permit correction
from| test operating conditions to base reference
conditions.

Prpcess energy (process steam and condensate)
mus] be controlled in the most stable manner possi-
ble. [This may require operation in manual mode or
vent|ng to the atmosphere if the host is unable to
satisfy stability or quantity criteria.

perforima

3.4.2.2 Valve Line-up/Cycle Isolation. A cycle
isolation checklist should be developed to the satis;
factipn of all parties to the test. The checklist should
be djvided into three categories: manual valve isola-
tion [checklist, automatic valve isolation_ghecklist,
and [test valve isolation checklist.

(a) The manual valve isolation chécklist should be
an exhaustive list of all the vaives thatshould be closed
during normal operation. Theseare the valves that
affeqt the accuracy or results-of the test if they are
not secured. These valvepaositions should be checked
befofe and after the test.

(b) The automatic/valve isolation checklist is a list
of valves that should be closed during normal opera-
tion put may/from time to time cycle open (such as
feedyvater.heater emergency dump valves). As in (a),
thesg aré-the valves that affect the accuracy or results
of the testif they are not secured. These valve positions

ASME PTC 46-1996

(c) Thetestvalve isolation checklist is a list of those
valves that should be closed during the performance
test. These valves should be limited to valves that must
be closed to accurately measure the plant perform-
ance during the test. For example, the boiler blow-
down may need to be closed during all or part of the
test to accurately measure boiler steam production.
The blowdown valve position should be addressed in
the test plan.

No valves normally open should be closed for
ance of the plant.

The valves on the test valve isolation checklfst
should be closed prior to the preliminary test. The
valves may need to be opened betweeh’ test rurls.

Effort should be made to confirm zero flow through
valves that are required to be cloSedduring the tet.

3.4.2.3 Equipment Operation. Plant equipmeht
required for normal plant opération should be op-
erating as defined by theréspective equipment sup-
pliers’ instructions (to ‘stpport the overall objectivps
of the plant test), unless otherwise agreed to by the
parties to the fest. Equipment that is necessary fpr
plant operation’or that would normally be required
for the plant-to operate at base reference conditiops
must be operating or accounted for in determining
auxiliary power loads.

At least 99.9% of nonelectric internal energy cop-
sumption should be accounted for and specifi¢d
operating disposition tabulated. At least 99% pf
electrical auxiliaries should be accounted for anfd
specified operating disposition tabulated. Afy
changes in equipment operation that affect plapt
corrected heat rate or corrected performance by
more than 0.25 (or mutually agreed) percent wjll
invalidate a test run. A switch-over to redundaht
equipment, such as a standby pump, is permissible.
Intermittent nonelectrical internal energy consump-
tion and electrical auxiliary loads, such as prorating,
or proportioning, must be accounted for in an equith-
ble manner and applied to the power consumptign
of a complete equipment operating cycle over the
test period. Examples of intermittent loads include
water treatment regeneration, well pump, materipl
handling, soot blowing, blowdown, heat tracing,
and air preheating.

3.4 4 Proximi o_Desion ondition is

should be checked prior to the preliminary test and
monitored during subsequent testing. (To the extent
available from the plant control system, these valve
positions should be continually monitored during
the test.)

COPY RIGHT 2004; American Society of Mechanical Engineers
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desirable to operate the plant during the test as
closely as possible to the base reference performance
conditions, and within the allowable design range
of the plant and its equipment so as to limit the
magnitude of corrections to net electrical output
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and heat rate. Table 3.2 was developed based on
achieving the overall test uncertainties described in
Table 1.1. Excessive corrections to plant performance
parameters can adversely affect overall test uncer-
tainty. To maintain compliance with test code re-
quirements, the actual test should be conducted
within the criteria given in Tables 3.2 and 3.3 or
other mutually agreed operating criteria that result
in overall test uncertainty compatible with Table 1.1.

3.4.2.5 Stabilization. Agreement must be

OVERALL PLANT PERFORMANCE

3.4.2.10 On-line Cleaning. On-line cleaning of
boiler heat transfer surfaces and gas turbine compres-
sors should be addressed.

3.4.3 Adjustments Prior to and During Tests. This
Subsection describes the following three types of
adjustments related to the test:

® permissible adjustments during stabilization peri-
ods or between test runs
® permissible adjustments during test runs

starting the test. The length of operating time neces-
sary to achieve the required steady state will depend
on previous operations, using Table 3.2 as a guide.

re{ched on the necessary stable conditions before

3.4.2.6 Plant Output. A test may be conducted
at| any load condition, as required to satisfy the
gdals of the test. For those tests which require a
specified corrected or measured load, the test run
electrical output should be set so that the estimated
tegt result of net electrical power is within one (1)
pgrcent of the applicable design value. For those
tegts which require a specified disposition of the
plant, the test electrical output will be dependent
on the performance of the plant itself and will not
bg controlled. At no time should the actual test
cdnditions exceed any equipment ratings provided
by the manufacturer.

3.4.2.7 Plant Thermal Energy. Cogeneration
ant thermal energy export shall be set at levels
cified or as mutually agreed by parties to-the
tegt. If automatic control of export energy does not
prpvide sufficient stability and proximity.fo design
cgnditions, manual control or venting)of export
ergy may be required.

3.4.2.8 Fuel and Fuel Suppléments. Consump-
tign and properties of fuel (and fuel supplements
(sych as limestone) should (be maintained as constant
as| practicable for the duration of the preliminary
test and actual test.Permissible deviations in fuel
prpperties for various fuels and components are
specified in Table 3.2.

B.4.2.9 {Emissions. Throughout the tests, the plant
shll be operated in accordance with the emissions

Code does not reqmre that emissions tests be con-
ducted as part of the overall performance test. Emis-
sions can be monitored with normal monitoring
equipment, not necessarily compliance testing
equipment.

= i 11163

3.43.1 Permissible Adjustments During) Stabili-
zation Periods Between Test Runs."\Agre
should be reached before the test‘©n acceptable

such as steam temperature, may be made so lopg as
the requirement for stability of primary measurerhents
stilly hold.

Typical adjustments prior to tests are thos

permissible. Tuning and/or optimization of co
nent or plant performance is permissible. Adjust-
ments to avoid corrections or to minimize the mpgni-
tude of performance corrections are permissibfe.

3.4.3.2 Permissible Adjustments During [Test
Runs. Permissible adjustments during tests are those
required to correct malfunctioning controls, maiftain
equipment in safe operation, or to maintain plant
stability. Switching from automatic to manual |con-
trol, and adjusting operating limits or set points of
instruments or equipment should be avoided dyring
a test.

3.4.3.3 Nonperm:ssnble Adjustments. Any ad-
men a - aWa¥a aVaa¥-Tal betA per-
ated beyond manufacturers operatlng, desugn or
safety limits and/or specified operating limits are
not permitted. Adjustments or recalibrations which
would adversely affect the stability of a primary
measurement during a test are also not permitted.

16
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TABLE 3.3
TYPICAL PRETEST STABILIZATION PERIODS
Type of Plant Stabilization
Gas fired boiler 1 hr
Qil fired boiler 1 hr
Pulverized coal-fired boiler 1hr
Fluidized bed combustor 24 hr (1]
Simple cycle with heat recovery 1 hr
Combined cycle 1 hr
Reciprocating engines 1 hr
Stoker and cyclone 4 hr

NOTE:

achievement.

[1] #f chemical stability has been satisfied, then testing may commence one (1) hour following

TABLE 3.4

RECOMMENDED MINIMUM TEST RUN DURATIONS

Type of Plant Test Run
Gas fired boiler 2\hr
Qil fired boiler 2 hr
Pulverized coal-fired boiler 2hr
Fluidized bed combustor 4 he
Simple cycle with heat recovery 1 hr
Combined cycle 1 hr
Stoker and cyclone 4 hr

34.4
and

Duration of Runs, Number of Test Runs;
Number of Readings

3.4.4.1
run
the
plan
the

Duration of Runs. The duration:éfia test
hall be of sufficient length that the data reflects
pverage efficiency and/or performance of the
. This includes consideration_for deviations in
easurable parameters due \to controls, fuel,
and ftypical plant operating characteristics. The rec-
ommpended test durations are‘tabulated in Table 3.4,

THe test coordinatorand” the parties to the test
may|determine that a.longer test period is required.
The |recommended times shown in Table 3.4 are
generally based\upon continuous data acquisition.
Depending upon the personnel available and the
method of data acquisition, it may be necessary to
incrgaseCthe length of a test in order to obtain
a sufficient number of samples of the measured

the fuel are significant. Test run duration shodld
consider transit times of samples.

3.4.4.2 Number of Test Runs. A run is a corp-
plete set of observations with the unit at stable
operating conditions. A test is a single run or the
average of a series of runs.

While not requiring multiple runs, the advantagps
of multiple runs should be recognized. Conducting
more than one run will:

® provide a valid method of rejecting bad test rurjs
® allow the parties to the test to examine the validity
of the results
® verify the repeatability of the results. Results mjy
not be repeatable due to variations in either tdst
methodology (test variations) or the actual perforr-
ance of the equipment being tested (process varip-

parameters to attain the required test uncertainty.
When point-by-point traverses are required, the test
run should be long enough to complete two full
traverses. Test runs using blended or waste fuels
may also require longer durations if variations in

COPY RIGHT 2004; American Society of Mechanical Engineers
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After completing the first test run that meets the
criteria for an acceptable test run (which may be
the preliminary test run), the data should be consoli-
dated and preliminary results calculated and exam-
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Case |
No overlap

Case It
Complete overlap

Case il
Partial overlap

#*
£
"
£

ing
pa
at

ing
un
Fig

d to ensure that the results are reasonable. If the
ties to the test agree, the test may be concluded
the end of any test run.

3.4.4.3 Evaluation of Test Runs. When compar-

results from two test runs (X; and X;) and their
Certainty intervals, the three cases iHustrated in
. 3.4 should be considered.

Case I: A problem clearly exists-when there is no

ov
tai
err|
no
ov
etdq

eriap between uncertainty intervals. Either uncer-
nty intervals have been grossly underestimated, an
br exists in the measurements, or the true value is
constant. Investigafion to identify bad readings,
priooked or underestimated systematic uncertainty,
., is necessary toTesolve this discrepancy.

Cage II: When~the uncertainty intervals completely

ov
ha
co

briap, as.inthis case, one can be confident that there
been a'proper accounting of all major uncertainty

UZ; ’

mponents. The smaller uncertainty interval, X, *
/ . . . et

Case lll: This case, where a partial overlap of the
uncertainty exists, is the most difficult to analyze. For
both test run results and both uncertainty intervals to

be

COPYRIGHT 2004;

correct, the true value lies in the region where the

;. American Society of Mechanical Engineers
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FIG. 3.4 THREE POST-TEST CASES

20

uncertainty intervals overlap. Consequently the |3
the overlap the more confidence there is in the val
of the measurements and the estimate of the ur
tainty intervals. As the difference between the
measurements increases, the overlap region shri

Should a run or set of runs fall under case
case 3, the results from all of the runs shoulg
reviewed in an attempt to explain the reason
excessive variation. Should no reason become @
ous, the parties to the test can either increase]
uncertainty band to encompass the runs and th
fore make them repeatable, or they can con
more runs, which will allow them to calculate

rger
dity
cer-
two
nks.
[ or

be

for
bvi-

the
ere-
Huct
the

precision component of uncertainty directly from
the test results.

The results of multiple runs shall be average|
determine the mean result. The uncertainty of g
is calculated in accordance with PTC 19.1.

d to
bsult

ings

must be taken within the test duration to yield total
uncertainty consistent with Table 1. Ideally at least

30 sets of data should be recorded for all noni

nte-

grated measurements of primary variables. There are
no specific requirements for the number of integrated
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readings or for measurements of secondary variables
for each test run.

3.4.5 Constancy of Test Conditions. The primary
criteria for steady state test conditions is that the
average of the data reflects equilibrium between
energy input from fuel and energy output to thermal
and/or electrical generation. The primary uncontrol-
lable parameters affecting the steady state conditions
of a test are typically the ambient conditions. Testing
durations and schedules must be such that changes

ASME PTC 46-1996

no less than 10 minutes following the recovery of
the criteria found in Table 3.2.

An outlier analysis of spurious data should also
be performed in accordance with PTC 19.1 on all
primary measurements after the test has ended. This
analysis will highlight any other time periods which
should be rejected prior to calculating the test results.

3.5.2 Uncertainty. Test uncertainty and test toler-
ance are not interchangeable terms. This Code does
teh— al

in pmbient conditions are minimized. See para.
3.4)2.5.

3.5| CALCULATION AND REPORTING OF

RESULTS

The data taken during the test should be reviewed
rejected in part or in whole if not in compliance
the requirements for the constancy of test
itions. See para. 3.4.5.

Epch code test shall include pretest and post-test
uncertainty analyses and the results of these analyses
shall fall within code requirements for the type of
plaft being tested.

3.5]1 Causes for Rejection of Readings. Upon com-
pletion of test or during the test itself, the test data
shall be reviewed to determine if data from certain
time periods should be rejected prior to the calcula-
tion| of test results. Refer to PTC 19-1 and ANSI/
ASME MFC-2M (Appendix C) for data rejection
critgria. A test log should be kept. Any plant.ypséts
which cause test data to violate the requifements
of Table 3.2 shall be rejected. A minifoum of 10
minutes following the recovery of these criteria shall
be rejected to allow for restabilization.
Should serious inconsistencies~which affect the
resylts be detected during a-test'run or during the
calqulation of the results, the'run shall be invalidated
completely, or it may ke\invalidated only in part if
the [affected part is_at\the beginning or at the end
of the run. A runthat has been invalidated shall
be rppeated, if necessary, to attain the test objectives.
The|decisiontoreject a run shall be the responsibility
of the designated representatives of the parties to
the Jtest!
uring the test, should any control system
points be modified that effects stability of operation
beyond code allowable limits as defined in Table
3.2, test data shall be considered for rejection from
the calculations of test results. The period rejected
shall start immediately prior to the change and end

COPY RIGHT 2004; American Society of Mechanical Engineers
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“Measurement Uncertainty.” PTC 19.1\$pecifies pfo-
cedures for evaluating measurement” uncertainties
from both random and fixed erfors;”and the effelcts
of these errors on the uncertainty of a test resu

This Code addresses testiuficertainty in the follow-
ing four sections.

® Section 1 defines.expected test uncertainties.
® Section 3 defines the requirements for pretest and
post-test uncertainty analyses, and how they are
used in‘the test. These uncertainty analyses and
limits of error are defined and discussed in p:ra.
3.5:21.
® Section 4 describes the bias uncertainty requifed
for each test measurement.
® Section 5 and Appendix F provide applicable gujd-
ance for determining pretest and post-test uncer-
tainty analysis results.

3.5.2.1
Analyses
(a) A pretest uncertainty analysis shall be plr-
formed so that the test can be designed to meet cade
requirements. Estimates of bias and precision error for
each of the proposed test measurements should |be
used to help determine the number and quality|of
test instruments required for compliance with code
or contract specifications.
The pretest uncertainty analysis must include fan
analysis of precision uncertainties to establish ppr-
missible fluctuations of key parameters in order|to
attain expected uncertainties.
In addition, a pretest uncertainty analysis can pe
re
significant to the corrected test. For simplicity, this
Code allows elimination of those corrections which
do not change the test results by 0.05 percent.
Also, pretest uncertainty analysis should be used to
determine the level of accuracy required for each

Pretest and Post-Test Uncertai
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measurement to maintain overall Code standards for
the test.

(b) A post-test uncertainty analysis shall also be
performed as part of a Code test. The post-test uncer-
tainty analysis will reveal the actual quality of the test
to determine whether the expected test uncertainty
described in Section 1 has been realized.

3.5.3 Data Distribution and Test Report. Parties
to the test have the right to have copies of all data

OVERALL PLANT PERFORMANCE

at the conclusion of the test. Data will be distributed
by the test coordinator and approved in a manner
agreed to prior to testing.

A test report is written in accordance with Section
6 of this Code by the test coordinator and distributed
within a time frame agreed to by all parties. A
preliminary report incorporating calculations and
results may be required before the final test report
is submitted for approval.
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SECTION 4 — INSTRUMENTS AND METHODS OF
MEASUREMENT

4.1_GENERAL REQUIREMENTS

4.1.1  Introduction. This Code presents the manda-
tory requirements for instrumentation employed and
the|use of such devices. The instrumentation recom-
mended herein may be replaced by new technology
as i becomes available. The Instruments and Appara-
tus|supplement (ASME PTC 19 Series) outlines the
governing requirements for all ASME performance
testing. If the instrumentation requirements in the
Insfrument and Apparatus supplement become more
riggrous as they are updated, due to advances in
the[state of the art, their requirements will supersede
thoge set forth in this Code.

U.S. Customary units are shown in all equations
in this Section. However, any other consistent set
of lnits may be used.

4.12 Instrumentation Classification. The instru-
mentation employed to measure a variable will have
diffgrent required type, accuracy, redundancy, and
handling depending upon the use of the measured
varigble and depending on how the measured vari-
ablg affects the final result. For purposes -of_this
disqussion, variables at a given location are tempera-
ture pressure, flow, velocity, voltage, curfent, stream
congtituency, and humidity. Measurements are clas-
sifiefd as either primary or secondity: variables,

41.2.1 Primary Variables.( Variables that are
used in calculations of test results are considered
prinjary variables. Primary. variables are further clas-
sifiefl as Class 1 primaryvariables or Class 2 primary
varigbles. Class 1 primary variables are those which
have a relative sersitivity coefficient of 0.2 percent or
greafer. Thesewariables will require higher-accuracy
instrtuments,‘with more redundancy than Class 2
primary variables which have a relative sensitivity
coefficient’ of less than 0.2 percent.

temperature. These example variables verify)that the
unit was not over- or under-“fired” during the fest
period.

This Code does not require high accuracy ins
mentation for secondary varialiles. The instrumdnts
that measure these variables ‘may be permanently
installed plant instrumentation. The code does [re-
quire verification of instrument output prior to the
test period. This verification can be by calibrat{on
or by comparison-against two or more independent
measurements/of the variable referenced to the sapne
location. The instruments should also have redundhnt
or other independent instruments that can verify the
integrity. during the test period.

4.1{3 Instrument Calibration

4.1.3.1 Definition of Calibration. Calibration|of
an instrument is the act of applying process confi-
tions to the candidate instrument and to a refererjce
standard in parallel. Readings are taken from bdth
the candidate instrument and the reference standald.
The output of the instrument then may be adjusted|to
the standard reading. As an alternative, the difference
between the instrument and the reference standgrd
may be recorded and applied to the instrumént
reading. This alternative method is mandatory [in
the case of thermocouple or Resistance Temperatyre
Devices (RTDs) because their output cannot be eas ly
altered.

4.1.3.2 Reference Standards. In general all tgst
instrumentation used to measure primary (Class| 1
and Class 2) variables should be calibrated against
reference standards traceable to the National Institte
of Standards and Technology (NIST), other rec g-

4.1.2.2  Secondary Variables. Variables that are
measured but do not enter into the calculation of
the results are secondary variables. These variables
are measured throughout a test period to ensure
that the required test condition was not violated.
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nized int - g-
nized physical constants. All reference standards
should be calibrated as specified by the manufacturer
or other frequency as the user has data to support
extension of the calibration period. Supporting data
is historical calibration data that demonstrates a
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calibration drift less than the accuracy of the refer-
ence standard for the desired calibration period.
The reference standards should have an uncer-
tainty at least 4 times less than the test instrument
to be calibrated. A reference standard with a lower
uncertainty may be employed if the uncertainty of
the standard combined with the precision uncertainty
of the instrument being calibrated is less than the
accuracy requirement of the instrument.
Instrumentation used to measure secondary vari-
f

will be used to make the test measurements. Consid-
erdtion must be given to all process and ambient
copditions which may affect the measurement in-
clyding temperature, pressure, humidity, electromag-
nelic interference, radiation, or etc.

1.1.3.4 Instrument Ranges and Calibration
Pojnts. The number of calibration points depends
uppn the classification of the variable the instrument
wil|l measure. The classifications are discussed in
pafa. 4.1.2. The calibration should bracket the ex-
pefted measurement range as closely as possible.

a) Class 1 Primary Variables

he instruments measuring Class 1 primary vari:
abjes should be calibrated at two (2) points_more
than the order of the calibration curve fit.

ach instrument should also be calibrated such
that the measuring point is approached in an increas-
ing and decreasing manner. This exercise minimizes
any hysteresis effects.

Some instruments are built-with a mechanism to
alter the range once the jnstrument is installed. In
this case, the instrumentmust be calibrated at each
rahge to be used during the test period.

Bome devices cannot practically be calibrated over
th¢ entire operating range. An example of this is
th¢ calibration‘of a flow measuring device. These
devices are calibrated often at flows lower than the

tidn 4.4
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sis of less than the required accuracy, the measuring
point need only be approached from one direction
(either increasing or decreasing to the point).

(c) Secondary Variables

Instruments used to measure secondary variables
can be checked in place with two or more instru-
ments measuring the variable with respect to the
same location or can be calibrated against a pre-
viously calibrated instrument.

Should the instrument be calibrated, it need only

or checked following the tests. INo-mandate is made
regarding quantity of time betveen the initial cal|bra-
tion, the test period, and the recalibration. |The
quantity of time between" initial and recalibration
should however be_kept to a minimum to olptain
an acceptable calibration drift.

Flow measuring’devices and current and potential
transformers~by nature are not conducive to post-
test calibration. In the case of flow measuring deyices
used to.measure Class 1 primary variables,| the
element may be inspected following the test rjther
than recalibrating the device. Flow elements psed
to measure Class 2 primary variables need ngt be
inspected following the test if the devices havg not
experienced steam blow or chemical cleaning

Post-test calibration of current and potential tfans-
formers is not required.

4.1.3.6 Calibration Drift. Calibration drift i§ de-
fined as the difference in the calibration correcti¢n as
a percent of reading. When the post-test calibration
indicates the drift is less than the instrument|bias
uncertainty, the drift is considered acceptable|and
the pretest calibration is used as the bias for determin-
ing the test results. Occasionally the instrument
calibration drift is unacceptable. Should the caljbra-
tion drift, combined with the reference standard
accuracy as the square root of the sum of the squares,
exceed the required accuracy of the instrumeft, it
is unacceptable.

Calibration drift can result from instrument [mal-
function, transportation, installation, or removp! of

(b) Class 2 Primary Variables

Instruments measuring Class 2 primary variables
should be calibrated at the number of points equal
to the order of the calibration curve fit. If the
instrument can be shown to typically have a hystere-

the test instrumentation. Should unacceptable cali-
bration drift occur, engineering judgment must be
used to determine whether the initial or recalibration
is correct. Below are some practices that lead to
the application of good engineering judgment.

24
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(a) When instrumentation is transported to the test
site between the calibration and the test period, a
single point check prior to and following the test pe-
riod can isolate when the drift may have occurred.
An example of this check is vented pressure transmit-
ters, no load on watt meters, and ice point temperature
instrument check.

(b) In locations where redundant instrumentation
is employed, calibration drift should be analyzed to
determine which calibration data (the initial or recali-
bration) produces better agreement between redun-

ASME PTC 46-1996

equipment) can be demonstrated to meet the overall
uncertainty requirements. Many times this is not the
case. In the case of flow measurement all instrument
measurements (process pressure, temperature, differ-
ential pressure, or pulses from metering device) must
be made available as plant conversions to flow are
often not rigorous enough for the required accuracy.

4.1.5 Redundant Instrumentation. Redundant in-
struments are two or more devices measuring the

same parameter with respect to th on.

dant instruments.

1.3.7 Lloop Calibration. All instruments used
to measure primary variables (Class 1 or Class 2)
sholld be loop-calibrated. Loop calibration involves
the [calibration of the instrument through the signal
congitioning equipment. This may be accomplished
by |calibrating instrumentation employing the test
signal conditioning equipment either in a laboratory
or on site during test setup before the instrument
is donnected to process. Alternatively, the signal
conglitioning device may be calibrated separately
from the instrument by applying a known signal to
each channel using a precision signal generator.
Where loop calibration is not practical, an uncer-
tainty analysis must be performed to ensure that the
combined uncertainty of the measurement system
mesgts the accuracy requirements described herein.

41.3.8 Quality Assurance Program. Fach cali-
bratjon laboratory must have in place a quality
assurance program. This program is a method “of
docymentation where the following information can
be found:
(a) calibration procedures
(g calibration technician training

(d) standard calibration records

(d) standard calibration schedule

(e instrument calibration-histories

The quality assurancesprogram should be designed
to ensure that the laboratory standards are calibrated
as required. The program also ensures that properly
trained technicians calibrate the equipment in the
correct manper,

All partiés. to the test should be allowed access
to the calibration facility as the instruments are

4.1.4  Plant Instrumentation. It is acceptable to use
plant instrumentation for primary variables only if the
plant instrumentation (including signal conditioning
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Redundant instruments should be used to measpire
all primary (Class 1 or Class 2) variables with the
following exceptions. Redundant flow eletents and
redundant electrical metering devices are not fe-
quired because of the large increase”in costs, hut
should be considered when deveéloping a test plan.

Other independent instrumépts 'in separate loga-
tions can also monitor instrument integrity. A sample
case would be a constant\enthalpy process where
pressure and temperaturé in a steam line at ogne
point verify the pressure and temperature of another
location in the line by comparing enthalpies.

=

4.2 PRESSURE MEASUREMENT

4.2.1 Introduction. This Subsection presents fe-
quirements and guidance regarding the measuremént
of pressure. Due to the state of the art and genefal
practice, it is recommended that for primary mga-
surements electronic pressure measurement equ|p-
ment be used. Dead weight gages, manometers, ahd
other measurement devices may in some cases pe
as accurate and may be used.

All signal cables must have a grounded shield [to
drain any induced currents from nearby electrigal
equipment. All signal cables should be installpd
away from EMF producing devices such as moto}s,
generators, electrical conduit, and electrical servike
panels.

Prior to calibration, the pressure transducer range
may be altered to match the process better. Howevér,
the sensitivity to ambient temperature fluctuatipn
may increase as the range is altered.

Additional points will increase the accuracy but

Some pressure transducers have the capability of
changing the range once the transmitter is installed.
The transmitters must be calibrated at each range
to be used during the test period.
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4.2.2 Pressure Transmitter Accuracy

4.2.2.1 Introduction. The required pressure
transmitter accuracy will depend upon the type of
variables being measured. Refer to para. 4.1.2 for
discussion on primary and secondary variables.

4.2.2.2 Accuracy Requirements. Class 1 primary
variables should be measured with 0.1% accuracy
class pressure transmitters that have a total uncer-
tainty of 0.3% or better of calibrated span These

teperature during calibration to determine if the
decrease in accuracy is acceptable.
lass 2 primary variables should be measured

brated span. These pressure transmitters do not need
to| be temperature compensated.

Secondary variables can be measured with any
type of pressure transmitter.

4.p2.3 Pressure Transmitter Types
Three types of pressure transmitters are described
below.

®| absolute pressure transmitters
® gage pressure transmitters
®| differential pressure transmitters

4.2.3.1 Absolute Pressure Transmitters

Application: Absolute pressure transmitters \measure
pressure referenced to absolute zero pressuré. Abso-
lufe pressure transmitters should be used on all mea-
surement locations with a pressure.equal to or less
than atmospheric. Absolute pressure transmitters may
also be used to measure pressures-above atmospheric
pressure.

Calibration: Absolute pressure transmitters can be cal-
ibfated using one of\two methods. The first method
involves connecting the test instrument to a device
tht develops_an)accurate vacuum at desired levels.
Sych a device'can be a dead weight gage in a bell
ja referénced to zero pressure or a divider piston
mechanism with the low side referenced to zero
priessure.

OVERALL PLANT PERFORMANCE

maintained at constant vacuum during the calibration
of the instrument.

4.2.3.2 Gage Pressure Transmitters

Application: Gage pressure transmitters measure pres-
sure referenced to atmospheric pressure. To obtain
absolute pressure, the test site atmospheric pressure
must be added to the gage pressure. This test site
atmospheric pressure should be measured by an abso-
lute pressure transmitter. Gage pressure transmitters

pressures hrgher than atmosphenc Gage presure
transmitters are preferred over absolute pressure trans-
mitters in measurement locations above ‘atmospheric
pressure because they are easier to ealibrate.

Calibration: Gage pressure transmitters can be|cali-
brated by an accurate deadwegight gage. The prefsure
generated by the dead weight gage must be corrgcted
for local gravity, air buayancy, piston surface tension,
piston area deflection;actual mass of weights, afctual
piston area, and working medium temperature. |f the
above correctjorisiare not used, the pressure genefated
by the dead-weight gage may be inaccurate. The ac-
tual pistgnarea and mass of weights is deternjined
each time'the dead weight gage is calibrated.

4.2.3.3 Differential Pressure Transmitters

Application: Differential pressure transmitterd are
used where flow is determined by a differential pres-
sure meter.

Calibration: Differential pressure transducers usgd to
measure Class 1 primary variables must be calibfated
at line static pressure unless data is available showing
that the effect of high line static pressure is Within
the instrument accuracy. Calibrations at line ptatic
pressure are performed by applying the actudl ex-
pected process pressure to the instrument as it is1eing
calibrated.

Calibrations at line static pressure can be acfom-
plished by one of three methods:

(a) two highly accurate dead weight gages;

(b) adead weight gage and divider combinatign; or

(c) one dead weight gage and one differential pres-
sure standard.

Differential pressure transmitters used to mehsure
Class 2 primary variables ar <¢=rondar\/ variablés do

The second method calibrates by developing and
holding a constant vacuum in a chamber using
a suction and bleed control mechanism. The test
instrument and the calibration standard are both
connected to the chamber. The chamber must be
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not require calibration at line static pressure and
can be calibrated using one accurate dead weight
gage connected to the “high” side of the instrument.
If line static pressure is not used, the span must be
corrected for high line static pressure shift unless
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the instrument is internally compensated for the
effect.

Once the instrument is installed in the field, the
differential pressure from the source should be equal-
ized and a zero value read. This zero bias must
be subtracted from the test-measured differential
pressure,

4.2.4 Vacuum Measurements
4.2.4.1

Introduction. Vacuum measurements are

ASME PTC 46-1996

transmitters are recommended since they are easier
to calibrate and to check once on site.

Caution must be used with low pressure variables
because they may enter the vacuum region at part
load operation.

4.2.5.2 Installation. Gage pressure transmitters
used in gas service should be installed with the
sensing line sloping continuously upward to the
instrument. This method alleviates inaccuracies from
possible condensed liquid in the sensing line.

pr herte
pressure. Absolute pressure transmitters are recom-
mended for these measurements. Differential pres-
sure transmitters may be used with the “low” side of
the|transmitter connected to the source to effectively
resplt in a negative gage that is subtracted from
atmospheric pressure to obtain an absolute value.
latter method may be used but is not recom-
menpded for Class 1 primary variables since these
measurements are typically small and the difference
of fwo larger numbers may result in error.
Atmospheric pressure measurements must be mea-
sured with absolute pressure transmitters.

4.2.4.2 Installation. All vacuum measurement
senging lines must slope upward from the source
to the instrument. All sensing lines in steam or water
seryice must be purged with a minute amount of
air for nitrogen to deter water legs from forming.
The Code recommends that a purge system be used
thag isolates the purge gas during measurement of
the | process. A continuous purge system may be
usedl; however it must be regulated to have“no
inflhence on the reading. Prior to the test period,
readings from all purged instrumentatiori should be
takgn successively with the purge on ‘and with the
purge off to prove that the purge airhas no influence.

(nce transmitters are conneéted to process, a
lea check must be conducted./The leak check is
perfprmed by isolating first.the purge system and
ther] the source. If the~sensing line has no leaks,
the |instrument reading will not change.

Afmospheric pressure transmitters should be in-
stalled in the same general area and elevation of
the |gage pressure transmitters and should be pro-

tected from.‘air currents that could influence the
urements.

mea

4.2.5.1 Introduction. Gage pressure measure-
ment variables are those at or above atmospheric
pressure. These measurements may be made with
gage or absolute pressure transmitters. Gage pressure
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Pressure transmitters used in steam or water senlice
should be installed with the sensing line lo ing
continuously downward to the instrumerit. This fen-
sures that the sensing line will be full-of water| In
steam service, the sensing line shodld extend at
least two feet horizontally fromr thé source befpre
the downward slope begins. This horizontal length
will allow condensation to/form completely so fhe
downward slope will be_completely full of liquid.

The water leg is the“tondensed liquid or witer
in the sensing line. This liquid causes a static presspre
head to develop ifithe sensing line. This static h¢ad
must be subtracted from the pressure measuremdnt.
The static-head is calculated by multiplying the
sensing line vertical height by gravity and the den ity
of the:liguid in the sensing line.

Each pressure transmitter should be installed wlith
an.‘isolation valve at the end of the sensing ljne
upstream of the instrument. The instrument sens ng
line should be vented to clear water or steam [(in
steam service) before the instrument is installed. This
will clear the sensing line of sediment or debis.
After the instrument is installed, allow sufficient tifne
for liquid to form in the sensing line so the reading
will be correct.

4.2.6 Differential Pressure Measurements

4.2.6.1 Introduction. Differential pressure mea-
surements are used to measure flow of a gas |or
liquid over or through a flow element. The fljid
flow over or through this type of device produce$ a
drop in pressure. The differential pressure transmitter
measures this pressure difference or pressure drpp
that is used to calculate the fluid flow.

4.2.6.2 Installation. Differential pressure trafs-
mitters should be installed utilizing a five-way mapi-

nown in g 4 h aa ola

rather than a three-way manifold because the five-
way eliminates the possibility of leakage past the
equalizing valve.

If the instrument is used in gas service, the sensing
lines should slope upward to the instrument. This

27
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Process

!

\J

eliminates the possibility of error due to moisture
copdensing in the sensing lines.

ifferential pressure transmitters used in steam,
water, or other liquid service should be installed
with the sensing lines sloping downwarfto the
ingtrument. The sensing lines for differertial transmit-
ters in steam service should extend two.feet horizon-
tally before the downward slopetbegins. This will
ensure that the vertical length-of-sensing line is full
of |liquid.

hen a differential pressure meter is installed on
a flow element that is\located in a vertical steam
or| water line, the qmeasurement must be corrected
foy the difference/in sensing line height and fluid
head change unless the upper sensing line is installed
inst a steam or water line inside the insulation
dgwn te. where the lower sensing line protrudes
frgm_the insulation. The correction for the noninsu-
lated(case is as follows:

Instrument

FIG. 4.1 FIVE-WAY MANIFOLD

\j

7/

hy..= corrected differential pressure, in. Hy(
h,,= measured differential pressure, in. Hyl
Ht= sensing line height difference, in.
62.32 = conversion factor
Vien= specific volume of sensing line, ft/lbmn
Viwia= specific volume of process, ft3/lbm

)

4.3 TEMPERATURE MEASUREMENT

4.3.1 Introduction. This Section presents reguire-
ments and guidance regarding the measuremept of
temperature. It also discusses applicable temperature
measurement devices, calibration of temperEture
measurement devices, and application of tempera-
ture devices.

Since temperature measurement technology| will
change over time, this Code does not limif the
use of other temperature measurement devices not

Ht 1 1
huwe = hy + _( - )
62.32 sg \Veen  Vituia

where:
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currently available or not currently reliable. If such
a device becomes available and is shown to be of
the required accuracy and reliability it may be used.

All temperature instrumentation signal wires
should have a grounded shield to drain any induced
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currents from nearby electrical equipment. All signal
cables should be installed away from EMF-producing
devices such as motors, generators, electrical con-
duit, and electrical service panels.

4.3.2 Required Uncertainty. All instruments used
to measure Class 1 primary variables must have a
bias uncertainty of no more than 0.50°F for tempera-
tures less than 200°F and no more than 1°F for
temperatures more than 200°F. Instruments used to
measure Class 2 primary variables must have a bias
un f . uments use
to measure secondary variables shall have a bias
ungertainty of no more than 5°F. Primary and sec-
ondary variables are described in para. 4.1.2

4.313 Acceptable Temperature Measurement De-
vices

£3.3.1  Mercury in Glass Thermometers. Mer-
cury in glass thermometers are typically used where
the [number of readings required for a measurement
point are limited and the measurement frequency
is lpw because the measurements are taken and
recgrded manually. Mercury in glass thermometers
are [a good candidate for remote location because
no plectrical cables are needed.

The mercury in glass thermometers need to have
graquations within the necessary measurement accu-
racy. These devices are typically very sensitive to
the fistance the device is immersed into the working
fluig (immersion depth). They should be used at the
same immersion depth experienced during calibra-
tion| or an immersion correction should be applied
per [PTC 19.3.

483.3.2  Thermocouples. Thermocouples may be
useq to measure temperature of any fluid above
200fF. The maximum temperature js-dependent on
the [ype of thermocouple and sheath material used.
Thermocouples may be used-for measurements
belgw 200°F if extreme caution is used. The thermo-
couple is a differential-type-device. The thermocou-
ple measures the differerice between the measure-
ment location ifA/~question and a reference
temperature. The. greater this difference, the higher
the EMF sigrial.from the thermocouple. Therefore,
belolv 2Q0%Fthe EMF signal becomes low and
subject fo)induced noise causing inaccuracy.

THe témperature calculated from the EMF voltage

ASME PTC 46-1996

couples for measurements from 200°F to 1400°F.
Type “E” thermocouples have the highest EMF per
degree in this range.

For temperatures above 1400°F to 2450°F type
“K” (Chromel Alumel) thermocouples have the high-
est EMF per degree.

Thermocouples used to measure Class 1 primary
variables must be continuous lead from the measure-
ment’s tip to the connection on the cold junction.
These high accuracy thermocouples must have a

janeti f the
junction is well-insulated and reference meaSut ng
device is calibrated. The ice point referénce ¢an
either be a stirred ice bath or a calibrated efectrohic
ice bath.

This Code recommends that thérmocouples ujed
for high accuracy measuremefits have a suitaple
calibration history (three or, fotr sets of calibrat{on
data). This calibration histéry should include fhe
temperature level the thermocouple experienced be-
tween calibrations. A-thermocouple that is stable
after being used at'lower temperatures may not [be
stable at higher, temperatures.

Thermocodples are susceptible to drift after Y-
cling. Cycling is the act of exposing the thermocouple
to process temperature and removing to ambignt
conditions. The number of times a thermocoupld is
cyeléd should be kept to a minimum.

Thermocouples used to measure Class 2 primgry
variables can have junctions in the sensing wife.
The junction of the two sensing wires must e
maintained at the same temperature. The cold jurjc-
tion may be at ambient temperature for these I¢ss
accurate thermocouples provided that the ambidnt
is measured and the measurement is compensated
for changes in cold junction temperature,

Thermocouples should be constructed accordi ng
to PTC 19.3, Temperature Measurement.

Thermocouples can effectively be used in high
vibration areas such as main or high pressure inet
steam to the steam turbine. High vibration measufe-
ment locations may not be conducive to other
measurement devices.

4.3.3.3 Resistance Temperature Devices (RTL}).
The Resistance Temperature Device (RTD) may be

used in testing from any low temperature to the
highest temperatur.

generated by the thermocouple should be in accord-
ance with NIST monograph 175, 1993.

This Code recommends that the highest EMF per
degree be used in all cases. This can be accom-
plished by type “E” (Chromel Constantan) thermo-
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ufacturer. Typically RTDs can measure in excess of
1200°F.

Temperature measurements of Class 1 primary
variables are best measured by a four-wire type and
made of platinum as presented in Fig. 4.2. Three-
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Measurement
- loop -
-~ ~N
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Current

FIG. 4.2 FOUR-WIRE RTDs

Compensation or lead

resistance loop Current and

measurement
loop

FIG.”4.3 THREE-WIRE RTDs

wife RTDs as shown in Fig.\4)3 and described in as a thermally sensitive variable resistor. Howgver,
the following paragraph_may be used for Class 1 unlike RTDs, the resistance increases with decregsing
primary variables if they.can be shown to have the temperature so that this device is useful at|low
acguracy as requirediherein. They must however be temperatures.
mgde of platinum) This device may be used on any measurefnent
Femperature( measurements of Class 2 primary below 300°F. Above this temperature, the sigrfal is
vafiables can-be made accurately with either four- low and susceptible to error from current-indficed
wife or_three-wire devices and do not necessarily noise.

4.3.4 Calibration of Primary Variables Tem
t easurement Devices. The calibration of ftem-
perature measurement devices is accomplished by
inserting the candidate temperature measurement
device into a calibration medium along with a
4.3.3.4 Thermistors. Thermistors are constructed temperature standard. The temperature of the calibra-
with ceramic-like semiconducting material that acts tion medium is then set to the calibration temperature

as given'in NIST monograph 126, section 6.1. RTDs
should be constructed in accordance with PTC 19.3.

30
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setpoint. The temperature of the calibration medium
is allowed to stabilize until the temperature of the
standard is fluctuating less than the accuracy of the
standard. The signal or reading from the standard
and the candidate temperature device are sampled
to determine the bias of the candidate temperature
device. See PTC 19.3 for a more detailed discussion
of calibration methods.

4.3.5 Typical Applications
4.3.5.1 Temperature Measurement of Fluid in a

ASME PTC 46-1996

downstream of two elbows in the steam line past
the desuperheat injection point.

4.3.5.2 Temperature Measurement of Low Pres-
sure Fluid in a Pipe or Vessel. As an alternate to
installing a thermowell in a pipe, if the fluid is at
low pressure, the temperature measurement device
can either be installed directly into the pipe or
vessel or “flow-through wells” may be used.

The temperature measurement device can be in-
stalled directly into the fluid using a bored-thraugh-

Pipe or Vessel. Temperature measurement of a fluid
in g pipe or vessel is accomplished by installing a
themowell. A thermowell is a pressure-tight device
thaf protrudes from the pipe or vessel wall into the
fluif. The thermowell has a bore extending to near
the|tip to facilitate the immersion of a temperature
measurement device.

The bore should be sized to allow adequate
clerance between the measurement device and the
well. Often the temperature measurement device
becpmes bent causing difficulty in the insertion of
the [device.

The bottom of the bore of the thermowell should
be the same shape as the tip of the temperature
measurement device. The bore should be cleaned
with high-pressure air prior to insertion of the device.
The thermowell should be installed so that the
tip protrudes through the boundary layer of the fluid
to He measured. The thermowell should be located
in gn area where the fluid is well-mixed and has
otential gradients. If the location is near the
arge of a boiler, turbine, condenser, or other
er plant component, the thermowell should be
nstream of an elbow in the pipe.

Iff more than one thermowell is, installed in a
pipe location it should be ‘installed on the
opppsite side of the pipe and notdirectly downstream
of aphother thermowell.

hen the temperature~téasurement device is
instdlled it should be “spring loaded” to ensure that
the {ip of the device rémains against the bottom of
the thermowell.

Far high-accuracy measurements the Code recom-
menfs that the'portion of the thermowell protruding
outs|de the'pipe or vessel be insulated along with
the flevice itself to minimize conduction losses.

Fgr measuring the temperature of desuperheated
steam, the thermowell location relative to the desup-
erheating spray injection must be careful ly chosen.
The thermowell must be located where the desuper-
heating water has thoroughly mixed with the steam.
This can be accomplished by placing the thermowell
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type compression fitting. The fitting should (be| of
proper size to clamp onto the device. A plastic| or
Teflon-type ferrule is recommended so that-the He-
vice can be removed easily and uséd)elsewhdre.
The device must protrude through ‘the boundpry
layer of the fluid. Care must be“ufed so that fhe
device does not protrude inté the fluid enough| to
cause vibration of the device from the flowing fldid.
If the fluid is a hazardousgas such as natural gas
or propane the fitting ‘should be checked for le.

A “flow-throughcwell” is shown in Fig. 4.4. This
arrangement is only applicable for water in a cool{ng
system where-the fluid is not hazardous and the fl{iid
can be disposed without great cost. The principld is
to allow:the fluid to flow out of the pipe or vesdel,
over theltip of the temperature measurement devite.

4.3.5.3 Temperature Measurement of Produfts
of Combustion in a Duct. Measurement of the fl§id
temperature in a duct requires several measurement
points to minimize the uncertainty effects of tempera-
ture gradients. Typically, the duct pressures are |
or negative so that thermowells are not needéd.
A long sheathed thermocouple or an unsheathid
thermocouple attached to a rod will suffice.

The number of measurement points necessary |to
be used is determined experimentally or by expdri-
ence from the magnitude of the temperature varla-
tions at the desired measurement cross-section ahd
the required maximum uncertainty of the value |of
the average temperature. The total uncertainty [of
the average temperature is affected by the uncertairfty
of the individual measurements, the number of points
used in the averaging process, the temperature gradli-
ents, and the time variation of the readings. The
parties to the test should locate the measurement
plane at a point of uniform temperatures and velogi-
t T mended num-

ber of points are:

® |ocated every nine (9) ft?
® a minimum of four (4) points
® a maximum of 36 points
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Measurement
device
Cork
Fluid to be
measured
— 1
Fluid

PTC 19.1 describes the method of calculating the
ungertainty of the average of multiple measurements
that vary with time.

For round ducts the points may be installed in
twp (2) diameters 90 deg. from each other as shown
in Fig. 4.5, which also shows the method of calculat-
ing the measurement point spacing. The point spac=
ing is based on locating the measurement points’ at
the centroids of equal areas.

For square or rectangular ducts, the same concept
of [locating the measurement points at chondrites of
eqpal areas should be used. The measurement points
should be laid out in a rectangulan pattern that takes
into account the horizontal and)vertical temperature
gradients at the measurement cross-section. The di-

chanlcally aspired psychrometer as descnbed be-
low, may be used. If a psychrometer is used, a wick
should not be placed over the sensor (as is required
for measurement of wet bulb temperature). If the
air velocity across the sensing element is greater
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than 1,500 feet per minute, shielding of the serjsing
elementis required to minimize stagnation effpcts.

4.3.5.5 Inlet Air Moisture Content. The moifture
content of the ambient air may be determineq by
the measurement of adiabatic wet-bulb, dew point
temperature, or relative humidity. Measuremenfs to
determine moisture content must be made in proxim-
ity with measurements of ambient dry bulb tempera-
ture to provide the basis for determination of air
properties. Descriptions of acceptable device§ for
measurement of moisture content are discyssed
below.

(a) Wet Bulb Temperature. The thermodynamic
wet bulb temperature is the air temperature that results
when air is adiabatically cooled to saturation. [Wet
bulb temperature can be inferred by a properly de-
signed mechanically aspired psychrometer. The|pro-
cess by which a psychrometer operates is not gdia-
batic saturation, but one of simultaneous heat| and
mass transfer from the wet bulb sensing element] The
resulting temperature achieved by a psychromefer is
sufficiently close to the thermodynamlc wet bulb tem-
fer, a
psychrometer should not be used for temperatures
below 40°F or when the relative humidity is less than
15 percent. Within the allowable range of use, a prop-
erly designed psychrometer can provide a determina-
tion of wet bulb temperature with an uncertainty of
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NOTE: indicates location of sample
point

2N, o1
Nr

rp = distance from sampling

point to center of pipe
R = radius-ofpipe
N; = no. of sampling points counted
from center as zero
Nr = total no. of sampling points
on A diameter
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approximately * 0.25°F (based on a temperature sen-
sor uncertainty of = 0.15°F).

The mechanically aspirated psychrometer should
incorporate the following features:

(1) The sensing element is shielded from direct
sunlight and any other surface that is at a temperature
other than the dry bulb temperature. If the measure-
ment is to be made in direct sunlight, the sensor must
be enclosed by a double-wall shield that permits the
air to be drawn across the sensor and between the
Wall:

OVERALL PLANT PERFORMANCE

Their usual range is from = 1 to * 2 percent of range
from relative humidities between 0 and 90 percent.
Measurement uncertainties for relative humidities
above 90 percent are usually higher. Accuracies of
these types of instruments are dependent on proper
calibration.
The advantages of relative humidity hygrometers
include:
(1) Calibration can be verified by using sample

gases prepared with known concentrations of
maoisture

(2) The sensing element is suspended in the air
m and is not in contact with the shield walls.
(3) The sensing element is snugly covered by a
clean, cotton wick that is kept wetted from a reservoir
of dlistilled water.

(4) The air velocity across the sensing element
is maintained constant in the range of 800 to 1,200
feef per minute.

(5) Air is drawn across the sensing element in
sugh a manner that it is not heated by the fan motor
or other sources of heat.

he psychrometer should be located at least five
eet above ground level and should not be located
in five (5) feet of vegetation or surface water.
) Cooled Mirror Dew Point Hygrometer. The dew
point temperature is the temperature of moist air when
it i saturated at the same ambient pressure and with
the|same specific humidity. A cooled mirror dew point
hygrometer uses a cooled mirror to detect the dew
point. Air is drawn across a mirror which is cooled
to the temperature at which vapor begins to form_ on
the{ mirror. A temperature sensor mounted in the mir-
ror|measures the surface temperature. Manual-devices
are| available. There are also commercially available
insfruments that automatically controi the mirror tem-
pefature, detect the inception of-condensation, and
prgvide a temperature readout.” Commercially avail-
ablle cooled mirror dew point Rygrometers measure
the dew point temperature with an uncertainty of ap-
prgximately 0.5°F.

The advantages of-using dew point hygrometers
indlude:

(1) Calibratien can be verified by using sample
gades prepared with known concentrations of
mdistures

(2)"Dew point can be measured over the full

str

4

rar
freezing.

(c) Relative Humidity Hygrometers. Thin film ca-
pacitance and polymer resistance sensors provide a
direct measurement of relative humidity. Measure-
ment uncertainties vary with sensor type and design.
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(2) Relative humidity can be measured over|the
full range of ambient conditions, including-befow
freezing.

4.4 FLOW MEASUREMENT

4.4.1 Water and Steam

4.4.1.1 Water flows ‘can be measured more agcu-
rately than steam flows-“Whenever possible it is pest
to configure the tests so that water flows are mea-
sured and used to’calculate steam flows. The upual
method of determining flow is with a differential
pressure metér, using two independent differential
pressurelinstruments.

4:4.1.2 The flow section with a throat tap nogzle
described in PTC 6 is recommended for the (lass
1 primary flow measurements when the test Reynplds
numbers are greater than the maximum calibrated
Reynolds number.

4.4.1.3 Other Flow Measuring Devices. Infofma-
tion relative to the construction, calibration, [and
installation of other flow measuring devices appars
in ASME MFC-3M. These devices can be used for
Class 2 flow measurements and for secondary flow
measurements. They can also be used for Clags 1
primary flow measurement when Reynolds number
extrapolation is not required.

® The beta-ratio should be limited to the rangpe of
0.25 to 0.50 for wall-tap nozzles and venturisfand
0.30 to 0.60 for orifices.

® Class 1 primary flow measurement requires
bration.

® For Class 2 primary and secondary flows, the ap-
propriate reference coefficient for the actual device
given in - ay be u

rali-

4.4.1.4 Water Flow Characteristics. Flow mea-
surements shall not be undertaken unless the flow
is steady or fluctuates only slightly with time. Fluctua-
tions in the flow shall be suppressed before the
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beginning of a test by very careful adjustment of flow
and level controls or by introducing a combination
of conductance, such as pump recirculation, and
resistance, such as throttling the pump discharge,
in the line between the pulsation sources and the
flow measuring device. Hydraulic damping devices
on instruments do not eliminate errors due to pulsa-
tions and, therefore, should not be used.

In passing through the flow measuring device, the
water should not flash into steam. The minimum
throat static pressure shall be higher than the satura-

ASME PTC 46-1996

4.4.1.7 Additional Flow Measurements

(a) Feedwater Heater Extraction Flows. If the ex-
traction steam is superheated, the extraction flow can
be determined by heat balance calculation. The un-
certainty of the result increases as the temperature rise
across the heater diminishes. It should be noted that
errors in temperature measurement will be translated
into extraction flow error. For instance, an error of
1°F (0.5 K) in the temperature rise of a heater with an
increase of 30°F (17 K) will result in an expected
LNCS i i T 3.3

tion) pressure corresponding to the temperature of
the[ flowing water by at least 20 percent of the
thrgat velocity head, as required per para. 4.5.1.7
to avoid cavitation.

4.1.5 Steam Flow Characteristics. In passing
thrqugh the flow measuring device, the steam must
remain superheated. For steam lines with desuper-
heafers, the flow section should be installed ahead
of desuperheaters and the total flow is determined
the sum of steam flow and the desuperheater
watpr flow,

shodild be based on upstream conditions of pressure,
temperature, and viscosity. In order to avoid the
distyrbing influence of a thermowell located up-
stream of a primary element, downstream measure-
merjts of pressure and temperature are used to deter-
ming the enthalpy of the steam, which is assumed
to Be constant throughout a well-insulated flow
measurement section. Based on this enthalpy and
the ipstream pressure, the desired upstream proper-
ties |can be computed from the steam’tables.

4.4.1.6 Enthalpy Drop Methed For Steam Flow
Determination. The enthalpy-drop method may be
empfoyed for the determination of steam flow but
licable only to non¢éndensing or back pressure
turbine having a supérheated exhaust. Separate gen-
eratqr tests must'be available from which electrical
lossgs can be €omputed or their design value must
be agreed_upon. The parties to the test must assign
and pgree-tpon values for the mechanical losses of
the furbine. The steam flow is calculated from an

percent.

(b) Two-Phase Steam-Water Mixtures. Thére arelin-
stances when it is desirable to measure the'flow rate
of a two-phase mixture. PTC 12.4 destribes methdds
for measurement of two-phase flow.

4.4.2 Liquid Fuel. Liquid fuél/flows shall be méa-
sured using flowmeters thatre calibrated throughout
their Reynolds number range expected during the
test using the actual flow. For volume flow metprs
the temperature ofithe fuel also must be accurat ly
measured to corréctly calculate the flow. Other flpw
meters are permitted if a measurement error of 0.7%
or less cad)be achieved.

4.4.2.1" Positive Displacement Oil Flow Metpr.
Use_of oil flow meters is recommended withdut
lemperature compensation. The effects of tempet;
ture on fluid density can be accounted for by calqu-
lating the mass flow based on the specific gravjty
at the flowing temperature.

gmn = (8.337) (60) g, (sg) (4.4]1)

where
Qmp= mass flow, lbm/h
g,= volume flow, gal/m
sg= specific gravity at flowing temperature, di
mensionless
8.337 = density of water at 60°F, Ib/gal
60= minutes per hour, m/h

Fuel analyses should be completed on samples
taken during testing. The lower and higher heati
value of the fuel and the specific gravity of the fuel
should be determined from these fuel analyses. The

energy balance based on measurements of pressure
and temperature of all steam entering and leaving
the turbine, including consideration of leak-offs, gen-
erator output, and the agreed-upon mechanical and
electrical losses.
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tures covering the range of temperatures measured
during testing. The specific gravity at flowing temper-
atures should then be determined by interpolating
between the measured values to the correct temper-
ature.
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4.4.3 Gas Fuel. Gas fuel flows may be measured
using orifices or turbine type flow meters. The fuel
mass flow must be determined with a total uncer-
tainty of no greater than 0.8%. Measurements used
to determine the mass flow rate such as fuel analysis
to determine density, the static and differential pres-
sures, temperature, and frequency, if a turbine meter,
must be within an uncertainty range to meet this
requirement. Other flow meters are permitted if it
can be demonstrated that the total uncertainty of
mass flow rate is 0.8% or less

OVERALL PLANT PERFORMANCE

d = diameter of orifice, in.

D = inside diameter of pipe, in.

h,, = differential pressure, in. of H,O at 60°F

pq = density of flowing gas upstream of
orifice, lbm/ft>

B = beta ratio (d/D), dimensionless

Note: Any other consistent set of units is acceptable with the
use of the appropriate units conversion constant.

Orifice and Pipe Dimension Correction to Flowing
Temperature

SME MFC-3M-1989 details the calculation of
the|uncertainty of an orifice metering run manufac-
turgd and installed correctly. The manufacturer re-
quifement is to demonstrate that the meter was
mapufactured in accordance with the appropriate
references, shown in para. 4.4.3.1.

ncertainty of turbine meters is usually by state-
mept of the manufacturer as calibrated in atmo-
spheric air or water, with formulations for calculating
thel increased uncertainty when used in gas flow at
higher temperatures and pressures. Sometimes, a
turbine meter is calibrated in pressurized air. The
turbine meter calibration report must be examined
to ¢onfirm the uncertainty as calibrated in the calibra-
tiop medium.

.4.3.1 Calculation of Natural Gas Fuel Flow
Using an Orifice. The following procedure is shown
for|calculation of natural gas fuel flow using measure-
ts from a flange-tapped orifice meter. The orifice
metering run must meet the straight length require=
ments of ISO-5167, and the manufacturing and ‘ether
insfallation requirements of ASME MFC-3M-1989.
These include circularity and diameter determination
of prifice and pipe, pipe surface smoothness, orifice
edge sharpness, plate and edge thickness, and other
reduirements, detailed in ASME(MFC-3M-1989. The
calculations are also done in 'strict accordance with
ASME MFC 3M-1989, with an example shown
ow.

Mass Fuel Flow

The following cequation is used to develop the
mdss fuel flow{ in" Ib/s. .

w Pl

gms = 0.09970190 C Y, d? T

(4.4.2)

The dimesions of the orifice and pipe may| be
measured at conditions that vary from their insseryice
conditions. The following equations compensat¢ for
the dimensional changes to the components dug to
temperature variations.

d=[1+ ap(tr— tmeas)] Omeas (4{4.3)
D = [1 +aF (tr = tmeas) Dmeas (414.4)
where
eas = Measured diameter of orifice, in.
Dieas =.measured diameter of pipe, in.
apg = coefficient of thermal expansion for orifice,
in./in./°F
ap = coefficient of thermal expansion for pipe
in./in./°F

t; = temperature of flowing fluid, °F
tmeas = Metal temperature when components were
measured, °F

Calculation of Flow Density
Calculation of the density of the flowing gas|(oz)
can be derived from the ideal gas laws.

_ Perair S8i

= 4
A= 7R,

4.5)

where
P¢ = pressure of gas, PSIA
Mry;, = molecular weight of standard air, 28.9625
Ib/Ibmole
sg; = gas ideal specific gravity, dimensionlegs
Z; = natural gas compressibility factor, dimen-
sionless (developed from AGA Transmigsion

where )
Qms = gas mass flow, Ib/s
0.09970190 = units conversion constant
C = discharge coefficient, dimensionless
Y; = expansion factor, dimensionless
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—38)
R = Universal Gas Constant, 10.7316
PSIA ft3
Ib mole °R

T¢ = absolute temperature of gas, °R
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Expansion Factor

The expansion factor compensates for the change
in gas density due to the increase in pressure when
flowing through the orifice.

Y, = 1-1(0.41 + 0.358% (4.4.6)

27.73 «k Py

where
k = isentropic coefficient, 1.3
27 23 =uni ' s

’

Coefficient of Discharge

The coefficient of discharge relates actual test data
theoretically determined flows.

for D 2 2.3 in.

to

C = 0.5959 + 0.03123%"
- 0.18408% + 0.09D7" g* (1 - g4
- 0.0337D7'8% + 91.718%% Ry 075

(4.4.7)

for|2 in. < D < 2.3 in., see MFC-3M-1989
Ro = Reynolds number with respect to the pipe

diameter, dimensionless

Reynolds Number

22738 qpms
p= ——————— (4.4.8)
nD
where
Qs = mass gas flow, Ib/sec
u = absolute viscosity of the fluid, 6.9 x 10°
Ibm/ft sec

4.3.2 Turbine Meters for Natural Gas Fuel
Flow Measurement. Use of turbirie\meters is one
altefnative to orifice gas flow-measurement. The
turine meter measures actual-Aolume flow. The
turlline meter rotates a shaft\cénnected to a display.
Through a series of gears the rotational shaft speed
is adjusted so that the‘Counter displays in actual
volyme units per it time, e.g., actual cubic feet

0587752 922 IR
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_ Pr Mry; S8i

(4.4.10)
ZiR T

Pt

where
Pr = pressure of gas, PSIA
Mry;. = molecular weight of standard air, 28.9625
lb/lb mole
sgi = gas ideal specific gravity, dimensionless
Z; = natural gas compressibility factor, dimen-

ion
Measurement Committee Report No( 8
R = Universal Gas Constant, 10.7B16
PSIA ft?
Ib mole °R
Ty = absolute temperature of gas, °R
4.4.3.3 Digital Computation of Fuel Flow Rite.

Mass flow rate as shown-by computer print-ouf or
flow computer is not acceptable without sho ing
intermediate result$.and the data used for the calcila-
tions. Intermediate’results for an orifice would |in-
clude the discharge coefficient, corrected diameter
for thermal expansion, expansion factor, etc. Raw
data includes static and differential pressures, 3nd
tempecature. For a turbine meter, intermediate restilts
include the turbine meter constant(s) used in the
calculation, and how it is determined from fhe
calibration curve of the meter. Data includes
quency, temperature, and pressure. For both devides,
fuel analysis and the intermediate results used| i
the calculation of density is required.

4.5 PRIMARY HEAT INPUT MEASUREMENT

4.5.1 Consistent Solid Fuels. Consistent solid fulels
are defined as those with a heating value that varies
less than 2.0% over the course of a performarjce
test. The heat input to the plant by consistent sdlid
fuel flow must be measured and calculated by infdi-
rect methods since solid fuel flow cannot be ac¢u-
rately measured using direct methods. The approach
requires dividing the heat added to the workjng
fluid by the boiler fuel efficiency as follows:

per |minute. This_value must be adjusted to mass
flow units, Ib/h.
Gms = 60 q, pr (4.4.9)
h faLfl’fly heat illpU[ =
where
Gms = mass flow, Ib/h where

I

gy = actual volume flow, acf/m
pr = density at flowing conditions, Ib/acf
60 = minutes per hour, m/h
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bofter energy output
b.e.

the energy added to the
facility by the consistent
fuel, Btu/Ib

facility heat input =
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boiler energy output = heat added to the working
fluid (including blowdown)
by the boiler, Btu/lb
boiler fuel efficiency

3, losses + 3 credits

b.e.

heating value

The boiler fuel efficiency (b.e.) shall be calculated
using the energy balance method per PTC 4, Fired
Steam Generators.'

The boiler energy output is the energy added to

OVERALL PLANT PERFORMANCE

The reheat steam flow to the boiler is determined
by subtracting from the main steam flow any leakages
and extractions that leave the main steam before it
returns to the boiler as reheat steam. Leakages shall
be either measured directly, calculated using vendor
pressure for flow relationships, or determined by
methods acceptable to all parties. Extraction flows
shall either be measured directly or calculated by
heat balance around the heater if the extraction is
serving a heater.

thelboiler feedwater as it becomes superheated steam
and as steam is reheated if applicable. The boiler
engrgy output is calculated by drawing a mass and
engrgy control volume around the boiler. Then the
prdduct of the flow and enthalpy of each water and
stepm stream crossing the volume are summed.

floys include feedwater, superheat spray, blowdown,
sogtblower steam, and steam flows.
he following is some guidance as to when flow
shquld be included and how to make measurements.
Superheat spray/attemperator flow generally origi-
nates at the boiler feedpump discharge. However,
ocgasionally it originates from the feedwater line
dopnstream of any feedwater heaters and down-
strgam of the feedwater measurement. Should the
latler be the case, do not include the superheat
sp}y flow in the calculation.

oiler blowdown most often leaves the cycle and
should be counted as one of the leaving streams.
The enthalpy of this stream is saturated (iquid at
thg boiler drum pressure. This Code fecommends
that the boiler blowdown be isolated since it is
difficult to measure a saturated liquid flow.

ootblowing steam should be counted as a leaving
flojv stream if it originates within the boiler. Often
thi} steam originates upstream of one of the superheat
segtions. If sootblowing-steam cannot be measured
it ghould be isolated during the test. If the sootblow-
ingd steam originates-downstream of the main steam
it should not Be included in the calculation.

he main stéam flow is typically calculated by
sulptractingblowdown and other possible extraneous
flow likeysootblowing steam from the feedwater flow.

! PTT 4 15 scheduled for publication in 19 replace
PTC 4.1, “Steam Generating Units.” Until then, the parties to
the test must agree on a methodology for calculating the boiler
fuel efficiency. Nonmandatory guidance for the determination of
boiler fuel efficiency is provided in Appendix H, which can be
used by mutual agreement of the parties to a test until PTC 4
is available.
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Reheat spray flo one
of the flow streams into the boiler. The reheatirdturn
flow is the summation of the reheat steam-floy to
the boiler and the cold reheat spray.

4.5.2 Consistent Liquid or Gaseous)Fuels. Corsist-
ent liquid or gaseous fuels are those with hegting
values that vary less than 1,0%"over the courge of
a performance test. Since diquid and gas flows|and
heating values can be detefmined with high afcu-
racy, the heat input ffom these type fuels is usjally
determined by ditect'measurement of fuel flow|and
the laboratory orcon-line chromatograph-determjned
heating valué/ Consistent liquid or gaseous {uels
heat input;can also be determined by calculgtion
as with.solid fuels.

Homiggenous gas and liquid fuel flows are usyally
measured directly for gas turbine based power plants.
For steam turbine plants, the lowest uncert3inty
method should be employed depending on the [spe-
cific site.

Subsection 4.4 includes a discussion of the

the amount and kind of gas constituents, from
heating value is calculated. Liquid fuel heating
may be determined by calorimeter in accordgnce
with ASTM D4809.

4.5.3 Solid Fuel and Ash Sampling. Refer to [PTC
i i irements
and procedures.?

2PTC 4 is scheduled for publication in 1998, and will replace
PTC 4.1, “Steam Generating Units.” Until then, the parties to
the test must agree on a methodology for calculating solid fuel
and ash sampling. Nonmandatory guidance for solid fuel and
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4.6 ELECTRICAL GENERATION MEASUREMENT

4.6.1 Introduction. This Subsection presents re-
quirements and guidance regarding the measurement
of electrical generation. The scope of this Subsection
includes the measurement of polyphase (three phase)
real and reactive power measurements. Typically
the polyphase measurement will be net or overall
plant generation, the direct measurement of genera-
tor output (gross generation), or power consumption
of large plant auxiliary equipment (such as a boiler
fee fves)

NSI/IEEE Standard 120-1989, “IEEE Master Test
Gulde for Electrical Measurements in Power Circuits”
is referenced for measurement requirements not in-
cluged in this Subsection or for any additionally
reqpired instruction.

4.612 Electrical Measurement System Connections.
Polyphase power systems will be three-wire or four-
wirg type systems. Below is a description of where
each of these systems are found and how the mea-
surgments are made.

46.2.1 Three Wire Power Systems. Three wire
power systems are used for several types of power
systems as shown in Fig. 4.6. Descriptions of various
three wire power systems are as follow:

(4) Where generator output (gross generation) is de-
siredl from an “Open Delta” connected generator. In
this|case no neutral or fourth wire is available.

(B) Where generator output is desired from a “wye’
conpected generator with a high impedance neutral
groynding device. In this case the generator is con-
nected directly to a transformer with a delta primary
wingling and load distribution is made on the second-
ary,[grounded-wye, side of the transformer. Any load
unbhlance on the load distribution side of the genera-
tor fransformer are seen as neutral current in the
groynded wye connection. On the generator side of
the fransformer, the neutrakcurrent is effectively fil-
tereﬁ out due to the delta-winding, and a neutral
condluctor is not required:

(¢} Where generator output is desired from a wye
conmected generator with a low impedance neutral
grounding resistor. In this case the generator is con-
nected to a'three-wire load distribution bus and the
loads are-connected either phase to phase, single
phade,\ar three phase delta. The grounding resistor is

ASME PTC 46-1996

(d) A less common fourth example of a three-wire
power system is where generator output is desired
from an ungrounded wye generator used with a delta-
wye grounded transformer.

Three-wire power systems can be measured using
two “Open Delta Connected” potential transformers
(PTs) and two current transformers (CTs). The Open
Delta metering system is shown in Fig. 4.6. These
instrument transformers are connected to either two
watt meters, two watt-hour meters, or a two-element

mended method to measure reactive power to.gst
lish the power factor. Power factor is then détermi
as follows:

Watts,
PF =

[Watts? + Vars?03

where
PF= power factor
Watts;= total watts
Vars;= total vars

Alternatjvely, for balanced three-phase sinusoifial
circuits, \power factor may be calculated from the
phase:to-phase power measurement as follows:

1
PF =

(1 3 [(Wattsm - Watts;.z)]z)
+
(Watts, , + Watts;_,)

where
PF= power factor
Watts,_, = real power phase 1 to 2
Watts;_,= real power phase 3 to 2

4.6.2.2 Four-Wire Power Systems, There are tlo
types of four-wire power systems as shown in F g
4.7. Descriptions of various three-wire power systeins
are as follow:

(a) Where generator output is desired from a wye
connected generator with a solid or impedanke
ground where current can flow through this fourth
wire,

(b) Where net plant generation is measured some-
where other than at the :

sized to carry 400 to 2000 amperes of fault current.

ash sampling is provided in Appendix I, which can be used by
mutual agreement of the parties to a test until PTC 4 is available.
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side of the step-up transformer. In this case the neutral
is simulated by a ground.

In addition, with the exception of the “Open
Delta” generator connection, all of the three-wire
systems described in para. 4.6.2.1 can also be mea-
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Delta ‘
generator
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one two-element watt-hour meter.
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FIG. 4.6 THREE-WIRE OPEN DELTA CONNECTED METERING SYSTEM
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Connects here.

FIG. 4.7 FOUR-WIRE METERING SYSTEM
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sured using the four-wire measurement system de-
scribed in this Section.

The measurement of a four-wire power systems
made using three PTs and three CTs as shown in
Fig. 4.7. These instrument transformers are connected
to either three watt/var meters, three watt-hour/var-
hour meters, or a three element watt-hour/var-hour
meter. The var meters are necessary to establish the
power factor as follows:

OVERALL PLANT PERFORMANCE

for the measurement of Class 2 primary variables.
There is no metering accuracy requirements for
measurement of secondary variables. The output
from the watt meters must be sampled with a fre-
quency high enough to attain an acceptable preci-
sion. This is a function of the variation of the power
measured. A general guideline is a frequency of not
less than once each minute.

4,6.3.2 Watt-hour Meters. Watt-hour meters

[nal

\/\/nﬂ‘::l

\Watts? + Vars?

PF

where
PF= power factor
Witts,= total watts for three phases

Viars,= total vars for three phases

\lternatively, power factor may be determined by
asuring each phase current and voltage, with the
owing equation:

meq
fol

Watts,
Vil

where
PF= power factor
V,= phase voltage for each of the three phases

I;= phase current for each of the three phases

4.4
foy
be
2)

me
be
the
the
me

.3 Electrical Metering Equipment. There are
r types of electrical metering equipment that'may
used to measure electrical energy: 1) watt meters,
watt-hour meters, 3) var meters, and™4) var-hour
ters. Single or polyphase metering equipment may
used. However, if polyphase equipment is used
output from each phase must be available or
meter must be calibrated three phase. These
ters are described below.

1.6.3.1 Watt Meters. Watt meters measure in-
stantaneous active.power. The instantaneous active
er must be measured frequently during a test run
averaged over the test run period to determine

such as net or gross active generation must have a
bias uncertainty equal to or less than 0.2 percent
of reading. Metering with an uncertainty equal to
or less than 0.5 percent of reading may be used
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test

be
hine
test

period. The measurement of watt-hours mius|
divided by the test duration in hours to detern
average active power (kilowatts) during “the
period.

Watt-hour meters measuring a- Class 1 prirpary
variable such as net or gross active’ generation fust
have an uncertainty equal to ‘ef less than 0.2 perfent
of reading. Metering with<an uncertainty equdl to
or less than Q.5 percentiof reading may be yised
for measurement of€lass 2 primary variables. There
are no metering accuracy requirements for meagure-
ment of secondary variables.

The resolttion of watt-hour meter output is
so low that”high inaccuracies can occur over a
typical test period. Often watt-hour meters will have
an analog or digital output with a higher resolytion
that/may be used to increase the resolution. Spme
watt-hour meters will often also have a pulse ftype
output that may be summed over time to determnine
an accurate total energy during the test period] For
disk type watt-hour meters with no external oufput,
the disk revolutions can be counted during af test
to increase resolution.

ften

4.6.3.3 Var Meters. Var meters measure inst:
neous reactive power. The var measurements
typically used on four wire systems to calc
power factor as discussed in para. 4.6.2.2.
instantaneous reactive power must be measured
quently during a test run and averaged over the
run period to determine average reactive p
(kilovars) during the test. Should the total rea
electrical energy (kilovar-hours) be desired, the
age power must be multiplied by the test dur
in hours.

Var meters measuring a Class 1 or Class 2 pri

nta-

are
i|ate
The
fre-
test
bwer
Ctive
hver-
ation

mary
aria 2 : : less
than 0.5 percent of reading. There is no metering
accuracy requirements for measurement of second-
ary variables. The output from the var meters must
be sampled with a frequency high enough to attain
an acceptable precision. This is a function of the
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variation of the power measured. A general guideline
is a frequency of not less than once each minute.

4.6.3.4 Var-hour Meters. Var-hour meters mea-
sure reactive energy (kilovar-hours) during a test
period. The measurement of var-hours must be di-
vided by the test duration in hours to determine
average active power (kilovars) during the test period.

Var-hour meters measuring a Class 1 or Class 2
primary variable must have an uncertainty equal to
or less than 0.5 percent of readi i
metering accuracy requirements for measurement of
se¢ondary variables.
The resolution of var-hour meter output is often
so|low that high inaccuracies can occur over a
tygical test period. Often var-hour meters will have
an|analog or digital output with a higher resolution
that may be used to increase the resolution. Some
va}hour meters will often also have a pulse type
oufput that may be summed over time to determine
anlaccurate total energy during the test period. For
disk type var-hour meters with no external output,
thel disk revolutions can be counted during a test
to Jncrease resolution.

4.6.3.5 Watt and Watt-hour Meter Calibration.
Wt and watt-hour meters, collectively referred to
as power meters, are calibrated by applying power
through the test power meter and a watt meter
or |watt-hour meter standard simultaneously. This
comparison should be conducted at several power
levels (at least five) across the expected power range.
Thgq difference between the test and standard. instru-
mefts for each power level should be calculated
and applied to the power measurement data from
the| test. For test points between the. calibration
power levels, a curve fit or lingar" interpolation
shopld be used. The selected power levels should
be [approached in an increasing and decreasing
manner. The calibration data’ at each power level
sholild be averaged to minimize any hysteresis effect.
pould polyphase.metering equipment be used,
the| output of eath-phase must be available or
the |meter must be' calibrated with all three phases
sim{iltaneously.

When _calitsrating watt-hour meters, the output
from the-watt meter standard should be measured
witl) fréquency high enough to reduce the precision

w
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Watt meters should be calibrated at the electrical
line frequency of the equipment under test, i.e., do
not calibrate meters at 60 Hz and use on 50 Hz
equipment.

Watt meter standards should be allowed to have
power flow through them prior to calibration to
ensure the device is adequately “warm.” The stan-
dard should be checked for zero reading each day
prior to calibration.

4.6.36 V -
order to calibrate a var or var-hour meter, one
either have a var standard or a watt meter-standard
and an accurate phase angle measuring device.
the device used to supply power through the standard
and test instruments must have the capability of
shifting phase to create several different stable popver
factors. These different powerfactors create reacive
power over the calibratiorf.fange of the instrument.

Should a var meter_standard be employed, |the
procedure for calibratioh outlined above for

surements from. the standard, phase angle mefter,
and test ifstriment should be taken. The var ldvel
will becalculated from the average watts and |the
average-phase angle.

Watt meters should be calibrated at the electrical
line frequency of the equipment under test, i.e. |do
not calibrate meters at 60 Hz and use on 50 [Hz
equipment.

When calibrating var-hour meters, the output from
the var meter standard or watt meter/phase a
meter combination should be measured with
quency high enough to reduce the precision efror
during calibration so the total uncertainty of fhe
calibration process the required level. The aver. hge
output can be multiplied by the calibration tifne
interval to compare against the watt-hour mdter
output.

Should polyphase metering equipment be uskd,
the output of each phase must be available
the meter must be calibrated with all three phapes
simultaneously.

4.6.4 Instrument Transformers. Instrument trahs-
formers include potential transformers and current
transformers. The potential transformers measire

error during calibration so the total uncertainty of the
calibration process the required level. The average
output can be multiplied by the calibration time
interval to compare against the watt-hour meter
output.
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voltage Trom a conductor to a reference and the
current transformers measure current in a conductor.

4.6.4.1 Potential Transformers. Potential trans-
formers measure either phase to phase voltage or
phase to neutral voltage. The potential transformers
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CT Ratio Correction Curve

Ratio Qorrection Factor

serive to convert the line or primary voltage (typically
vefy high in voltage) to a lower or secondary voltage
safe for metering (typically 120 volts for phase to
phpse systems and 69 volts for phase to neutral
syTems). For this reason the secondary voltage mea=
sued by the potential transformer must be multiplied
by|a turns ratio to calculate the primary, yoltage.

Potential transformers are available in-several me-
terjng accuracy classes. For the measdrement of
Class 1 or Class 2 primary variablés or secondary
vafiables, 0.3 percent bias uncerainty class potential
trapsformers shall be used. In_the case of Class 1
primary variable measurement, potential transform-

by a turns ratio to calculate the primary current.
Current transformers are available in several meter-
ing accuracy classes. For the measurement of Class
1 or Class 2 primary variables or secondary variables,
0.3 percent bias uncertainty class current transform-
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ers>shall be-used. In the case of Class 1 prifnary
variable measurement, current transformers must be
calibrated for turns ratio and phase angle and gper-
ated within their rated burden range.

4.6.5 Calculation of Corrected Average Powegr or
Corrected Total Energy. The calculation method for
average power or total energy should be performed
in accordance with ANSI/IEEE Standard 120 fof the

- specific type of measuring system used. For (lass

1 primary variable, power measurements musgt be
corrected for actual instrument transformer ratiol and
for phase-angle errors in accordance with the proce-
dures of ANSI/IEEE Standard 120.

4.7 DATA COLLECTION AND HANDLING

4.7.1 Data Collection and Calculation Systems

4.7.1.1 Data Collection Systems. A data cqllec-
i em should be designed to accept multiple
instrument inputs and be able to sample data from
all of the instruments within two to three minutes
to obtain all necessary data with the plant at the
same condition. The system should be able to collect
data and store data and results within three minutes.



https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD-ASME PTC Y4b-ENGL 199: EM 075970 0587750 TT9 WA

OVERALL PLANT PERFORMANCE

4.7.1.2 Data Calculation Systems. The data cal-
culation system should have the ability to average
each input collected during the test and calculate
the test results based on the averaged values. The
system should also calculate standard deviation and
coefficient of variance of each instrument, The sys-
tem should have the ability to locate and eliminate
spurious data from the average. The system should
also have the ability to plot the test data and each
instrument reading over time to look for trends and
outlying data.

ASME PTC 46-1996

Each instrument signal cable should be designed
with a shield around the conductor and the shield
should be grounded on one end to drain any stray
induced currents.

4.7.3.2  Calibration of Data Collection Systems.
When considering the accuracy of a measurement,
the accuracy of the entire measurement loop must
be considered. This includes the instrument and the

4.7}12 Data Management

117.2.1 Storage of Data. Signal inputs from the
instruments should be stored to permit post test
daty correction for application of new calibration
corfections. The engineering units for each instru-
ment along with the calculated results should be
stored if developed on site. Prior to leaving the test
site| all test data should be stored in removable
meiium to secure against equipment damage during
transport.

417.2.2  Manually Collected Data. Most test pro-
grams will require some data to be taken manually.

The|data sheets should each identify the data point,
“test[site location, date, time, data collect or, collec-
tion| times and data collected.

4{7.2.3 Distribution of Data. The averaged dath
in enhgineering units should be available to all parties
to the test prior to leaving the test site. Al manually
collected data should be made available to-all parties
e test prior to leaving the test. Site.

4.7.3 Construction of Data Collection Systems
4.-3.1 Design of Data Collection System Hard-
ware. With advances_incomputer technology, data

collgction system eonfigurations have a great deal
of flexibility. They can consist of a centralized pro-
cessing unit ot distributed processing to multiple
locations invthé plant.

Each measurement loop must be designed with
the Bbility to be loop calibrated separately. Each

Signal”conditioning Toop or process. Ideally, when
an instrument is calibrated it should be cofnected
to the position on the data collection system that
will be employed during the test. Shuld this |be
impractical, each piece of equipment in‘the measufre-
ment loop should be individually calibrated. Separhte
pieces of equipment include/guirent sources, \olt
meters, electronic ice baths, and resistors in the
measurement loop.

If the system is notCloop calibrated prior to the
test, parties to a test should be allowed to s%ot
check the measurement loop using a signal generafor
to satisfy that the combined inaccuracy of the m¢a-
surement |oop/is within the expected value.

47.3.3 Usage of Existing Plant Measuremdnt
and Control System. The Code does not prohipit
the use of the plant measurement and control systgm
for code testing. However, this system must meet
the requirements of this Section. Below are some
caution areas.

Typically plant measurement and control systems
do not calculate flows in a rigorous manner. Oftpn
the flow is based on a ratio relationship with comn-
pensation factors. Calculation of flow should folldw
Subsection 4.4.

Often the plant systems do not have the abil ty
to apply calibration corrections electronically. The
output of some instrumentation like thermocouples
cannot be modified so electronic calibration is nelc-
essary.

Some plant systems do not allow the instrumeht
signal prior to conditioning to be displayed or store.
The signal must be available to check the signil
conditioning calculation for error.

Distributed control systems typically only repdrt

measurement 160p should be designed so that it
can individually be checked for continuity and power
supply if applicable to locate problems during equip-
ment setup.

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004

45

changes in a variable which exceed a set threshold
value. The threshold value must be low enough so
that all data signals sent to the distributed control
system during a test are reported and stored.
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SECTION 5 — CALCULATIONS AND RESULTS

5.1 FUNDAMENTAL EQUATIONS

The fundamental performance Egs., (5.1.1), (5.1.2),

ang—H5-434; € types o
poper plants covered by this Code.

Corrected net power is expressed as:

7 S
Py = (Pmeas + ZA,} a (5.1.1)
= }'='|
Cofrected heat input is expressed as:
7 5
Qeorr = (Qmeas + 21 wi) HB; (5.1.2)
i= j=1
Cofrected heat rate is expressed as:
7 5
(Qmeas + 21 ‘”i) Hﬂ/
i= =1
HRcorr = = ]5 (5.1.3a)
(Pmeas + 2 Ai) H a;
i=1 j=1
or
7
(Qmeas + 2 ‘Ui) 5
HReore = —ﬁh——l;l 15 (5.1.3b)
<Pmeas + ‘ElAi) =
i=
Additive corrections factors A; and w;, and multipli-
cative correction factors aj-B-and fj, are used to
cortiect measured results back' to the design-unique
set |of base reference .conditions. Tables 5.1 and
5.2 |summarize the .cortéction factors used in the
fundamental perfotmance equations.

The correctioh_factors which are not applicable
to the specific\fype of plant being tested, or to the
test [ objectives, are simply set equal to unity or
zerg, dépending on whether they are multiplicative
correction factors or additive correction factors, re.

spectively.

Some correction factors may be significant only
for unusually large deviations from design conditions,
or not at all, in which case they can also be ignored.
An example of this is some secondary heat inputs,
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such as process return temperature in a cogenerator,
If the pre-test uncertainty analysis shows a correction
incigrificant ; —

or may be measured.
The fundamental performance equatiofis) “which
are generalized, can then be simplified to be spegific
to the particular plant type and test program oblec-
tives.

5.2 MEASURED NET PLANT POWER AND
HEAT INPUT TERMS IN THE
FUNDAMENTAL EQUATIONS

Measured net plant power for a power plant v
multiple prima movers is expressed as:

ith

k
E Pmeasured, )

n=1 generator,

Preas = (

- Pmeasured,
aux

- Puansformer - Pline
losses losses

where
n= an individual generator
k= the total number of generators

as
be
hre
s

Equation (5.2.1) represents net plant power
measured in the switchyard. Line losses may
negligible or outside of the test boundary, but
included in Eq. (5.2.1) for those cases when it
necessary to consider them.

Any of the loss terms can be excluded from Q.
(5.2.1) if the test boundary dictates.

Heat input which can be calculated from measured
fuel flow and heating value is expressed as:

Qmeas = [(H\/)(qm)]fuel (5.22)

If the fuel flow cannat b, H 7 eas

is determined from results of heat input computations
based on heat output and steam generator corrected
fuel energy efficiency. Steam generator corrected
fuel energy efficiency would be determined by the
energy balance method per ASME PTC 4. Heat
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TABLE 5.1
SUMMARY OF ADDITIVE CORRECTION FACTORS IN FUNDAMENTAL PERFORMANCE EQUATIONS
Additive Additive
Correction Correction to Operating Condition or
to Thermal Power Uncontrollable External Condition
Heat input [Notes (1) and (2)] Requiring Correction Comments
wy 4 Thermal efflux Calculated from efflux flow rate and energy
(Operating) level, such as process steam flow and
enthalpy
w; A; Generator(s) power factor(s) Corrected for each generator and combined
tOperating)
w; A Steam generator(s) blowdown BD is sometimes isolated so that
different than design performance may then be exactly correcfed
(Operating) to design BD flow rate
wy Ay Secondary heat inputs Process return or maké-up temperature i
(External) typical
wsa Asa Ambient conditions, cooling tower For some combined cycles, may be bas:i on
or air-cooled heat exchanger air inlet the conditions. at the combustion turbin
(External) inlets
wsg Asg Circ water temperature different than To’be used if there is no cooling tower gr
design air-tooled condenser in the test boundardy
(External)
wsc Ase Condenser Pressure If the entire heat rejection system is outsjde
(External) the test boundary
we A Auxiliary Loads, thermal and (a) To account for auxiliary loads when|the
electrical multiplicative corrections are based on gross
(Operating) generation, usually only for steam turbirte
plants
(b) To compensate for irregular or off d¢sign
auxiliary loads
w7 A Measured power different than To account for (a) the small difference i
spécified if test goal is to operate at measured versus desired power for a tesf run
a prédetermined power, or operating to be conducted at a specified measured or
disposition slightly different than corrected power level, or (b) small
required if a specified disposition differences between required and actualf unit
test operating disposition such as valve poin
{Operating) operation of a steam turbine plant

NQTES:

(1) |For additive corrections=6; for a given correction i, usually either w; or A; will be used for combined cycle plants, but not bot]. Use
of both usually means that'a correction is being made twice for a given condition. For steam turbine plants, it is sometimes necgssary
to use w; and A; cotrections with the same subscript, as shown in the sample calculations.

(2) [Additive correctioni factors with subscript 7 must always be used together. The correction w; is the correction to heat input that
corresponds to Az
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TABLE 5.2
SUMMARY OF MULTIPLICATIVE CORRECTION FACTORS IN FUNDAMENTAL PERFORMANCE
EQUATIONS
Multiplicative zultlp h.c ative Operating Condition or
. TN orrection to
Correction to Multiplicative Heat Rate Uncontrollable External
Thermal Heat Correction to B Condition Requiring
Input Power f; = a—f_ Correction Comments
]
81 a f Inlet temperature Measured at the test boundary at
correction {external) the inlet to the equipment
B3 a; f Ambient pressure As per 81, a4, f;
correction (external)
B3 aj f Ambient humidity As per By, oy, fi
(external)
Ba a fy Fuel supply temperature
correction (external)
Bs as fs Correction due to fuel

analysis different than
design (external)

GENERAL NOTE:

Inletlambients and fuel/sorbent chemical analysis deviations from base reference conditions are part of the“corrections for the heat foss

methlod for coal or solid fuel plant when that method is used to determine thermal heat input, In those cirCumstances, they are not parf of
the gverall plant performance test corrections per se.

output is determined by steam generator water/steam correctioni\For a combined cycle plant, Egs. (5.1{1)
side| measurements. and (5.1:3b) reduce to:
Pegtn™= (Prmeas + Ay + Ay + ... Agajajezazas  (5.3)1)

5.3 | PARTICULARIZING FUNDAMENTAL
PERFORMANCE EQUATIONS TO SPECIFIC

CYCLES AND TEST OBJECTIVES (Qmeas) (AhE1)

HRcorr = (Pmeas + A1 Py AZ P A(,) (5.3 2)

5.3.] General. The applicable corrections to “sé
in the fundamental performance equations-for a
particular test depend on the type of plant-or cycle
being tested, and the goal of the test.

From the format of Eq. (5.3.2), it is seen that once the
steam turbine cycle output is corrected to referente
conditions by use of the additive correction factols

14

5.3.2 Specified Disposition Test Goal. If the goal and the other additive corrections are incorporatef,
of the test is to determine net plaht power and heat then the more global corrections for inlet conditiohs
rate funder a specified unit.operating disposition and fuel analysis are applied.
withput setting output to a predetermined numerical Examples of applications of Eqgs. (5.3.1) and (5.3.p)
power, then Egs. (5.1.1)-and (5.1.3) are simplified are shown in Appendix 1 and Appendix 3.
diffefently depending, dn'the type of power plant. (b) Steam Turbine Plants — Specified Unit Dispp-
(aj Combined Cycle Plants — Specified Unit Dis- sition
position For steam turbine plants, if the test goal is tigd
Fof combined eycle plants without duct firing, or to a specified disposition, it is usually based dn
duct(firing out'of service, and the specified operating either a valve point operating mode, or on te
dispgsition being the base loading of the gas turbines, throttle flow rate. For a steam turbine plant, the
the 4 correction factors are the only additive correc- ste i i
tions which are used. Use of both types of additive from the overall plant calculations in order to calcu-
corrections would be double-accounting for the same late PTC 46-measured thermal input. As such, the
correction. Note that all the A corrections through two additive corrections to overall plant reference
subscript 5 are steam turbine cycle power related conditions which always relate to steam flows affect
except for the gas turbine generator power factor the corrected thermal input as well as the corrected
49
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power of the plant. These are the additive correction
with subscripts “1” and “3,” for blowdown and
process steam.

The multiplicative correction factors for inlet air
conditions and fuel analysis and conditions are em-
bedded in the steam generator data analysis. Qmeas
for the overall plant test is the corrected thermal
input as determined from an ASME PTC 4 test.

Hence, the correction factors for the air inlet
conditions and the other multlphcatnve correction

the same subscript are used.
he fundamental performance equation for power,
[(5.1.1) becomes:

Pcorr = (Pmeas + A] + Az + ... A7) (5.3.3)

Fon heat rate, Eq. (5.1.3a) then becomes

(Qmeas + @1 + @3 + w7)

HReore = (Preas + A1 + Az + ... A7)

(5.3.4)

In |Eq. (5.3.4), Qmeas is thus equal to the steam
generator tested output as defined in ASME PTC 4,
induding blowdown energy if applicable, divided by
the| steam generator corrected fuel energy efficiency
calfulated per ASME PTC 4 (see Subsection 5.2).
he w factors are then used to correct the thus
calculated measured thermal input to the plant'tefer-
enge conditions, such as reference process; efflux,
blgwdown, and required operating disposition.

he w correction curves are calculatéd by heat
balance using base reference steam\generator cor-
redted fuel energy efficiency. If the tested corrected
efficiency deviates significantly_from reference, then
redalculation of the o cortections simply by multi-
phfing each one by the ratio of base reference fuel
engrgy efficiency to\the test corrected efficiency
can be done if /the difference affects the results
sighificantly.

n example>of application of Egs. (5.3.3) and
(5.p.4) arein Appendix E for the unit required
osition of fixed throttle flow. Required unit dispo-
sitfon»at valve point operation would be similarly

OVERALL PLANT PERFORMANCE

5.3.3 Specified Corrected Net Power

Specified corrected net power tests are conducted
for steam turbine plants.

For a steam turbine plant for which a test is run
with the goal that heat rate is determined at a
specific corrected net power, the unit operating net
power, after being corrected to the base reference
conditions, is adjusted for the test, to be as close
as possible to the design value of interest. A; and
wy are applled to ad]ust for the small difference

al 3 jred
adjusted power

As shown in Appendix E, the applicable eguatjons
are identical to a steam power plant when-the goal
is to test at a fixed operating disposition.

5.3.4 Specified Measured Net Power

The other test whose required unit operating digpo-
sition dictates adjustment/of power to a predeter-
mined value for testing.isa”specified measured| net
power test. This test 4s)conducted for a combined
cycle power plant with duct firing or other form of
power augmentation, such as steam or water injec-
tion when used for that purpose.

For thishtest, the net power is set as closely as
possible.to"a specified amount regardless of air {nlet
conditions.

The w additive corrections are applicable (butf not
the A corrections except Aj).

A; and w; are applied to adjust for the small
difference between the actual adjusted power |and
the desired adjusted power. '

In this case, the fundamental performance equa-
tion for corrected net power simplifies to:

Pcorr = Pbase reference = (Pmeas + A7) (5 36)

The fundamental equation for corrected heat
simplifies to:

rate

HRcorr =
(Qmeas + @1 + w3 + W3 + W4 + Ws + W + w7) (A
(Prmeas + 47)

fafs)

(53.7)

Note that Eq. {5.3.7) is also in the format of
(5.3.5), Because a; = 2, then B8, = f

Eq.

calcufated:
Note that Eq. (5.3.4) is in the format:

QCOrr

PCOI'r

HReorr = (5.3.5)
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Table 5.3 summarizes the format of the general
performance equations to use for various types of
power plants or thermal islands, and test objectives
discussed in this Section. There may be other applica-
tions for which different combinations of the correc-
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tion factors are used, but the general performance
equations should always apply.

5.3.5 Alternate to A; and w; Correction Factors.
During a test run for which the test objective requires
setting the power level, power will not be precisely
at the required level because (1) adjustments are
made utilizing readings of most operating conditions
from the control room, (2) there are normal fluctua-
tions during the test run after the unit is set for testing,
and (3) desired power level might be dependent on

0759k70 058776b 417 W

OVERALL PLANT PERFORMANCE

cess efflux, ambient conditions, etc.) relative to the
measured prime parameters of heat rate and power,
so that measured performance can be corrected to
the reference conditions. Corrections are calculated
for parameters at the test boundary different than
base reference conditions which affect measured
performance results. Tables 5.1 and 5.2 indicate
whether each correction is considered due to uncon-
trollable external conditions, or to operating condi-
tions.

Correction curves applied to measured perform-

findl fuel analysis, which has to be assumed ior
the|test.

imilarly, during a specified disposition test of a
stegm turbine plant, the unit may be found to have
begn operating in a slightly different disposition than
reqpired for the same reasons.

here are two ways to handle these situations.
The preferred method is to incorporate the A; and
w7 |correction factors.

he second and alternate technique is to interpo-
latg through the results of several test runs to deter-
mime where the results are at the desired power
Iev | or desired disposition. If the altemate method

be [achieved this way.

his is shown in the example in Appendix E for
a fjxed corrected power test. In lieu of the additive
cofrections As and w7, three tests were conducted
andl the result was interpolated.

Usually power levels can be set close enough to
degired such that the alternate method is"hot neces-
sarly. And for steam turbine plants.in particular, heat
ratp versus power at full loads i a relatively flat
cufve.

5.3.6 Different Test Goals for the Same Cycle.
Tejts with different objectives can be conducted at
thg same power plant, in which case care must be
taken to ensure~that appropriate sets of correction
faqtors are calculated based on the test goal. In
mgst cases,/a single test objective is selected for a
pafticular-site.

ance are calculated by a heat balance modeloff the
thermally integrated systems contained within [the
test boundary. The heat balance modelreprespnts
the mathematical definition of the expécted perfqrm-
ance of the energy conversion facility: Each corfec-
tion factor is calculated by running-the heat balgnce
model with a variance in only the parameter tq be
corrected for over the possible range of deviation
from the reference condition. Correction curves| are
thus developed to be incorporated into the spefific
plant test procedute 'document. The model is final-
ized following purchase of all major equipment fand
receipt of perfdrmance information from all vendors.

Some afthé correction factors are summatiorjs of
smaller-corrections or require a family of cunves.
For éxamnple, the correction for power factor isl the
summation of power factor corrections for ¢ach
generator.

It is noted that for convenience, identical subscfipts
for all additive correction factors, and similarly for
all multiplicative correction factors, represent| the
same variable to be corrected for, but the symbols
are different depending on the result being correqted.

In lieu of application of the equations in Subseqtion
5.3, a heat balance computer model may be applied
after the test using the appropriate test data [and
boundary conditions so that all the correction$ for
the particular test run are calculated simultaneofisly.
Heat balance studies of different cycles using the
performance equations in the above format have
demonstrated that interactivity between corregtion
factors usually results in differences of less fthan
0.2% compared to calculation of the complete |heat
balance post-test with the test data. An advarjtage
of this post-test heat balance calculation is a reduc-
tion or elimination in required heat balance cal¢ula-
tions required to generate all the heat balance cofrec-

5.4 DISCUSSION OF APPLICATION OF
CORRECTION FACTORS

The format of the fundamental equations allows
decoupling of the appropriate correction effects (pro-
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tion curves.

5.4.1 Additive Correction Factors — A and w.
The additive corrections are discussed below in
paras. 5.4.1.1-5.4.1.7.
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5.4.1.1 Correction Due to Thermal Efflux Differ-
ent Than Design — A, or ;. For a cogeneration
power plant, the design net power and heat rate is
specified at a design thermal efflux, or secondary
output. These are the corrections for deviations from
design reference thermal efflux during the perform-
ance test run, when applicable.

If thermal efflux is in the form of process steam,
which is the most common, then the design net
thermal efflux for each process may be defined as:

ASME PTC 46-1996

unit can be considered in this correction term, or
as part of A; (or w,).

Effects of differences in make-up temperature or
flow from design should be considered for those
cases where it has impact. The same holds true for
process steam returned as water.

If any of the return is stored in a tank and then
added to the cycle, as opposed to direct return to
the cycle, the conditions prior to entering the cycle
are corrected to reference conditions.

Qthermal efflux, = [(mh)process - (mh)process
design steam return

- (mprocess - mprocess)
steam return

hmake:l (541)
design

up

If the design process return flow is equal to design
profess steam flow, and Eq. (5.4.1) simplifies to:

[(mprocess) (hprocess
steam steam

- hprocess)}
return design

chermal efflux, =
esign

(5.4.2)

Tes results are corrected for deviations from design
valdes of each term in Eq. (5.4.2). The sum of the
coriections equals A; (or w;).

t|is also permissible to include the process return
enefgy correction as part of the correction A, (or
wy)| which is for secondary heat inputs into the
cycle (see below), if more convenient. If that option
is selected, then process return is not considlered
as gart of the A; (or w;) correction.

54.1.2  Generator Power Factor Correction —
A; 9r w,. The output of each generator is corrected
to ity design power factor rating ffom measurements
of MVARS and MW. The sum ofall the corrections
to epch generator comprise A} “(or w,).

5.4.1.3 Steam Generator Blowdown Correc-
tion|— A; or w;. T compare test results to design
reference heat balance values, it is recommended
to igolate blowdown if possible and to correct to
the design blewdown flow rate. This simplifies the
test pecause of the difficulty in determining actual
blowdown flow rates.

3.4.1.5 Heat Sink — A; Factors. Only ong of
the correction factors Asy, Asp, or Asc (or @sa) @sg,
or wsc) is applied, depending on the cycle fest
boundary, or cycle configuration of (the plant| or
thermal island. Figures 5.1, 5.2, and '5°3 show cbn-
figurations where these correctjgns.are respectiviely
applicable for a combined cygle"power plant.

(a) Ambient conditions af the cooling tower air
let — ASA' Or wsa

If cooling tower(s) of-air-cooled condenser(s) eist
within the test boundary, then a correction is made
for cooling tower/ait-cooled condenser atmosphdric
inlet conditions{ For a wet cooling tower, applicable
ambients are\wet bulb temperature and barometric
pressure;\Humidity and dry bulb temperature may
be used’in lieu of wet bulb temperature. Typically,
for @,dry cooling tower, or air cooled condender,
dry"bulb temperature and barometric pressure fre
the required applicable ambient conditions. The
barometric pressure component of this correctipn
can be incorporated into the subscripted “2” multigli-
cative correction factors,

It may be acceptable to assume that cooling tower
inlet conditions are identical to those measured|at
the combustion turbine inlets in a combined cyde,
if they are measured at the combustion turbihe
inlet(s).

(b) Circulating water temperature — Asg, or ws}

If there is no cooling tower(s) or air-cooled cdn-
denser(s) within the test boundary, then the hdat
sink correction is made based on measured circulat-
ing water conditions.

(c) Condenser pressure — Asc, or wsc

If the condenser is not part of the test boundaty,
a correction is made to the steam turbine cydle
based on the measured condenser pressure.

in-

5 4.1.6 Thermal —and—Eleetrical—Auxitia ry

5.4.1.4 Secondary Heat Input — A, or w,.
Secondary heat inputs are all heat inputs to the test
boundary other than primary fuel. Examples are
make-up water and low level external heat recovery.
The process steam return portion for a cogeneration
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Loads — A or wg. These corrections are for off-
design auxiliary load line-up at the tested conditions.
Care must be taken to assure that no overlap exists
between corrections taken here as well as for inlet
temperature and other external condition corrections
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in which normal auxiliary load variations with vary-
ing external conditions have already been con-
sidered.

5.4.1.7 Small Difference in Measured Power
from Target Power, or Actual Unit Disposition from
Operating Disposition — A; or w,. For specified
measured net power and specified corrected net

d power reasons tabulated in
3. 5.3.5. These corrections must always both be
used together. Once measured power is corrected
he precise value it should have been exactly set
then the concomitant change in thermal heat
inppt must be considered.

For the same reasons, these corrections are used
when the required unit operating disposition is
slightly different than required for a steam turbine
plant.

5.42 Multiplicative Correction Factors — a, f,
and B. For a steam turbine cycle, multiplicative
corections usually do not apply.

Fpr combined cycles, once the steam turbine
portion of the cycle has been corrected to design
- refefence conditions by the additive corrections, then
the |plant performance can be corrected based on
ambients and other external quantities using the
mulfiplicative correction factors as described below:
@| multiplicative corrective factors are used“to
correct measured net power, and either f or<B is
used to correct heat rate or measured thermal heat
inpyt, respectively. It is preferred to use™f.

The multiplicative correction factors are discussed
beldw in paras. 5.4.2.1-5.4.2.4.

54.2.1 Inlet Temperature, Pressure, and Humid-
ity Corrections a4, a,, aj-and f, f, and £, or B,,
B2, and B;. Correction‘is'made to plant performance
based on the inlet(temperature (a; and £, or B1),
inle pressure (a} and £, or B8,), and inlet humidity
(a3 pnd £, or By).

Infet temperature of the air crossing the test bound-
ary pt gas turbine compressor inlet(s) is preferably
measured inside the air inlet duct because of better

ASME PTC 46-1996

5.4.2.2 Fuel Supply Temperature Correction —
@, and f;, or B,. Fuel supply temperature upstream
of any conditioning device such as preheating which
is different than base reference affect performance.
Provision is made for correction in the performance
equations for this.

5.4.2.3 Fuel Analysis Correction — a5 and fs,
or fBs. Differences in fuel properties between the
design Rafee gretcartead
This cofrdcts

to variance from design performance.
for difference in fuel properties.

5.5 SPECIAL CONSIDERATIONS OF
PERFORMANCE EQUATIONS AS APPLIED
TO COMBINED CYCLES

5.5.1 Multiple Locations of Air Inlet. Corrected
performance by utilizing the fundamental perform-
ance-equations in the formats for combined cycles
shown in Subsection 5.3 assumes that the air|at
each gas turbine inlet is equivalent. The equatidns
also allow for accommodating the combined cycle
calculations if significantly different air inlet congi-
tions exist at the cooling tower(s) or air-cooled
condenser(s) than at the gas turbine(s).

For facilities with more than one gas turbine)| it
is almost always acceptable to average the ambignt
measurements at all gas turbine compressor inlgts
and use the average for the determination of inlet
corrections, provided the gas turbines are identidal
models, which is usually the case. Slight differendes
between conditions at each inlet will not impdct
the calculated results if the machines are all the
same model and fulfill the base loading requiremepnt
of unit disposition.

A correction for inlet conditions at the cooli g
towers different than at the compressor inlets can
be developed and used (Asp or wsa).

Ambient pressure and humidity can be assuméd

Mixing T0 attain true bulk ambient temperature.
Inlet pressure and humidity of air crossing the test
boundary at gas turbine compressor inlet(s) should be
measured in the vicinity of the gas turbine compres-
sor inlet ducts, but can be measured outdoors.
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uniform for the entire site if measured in the vicinity
of the gas turbine compressor inlets.

If necessary, expansion of Eq. (5.3.1) for a cycle
mandating a test goal of constant unit disposition
is written as
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Total # of
gas turbines

2

m=CT1

Peorr =

[(Pmeas BOSSGT + AZCT )H Do ]

Total # of
steam
turbines

+ 2

j=1

S a0 a]

[ (Pmeas,grOSSST

5
= Paux H Ap— Plransformer

n=1

Phne

loss

(5.5.1)
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the compressor inlet(s) and the cooling tower(s) to
verify the validity of this assumption. Effects of real
temperature differences between cooling tower and
combustion turbine compressor inlets, are compared.
(When doing the sensitivity studies, note that mea-
surement of inlet temperature at the cooling tower
inlets is a high uncertainty measurement, whereas
the mixing of air inside the gas turbine compressor
inlet ducts improves the accuracy of bulk ambient
temperature measurement.) As (Or ws,) is calculated

if measureable differences affed_t.hL:esuhs_by_more

is more prudent not to average conditions at
eagh gas turbine inlet.

he subscripts for the new multiplicative correc-
tion factors, A, refer to the same parameters to be
corfected for as in the other multiplicative correc-
tiops. Care is taken in calculating heat balances to
determine correction factors for the format of Eq.
(5.3.1) to base the «, correction factors on gross
poyver. Heat balance calculations to determine cor-
recfions to ambients utilizing the format of Eq. (5.2.3)
incJude auxiliary load effects in that equation’s re-
spactive a’s.

ote that the a corrections for the steam turbines
in Eq. (5.5.1) will not be unity even if the cooling
tower is outside the test boundary, due to the ambient
effgct at the combustion turbine inlet on steam
prdduction.

imilarly, for the test goal of a specified unit
disposition without setting output to a predetermined
level (para. 5.3.2), the corrected heat rate equation

maly be expanded into the following format if\Eq.
(5.5.1) is used in lieu of Eq. (5.3.1):

total # of

fuel inputs

>

m=1

[(@ue )T 51,

HRcorr = Peor per Eq (5.5.1)

(5.5.2)

§imilar formulations_can be developed for speci-
measured net power tests for combined cycles
hich there is<duct firing, if necessary.

is also wusually valid, in combined cycles, if

than 0.1%.

5.5.2 Special Case of Inlet Air Evaporative Cpol-
er(s). Experience shows that testing with evaporgtive
coolers in-service can lead to erronegus, non-regeat-
able results. The major reason why testing with| the
cooler(s) in service and using“upstream air [nlet
conditions to determine the appropriate correctjons
to plant performance can'ledd to unacceptably large
errors is because thé-thermal performance of| the
plant varies strongly\with the temperature condftion
at the compressor inlet. It is, in fact, the stegpest
correction to'the plant output. If the evapordtive
cooler preduces a downstream temperature which
is — or.is*measured as — slightly greater than|1°F
different'than the design number, results can typigally
becaffected by 0.5%.

An alternate and more practical approach i to
test the unit performance with the evaporative gool-
er(s) out of service, if possible, correct performgnce
to a base condition, and then correct the calculpted
base condition performance based on the verification
of evaporative cooler performance from a s¢pa-
rate test.

A further complication is that large changep
evaporator cooler performance, as measured b
fectiveness, produce only relatively small cha
in downstream temperature. Precise determindtion
of effectiveness within a meaningful uncertainty fela-
tive to the effect on plant performance is almost
always not possible.

The effectiveness of the evaporative cooldr is
defined by:

in
ef-
ges

at the point of greatest influence, which is over-
“whelmingly the gas turbine compressor(s). During
the test planning stages, calculations are performed
to determine sensitivity coefficients for cycle affects
due to deviation of inlet conditions from design at
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Tiab = Tedb
eff = =222 (55.3)
Tiao = Tiwp
where
T = temperature
Subscripts:
db: dry bulb

e: exit, or downstream (D/S)
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TABLE 5.4

CHANGE IN COMPRESSOR INLET TEMPERATURE OVER A 30%

RANGE IN EVAPORATOR COOLER

EFFECTIVENESS ON AN 80°F DAY, WITH 80% RELATIVE HUMIDITY

Upstream Upstream Downstream Downstream Downstream
Dry Bulb Relative Dry Bulb Relative Hu- Wet Bulb
Effectiveness Temp. Humidity Temp. midity Temp.
0.70 80°F 80% 76.6 94% 75.1°F
0.75 80°F 80% 76.3°F 95% 75.1°F
0.85 80°F 80% 75.8°F 97% 75.1°F
0.95 80°F 80% 75.4°F 99% 75.1°F
1.00 80°F 80% 75.1°F 100% 75 1°F

-~

inlet, or upstream (U/S)

b: wet bulb

ery small errors in temperature measurement
cause large variations in the calculation of effective-
nes$, as shown in Table 5.4. Table 5.4 assumes an
80°F day at 80% relative humidity.

Note that a 30% change in effectiveness corres-
ponds to only a change of 1.5°F downstream temper-
ature.

New correction factors are developed for the
spetial case of a plant with evaporative air cooler(s).
The plant is tested with the evaporative cooler(s)
out [of service. Then, for comparison with the design
heat balance plant performance:

< <

PCfo,

evap cooler I/S

(5.5.4)

= Pcorr,

Kp,
evap cooler OfS evap

cooler
Where Peor,

evap cooler O/S
mingd by Eqgs. (5.1.1) or (5.5.1), with the corrections
being performed to the base reference coolerf(s) infet
temperature and humidity. K,eap is.the power cor-

cooler,
rection factor used to correct the tested plant per-
formlance with the evaporative-codler(s) out of service
to the performance it walld~have been with the

is the corrected power as.detér-

heat rate and corrected heat input; respectively,| to
what they would have been with~the evaporagve
cooler(s) in service during the!plant test. The fjrst
terms on the right side of\the equations represgent
corrected heat rate or eotrected thermal input with
the evaporator coolersout of service per the appfo-
priate equations in“Subsection (5.3), and correcfed
to base reference’conditions at the infet of fhe
cooler(s). The\K terms are the correction factbrs
to correct'the tested plant performance with the
evaporative cooler(s) out of service to the perforn-
ance itwould have been with the coolers in servite.

Because measurement error will probably be larger
than the requirements to determine effectivendss
within a small range of performance, experience
dictates that the best that can be achieved is |to
assume that performance of the evaporator has beken
verified if the design effectiveness is calculated frgm
the test data within test uncertainty, and to use
corrections to plant performance based on the base
reference effectiveness.

5.5.3 Staged Testing of Combined Cycle Plarts
for Phased Construction Situations. This subsectipn
details the methodology to test for new and clean
net power and heat rate of a combined cycle plant
when it is constructed in phases. The gas turbinps
of the plant usually operate for several months |in
simple cycle mode while the steam portion of the
combined cycle plant is being constructed.

In_order to determine t i

coolpr(s) in service at the/base reference inlet temper-
aturg and humidity,
Similarly,
HRcorr, = HRcorr, (5.5.5)
evap cooler i/S evap cooler O/S
X KhiRevap
cooler
or
Qcorr, . Q X KQeva (5.5.6)

corr,
evap cooler I/S evap cooler O/

cooler

where the left hand terms represent the corrected
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and clean performance, it is necessary to test the
gas turbines when they are new and clean (Phase
1 test series), and combine those results with new
and clean steam turbine cycle performance data
(Phase 2 test series).
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This protoco! requires corrections in addition to
the standard corrections tabulated in Tables 5.1 and
5.2. These are:

(a) air flow rate deterioration of the gas turbines

(b) the change in gas turbine exhaust gas pressure
drop to atmosphere based on the different back end
geometry of the ductwork and equipment downstream
of the combustion turbines

(c) combined cycle mode fuel heating not available

he simple cycle tests during Phase 2 are called
ase 2A tests, while the final combined cycle

Correction to steam cycle gross power output
design reference conditions to new and clean air
rate of the gas turbines

during Phase (1)
able 5.5 summarizes the reasons (for*each test

ote that there is usually an air flow reduction
and back pressure change in the_simple cycle mode
er extended operation, which is why the second
phase of testing must be-done in two parts.

5.5.3.1 Special.\Performance Equations —
Phased Construction. The corrected total gross
pgwer output-of‘the gas turbines used for the com-
bined cycle plant performance evaluation is:

STD.ASME PTC Yb-ENGL 199: ER 07549bL70 0587774 593 1A
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Equation (5.5.7) expresses the total gross power
output of the gas turbines as corrected to reference
conditions, and in new and clean condition, by
means of application of the Phase 1 simple cycle
test results. It also corrects new and clean gas turbine
power output at reference conditions for operation
in combined cycle mode for the change in exhaust
pressure between simple cycle and combined cycle
operation. Note that the corrected gas turbine power,
identified by subscript “corr,” is based on ASME
P ests and corrections

The corrected total gross output of the steam
turbine used for the combined cycle plant perform-
ance evaluation is:

Total # of
steam
turbines

E Pmeas +
- ,8FOSS o,
j=1 [ ( 5T

7 5
21 Aksr) ] a"sr}] (Cp)  (5.5.8)

7 n=

Pcorrs-r =

Equation (5¢5.8) corrects the measured steam{ tur-
bine cycle 'power output to design reference cqndi-
tions, and“also to combustion turbine new and dlean
condition by application of C.

Cy is determined by comparison of the Phase 1

and the Phase 2A simple cycle test series results
by ratio of the airflow references measured dyring
those respective test series for each gas turbine) The
references are based on the total pressure drop a¢ross
the compressor scrol! corrected to base reference
operating conditions.

The total plant gross power in combined gycle
mode at reference conditions, and at new and dlean
conditions, is therefore expressed as:

number of
gas turbines

Peow, = 2 P d4.5.9)

corr
gross i=1 GT;
number of

steam
turbines

+ > P

corr
i=1 sT;

The corrected thermal heat input from the| fuel
used for the combined cycle plant performance
evaluation is:

nulmber of number af
gas turbines gas turbines
2 Peorr = E [ (Pcorr ) +
Fpeg cT; i= GT;/pHASE 1 Qrriase 28 = (Qeraase 1) (Ch),

(PconcTi)PHASE 2A (Cx’ -1 )] } .5.7)
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(5.5.10)

where Qppase 1 is calculated from the power and
heat results of Phase 1 tests by:
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TABLE 5.5
REQUIRED TEST SERIES FOR PHASED CONSTRUCTION COMBINED CYCLE
PLANTS
Test Phase Reasons for Tests Operating Mode
Phase 1 New and clean gas turbine performance Simple cycle operation
after initial simple
cycle start-up
Phase 2A Gas turbine performance to determine Simple cycle operation
degradation effect on exhaust gas flow rate, (see para. 5.5.3)
and gas turbine back pressure changes
Phase 2B Steam cycle performance for determination Eull combined-cyel
of combined cycle plant performance in operation
new and clean condition. This is
accomplished by combining gas turbine
data from Phase 1 with the steam cycle
performance data, with appropriate
corrections based on Phase 2A tests.
‘ot tbines for a steam plant. Thefirst is defined at a specified
Qethase 1 = ( PG,_) * HRppase 1 amount of main steam flow from the steam generdtor
i=1 "/PHASE 1 (5.5.11)

Hquation (5.5.10) expresses the total thermal heat
inppt from the fuel as corrected to reference condi-
tion}s, and in new and clean condition, by means
of application of the corrected power and corrected
efficiency Phase 1 test results from equation (5.5.11).
It dlso corrects new and clean total thermal heat
inplit at reference conditions for operation in com-
bingd cycle mode due to the operation of fuel pre-
heafing by application of C,.

The total plant gross heat rate in new and clean
conditions, combined cycle mode, and 3t contract
operating conditions, is therefore expressed as:

HR = Qenastad (5.5.12)

Peber gross

Z

et power and heat sate is found by subtracting
corrected auxiliary doads from the plant gross power,
and|subtracting transformer losses, if applicable, and
line|losses, if<applicable.

5.6 | SPECIAL

CONSIDERATIONS AS APPLIED

Steam turbine based power plants do not usually
have a defined base load rating as do gas turbine
or combined cycle power plants. There are two
possible equivalent definitions of base load rating
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at rated steam conditions such as maximum contibu-
ous rating, provided other plant components do hot
have to be/operated above their continuous des gn
ratings.. The other possible required disposition| of
a stean turbine plant during a test might be wlith
opefation at a particular control valve operatjng
peint.

Performance correction to a reference condition
requires knowledge or estimation of how the dor-
rected plant net electrical output varies with cpr-
rected fuel energy input. Figure 5.4 illustrates hpw
gross output of a steam turbine based plant varjes
with steam turbine throttle flow.

The scallops in the output vs throttle flow cu
are due to the control action of the steam turbine
throttle valves. The straight line curve labeled valve
best point performance shows how the plant output
would vary if calculated on a valve best point bagis.
This performance is not realizable but is synthesized
by passing a straight line through the steam turbihe
valve points. In practice, the actual performanjce
varies from the valve best point performance by a
maximum of about 0.35% for a six valve rehdat
machine to 0.7% or more for a non-reheat machine.
A steam turbine plant for which required operati g
o ! bt

be tested at that valve point.

If the specified disposition is a throttle flow rate,
refer to para. 5.3.5. The plant may be tested over
a range of steam turbine throttle flows sufficient
o encompass the corrected performance point of
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1.6x 108
-
1.5x 105 —
b~ Valve best point
. = performance
E4
2 1.4x 105 fo
a : s Valve loop
P performance
13x 105 f—
-
-
vl Ll bt bl
0.95 1.00 1.05

0.85 0.90

“intprest. The applicable performance equations in
this scenario are thus for a fixed unit disposition,
with the corrected power floating. A corrected output
vefsus corrected input curve is developed from the
tegt data. The curve is entered at the net corrected
output to determine the net corrected fuel\energy

in

ut. Another procedure for this specified disposi-

tion, which is preferred, would simply-be to apply
th¢ A; and w7 corrections.

COPYRIGHT 2004;

Throttle Steam Flow, million Ib/h

FIG. 5.4 OUTPUT VERSUS THROTTLE STEAM FLOW

The performance characteristics of a steam turpine
operating in a combined cycle plant is normally

different than shown here. What is discussed
is not applicable to such a plant, or to a
sliding pressure mode steam turbine plant.

here
arge

Figure 5.5 shows a typical test boundary for a

non-reheat steam cycle that may be used in str

power generation or cogeneration applications.

hight

;. American Society of Mechanical Engineers
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SECTION 6 — REPORT OF RESULTS

6.1 GENERAL REQUIREMENTS

The test report for a performance test should
eneral requirements
described in Subsection

) Executive Summary,

) Introduction, described in Subsection 6.3

) Calculation and Results, described in Subsec-
6.4

) Instrumentation, described in Subsection 6.5
e) Conclusions, described in Subsection 6.6

(Y Appendices, described in Subsection 6.7

This outline is a recommended report format.
Other formats are acceptable, however, a report of
pverall plant performance test should contain all
information described in Subsections 6.2 through
in a suitable location.

the
6.7

6.2 EXECUTIVE SUMMARY

The executive summary is brief and contains the
follgwing.
general information about the plant and the test;
as the plant type and operating configuration,
the test objective
date and time of the test

(@ summary of the results of the test inclading un-
certainty

(d) comparison with the contract guarantee

(e any agreements among thé patties to the test to
alloy any major deviations from the test requirements,

o

such
and

e.g. |if the test requirements called for three test runs,
and pll parties agreed thatitwo were sufficient
6.3 [ INTRODUETION

THis section” of the test report includes the fol-
lowing.
(a] ady additional general information ahout the

of test boundary diagrams for specific plant type or
test goal)

the test
(c) any pre-test agreements which were rot ta
lated in the executive summary
(d) the organization of the test peronnel
(e) test goal per Sections 3 and(5 of this Code

6.4 CALCULATIONS AND RESULTS

The follswing should be included in detail:
(a) the-format of the general performance equatfon
that is used, based on the test goal and the applicable
carrections (This is repeated from the test requiremepts
for convenience.)
(b) tabulation of the reduced data necessary to cal-
culate the results, summary of additional operatlr:g

conditions not part of such reduced data

(c) step-by-step calculation of test results from the
reduced data (Refer to the appendices for examples
of step-by-step calculations for each plant type ahd
test goal.)

(d) detailed calculation of primary flow rates frqm
applicable data, including intermediate results, if fe-
quired (Primary flow rates are fuel flow rates, and] if
cogeneration, process flow rates.)

(e) detailed calculations of heat input from fiel
from a coal-fired power plant utilizing PTC 4 apd
water/steam side measurements

(f) detailed calculations of fuel properties — den-
sity, heating value (Values of constituent propertigs,
used in the detailed calculations shall be show.)
Heating value must be identified as either high or lc;[A/

heatina .',-\l.
SHAE

aracs

plant and the test not included in the executive sum-
mary, such as:

(1) an historical perspective, if appropriate

(2) a cycle diagram showing the test boundary
(refer to the figures in the appendices for examples
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(8) any calculations showing elimination of data
for outlier reason, of for any other reason

(h) comparison of repeatability of test runs

(i) clarity as to whether reported heat rate is base
on HHV or LHV
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6.5 INSTRUMENTATION

(a) tabulation of instrumentation used for the pri-
mary and secondary measurements, including make
model number, etc.

(b) description of the instrumentation location

(c) means of data collection for each data point,
such as temporary data acquisition system print-out,
plant control computer print-out, or manual data
sheet, and any identifying tag number and/or address
of each

OVERALL PLANT PERFORMANCE

(b) any recommended changes to future test proce-
dures due “lessons learned”

6.7 APPENDIXES

Appendixes to the test report should include:
(a) the test requirements
(b) copies of original data sheets and/or data acqui-

msTromenTwhich wasused

as pack-up
e) description of data acquisition system(s) used
f) summary of pretest and post-test calibration

CONCLUSIONS

2) if a more detailed discussion of the test results
is fequired

sition system(s) print-outs

(c) copies of operator logs or other recording of
operating activity during each test

(d) copies of signed valve line-up sheets, and
documents indicating operation in the:required
figuration and disposition

(e) results of laboratory fuehanalysis

(f) instrumentation calibration results from lalora-
tories, certification from_manufacturers

ther
on-
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APPENDIX A — SAMPLE CALCULATIONS
COMBINED CYCLE COGENERATION PLANT
WITHOUT DUCT FIRING

Cycle Description

The plant to be tested is a non-reheat combined
cydle cogeneration plant that is powered by two
nominal 85 MW gas turbines with inlet evaporative
coglers and steam injection for NOx control and
poyver augmentation.

The gas turbine exhausts produce steam in two
triple-pressure heat recovery steam generators. The
high pressure, 1280 psig/900°F (89.27 bar(a)/482°C);
steagm feeds the throttle of an 88 MW condensing
steqm turbine that has an intermediate pressure
extiaction port at 350 psig [25.1 bar(a)}-'to-supply
thefmal efflux steam and make up for shortages of
gas(turbine injection steam. The exhaust steam from
the|steam turbine is fed to an air¢écooled condenser.
The low pressure, 30 psig [3.7) bar(a)] saturated,
steqm is used only for boiler feed water deaeration.
There is no supplemental firing capability in the
HR$Gs.

Thermal efflux is in the form of export steam,
primarily extractédifrom the steam turbine with steam
conlitions controlled at 300 Psig/550°F (21.7 bar(a)/
288°C).

st Boundary Description
Bpsicatly, the entire plant is included within the

HEAT SINK: CO

BOUNDARY
TEST GOAL: SPECIFIED MEASUREMENT POWER - FIRE
TO DESIRED POWER LEVEL BY DUCT FIRING

{This Appendix is not a part of ASME PTC 46-1996.)

an allowance<made for the losses of each steptup
transformer.Plant auxiliary loads are supplied fifom
the utility high voltage supply during the test.
Fuel flow rate and heating value are measufed
in the“plant fuel supply line near where the fuel
crosses the test boundary.
Export steam is measured in the steam export line
where it crosses the test boundary.
Reference and Measured Conditions

Reference Measured
Parameter Condition Condition
Steam Export 250 (31.5) 218 (27.5) k Lb/hr (kp/s)
Power Factor  0.85 0.975
Ambient 70 (21) 59 (15) °F (°C)
Temperature
Ambient 14.433 14.595 Psia [bar(d)]
Pressure (0.99512) (1.0063)
Relative 60 77 %
Humidity
Measured Results
Plant Net Power ... MW

Net Heat Rate
Fuel Input

----- Btu/kWh HHV
1,977 mm Btu/hr HHV
579.4 MJ/s HHV

Gas Turbine 1 Power 87.0 MW
Gas Turbine 2 Power 87.5 MW
Steam Turbine Power 49.5 MW
Auxiliary Load 4.5 MW

FurnJannanLa! Eq

IPEY 1
HatHoORS

test boundary, as 1s indicated on the process flow
diagram. Air crosses the boundary at the inlets of
the gas turbines and the inlet to the condenser.
Net plant electrical output is determined from
measurements of the output of each generator with
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i=1

7 5
Qcorr = (Qmeas + 2 wi) H Bi
j=1

Table of Required Corrections and Correction

that they were neglected in this example does not
mean that they should always be neglected.
Correction Curves and Fitted Equations
These curves and equations are linear and non-
linear regressions of calculated performance devia-
tions based on a model of a specific plant, and
should not be used generically for any PTC 46 Test.
Ay=-22,180 + 88.8 - (k Lb/hr)
Aja= MW . 1000 - 0.987 . (0.01597) - (pf -
0.85) = 0.012104 - (pf? - 0.85%) - 0.021571
- (pf — 0.85) - MW/135)

Fac[u: S

Correction/Factor Power Fuel Energy

Additive Corrections

Thegmal Efflux A -
Cas [Turbine Power Factor Aja —_
Steapn Turbine Power Factor Az —
Multiplicative Correction Factors

Ambgient Temperature ay B
Ambient Pressure @) B3
Relafive Humidity ay B

dorrections Not Required

Tlhe following corrections and correction factors

are| not required for this specific test:

A; = HRSG blow-down was closed for test and
the guarantee was based on no blow-down

A, = there were no secondary heat inputs

Asa= inlet air conditions were acceptably close

to those at the inlets to the gas turbines,

so an average temperature was used for the

calculations

Asg= does not apply to this condensing system

Asc= does not apply to this condensing system

Aq = there were no irregular or off-design auxil-
iary loads during the test

A; = the test was a constant disposition(test and
therefore A; was zero

B4=fuel supply conditions were’ the same as

for design

Bs= fuel analysis matched-the' design fuel

(27}
as

The above corrections may be required for calcula-
tiofs of an actual test-of-a similar plant. The fact

A= MW - 1000 - 0.9825 - (0.01597 -~{df —
0.85) - 0.012104 - (pf2 — 0.852) — 0021571
- (pf — 0.85) - MW/88)

a; = 0.844902 +  0.00146818(°F) | +
0.000010612(°F)?

a;= 2.134403 - 0.07858(Psia)

a;= 0957444 + 0.078668" - (%RH/100] -
0.01301(%RH/100)2

By = 0.852007 + 0,001696891(°F) + 5.9294¢-
06(°F)?

By = 2.045731, ~/0.07245(Psia)

B;= 0958413+ 0.078079 - (%RH/100] -
0.01474(%RH/100)?

Discussion

Corrections are for factors affecting plant perfqrm-
ance‘that are outside the control of the party running
thetest.

Steam export flow rate has been correcteg
guarantee temperature and pressure condition
the measurement process.

Corrections for fuel energy input have been ysed
instead of those for heat rate based on a pers¢nal
preference for this particular method of correcion.

The ambient temperature used for correctiors is
the average dry bulb temperature at the inlet of
the gas turbines. The relative humidity is the avefage
of the inlets to the gas turbines.

To simplify the calculations, the power factods of
the three generators are assumed equal during|the
measurement period. This is not always true.

to
in
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U.S. Customary Si
Type Description Component Value Units Value Units
basis steam export 250 k ib/hr 31.5 kg/s
basis power factor 0.85 0.85
basis ambient temperature 70 °F 21 °C
basis atmospheric pressure 14.433 psia 0.99512 bara
basis relative humidity 60% 60%
test gas turbine 1 power 87,000 kw 87,000 kw
test gas turbine 2 power 87,500 kw 87,500 kw
test steam turbine power 49,500 kw 49,500 kw
test auxiliary load 4,500 kw 4,500 kwi
test fuel input-HHV 1,977.0 mm btu/hr 579.40 mjfs
test steam export 218 k Ib/hr 27.5 kg/s
test power factor 0.975 0.975
test ambient temperature 59 °F 15 °C
test atmospheric pressure 14.595 psia 1.0063 barp
test relative humidity 77% 77%
test transformer losses 0.5% 0.5%
test gross power 224,000 kw 224,000 kw
test auxiliary load 4,500 kw 4,500 kw
test transformer losses 1,120 kw 1,120 kw
test net power 219,500 kw 219,500 kw
Delta 1 Thermal Efflux
test steam export 218 k Ib/hr 27.5 kg/
curve correction delta 1 (2,822) kw (2,822) kw
Delta 2A Gas Turbine Power Factor
test power factor 0.975 0.975
test gas turbine 1 power 87,000 kw 87,000 kw
curvg GT 1 corr delta 2A (215) kw (215) kw
test gas turbine 2.power 87,500 kw 87,500 kw
curvg GT 2 cofr delta 2A (217) kw (217) kw
add totalcorr delta 2A (432) kw (432) kw
Delta 2B Steam Turbine Power Factor
test power factor 0.975 0.975
test steam turbine power 49,500 kw 49,500 kw
curve corr delta 2B 11 kw (11 kw
Alpha 1 Ambient Temperature — Power
test ambient temperature 59 °F 15 °C
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U.S. Customary St

Type Description Component Value Units Value Units
curve corr alpha 1 0.96846 0.96846

Alpha 2 Atmospheric Pressure — Power
test atmospheric pressure 14.595 psia 1.0063 bara
curve corr alpha 2 0.98756 0.98756

Alpha 3 Relative Humidity — Power
test relative humidity 77.0% 77.0%
curve corr alpha 3 1.01030 1.01030

Beta 1 Ambient Temperature — Fuel
test ambient temperature 59 °F 15 °Q
curye corr beta 1 0.97275 0.92275

Beta 2 Atmospheric Pressure — Fuel
test atmospheric pressure 14.595 psia 1.0063 bafa
curye corr beta 2 0.98831 0.98831

Beta 3 Relative Humidity — Fuel
test relative humidity 77.0% 77.0%
curye corr beta 3 1.00980 1.00980

Corrected Power
test net power 219,500 kw 219,500 kw
curye delta 1 (2,822) kw (2,822) kw
curye total delta 2A (432) kw (432) kv
curye delta 2B amn kw (111) kv
curye alpha 1 0.96846 0.96846
curye alpha 2 0.98756 0.98756
curye alpha 3 1.01030 1.01030
cal cosrected net power 208,845 kw 208,845 kv
Corrected Fuel

test fuel input — HHV 1,977.0 mm btu/hr 579 mj/s
curfe beta 1 0.97275 0.97275
curfe beta 2 0.98831 0.98831
curje beta 3 1.00980 1.00980
cal¢ corrected fuel

input — HHV. 1,919.3 mm btu/hr 562.48 mj/s

Corrected Heat Rate

calg corrected fuel input 1,919.3 mm btu/hr 562.48 m|/s
cal¢ corrected net power 208,845 kw 208,845 kv
calt corrected heat rate 9130 btu/kwh 9,696 kifkwh
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APPENDIX B — SAMPLE CALCULATIONS
COMBINED CYCLE COGENERATION PLANT WITH
DUCT FIRING

f—

B.] CYCLE DESCRIPTION AND UNIT
DISPOSITION

This cycle consists of a gas turbine that exhausts
to p two pressure level heat recovery steam generator
h duct firing, plus a single case steam turbine
exhausts to a water cooled condenser. (Refer
to the cycle diagram in Fig. B.1). HP steam from
thg HRSG goes to the steam turbine throttle valve.
An| extraction port on the steam turbine provides
steam for gas turbine NOx control. The steam turbine
alsp has an LP induction/extraction port. When little
O process steam is required, LP steam fromi.the
G is inducted into the turbine. When design
quantities of process steam are required; \LP steam
is extracted from the turbine and conibined with
LP steam from the HRSG. The cycletalso includes a
fue| preheater, a deaerator, and achemical cleaning
system.
he operating disposition/of this plant is such that
it gllows adjustment to (plant power by adjusting
the|rate of fuel to theduct burner. The gas turbine
is Base loaded andsits"power output is a function
of gmbient conditiéns. The steam turbine must pro-
vid¢ the difference between the design power level
and the gas turbine power output. By varying duct
burper fuel\flow, the necessary amount of steam in
the |HRSG "is produced to meet the required steam
turdine power output and process steam flow require
ments.

Thus, the performance test goal is to duct fire
until design power is reached. The unit was designed
to meet this power level on a 365 day per year
basis in a temperate climate zone.

81
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HEAT :

[EST GOAL: SPECIFIED MEASUREMENT POWER — FIRE
TO DESIRED POWER LEVEL BY DUCT FIRING

(This Appendix is not a part of ASME PTC 46-1996.)

B.2 TEST BOUNDARY DESCRIPTION

The test boundary is also shown on Fig. B.1. Note
that the condénser is outside the test boundary.

The streams'with energy entering the system wh
need to be determined are:

(a)<air for the gas turbine

() fuel to both gas turbine and the duct burndr

(c) make-up flow

(d) saturated condensate from the condenser to|the
condensate system

The streams with energy leaving the system which
need to be determined are:

(a) electrical power

(b) process steam

(c) steam turbine exhaust to condenser

(d) blowdown from the HRSG

ch

B.3 TABLE OF REFERENCE CONDITIONS

The parameters requiring correction, and their
design values, are given in Table B.1.

B.4 REQUIRED CORRECTION FACTORS

For the test, the plant is operated by adjust|ng
he amount - of d -; U = -': power
level is reached. Since it is desired to minimize
corrections to power, additive corrections are made
to heat input using the w corrections. Multiplicative
corrections are made to heat rate using the f correc-
tion factors. There is one additive correction to



https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.ASME PTC 4b-ENGL 199 HR 0759670 05477495 214 1A

¥3ISNIANDI

[

!

)

.

)

¥0Lva3v3d

YILVIHIAI
303 WOY4

AdVANNO4 1531 ANV WVIDVIA I1DAD  1°8 'O

NADIMDNE

Lol » |||||||||||| —

HOIYIINID WYILS
AH3ADD3Y LVY3H

/

|
i 1304
T ¥ilveavia :
iy o1 -
W |
—\}/ 2\ — 3y
N 0
d¥3M0d
43D XNV 13N
ﬁ/j _ Lagt
uzs%h[‘ mm..t
WVY3LS Y * -
- _
#3A0- XNV WY3LS
$S3004d
1 -

82

COPY RIGHT 2004; American Society of Mechanical Engineers

IHS Intra/Spex technology and images copyright (c) IHS 2004


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD-ASME PTC 4b-ENGL 199 EM 0759b70 058779k 154 MR

TABLE B.1

REFERENCE CONDITIONS

and the relationship

Reference Condition Description Reference Value f =%
J

Gross plant power output 81,380 kw o
Ambient temperature 30°F the test equation for this specific plant and test

=1.1°0) becomes
Ambient pressure 14.68 psia

(101.2 kPa) HRorr
( T W0+ W+ wy w4+ ws + w)fi bl
Ambient relative humidity 60% = Coneas ! 2 2 4 . S
(Preas + A7)

Ga} turbine fuel temperature 350°F

(177°C)

Fugl heating value, HHV

Fuel carbon to hydrogen ratio

Ga{ turbine generator power factor
Stegm turbine generator power factor
HR$G HP drum blowdown

HRYG LP drum blowdown

Male-up water temperature

Excgss make-up water flow*

ConHenser pressure

Prodess steam flow

Process steam enthalpy

21,826 Btu/Ibm
(50767 k)/kg)

3.06

0.85

0.85
1% Steam Flow
1% Steam Flow

60°F
(16°C)

0 Ib/hr
(0 kg/s)

1.50 Inches HgA
(5.08 kPa)

50,000 Ib/hr
(6.2999 kgfs)

1240.5)Btu/lbm
(2885.4 ki/kg)

*Thit is the flow in excess of that required for.niake-up due to NOx

stearh, process steam, etc. that enters the \cydle.

power, A;, which)is used in combination with @7
to dorrect from-measured power to design power.
Therefore, {ffom the overall general heat rate

equation;

The individual corrections in this equation | are

described in Table B.2.

B.5 CORRECTION CURVESYAND FITTED
EQUATIONS

A series of heat balances were run in orde

to

determine the performance test corrections. The dor-
rections are first presented in equation form followed

by a series of«curves.

Correctionto_heat input to account for prodess

efflux (i:e., process steam) different than design

@) = 55082885 - 78.4074405F
+6.7583*1077F2 - 25310.41H
+9.68613371H% - 0.41827648FH
- 1.0758*107°F2H ~ 0.00011342FH2
+4.2804*107 "3 F2 42

where

F= process steam flow (Ib/hr)
H= process steam enthalpy (Btu/Ib)

Correction to heat input to account for gas turbine

generator power factor different than design.

wy4 = 76855305.67 — 154591165PF
+ 75497833.33PF% ~ 3387.76765kW
+ 0.034160678kW? + 6736.6085 PFkW
~ 3236.47PFPkW - 0.06782565PFkW?
+ 0.032513667PF2kW?

_ (Qmeas +2 w;) [1 B;

HRCO" =

(Pmeas + 2 Ai) H a;
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where

PF= gas turbine generator power factor

kW = gross power output measured at gas turbine

generator terminals (kW)
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TABLE B.2 TABLE B.3
REQUIRED CORRECTION FACTORS MEASURED DATA
Symbol Description Description Measured Value
w Correction to heat input to account for process ef- Gross gas turbine power output 54921 kW
flux (i.e., process steam) different than design. Gross steam turbine output 27244 kW
Gas turbine generator power factor 0.95
w3 Correction to heat input to account for generator Steam turbine generator power factor 0.95
power factor different than design. This is broken Ambient temperature 47.3°F
down 10 ws, for the GT generator and w,g for the (8.50°C)
ST generator. Ambient pressure 14.76 psia
(101.8 kPa)
o A . ivc rlulll;d;ly 30‘%)
different than design. Gas turbine fuel temperature (°F) 3563F,
‘ _ 80°C
s Congcuon to heat input to account for secqndary Fuel heating value, HHV 22850 Btufibm
heat inputs (ie., make-up) different than design. (53149 kifkg)
c . heat i ; d Fuel carbon to hydrogen ratio 3.05
wkc orrection to heat input to account for condenser HRSG HP drum blowdown 1solated
pressure different than design. (The correction HRSG LP drum biowdown isolated
would' be wsa for coo!ing tower air in_Iet tempera- Make-up water temperature 64.2°F
ture different than design. The correction would be (17.9°Q
wsg for circulating water temperature different than Condenser pressure 1.20 inches|HgA
design.) (4.06 kPh)
. - . Process steam pressure 188.4 psia
47 Correction to heat input to account for difference (1299 kfa)
between measured power and design power. Process steam teppeature 463.3°
O
A, Difference between design power and measured (239.6°¢)

T~

vy

power.

Correction factor to plant heat rate to account for
ambient temperature different than design.

Correction factor to plant heat rate to account for
ambient pressure different than design.

Correction factor to plant heat rate to account fof
relative humidity different than design.

Correction factor to plant heat rate to,account for
fuel temperature different than design.

Correction factor to plant heat'rate’to account for
fuel heating value different-than design.

w28 =

Correction to heatinput to account for steam
tutbine generatofpower factor different than design

6286157 — 12273205PF

$\5738500PF? - 443.8303kW

+ 0.004955327kW? + 914.5335714PFkW
- 461.6238095PFkW ~ 0.012295PFkW?

The data below,is calculated from other
measyrements:

Gas turbine fuel flow

Duét burner fuel flow

Process steam flow

NOx steam flow

Make-up flow

Process steam enthalpy (Btu/Ib)

25,906 lbm/hr
(3.2641 kg/s)
5448 lbmy/hr
(0.6864 kg/s)
46,626 lbm/hr
(5.8748 kp/s)
45,552 lbm/hr
(5.7395 kig/s)
92,303 lbm/hr
(11.630 kg/s)

1249.8 Btu/lbm

(2907.0 ki/kg)

kW = gross power output measured
bine generator terminals (kW)

at steam| tur-

Correction to heat input to account for blowdown

different than design.

Correction from isolated to 1% HP blowdpwn.

LP blowdown is insignificant.

where

+ 0.007606122PFW?

PF= steam turbine generator power factor
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T= ambient temperature (°F)
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Correction to heat input to account for secondary
heat inputs (i.e., make-up) different than design

ws = -571800 — 1300.38F + 5.9631*10719F2
+9440T + 1.57% + 0.17475FT
+6.7763*1072'F2T + 0.0002125F 72
- 5.294*10723p212

fi = 1.012975085 - 0.0004378037 T
+ 1.766957*10°7 12

where

T= ambient temperature (°F)

Correction factor to heat input to account for
where ambient pressure different than design
F=—excess—make-up—frow—ttbrhm z = 1.6177199959 - 0.08191305P + 0.00271590pB P?
T= make-up temperature (°F)
where
{orrection to heat input to account for condenser
prgssure different than design P= ambient pressure (psia)
wsc = 11686296.56 - 8308140.313P Correction factor to heat <ifput to account |for
+ 344850.625P? + 68357.175T relative humidity different&han design
- 393.718125T2 - 52424.275PT
+4568.55P>T + 282.085625PT fy=1.0 (correction-is insignificant)
- 13.07125P272
Where Correction-factor to heat input to account for pas
turbine fuel temperature different than design
P= condenser pressure (inches Hg absolute)
T= ambient temperature (°F) $=)0.99301814 + 0.00001994817T
Qorrection to thermal heat input to account for where
difference between measured power and design
power T= fuel temperature (°F)
07 = =2.61186*107' + 7260.7528444, Correction factor to heat input to account for fliel

- 0.537355297A5° + 4.27425*10=\7

- 2.24607*107°T? + 26.67866254A,T
+0.0186621194,°T - 0.2228221884, 72
- 0.000155518A,2T2

where

A, = difference between design power and mea-
sured POWEr, Pegign - Preas, (kW)
T= ambient temperature (°F)

w)]

ifferenée between design power and measured
power

heating value different than design

fs = 2.66107573 - 0.00010133V
+3.3266*10713V2 — 1.06344696R
+0.17852287R? + 6.5632*10"5VR
-2.1534*10"* V2R ~ 1.1011*107-5VR?
+ 3.4844*1071*V2R2

where

V= fuel higher heating value (Btu/Ib)
R= fuel carbon to hydrogen ratio (no units

A;= 81380 - P

Correction factor to heat input to account for
ambient temperature different than design
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B.6 SAMPLE CALCULATIONS AND RESULTS

The “Corrected Value” entries of Table B.4 are

calculated as described below. The plant speci
test equation is repeated for convenience.

fic
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HRcorr = 755,592,753 kj/hr)
_ (Qmeas + w1 + w2 + @3 + w4 + 05 + 07) ARBAS

{Prmeas + A7) The multiplicative corrections are

(0.9926623)(0.9998435)(1.000000)(1.0001197)(0.9964189) =
The additive correction to power is 0.989071059

82.165 kW — 785 kW = 81,380 kW The complete equation is then

(716,171,950)(0.989071059)

The additive corrections to heat input are HReor = 1380

716,438,900 + 2,289,194 + 328,100 + 137,016
+ 784,423 - 120,605 + 2,616,334 - 6,301,412
= 716,171,950 Btu/hr

HRcorr = 8704 Btu/k\\V-hr

HR... = (755,592,753 ki/hr)(0.98907T)
corr 81380 kW

755,874,400 + 2,415,228 + 346,164 + 144,560
+ 827,610 - 127,245 + 2,760,379 - 6,648,343 HRcorr = 9183 ki/kW-hr

86
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TABLE B.4
PERFORMANCE CORRECTIONS

Gross Plant Design Power

81,380 kw

Description Measured Value Correction Corrected Value
GT generator gross power 54,921 kw
ST generator gross power 27,244 kW
Gross plant power 82,165 kW
Difference from design power A7 = -785 kW

Corfected gross plant power

Gag turbine gas flow
Dugqt burner gas flow
Totdl gas flow

Fuell heating value, HHV

Meabured heat input

Process steam flow
Procpss steam enthalpy
Process efflux correction

Gt inerator power factor

GT generator power factor correction

ST g]nerator power factor

ST ggnerator power factor correcfion

HP and LP blowdown

Blowfiown correction

Excess make-up flow

25,906 lbm/hr
(3.2641 kg/s)

5448 lbm/hr
(0.6864 kg/s)

31,354 Ibm/hr
(3.9505 kg/s)

22,850 Btu/lbm
(53149 ki/kg)

716,438,900
Btu/hr
(755,874,400 kJ/
hr)

46,626 lbm/hr
(5.8748 kg/s)

1249.8 Biu/lom
(2907.0 kj/kg)

0.95

0.95

Isolated

125 lbm/hr
(0.0157 kg/s)

wl = 2,289,194 Btu/hr
(wl = 2,415,228 k//hr)

@2A = 328,100 Btu/br
(w2A = 346,164 ki/hr)

@2B = 137,016 Btu/hr
(w2B = 144,560 k)/hr)

w3 = 784,423 Btu/hr
(w3 = 827,610 kj/hr)

81,380k

Make-up temperature

COPY RIGHT 2004; American Society of Mechanical Engineers
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64.2°F (17.9°C)
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TABLE B.4
PERFORMANCE CORRECTIONS (CONT’D)
Gross Plant Design Power 81,380 kw
Correction
Description Measured Value Corrected Value
Make-up correction w4 = -120,605 Btu/hr
(w4 = 127,245 kJ/hr)
Condenser pressure 1.20 inches HgA
(4.06 kPa)
Condenser pressure correction wbC = 2,616,334 Btu/hr
(w5C = 2,760,379 kj/hr)
Power difference (A7) -785 kW
Power difference correction w? = -6,301,412 Btu/hr
(w7 = -6,648,343 k]/hr)
Ambient temperature 47.3°F (8.50°C)
Ambient temperature correction fl = 0.9926623
Ambient pressure 14.76 psia (101.8
kPa)
Ampbient pressure correction 2 = 0.9998435
Ambient relative humidity 30%
Ampient relative humidity correction f3 = 1.000000
~ GTlfuel temperature 356°F (180°C)
GTlfuel temperature correction 4 = 10001197
Fug heating value, HHV 22850 Btu/lbm
(53149:k)/kg)
Fugl carbon to hydrogen ratio 3.05
Fugl analysis correction 5 = 0.9964189
Plapt heat input after additive 716,171,950
dorrections, HHV Btu/hr
(755,592,7%$3 k)/
hr)
Cotrected plant heat rate, RHY 8704 Btu/KW-hr
(9183 k)/k\yv-hr)
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CORRECTION TO HEAT INPUT
FOR THERMAL EFFLUX

Plant Gross Output 81380 kW Gas Turbine Base Loaded

Natural Gas Fuel

Duct Burner Firing
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FIG. B.2 CORRECTION
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CORRECTION TO HEAT INPUT
FOR GAS TURBINE GENERATOR POWER FACTOR

Plant Gross Output 81380 kW Duct Burner Firing
Natural Gas Fuel Gas Turbine Base Loaded

600000 T T T T T T T T T
| — Gross GT Power = 40000 kW ~1
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FIG. B.3 CORRECTION TO THERMAL HEAT INPUT FOR COMBUSTION
TURBINE GENERATOR POWER FACTOR

90

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD-ASME PTC Yb-ENGL 199L W 0759L70 O0587A0yY 050 WA

CORRECTION TO HEAT INPUT
FOR STEAM TURBINE GENERATOR POWER FACTOR

Plant Gross Output 81380 kW  Duct Burner Firing
Natural Gas Fuel Gas Turbine Base Loaded

[ R T T
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FIG. B.4 CORRECTION TO THERMAL HEAT INPUT FOR STEAM TURBINE
GENERATOR POWER FACTOR
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CORRECTION TO HEAT INPUT
FOR HP BLOWDOWN
Correction from Isolated to 1% HP Blowdown

Plant Gross Output 81380 kW Gas Turbine Base Loaded
Natural Gas Fuel Duct Burner Firing

50000 Ib/hr Process Steam
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FIG. B.5 CORRECTION TO THERMAL HEAT INPUT FOR HP BLOWDOWN
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CORRECTION TO HEAT INPUT
FOR CYCLE MAKE-UP

Plant Gross Output 81380 kW Gas Turbine Base Loaded

Natural Gas Fuel Duct Burner Firing
50000 Ib/hr Process Steam
; O A D N OO AU O A B
0k |
Nl e 40 F Make-up Temp
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FIG. B.6  CORRECTION TO THERMAL HEAT INPUT FOR CYCLE MAKE-UP

93

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.ASME PTC 4Yb-ENGL 199: @ 07?59k70 0547807 8LT IR

CORRECTION TO HEAT INPUT
FOR STEAM TURBINE CONDENSER PRESSURE

Plant Gross Output 81380 kW Gas Turbine Base Loaded
50000 Ib/hr Process Steam Natural Gas Fuel
Duct Burner Firing
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FIG. B.7 CORRECTION TO THERMAL HEAT INPUT FOR STEAM TURBINE
CONDENSER PRESSURE
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CORRECTION TO HEAT INPUT
FOR MEASURED POWER DIFFERENT THAN DESIGN

Natural Gas Fuel Gas Turbine Base Loaded
50000 Ib/hr Process Steam Duct Burner Firing
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FIG. B.8 CORRECTION TO THERMAL HEAT INPUT FOR MEASURED
POWER DIFFERENT THAN DESIGN
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CORRECTION TO PLANT HEAT RATE
FOR AMBIENT TEMPERATURE

Plant Gross Output 81380 kW Duct Burner Firing
30° F Guarantee Conditions 50000 Ib/hr Process Steam

Natural Gas Fuel Gas Turbine Base Loaded
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FIG. B.9 CORRECTION TO PLANT HEAT RATE FOR AMBIENT TEMPERATURE
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CORRECTION TO PLANT HEAT RATE
FOR AMBIENT PRESSURE

Plant Gross Output 81380 kW Duct Burner Firing
30° F Guarantee Conditions 50000 lb/hr Process Steam

Natural Gas Fuel Gas Turbine Base Loaded
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FIG. B.10 CORRECTION TO PLANT HEAT RATE FOR AMBIENT PRESSURE
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CORRECTION TO PLANT HEAT RATE
FOR FUEL TEMPERATURE

Plant Gross Output 81380 kW Duct Burner Firing
30° F Guarantee Conditions 50000 Ib/hr Process Steam

Natural Gas Fuel Gas Turbine Base Loaded
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FIG. B.11 CORRECTION TO PLANT HEAT RATE FOR FUEL TEMPERATURE
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CORRECTION TO PLANT HEAT RATE
FOR FUEL ANALYSIS

Plant Gross Output 81380 kW Duct Burner Firing
30° F Guarantee Conditions 50000 Ib/hr Process Steam

Natural Gas Fuel Gas Turbine Base Loaded
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FIG. B.12 CORRECTION TO PLANT HEAT RATE FOR FUEL ANALYSIS
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APPENDIX C — SAMPLE CALCULATIONS
COMBINED CYCLE COGENERATION PLANT WITHOUT
DUCT FIRING

HEAT SINK: CO ST

C.1 Introduction

The combined cycle/cogeneration plant for the
sample calculation that follows is generally shown
on(Fig. C.1. The major equipment items are as
follpws:

gas|turbine: 115 MW at I1SO conditions (59°F (15°C),
60% RH, and sea level) with 4 inwg (12.0 mbar)
inlgt and 12 inwg (36 mbar) exhaust pressure drop
ang steam injection for NOx control to 25 ppm

t recovery steam generator: three steam pressure
levels one of which is used with an integral deaerator.
Thg design conditions at the outlet of the HRSG
are| 1280 psig (88.3 barg) and 9003F 1482.2°C) for
the| HP steam, 330 psig (22.8 barg) and 500°F
(26p°C) for the IP steam, and satlrated 15 psig (1.03
) steam for the integral deaérator.

steqm turbine: condensing\type, 40 MW nominal
rating, with an exit pressdre of 2.0 in Hg (67.5
mbagr) with two extraction ports at 315 psig (21.7
barg) and 165 psig)(11.4 barg)

condenser: shell(and tube with a cooling water inlet
temperature of:80°F (26.7°C) and a 20°F (11.1°C) rise
dearator: integral with LP drum with pegging steam
from 1P steam line if needed

=

BOUNDARY
TEST GOAL: SPECIFIED DISPOSITION IS GAS TURBINE
BASE LOADED (POWER FLOATS)

(This Appendix is not a part of ASME PTC 46-1996.)

(a) combined net power output from the gas and
steam turbine generator excluding in-plant auxilfary

power

(b) fuelinput to the gas turbine (specified as LHV

for reference)

()’ cogeneration steam flow to the user
(d} condensate return flow from the user

(e) ambient air conditions at the gas turbine fifter

house inlet

(f) condenser cooling water inlet
(g) blowdown from the HRSG

(h) make-up feedwater

C.3 Test Reference Conditions

For the sample calculation that follows, the des gn

reference conditions are;
Ambient temperature

Relative humidity

Plant site elevation

Process steam flow
Process steam pressure
Process steam temperature
Blowdown flow
Condensate return flow

60°F (15.6°C)

60%

0 ft/14.696 psia

[0 m/1.013 bar (a)]
150,000 Ib/hr (18.9 kgf/s)
150 psig (10.3 barg)
373°F (189°C)
14,405 Ib/hr (1.81 kg/

259 0,

C.2 Test Boundary

The test boundary is typically shown as Fig. C.1.
The measurement points for this calculation are as
follows:
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Cooling water inlet temperature
Fuel heating value, LHV

Net plant power output
Net plant heat rate, LHV (without
credit for process energy)

60°F (15.6°C)

21515 Btu/Ib (50044 k}/
kg

145,540 kW

7966 Btu/kWh (8404.6
kj/kWh)
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C.4 Correction Factors

The general equation for corrected power from
Section 5 is

Peorr = (Preas + 3A) Na;

The overall general heat rate equation from Section
5is

- Fuel Analysis Value (LHV)
5= 21515 (LHV)

The complete list of additive and multiplicative
corrections from Tables 5.1.1 and 5.1.2 that are
applicable for the boundary conditions described
above are listed as:

Changing Boundary Value  Parameter Correction Variable(s)

_ (Qmeas + Jw) -
FiRcore = (Prmeas + 2A) HI;

The test requirements are based on fixed unit
disposition based on base loaded gas turbines with
no |duct burning. For this test configuration the w;
thrgugh @; and A; all become 0.

Qther specific simplifying assumptions for this
corffiguration are with regard to the variables found
in the above equation and in Tables 5.1 and 5.2:

() The generator power factor is specified as a
constant of 0.9 lead and will not vary, thus A, be-
comes 0.

(b) The auxiliary load and transformer losses are
notlexpected to vary for design and off design condi-
tiorfs, and since net power is measured, A; be-
comes zero.

(¢) For this fixed unit disposition test, the a4 and
erms become 1.

he f; term in the above heat rate equation is

| to correct the fuel heating value that was

med at the time of the test to that of the tested
sample analysis recieved after’ completion of

test. It is defined as

ds

—

use
asst
fuel
the

Ambient temp ay, fi
Ambient pressure ay h
Ambient relative humidity as, f;

Fuel heating value fs

Change in steam sales 4y

HRSG blowdown flow Az
Make-up water temp Ay
Condenser cooling water temp Asg
Condensate return Insignificant

Reducing the general eqtation with these correc-
tions the new power equation is

Peorr = (Preas + A+ Ay + Ay + Asg) ajaja;
and the new <eat rate equation is

(Qmeas) f1f2f’3f5
(Pmeas + A1 + A3 + A4 + ASB)

HRcorr =

The correction factors listed above are best defer-
mined using a computer model of the complete
plant. The following pages list data sheets that display
the resulting correction variables from the plant
model calculations for different ranges of the parame-
ters. For each parameter the power correction viri-
able and/or the heat rate correction variables were
curve fit (signified by a * symbol) using a third-ordler
polynomial fit. Following each data sheet, a graph
showing the data points and the curve fits are a|so
presented.
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Performance Test Code Data Sheet

Parameter: Ambient Temperature
Design Point: 60 °F
Ambient Net Plant Net Plant Power Corr. Heat Rate Corr. Power Corr. Heat Rate Corr.
Temperature Power Heat Rate Variable Variable Curve Fit Curve Fit
°F kW Btu / kWh - - - -
T P HR o4 f, ay' fi'
30 153,010.0 8035.9 0.951180 0.995035 0.952378 0.990581
36 151,660.0 8016.4 0.959647 0.997455 0.959045 0.993991
42 150,170.0 8004.3 0.969168 0.998963 0.967437 0.996366
48 148,650.0 7992.1 0.979078 1.000488 0.977602 0.997771
54 147220.0 7973.4 0988589 1 68
design Point: 60 145,540.0 7996.0 1.000000 1.000000 1.003435 0.997921
66 142,880.0 7988.4 1.018617 1.000951 1.019196 0:996795
72 140,190.0 8012.8 1.038162 0.997903 1.036916 0.994952
78 137,500.0 8036.9 1.058473 0.994911 1.056641 0.992456
84 134,900.0 8052.6 1.078873 0.992971 1.078417 0.989371
90 132,170.0 8075.7 1.101158 0.990131 1.102292 0985159
Regression Analysis
Qrder: 3rd
T 7° T o fs
30 900 27000 0.851180 0.995035
36 1296 46656 0.959647 0,997455
42 1764 74088 0.969168 0.998963
48 2304 110592 0.979078 1.000488
54 2916 157464 0.988589 1.002834
60 3600 216000 1.000000- 1.000000
66 4356 287496 1.018617 1.000851
72 5184 373248 1.038162 0.997903
78 6084 474552 1058473 0.994911
84 7056 592704 4.078873 0.992971
90 8100 729000 1.101158 0.990131
Regression Results
Intercept [ C. Cs R*
o 0.943300812| .-0.000332432 2.00881E-05 3.59239E-08 0.998954255
f,' 0.955794514 0.001705298{ -1.96625E-05 4.90452E-08 0.938588982
where:
o' = Intercept i+ Ci(T) + Co (TP + Cs(T)
f' = Intercept -+ Cy(T) + C(TY + Cy(T)
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Performance Test Code Data Sheet

Parameter:  Ambient Pressure Design HR 7.966.0 Bw/kWh
Design Point: 14.696 psia Design Power 1455400 kW
Ambient Net Plant Net Plant “Power Corr. | Hoat Rate Corr. | Power Corr. | Heat Rate Conr.
Pressure Power Heat Rate _Variable Variable Curve Fit Curve F#t
psia W Btu / kWh - - - -
P PWR “HR o2 f; o' f
13262 128,530.0 8140.0 1.132343 0.978624 1132317 0.978625
13.408 130,280.0 8120.1 1417132 0.981022 1.117180 0.981018
13.557 132,030.0 8100.7 1.102325 0.983372 1.102335 0.983376
13.704 133,770.0 8081.8 1.087987 0.985672 1.087972 0.985668
13.852 1 X 506341 ;
13.999 137,270.0 8045.4
14.146 139,020.0 8027.9
14.294 140,770.0 8010.8
14.441 142,510.0 7994.1
14.589 144,260.0 7977.8
14,736 146,010.0 7961.8
Regression Analysis
Orgler: 3rd
P Pz P’ o2 fz
13.262 175.880644]  2332.529101 1.132343 0.978624
13.409 179.801281 2410,955377 1117132 0.981022
13.557 183.792249 2491.67152 1.102325 0.983372
13.704 187.799616]  2573.605938 1.087987 0.985672
13.852 191.877904]  2657.892726 1.073937 0.987921
13.999 195.972001 2743.412042 1.060246 0.950131
14.146 200.109316]  2830.746384 1.046900 0.992289
14.294 204.318436]  2920.527724 1033885 0.994408
14,441 208.542481 3011.561968 1021262 0.996485
14.589 212838921 3105.107018 1:008873 0.998521
14.736 217.149696 3199.91792 0.996781 1.000528
Regression Results
Intercept Cy C2 Cs R’
o 5.641320426] .-0.687385781] 0.034619369] -0.000635263|  0.999999479
1, 0.342759195]~ .0.094852034] -0.004698993]  8.76304E-05]  0.999999532
where:
a7’ = Intercept_+ Ci(P) + C:(P) + G (PY
;' = Intercept + Ci(P) + Ca(P) + G (P)
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Parameter: Relative Humidity

Design Point 60 %
Ambient Net Plant Net Plant Power Corr. | Heat Rate Corr. | Power Corr. | Heat Rate Corr.
Relative Humidity] Power Heat Rate Variable Variable Curve Fit Curve Fit
% KW Btu/ KWh - - - s
Per P HR as 1y o 1y
10 145,619.9 7950.9 0.999451 1,001901 0.995441 1.001899
20 145,609.9 7954.0 0.999520 1.001510 0.999544 1.001517
30 145,589.9 79569 0.999657 1.001145 0.999653 1.001137
40 1455700 7960.0 0.999794 1.000754 0.999767 1.000757 |
50 145,560.0 7963.0 0.999863 1.000377 0.999884 1.000378
DesignPoint—— 60| 1455400 79660 1000000 1.000000 1.000001 1.000000
70 145,520.0 7969.0 1.000137 0.999623 1.000117 c@
80 1455100 7972.0 1.000206 0.999247 1.000229 0.995246.
90 145,490.1 7975.0 1.000343 0.998870 1.000335 0.99881
m’mbn Analysis
. 3d
Per Per Por as fs
10 100 1000 0.999451 1.001901
20 400 8000 0.999520 1.001510
30 900 27000 0.999657 1.001145
40 1600 64000 0.999794 1.000754
50 2500 125000 0.599863 1.000377
60 3600 216000 1.000000 1.000000
70 4900 343000 1,000137 0.999623
80 6400 512000 1,000206 0.999247
90 8100 729000 1.000343 0.956870
Regression Results
intercept Cy Cz Cs R*
as 0.099346728]  8.89891E-06] . 5.42992E-08| -3.46311E-10]  0.996278563
1 1.002281715| -3.63348E-05].* 5.78617E-09] -1.08789E-11]  0.999985041
where:

oy = Intercept + Cy (Par)(® C:(Per) +  Cs(Pwr)®
1y = intercept + Cy (Por)+ C:(Pw)*+  Cy(Per)

108

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.ASME PTC 4L-ENGL 199 EE 0759670 0587821 13T HM

a3
PTC CORRECTIONS FACTORS fs
WITH CURVE FITS Curve Fit of as, o'
_______________ Curve Fit of f5, f5'
1.002000
1001500 &
1.001000

i3, '.

0.999000

0.998500

COPY RIGHT 2004; American Society of Mechanical Engineers
IHS Intra/Spex technology and images copyright (c) IHS 2004

S0 60 70
Ambient Relative Humidity, %

109

100


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.ASME PTC 4b-ENGL 199: EE 0759L70 0547822 O7b I

Performance Test Code Data Sheet

Paramaeter: Steam Sales Flow Design HR 7.966.0 Btu/kWh
Design Flow: 150,000 Ib/hr Design Power 1455400 kW
Steam Sales Net Plant Power Corr. Power Corr.
Flow Power Variable Curve Fit
To/he kW kW kW
SS PWR Ay A’y
112,500 148,600.0 3060.0] _-3060.139660|
120,000 147,990.0 -2450.0{ -2450.699301
127,500 147,380.0 -1840.0] -1839.533800
135,000 146,770.0 12300| -1226.923077
v 46,1600 68100
150,000 145,540.0 0.0 1515152
157,500 144,920.0 6200] _ 616.763217
165,000 144,310.0 1230.0 1232.377622
172,500 143,690.0 1850.0 18438.018648
180,000 143,080.0 2460.0 2463.426573
187.500 142,460.0 3080.0 3078.321678
Regression Analysis
Order: d
$S SSL_ ss’ M
112,500 1.26563E+10 1.42383E+15|  -3060.000000
120,000 1.44000E+10| 1.72800E+15] -2450.000000
127,500 1.62563E+10] 2.07267E+15] -1840.000000
135,000 1.82250E+10] 2.46038E+15] -1230.000000
142,500 2.03063E+10] 2.89364E+15 -610.000000
150,000 2.25000E+10]  3.37500E+15 0.000000
157.500 2.48063E+10|  3.90698E+15 §20.000000
165,000 | 2722506+10] _ 4.49213€+15] _1230.000000
172,500 2.97563E+10{  5.13295E+15 1850.000000}
180,000 3.24000E+10] 5.83200E+15 2460.000000
187,500 351563E+10] 6.59180E+15 3080.000000
Regression Results
Irmmept C| c: C3 Rz
| A'y -11804.54545]. 0.072926185| 5.51153E-08] -1.10507E-13| 0.999998629
where:
A= intbreapt +  Ci(SS) ¢+ Ca(SS)P + Cs(ss)’
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Parameter: Blowdown Flow Design HR 79660 Btu/kWh
Design Point: 14,405 Ib/he Design Power 1455400 kW
Blowdown Net Plant Power Corr. Power Corr.
Flow Power Variable Curve Fit
tb/hr kW kW KW
80 PWR A Ay
0 145.970.0 -430.0 -432.517483
2,400.8 1459100 -370.0 -363.916084
4,801.7 145,830.0 -290.0 -293.286713
72025 145,760.0 -2200| -221.083916
12,004.2 145,610.0 -70.0 -73.776224
14.405.0 145,540.0 0.0 0.419580
16,805.8 145.470.0 70.0 74.370629
19,206.7 145,390.0 150.0 147.622378
21,607.5 145,320.0 220.0 219.720280)
24,008.3 45,250.0 290.0 290.209790
Regression Analysis
Ovder: 3rd
BD BD* BD’ A
0 0 0 -430.000000
2,400.8 5764000.694| 13838405001 -370.000000
4,801.7 23056002.78] 1.10707E+11 -290.000000
7.202.5 51876006.25] 3.73637E+11 -220.000000
9,603.3 §2224011.91]  8.85658E+11 -150.000000
12,004.2 144100017.4 1.7298E+12 -70.000000
14,405.0 207504025 2.9891E+12 0.000000
16,8058 282436034] 4.74657E+12 70.000000
19,206.7 368896044.4] 7.08526E+12 150.000000
21,607.5 466884056.3] 1.00882E+13 220.000000
24,008.3 576400069.4]  1.38384E+#13 290.000000
Regression Resuits
Intercept [ [ [ R*
{ A'y -432.5174825} 0.028088538 2.15347E-07] -5.47444E-12] 0.999829196
where:
45 = Intercept + Ci(BD) + C:(BD) + C,(BD)
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Performance Test Code Data Sheet

Parameter: Make-up Water Temperature Design HR 7.966.0 Btu/kWh
Design Point: 60 °F Design Power 1455400 kW
Make-up Net Ptant Power Corr. Power Cort.
Temperature Power Variable Curve Fit
SF KW KW KW
MU PWR A Ay
40 145,500.0 40.0 41.048951
43 145,500.0 40.0 37.482517
46 145510.0 30.0 32.721273
49 1455100 30.0 27.027972
52] 145,520.0 20.0] X
55 145530.0 10.0 13.776224
58 145,530.0 10.0 6.713287]
61 145540.0 0.0 -0.314685|
64 145,550.0 -10.0 -7.062937
67 145,550.0 -10.0 13286713
70 145,560.0 20,0 -18.741259
Regression Analysis
Order: 3d
MU MU* MU Ay
) 1600 €4000 40000000
43 1849 79507 40.000000/
45 2116 97336 30.000000
49 2401 117649 30.000000
52 2704 140608 20.000000
55 3025 166375 10.000000
58 3364 195112 10.000000
61 3721 226981 0,000000
64 4096 262144 -10.000000
67 4489 300763 -10.000000
70 4500 343000 -20.000000
Regression Resuits
Intercept [ C; Cs R*
[ Al 1445333679 12.65993266| -0.260942761] 0.001510835{  0.984093067
where:
Ay = Intercept + Ci(MU) +  C2 (MUY + Cs(MU)
|
|
|
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Performance Test Code Data Sheet

Parameter: Condenser Cooling H,O Temp.  Design HR 7.966.0 Btu/kWh
Design Point: 60 °F Design Power 1455400 kW
Cond. Cooling Net Plant Power CorT. Power CorT.
Tun_%g_agro Power Variable Curve Fit
F W KW
CcCT PWR Ass A
50 145,850.0 310.0]  -312.027972,
53 145,830.0 ~2900] _ -286.083916
56| 145780.0 240.0]  -239.743590
59 1457100 1700 -173.461538
62 145,630.0 90.0 87.692308
65 145,520.0 20.0 17.108557
68 45 ,400.0 140.0 140.489510
71 45,260.0 280.0 281.993007]
74 45,100.0 440.0 441.165501
77 44,920.0 620.0 617.552448
80 144,730.0 810.0 810.699301
Regression Analysis
Order: 3rd
CCT ccT? cCcT A
50 2500 125000] __ 310.000000
53 2809 148877|  -290.000000
56 3136 175616] __ -240.000000
_ 59 3481 205379] _ -170.000000
62 3844 238328 -90.000000
65 4225 274625 20.000000
68 4624 314432] __.140.000000
71 5041 357911 280.000000
74 5476 405224 440.000000
77 5529 456533 620.000000
80 6400 512000 810.000000
Regression Results
Intercept Cy C; Cy R:
| A'ss 2674.741432] -131.6835017] 1.579254079] -0.002805836] 0.999961182
where: .
N = Iotercept + G (CCT) +  Cy(CCT)'+  Gy(ccT)
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C.5 Sample Calculation Data

The measured test data for the sample calcula-

tion is:

Ambient air temperature

80°F (26.7°C)

70°F (21.1°C)
0 Ib/hr {0 kg/s)

Cooling water inlet temperature
HRSG blowdown setting

Fuel sample analysis shows fuel to have 21,496
Btu/lb (50,000 k)/kg) LHV and 23,839 Btu/Ib (55450

Relative humidity 70% k)/kg) HHV. For reference, fuel energy consumed
Ambient site pressure 13.8 psia (0.95 bara) and heat rate value can be multiplied by the HHV/
Net power output 125,910 kW LHYV ration and the correction factor using the above
Gross gas turbine power (for . g, .
checking) 100,715 kW equation to convert to HHV values associated with
Gross steam turbine power (for the test conditions. Finally, using the values from
checking) 29,329 kW the sample test data above, the resulting additive
P'i’iiﬁ?‘:g')ary power {for 3692 kW and multiplicative correction values are calculdted
ecki , X . {
Trarkformer loss (estimated) 442 kW pased on the curve fit equations gresented préviogisly
Fuel|consumption 47,974 Ib/hr (6.04 in the data sheets. These correction valugs-are thien
kg/s) inserted into the appropriate equatiops to corfect
Stean flow to process 165,000 Ib/hr (20.8 the power and the heat rate to the\design valpes.
kg/s)

Steafn conditions to process
Conflensate return flow

Feeqwater make-up temperature

150 psig/373°F
(10.34 barg/189°C)

123,750 Ib/hr (15.6
kg/s)

70°F (21.1°C)

The boundary value inputs, thecresalting correcfion
values, the corrected power, the corrected heat rate,
and the variance of the corrected power and heat
rate from the design paint-are all presented in|the
spreadsheet below.
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PTC PERFORMANCE TEST SPREADSHEET

Equation for Corrected Net Plant Power Peor = (Prmees + Ay + A3+ Ay + A'sp) o'y 2y
PTC SectionS
Equation for Corrected Net Plant Heat Rate HRear = Qrgas (F1 1213 Fs)
PTC SectionS (Prase + Ay + 83+ Ay + A'sg)
Design Plant Power: 145,540.0 kW
Design Plant Heat Rate: 7,966.0 Btu/kWh
measu Units Value
Ambient Temperature OF 80.0
Ambient Pressure psia 13.800
Ambient Relative Humidity % 70.0
Pteam Sales Flow Ib/hr 165,000
Blowdown Flow Ib/hr 0.0
Make-up Water Temperature SF 70.0
Londenser Cooling Water Temperature SF 70.0
Measured Net Plant Power: KW 125,910
Measured Fuel Flow Ib/hr 47,974
Assumed Fuel LHV Value Btuwlb 21,515
ffuel Analysis LHV Value Btulb 21,496
Curve Fit Equation Constants Curve Ft Efy.
Rower Correction Variables Intercept C, C. C, Resuit
ay' 0.943300812] -0.000332432| 2.00891E-05] 3.59239E-08 1.063669
ay 5.641320426] -0.687385781] 0.034619369| -0.000635263 1.078791
o' 0.999346728| _8'89891E-06| 5.42992E-08] -3.46311E-10 1.00‘11 17
Ay -11804.54545] 1.0.072926185| 5.51153€-08] -1.10507E-13 1232L7;&
Ay -432.5174825] 0.028088538| 2.15347E-07 -5.47444E-12] -432517483
Ay -144.5333679] 12.65993266] -0.260942761] 0.001510835 -18.741p259
Alsg 2674:741432] -131.6835017| 1.579254079] -0.002805836 232.839506
Curve Fit Equation Constants Curve Fit Eq.
Heat Rate Correction Variables Intercept C, Cz Cy Resu!t1
1, 0.955794514] 0.001705298| -1.96625E-05] 4.90452E-08 0.991490
s 0.342759195| 0.094852034] -0.004638993] 8.76304E-05 0.987140
fy' 1.002281715| -3.83348E-05| 5.78617E-09] -1.08789E-11 0.999¢23
1s' 0.000000 0.99912 0.000000 0.000000 0.999117
Cprrected Output Units Value
C ed Net Plant Power: kW 145,659.4
ed Net Plant Heat Rate: Btu / KWh 7949.2
Giarantee Net Plant\Power KW 145,540.0
Glarantee Net Plant Heat Rate Btu / kWh 7966.0
Nét Plant Power Variance: kW 119.4
Nét Plant Heat Rate Variance: Btu / kWh -16.8
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C.6 Discussion of Results

The corrected power and heat rate are better than
design.

120
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APPENDIX D — REPRESENTATION OF CORRECTION
FOR DIFFERENT HEAT SINK TEMPERATURE THAN GAS
TURBINE AIR INLET TEMPERATURE (A5 or ws) IF

NECESSARY, F T

(This Appendix is not a part of ASME PTC 46-1996.)

The calculation of Appendix A assumed that the
inlet air conditions at the gas turbine(s) compressor
inlet(s) were identical to those at the cooling tower(s)
air inlet(s), which is allowable per Section 5. Seé
para. 5.5.1.

For a combined cycle power plant, for which
differences in dry bulb temperatures at each(location
should be considered, Figs. D.1 and<D.2 show
typical correction curves a; and Asy, respectively.
The intent is to show how Asa can be represented.

Figure D.1 is based on the temperature measured
at the inlet to the gas turbine compressor. Figure D.2
is the As, correction for the difference in temperature
between the compressor;‘inlet and the cooling
tower inlet.

The plant is a typical 150 MW combined cycle.
Note that, at 59°F gas turbine compressor inlet
temperature, the €orrection to plant power is approxi-
mately 20 kW per degree difference between the
gas turbine -compressor inlet and the cooling tower
inlet,~a rather small amount considering the built-
incerrors in measurement of cooling tower air inlet.
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POWER CORRECTION - CT/COOL TWR W.B. TEMP DIFF
NATURAL GAS OPERATION

APPLICABLE FOR: Natural Gas Fuel
Gas Turbine Base Loaded
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FIG. D.1 POWER CORRECTION — CT/COOL TWR W.B. TEMPERATURE DIFFERENCE
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POWER CORRECTION - AMBIENT TEMPERATURE
NATURAL GAS OPERATION

APPLICABLE FOR: Gas Turbine Base Loaded
Natural Gas Fuel
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FIG. D.2 POWER CORRECTION — AMBIENT TEMPERATURE
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APPENDIX E — SAMPLE CALCULATIONS
STEAM POWER COGENERATION PLANT
HEAT SINK: RIVER COOLING WATER FLOW WITHIN
TEST BOUNDARY

QYCLE DESCRIPTION
The PTC 46 Example Steam Plant is a simple
non-reheat condensing steam turbine-based plant
with three feedwater heaters and an uncontrolled
extfaction for process steam. Process steam canden-
satg is retuned at low temperature to-the plant
wafer treatment system. The steam genetator is a
cirqulating fluidized bed unit burning medium sulfur
easfern coal with sulfur emissions’ controlled by
limgstone fed to the fluidized bed,The steam genera-
tor |is equipped with a tubular air heater to pre-
heat both primary and secondary air. The plant is
equipped with a bag‘house to control particulate
emissions. The condenser is cooled with circulating
water drawn from<a river. Figure E.1 is a diagram
of this plant,

ominal throttle conditions for the steam turbine
are 885.0'psig and 900.0°F (6203 kPa and 482.2°C).
The| steam turbine is rated for continuous operation

TEST GOAL: TWO TEST RUNS ARE MADE WITH
DIFFERENT GOALS

TEST RUN 1: SPECIFIED CORRECTED POWER — FIRE

TO DESIRED CORRECTED POWER

TEST RUN 2: SPECIFIED DISPOSITION BY FIRING TO

DESIRED THROTTLE FLOW (POWER FLOATS)

{This Appendix is not a part of ASME PTC/46-1996.)

sec) steam flow. Maximum continuous rating of [the
steam generator is 975.0 psig (6824 kPa), 910.0°F
(487.8°C) and 840,000 Ib/hr (105.838 kg/sec). Main
steam temperature to the steam turbine throttlg is
controlled by mixing spray flow with steam exifing
the steam generator.

TEST BOUNDARY DESCRIPTION

The entire plant is located within the test bound; ry.
Air enters the steam generators at the forced dfaft
fan inlet. Cooling water from the river crosses the
boundary. Net electrical power is delivered frbm
the high side of the step-up transformer. Net power
measurement is taken on the low side of the step-
up transformer with allowance for transformer losdes.
Gross steam turbine power is measured at the gendra-
tor terminals. Plant auxiliary power is calculaled
from the difference between the measured gross gnd
net power. Process steam is measured at the plhnt
boundary with a calibrated flow measuring sectipn.

at 5% overpressure. The generator 15 rated at
101.2 MW to enable turbine operation at nominal
conditions with no extractions. Nominal steam gen-
erator exit conditions are 931.0 psig, 903.0°F (6520
kPa and 483.9°C) and 800,000 lb/hr (100.798 kg/
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There are two sets of sample calculations that
will be demonstrated with this example system. The
first one, Test 1, is for unit heat rate at specified
corrected net output. (13,115 Btu/kWh (13,837 k)/
kWh) at 83,500 kW net corrected output at the
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TABLE E.1
Reference

Plant Parameter U.S. Customary Units SI Units
Ambient air temperature 80.0°F 26.7°C
Relative humidity 60% 60%
River water temperature 75.0°F 23.9°C
Steam generator blowdown 1%
Makeup water temperature 75.0°F 23.9°C
Process condensate temperature 75.0°F 23.9°C
Process steam flow 100,000 Ib/hr 12.5998 kg/sec
Process steam pressure 150.0 psig 1136 kPa
Process steam temperature 350.0°F 176.7°C
Process condensate return 100%
Net plant output 83.5 MW 83.5 MW

Net plant heat rate

13,115 Btu/kWh

13,837 ki/kWh

TABLE E.2
Connected Load Reference
Conditional Auxiliary Power Budget (kw) Duty Factor (kw)
Coal unloading 300 0.1 30
Ash transfer 100 0.2 20
Water treatment 430 0.7 301
Air compressor 600 0.5 300
HVAC 300 0.5 150
Lighting 300 0.6 180

conditions listed below.) The second sample calcula- tion procedure, it will be assumed that the steam
tion, Test 2, is for the plant tested in a fixed disposi- generator as-tested coal analysis, sorbent analysis
tion; that is with the steam generator at maximum and residue split and residue analysis are the same
continuous rating of 840,000 Ib/hr (105838 kg/ for each test run.
sed). The other reference conditions are listed in TEST 1 SAMPLE CALCULATIONS
Table E.2. The net plant output and_heat rate base The test strategy to demonstrate plant performgnce
reference conditions for Test 2 aré:88,000 kW and at the base reference condition of 83,500 kW [or-
13/040 Btu/kwh (13,758 kl/kWh). rected is to perform three test runs that span|the
Table E.2 gives an auxiliary’ power budget for guarantee condition. The corrected heat rate from
eqliipment that is required-to support continuous these test runs is plotted versus corrected outpyt or
plant operation, but_may not be operating at the curve fit with and the test corrected heat rate fead
lorlg term expected-duty factor during the perform- off the curve entered at the reference correfted
ange test. These'@auxiliaries are to be monitored output.
dufing the test:and corrected to reference for pur- The correction procedure is designed to fit| the
poses of comparing to guarantee. above strategy in plant performance determination.
The step-up transformer loss is 0.99% of plant net The correction procedure produces a corrected glant
output delivered to the low side of the transformer. At operating line of heat rate versus output at|the
thd_reference condition of 83500 kW net plant plant base reference conditions; that is the corrected

output (high tension side) the transformer loss is
835 kw.

The reference coal and sorbent analysis and as-
tested analysis is given in Table E.3: For convenience
in demonstrating the sample calculation and correc-
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operating line characterizes plant performance at
reference conditions of 100,000 Ib/hr (12.5998 kg/
sec) of process steam, 1% boiler blowdown, 0.85
power factor, 80.0°F (26.7°C) ambient temperature
and 75.0°F (23.9°C) river water temperature while
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TABLE E.3
Coal Ultimate Analysis
Reference As Tested
Carbon 69.7% 70.91%
Sulfur 1.49% 1.23%
Hydrogen 4.31% 4.40%
Moisture 5.43% 7.3%
Nitrogen 1.38% 1.34%
Oxygen 4.05% 4.61%
Ash ) 13.64% 10.23%
Higher heating value, Btu/Ib (kj/kg) 12,310 (28,633) 12,561 (29,217)
Sorbent Analysis Reference As Tested
CaCO; 95% 94%
Ca(OH)g 0% 0%
MgC03 4% 4.2%
Coal Ultimate Analysis Reference As Tested
Mg(oH)z 0% 0%
H,0 0.03% 0.03%
Inerts 0.97% 1.77%

burning the reference coal and utilizing the reference
sorbent.

he following correction curves are required to
corfect plant performance:

ig E-2, Output Correction for Process Steam Flow:
ig E-3, Output Correction for Power Factor

ig E-4, Output Correction for Blowdown Elow
ig-E-5, Output Correction for Cooling Watet Tem-
erature

ig E-6, Heat Consumption Correction for Process
team Flow

ig E.7, Heat Consumption Carrection for Blow-
own Flow

®
oA

The as-tested and.corrected steam generator fuel
enefgy efficiency is“t0 be calculated according to
PTQ 4 using thé_energy balance method. The cor-
rected energy supplied by the steam generator to
the workingfltid is divided by corrected efficiency
to determine the corrected fuel energy input.

Table€.4 summarizes the averaged measured data

Peorr = (Preas + Ay + A2 + € Ay)

A summary of the corrections for the test run
given in Table E.5.

The A; term (output additive correction for thermal
efflux) is found by entering Fig. E.2 at process stéE
flow and determining the percentage difference] i
output. The percentage difference in output
multiplied by the measured gross output to give
value of A, in kW.

The A, term (output additive correction for power
factor) is found by entering Fig. E3 at the
tested power factor and reading off the percent:
difference in output. The percentage difference
output is multiplied by the as-tested gross output| to
give the value of A,.

The A; term (output additive correction for blow-
down) is found by entering Fig. E.4 at the as-tested
percent blowdown and reading off the percent ge
difference in output. The percentage difference |in

output is multiplied by the as-measured gross output
1o 8iVP the value of A_)-

°3

of the three test runs.

Corrected Output

Corrected output for each test run is calculated
using Eq. 5.3.3, repeated below. Terms in the equa-
tion are described in Section 5 of this Code.
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The Asg term (output additive correction for cool-
ing water temperature) is found by entering Fig. E.5
at the as-tested cooling water temperature and steam
turbine throttle flow and reading off the percentage
difference in output. The percentage difference in
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TABLE E.4

Test Run 1A Test Run 1B Test Run 1C
Turbine generator gross output, kW 92,277 93,613 94,620
Power factor 0.95 0.94 0.9
Net plant output, kW (low side SU trans) 83,540 84,526 85,391
Feedwater flow, Ib/hr (kg/sec) 786,290 (99.0709) 803,823 (101.280) 817,356 (102.985)
Feedwater enthalpy, Btu/lb (k)/kg) 256.3 (596.2) 257.1 (598.0) 257.9 (599.9)
Steam generator blowdown, % 0.80% 0.006 0.009
Blowdown enthalpy, Btu/lb (k)/kg) 538.1 (1,252) 538.1 (1,252) 538.1 (1,252)

Main steam flow, Ib/hr (kg/sec)

780,000 (98,2784)

Main steam enthalpy, SG exit Btu/lb (kj/kg)

(o

1,452.16 (3,777.72)

799,000 (100.672)
1,452.16 (3,377.72)

810,000 (102.058)
1,452.16 (3,377.72)

Ambygent-temperature;—SF26; Z8-0-24+1H 24-0-(23-3) 80.0(26.2)
Rivef water temperature, °F (°C) 65.0 (18.3) 68.0 (20.0) 70.0 (21.1)
Procpss steam flow, Ib/hr (kg/sec) 90,000 (11.340) 102,000 (12.8518) 105,000 (13:2298
Conditional Auxiliary Power Usage (kW), Test Run Averages
Coalf unloading 0 300 30
Ash ransfer 80 10 20
Watgr treatment 200 300 0
Air dompressor 200 100 600
HVAC 50 70 200
Lighting 10 120 200
Total 540 900 1050
TABLE E5

Output Corrections, kW Test 1A Test 18 Test 1C
A, Process steam -530{1 144.1 2p6.0
A,, Power factor -1876 -172.9 -1p0.5
Az, Blowdown 11.7 23.2 6.3
Asg,|Cooling water temperature -87.2 -77.3 -f4.8
A¢, Londitional auxiliary power correction -441 -81 b9
Step| up transformer -827 -836.8 -8p5.4
Net [corrected output, kW 81478.8 83525.3 847Pp1.6

output is multiplied by the as-measured gross output
to give the value of Asg.

he A term is determined by subtracting the as-
tesfed power usage df the conditional auxiliaries
from the conditional-auxiliary budget allowance.

orrected Fuel Energy Input and Corrected
Hept Rate

he corrected fuel energy (Q.) is calculated
acqording.to the numerator of eq. 5.3.4, where

Q = Q0

+ @ + W3 + W

test fuel energy consumption corrected to refergnce
fuel and reference ambient temperature for the st¢am
generator. The terms @;, w3, and w; correct|the
fuel energy consumed to reference thermal efflux,
reference blowdown and reference operating copdi-
tions if required. The  terms are described in Table
5.1 in Section 5 of this Code.

Using relationships and terms discussed aboye,

Qmeas = Qro/ Mivel corrected

Qneas is the steam generator tested output (Q)
as defined in PTC 4, including blowdown energy,
divided by corrected fuel energy efficiency calcu-
lated per PTC 4. Qpeas in this sense represents the
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where
Qo= steam generator tested output as de-
fined in PTC 4, including blowdown
energy


https://asmenormdoc.com/api2/?name=ASME PTC 46 1996.pdf

STD.ASME PTC 4b-ENGL 199L EM 0759670 0567840 091 WA

TABLE E.6

Test Run 1A

Test Run 1B Test Run 1C

As-tested heat added to water-steam, 10°
Btu/hr (10° kJ/h)

w1, Process steam, 10° Btu/hr (10° k)/h)

w3, Blowdown, 10° Btu/hr (10° k)/h)

Corrected heat added by steam generator,
10% Btu/hr (10° kji/h)

934.52 (985.97)

0.526 (0.555)
0.021 (0.022)

935.07 (986.55)

956.18 (1008.83) 969.36 (1022.73)

~0.180 (-0.19)
0.864 (0.912)

-0.300 (~0.32)
0.193 (0.203)

956.87 (1009.56) 969.25 (1022.62)

el corrected = St€aM generator corrected fuel energy
efficiency calculated per PTC 4

The @ terms in this sample calculations procedure
arg based on a steam generator base reference
efficiency of 100%. The w corrections terms used
hefe need to be multiplied by the ratio of reference
stepm generator efficiency to corrected steam genera-
tor|fuel energy efficiency, i.e., 1/7. corrected-

flor this example correction calculation the numer-
atof of Eq. 5.3.4 can be expressed as

_ Qo+ w1+ w3 + wy)

QCO" -

MNiuel corrected

Qorrected heat rate is calculated from Eq. 5.3.4

HR - (Qmeas + @7 + w3 + w;) = Qcorr
corr (Prmeas + Ay + Ay + €Ay Peorr

—

he as-tested energy added to the steara-fvater by
the(steam generator (steam generator output) is equal
e main steam flow times the enthalpy at steam

enthalpy of saturated water at stéam generator drum
pressure less feedwater flow ‘times feedwater en-
thalpy. The values for the\three test runs and the
corfections are given in\Fable E.6.

The w; term (heat ddded by steam generator
addjtive correctiofifor thermal efflux) is found by
entgring Fig. E.6'at/process steam flow and determin-
ing [the percentage difference in energy added. The
per¢entage difference in energy added is multiplied
by the asstested heat added by the steam generator
to dive"the value of w; in 10° Btu/hr.

is multiplied by the as-tested heat added by |the
steam generator to give the value of &jyin 10° Btufhr.

The design air split between primary and secdnd-
ary air heater is 50% to each,

The as-tested measured parameters and anallsis
information is entered in\thé appropriate input§ of
the PTC 4 spreadsheet(The as-tested steam generator
fuel energy efficiency’is calculated as 87.27%. (The
PTC 4 calculatiops were modified to include bldw-
down steam €nergy as an output from the stdam
generator s¢.that the modified steam generator ou put
can be divided by fuel energy efficiency to deternfine
fuel energy input) The inputs and results for fthe
as-tested steam generator efficiency are given| in
pages 130-132.

The ground rules for determining corrected stdam
generator efficiency must be agreed to by the parties
to the test. For this test, since the coal and limest}‘ne

analysis was not far from design, it was agreed
corrected steam generator efficiency be determi
from PTC 4 calculations using:

ed

reference coal analysis

reference sorbent analysis

as-tested percent excess air
as-tested calcium/sulfur molar ratio
as-tested fan temperature rise for primary air, sec-
ondary air, and blower

as-tested percent carbon burn-up

as-tested ash split

as-tested bed and baghouse CO, percentage
as-tested primary and secondary air heater effgc-
tiveness

as-tested sulfur capture

The w; term (heat added by steam generator
additive correction for blowdown) is found by enter-
ing Fig. E.7 at the as-tested percent blowdown and
reading off the percentage difference in energy
added. The percentage difference in energy added
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In addition to the as-tested fuel energy efficiency,
the as-tested parameters in Table E.7 were deter-
mined. They are to be used in translating the as-
tested results to corrected results.
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TABLE E.7

Percent excess air 21.92%
Percent carbon burn-up 97.81%
Calcium-sulfur molar ratio 2.878
Calcination fraction of sorbent .92
Air heater effectiveness

Primary 48.23%

Secondary 51.84%

Fan temperature rise for primary and
secondary air

TGPeor = 559.3 — %%- (559.3 — 104)

364.3°F (184.6°C)

TGScorr = 559.3 - %‘% - (559.3 - 100)

321.2°F (160.7°C)

Since the as-tested flow split between the primary
and secondary was 50-50, the corrected flue gas

Primary 24.0°F (13.3°C)
Secondary 20.0°F (11.1°C)
————
TABLE E.8

70.0°F (21.1°C)

94.0°F (34.4°C)

90.0°F (32.2°C)
559.3°F (292.9°C)
360.0°F (182.2°C)

Ambient temperature

Air heater primary air inlet temperature

Air heater secondary air inlet temperature

Air heater flue gas inlet temperature

Prinfary air heater flue gas exit
temperature

Secgndary air heater flue gas exit

emperature

316.0°F (157.8°C)

~

The as-tested ash split and ash analysis is as
folllows:

Ash split Bed Ash 41.9%
Baghouse Ash 58.1%
CO; in Bed Ash 1%
Baghouse Ash 2%
% [Carbon in Bed Ash 0%
Baghouse Ash 12.41%

Ambient temperature and airheater temperatures
are| given in Table E.8.

The as-tested primary air( heater effectiveness
(ng) is:

np = 5-55597'33‘—_3967:’« 100 = 42.83%

The as-tested-secondary air heater effectiveness
(n) is:

559.3 - 316

s = Zeo3—gq = 5184

exit temperature (TG is the average of the prinfary
and secondary air heater flue gas exit temperatyre.

TGeorr = 342.8°F (172.7°Q)
The appropriate inputs are made to the PTC 4

spreadsheet and corrected steam generator efficiepcy
is calculated to be 87.37%./The inputs and out;E)uts

of the PTC 4 spreadsheet are given on page pO-
00. The corrected heat added by the steam generator
is divided by thetcorrected efficiency divided| by
100 and the resulting fuel energy use of each Jtest
run is given/in<Table E.9. The corrected output pnd
corrected<heat rate results of each test run are glso
given,
Cortected heat rate is plotted in Fig. E.8. [The
corrected heat rate at 83,500 kW corrected, per [Fig.
E.8 is 13,112 Btu/kWh (13,834 kJ/kWh).
TEST RUN 2, DEFINED DISPOSITION TEST
Sample Calculations
The purpose of this test is to determine net plant
output and heat rate at a defined disposition —- in
this case at steam generator MCR output of 840,000
Ib/hr (105.838 kg/s) steam.
The reference condition is given in Table E.[0.
It is required that this test be run at over-prespure
rating of the steam turbine to pass the throttle flow
at a throttle valve position that will still give good
regulation. The correction curves presented for [Test
1 are not valid since this test is run at over-presgure.
However, for this example, the curves will be ysed
here to demonstrate the correction required. Also,
additional correction curves are required in |this
instance since it may not be possible to conguct
the test at the exact steam generator steam flow,
pressure, and temperature conditions of referepce.
The additional correction curves required would be

There was no leakage around the air heater. The
flue gas exit temperature from the primary (TGPeor)
and secondary (TGS air heaters, at reference
condition, is calculated as follows:
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those that correct for steam generator exit conditions
different from reference, namely correction for steam
flow, pressure, and temperatures different from refer-
ence. These correction curves are given in Figs. E.9
through E.14. These correction curves would only
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TABLE E.9

Test Run 1A

Test Run 1B Test Run 1C

Corrected fuel energy, 10° Btu/
hr (10° kj/h)

Corrected output, kW

Corrected heat rate, Btu/kWh
(k)/kWh)

81,478.8

1,070.25 (1129.18)

13,135.3 (13,858.5)

1,095.19 (1155.49) 1,109.37 (1170.45)

83,525.3
13,112.1 (13,834.1)

84,701.6
13,097.3 (13,818.4)

TABLE E.10
TEST 2 REFERENCE CONDITIONS
Defined Disposition Test

Plant Parameter Reference

Ambient air temperature
Relative humidity
River water temperature
Stegm generator blowdown
Makeup water temperature
Progess condensate temperature °F (°C)
Progess steam flow, Ib/hr (kg/s)
Progess steam pressure, psig (kPa)
Progess steam temperature °F (°C)
Progess condensate return
Steam generator
Steam flow Ib/hr (kg/s)
Temperature °F (°C)
essure psig (kPa)
plant output, kW
plant heat rate, Btu/kWh (kj/kWh)

80.0°F (26.7°C)

60%

75.0°F (23.9°C)

1%

75.0°F (23.9°C)

75.0°F (23.9°C)
100,000 (12.5998)
150.0 (1,136)
350.0°F (176.7°C)
100%

840,000 (105.838)
903.2°F (484.0°C)
975.0 (6,824)
88,000

13,040 (13,758)

-

Net
Net

be tised for small deviations from the reférence point
and upward corrections would not be taken if the
uni{ could not demonstrate capabitity of achieving
and maintaining that level of pérformance.

Thble E.11 lists the as-tested-average data.

The conditional auxiliary. power usage for this test
is given in Table E.12,
ote that the as-testet!'steam generator exit pres-
, temperature, and'flow were below the reference
valdes. In this cdse, the unit had previously demon-
strated its capability to achieve and/or maintain the
desied conditions. The local utility purchasing the
plart power could not take enough output to load
the plant higher. There was not enough time in the

TABLE E.11
Test 2
Turbine generator gross output (kW) 98,400
Power factor .85
Net plant output (kW) 88,050

Feedwater flow, Ib/hr (kg/s)
Feedwater enthalpy, Btu/Ib (k)/kg)
Steam generator exit flow, Ib/hr. (kg/s)
Pressure psig (kPa)

Temperature °F (°C)

Enthalpy Btu/lb (kj/kg)

846,465 (106.453)
261.01 (607.11)
838,000 (105.986)

972.5 (6807
902.0 (483.3)
1450.19 (3,373]14)

Steam generator blowdown 1%

Blowdown enthalpy Bta/Ib (k)/kg) 540.6 (1,257
Ambient temperature °F(°C) 80.0°F (°C)
River water t€mpérature °F(°C) 80.0°F (°C)

Process steam'flow Ib/hr (kg/s) 102,000 (12.85)18)

TABLE E.12
Conditional Auxiliary Power Usage kw
Coal unloading 30
Ash transfer 20
Water treatment ]
Air compressor 600
HVAC POO
Lighting POO
Total 1P50

sure would not normally be allowed according
Section 3 of this Code.
Corrected Output
Corrected output for this test is calculated using
Eq. 5.3.3. Terms of the equation are described |in
Table 5.1.1 of this Cade

-

e}

windGw of Test_opportunity to adjust the control
settings to achieve the desired steam generator exit
conditions, so the plant supplies and plant owner
agreed to correct the steam generator test values to
reference. The correction for temperature and pres-
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Peorr = (Pryeas + Ay + A2 + ¢ A7)

A summary of the corrections is given in Table
E.13.
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The corrections Ay, A,, Az, Asg, and Ag are found TABLE E.13
in the same manner as in Test l: Aza, Azg, and Asc Measured net plant output, kW 88,050
come from correction curves Figs. E.9, E.11, and A, process steam, kW 151
E.13, respectively. A, power factor, kW 0
The corrected steam energy supplied by the steam A; blowdown, kW 0
generator is computed as was done for Test 1 Asp cooling water temperature, kW 197
ith additional corrections for steam generator flow & conditional auxiliary power correction, kW 69
wi 8 4 Ay steam generator steam flow, kW 345
temperature, and pressure. Azg steam generator steam exit temperature, kW 69
Corrected Fuel Energy Input and Corrected Azc steam generator steam exit pressure, kW 27
Heat Rate Step-up transformer, kW -871
The carrected fuel energy input is calculated as Net corrected output, kW 88,037
wad done in Test 1, but with additional corrections
for kteam generator flow pressure and temperature.
Again, following the development of the equations
to determine Q.o for the first test, TABLE E.14
As tested heat supplied by steam generator;  998.9 (1053]9)
Qo + W1 + W3 + Wyp + W7 + W7C 10° Btu/hr (10° kj/h)
Qeorr = Ttoc comected w, process steam, Btu/hr (10° kj/h) -0.30 {-0.3p)
w3 blowdown, Btu/hr (10 k)/h) 0
wya steam generator steam flow,\Btu/hr (10° 2.25(2.37
ki/h)
Qeorr w7p steam generator steanttemperature, Btu/ .57 (0.60)
HRcorr = 5 hr (10° k)/h)
corr w;c steam generator §téam pressure, Btu/hr .77 (0.81)

orrected heat rate is calculated from Eq. 5.3.4:

HRCO" QCOH/ PCO"

Hor purposes of this example, it is assumed that
the| corrected steam generator efficiency is as was
calgulated for Test 1, namely 87.37%. The net
corfected plant heat consumption is then:

1002.19

— 6 6
3737 = 1147.1 10° Btu/hr (1210.3(10%kJ/h)

he net corrected heat rate is"then:

(10® ki/h)
corrected heat added by steam generator, 10°
Btu/hr (108ki/h)

1002.19 (1057

.37)

1147.1 x 10° Btu/hr
88037 kW
= 13,030 Btu/kWh (13,747 k})/kWh)

The values for this test run and the correct
are given in Table E.14.

The terms w4, w7g, and w;c were determi
from correction curves, Figs. E.10, E.12, and E
respectively.
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INPUT DATA SHEET 1

COMBUSTION CALCULATIONS — FORM CMBSTNa
1 HHV — Higher Heating Value of Fuel, Btu/lbm as fired 12561.0
4 a. Measured Fuel Flow 85.0
6 Fuel Efficiency, % (estimate initially) 87.27
8 Barometric Pressure, in Hg 29.9
9 Dry Bulb Temperature, F 70.0
10 Wet Bulb Temperature, F 0.0
11 Relative Humidity, % g7.0
15 Cas Temp Lvg AH, F Primary/Secondary or Main 15B 360.00 15A 314.00
16 Air Temp Ent AH, F Primary/Secondary or Main 16B 94.00 16A 90.00
40 Sorbent Rate, Klbm/hr 1(.00
COMBUSTION CALCULATIONS — FORM CMBSTNb
30 Fuel Ultimate Analysis, % Mass
A | Carbon 70191
B | Unburned Carbon in Ash 1155
D | Sulfur 1123
E_ | Hydrogen 440
F [ Moisture 7130
G | Moisture (Vapor for gaseous fuel) 0loo
H [ Nitrogen 1134
I | Oxygen 4161
) |Ash 10§23
K | Volatile Matter 0J00
50 Flue Gas O2, % Entering Air Heater 360
Leaving Air Heater 360
NAMEOF PLANT PTC 46 Plant 1 UNIT NO.
TEST NO. Test 1A DATE LOAD
TIME START: END CALC BY
DATE 4-28-95
SHEET OF
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INPUT DATA SHEET 2

COMBUSTION CALCULATIONS — FORM CMBSTNCc
83 Flue Gas Temperature Entering Air Heater, F 559.3
84 Air Temperature Leaving Air Heater, F 379.2
UNBURNED CARBON & RESIDUE CALCULATIONS — FORM RES
5 Residue Mass Flow 18.2 Klbm/hr Split, %
A |Furnace 0.0 41.9
B | Economizer 0.0 0.0
€—BagHouse B-6- 58.1
D 0.0 0.0
E 0.0 Q.0
6| |Carbon in Residue, %
A | Furnace 0.po
B | Economizer 0.p0
C |Bag House 1241
D
E
7| |Carbon Dioxide in Residue, %
A | Furnace 1.p4
B | Economizer 0.p0
C | Bag House 210
D
E
24| | Temperature of Residue, F
A | Furnace 1540.0
B | Economizer 336.0
C |Bag House 336.0
D
E
NAME OF PLANT PTC 46 Plant 1 UNIT NO.
TEST NO. Test 1A DATE LOAD
TIME START: END CALC BY
DATE 4-28-95
SHEET OF
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INPUT DATA SHEET 3

SORBENT CALCULATION SHEET

MEASURED C AND CO2 IN RESIDUE — FORM SRBa

7A 502 in Flue Gas, ppm 92
8 O2 in Flue Gas at location where SO2 is measured, % 3.60
9 SO2 & O2 Basis, Wet [0] or Dry {1] 1
20 Sorbent Products, % Mass
A _|CaCO3 94.00
B | CalOH)2 0.00
C |{MgCO3 4.20
D | Mg(OH)2 0.00
E_|H20 d.03
F |lnert {4.00
23A Calcination Fraction 0.93
SORBENT CALCULATION SHEET )
MEASURED C AND CO2 IN RESIDUE — FORM SRBb
SORBENT CALCULATION SHEET
EFFICIENCY — FORM SRBc
b1 Sorbent Temperature, F 77.0
EFFICIENCY CALCULATIONS DATA REQUIRED — FORM EFFa
5 | Gas Temperature Entering Hot Air Quality Control Equipment, F D.0
6 | Gas Temperature Leaving Hot Air Quality Control Equipment, F .0
EFFICIENCY CALCULATIONS — FORM EFFb
35 |Surface Radiation and Convection, MKBtu/hr 4
EFFICIENCY CALCULATIONS OTHER LOSSES AND CREDITS — FORM EFFc
losses, %
8PA | CO in Flue Gas 0.p0
85B | Pulverizer Rejects 0po
8pC | Air Infiltration 0.p0
83D | Unburned Hydrogen in Flue Gas 0.po
8pE | Unburned Hydrogen in Residue 0.po
8bF | Unburned Hydrocarbons in Flue Gas 0.po
83G
Uosses, MKBtu/hr
86A | Wet Ash Pit 0.0p0
868 | Sensible Heat in Recycle Streamé — Solid 0.0p0
86C | Sensible Heat in Recycle StreAms — Gas 0.090
84D | Additional Maisture 0.090
86E | Cooling Water 0.000
8F | Air Preheat Coil (Supplied by Unit) 0.000
84G [ Boiler Circulating:Pumps 0.000
8qH
Gredits, %
87A | 0.40
Credits, MKBtd/hr
8dA | Heatin Additional Moisture (External to Envelope) 0.04o
NAMEOF PLANT PTC 46 Plant 1 UNIT NO.
TESTNO—Test TA DATE LOAD
TIME START: END CALC BY
DATE 4-28-1995
SHEET OF
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w T P
FLOW TEMPERATURE, PRESSURE
PARAMETER Kibm/hr F PSIG
1 FEEDWATER 786290 285.1 1100.0
2 SH SPRAY WATER 0 260.0 1180.0
3 Ent SH-1 Attemp 0 0.0 0.0
4 Lvg SH-1 Attemp 0 0.0 0.0
6 Ent SH-2 Attemp 0.0 0.0
Lvg SH-2 Attemp 0.0 .0
INTERNAL EXTRACTION FLOWS
9 Blowdown 6290 9471.0
10 Sat Steam Extraction 0 0.0
11| | Sootblowing Steam 0 0.0 .0
12 SH Steam Extraction 1 0 0.0 .0
13 SH Steam Extraction 2 0 0.0 .0
14
AUXILIARY EXTRACTION FLOWS
15| Aux Steam 1 0.0 0.0
16 Aux Steam 2 0.0 .0
17
18 | MAIN STEAM 903.0 931.0
REHEAT UNITS
20) REHEAT OUTLET 0.0 9.0
21 COLD REHEAT ENT ATTEMPERATOR 0.0 .0
22 RH SPRAY WATER 0 0.0 .0
23 COLD REHEAT EXTRACTION 0
24 TURB SEAL FLOW & SHAFT L
FW HEATER NO. 1
25 | FW Entering 0 0.0 D.0
26 FW Leaving 0.0 D.O
27 Extraction Steam 0.0 D.0
24 Drain 0.0 D.0
FW HEATER NO:2
30 FW Entering 0 0.0 D.0
31 FW Leaving 0.0 D.0
32 Extraction-Steam 0.0 D.O0
33 Drain 0.0 D.0
NAME OF PLANT PTC 46 Plant | UNIT NO.
TEST NO. Test 1A LOAD
TIME START: END: CALC BY
DATE 4-28-95
SHEET OF
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