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FORFWORD

The first of the ASME Power Test Codes related to the abatement of atmospheric pollution was
published in 1941 — PTC 21, “Dust-Separating Apparatus.”” That Code has served for many
years as a basic guide for evaluating the performance of apparatus designed for the remoyal of
particulate matter from combustion process flue gases. Experience with that Code identified a
difficult measuring problem, a procedure for measuring the concentration of particulate matter
in a gas stream. As recognized by those who have had experience with measurements of this
type, this involves many practical difficulties. In an effort to alleviate many of these difficulties,
the ASME published a Test Code concerned with this subject in 1957 — PTC;27, “Determining
Dust Concentration in a Gas Stream.” That Code, along with the earlier.Code, has served until
very recently as the accepted basic guide for both the performance evaluation of particulate re-
moval apparatus and the determination of particulate matter in stack)gas emissions for the con-
trol of air pollution and the assurance of compliance with applicable governmental emission
control regulations.

However, over the years, with the changes in particulate removal technology, such as the
great increase in the physical size of much of the apparatus and the gas flows involved, along
with the increasing interest in very small particles and the need for accurately measuring much
lower particulate matter concentrations, it became @pparent that both PTC 21 and PTC 27 were
not fully adequate for all the purposes to which they were being applied. Realizing that the
various physical and chemical properties of the-particulate matter involved were usually a major
factor in the performance of the apparatus designed and installed for its removal, the ASME
published a Code on this subject in 1965 — PTC 28, ‘“‘Determining the Properties of Fine Partic-
ulate Matter.”” That Code has become the accepted guide for characterizing the properties of
the particulate matter for meeting most of the needs in this area of concern.

With the increasing public concern in the early 1970’s for environmental improvement,
and in particular air pollution control, new problems became apparent. Many regulatory agen-
cies in all levels of goyernment either issued their own new test procedures for the measurement
of particulate matter.in’ stack gases or adopted various test procedures developed by other or-
ganizations and.often mandated their use for regulatory purposes. Many of these test proce-
dures were later-found to be unsuitable, both as to the practicability of their use in the field
and the validity of the test data which they produced. A major source of uncertainty in most of
these test\procedures was the fact that, in addition to measuring the particulate matter actually
present\in the gas stream, the test apparatus involved also converted certain gaseous compo-
nents of the gas stream to substances which were collected, measured, and reported as “‘particu-
Jate matter.” This situation led to serious problems in the establishment of valid criteria for

evaluating the performance of emission control apparatus for operational, commercial, and
regulatory purposes.

In an effort to eliminate as many of these problems as possible, ASME Performance Test
Code Committee 38 was organized in 1972 and given the task of developing test codes for the
measurement of fine particulate matter which would employ the best practical techniques of
currently known technology to meet the increasingly stringent requirements of those air pollu-
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tion abatement activities concerned with the control of particulate emissions resulting from
combustion processes.

This Test Code is the result of several years of intensive effort by that Committee, with
the cooperation and assistance of other organizations, to evaluate the problems involved and
the technology available for accurately determining the concentration of particulate matter in a
gas stream by practicable means. Complete solutions to all problems involved in this complex
field of testing cannot be provided in a generalized Code. However, this Code is believed to be
the best compendium of data and guidelines available for this purpose and it covers the vast
majority of cases encountered. If properly used, it will provide the most valid test results

——pessible

PTC 38 on Determining the Concentration of Particulate Matter supersedes PTC 27 on
Determining Dust Concentration in a Gas Stream and should be used in conjunction with the
revised PTC 21 on Dust Separating Apparatus.

This Code was approved by the Performance Test Codes Supervisory Committee.on
March 20, 1980. It was approved by ANS{ as an American National Standard on May 15, 1980.
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AN AMERICAN NATIONAL STANDARD

ASME PERFORMANCE TEST CODE

0.1 This|Code sets forth recommended procedures and
devices fof the measurement of particulate matter sus-
pended in gases flowing in a duct or stack. While this Code
is oriented toward gases resulting from combustion proc-
esses, its use for other gas streams is not precluded if test
parameterd are compatible with those discussed here in.

0.2 To dbtain valid test results it is absolutely necessary
that there is a full understanding of the problems'involved
in each tegt situation and that every effort.is\nade to se-
lect and pfoperly employ the appropriate procedures and
apparatus [for each case. Therefore, it.is mandatory that
this Code be studied in its entirety, with particular atten-
tion being|given to the Appendix,_Section 8, before plan-
ning any tdst program.

0.3  As this Code describes various options in respect to
test apparatus and\methodology which is appropriate to
various te$t sifuations, the choice between suitable op-
tions must] be’made both on the basis of the nature of the

Code for

DETERMINING THE CONCENTRATION OF
PARTICULATE MATTER IN A GAS STREAM

SECTION 0 — INTRODUCTION

the appropriate approved options should be clearly de-
fined or_the mechanism stated for establishing the 3p-
proved~option(s) appropriate to the particular test sitdia-
tion,

0.4 Unless otherwise specified, all references to other
Codes refer to ASME Performance Test Codes.

0.5 Any test to determine the particulate matter cgn-
centration in a gas stream should comply with the Code
on General Instructions. In particular, the test objectiyes
shall be agreed upon by the interested parties before the
test is performed.

0.6 Unless otherwise indicated, the technical terms and
numerical constants which are used in this Code have tfhe
meanings and values as defined in Section 2.

0.7  Section 4 of this Code on Instruments and Methadds

test and the regulatory andfor contractual restrictions
which may be a part of the requirements for conducting
the tests.

Therefore, when the use of this Code is specified in
commercial agreements regarding system performance
evaluation or in source emission control regulations, either

of Measurement describes instruments and methods which
are likely to be required and discusses their application,
calibration, sensitivity, accuracy, etc. Performance Test
Code 19, Supplements on Instruments and Apparatus, re-
ferred to in this Code are designated by the abbreviation,
| & A.
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SECTION 1 - OBJECT AND SCOPE

1.1 _OBJECT OF TEST

1.22 Gas Flow Measurement

he Test object is to determine the weight rate of flow
of particulate matter carried in a gas stream confined in a
duclt or stack. The test object is accomplished by (a) mea-
surgment of average weight concentrations of particulate
mafter in the gas stream, and (b) determination of total
gas [flow rate.

ata thus obtained may be utilized for such purposes
as the performance evaluation of gas cleaning apparatus/
systems, compliance testing in conjunction with emission
conitrol and performance regulations promulgated by regu-
latqry agencies, etc.

1.2| SCOPE OF TEST

1.2 Concentration of Particulate Matter

This Code prescribes methods for measuring the avet
age|weight concentration of particulate matter carried-in a
gas [stream, Measurement on any other basis (e.g.j\particle
count, dust spot, opacity, etc.) is beyond the scope of this
Code.

Determination of total gas flow may be base
surement of velocity pressure and gas density af
tative points in the duct cross section, on actud
tion calculations (stoichiometry), ©r-by data
brated gas metering devices. Alfernate method
suring total gas flow rate may, be used by agreer
the concerned parties.

1.23 Particle Size Measurement

The ‘scope of this Code does not include thg
ment\of particle size distribution. Test procedu
purpose are contained in ASME Performance
28. While some in situ type samplers designed f
lection of particulate matter in various size frag
have a limited capability for determining total

d on mea-
represen-
| combus-
from cali-
for mea-
hent of all

measure-
es for this
Test Code
or the col-
tions may
barticulate

matter concentrations in a gas sample, data thup obtained

should only be used for the measurement of p
distribution and not for the weight rate of flow
late matter in the gas stream.

article size
bf particu-
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SECTION 2 — DESCRIPTION AND DEFINITIONS OF TERMS

2.1 This_Code specifies the test procedures to he em-

specifications—commercial agreements and aovernmental
P 5 £ ok £OVeFAH

ployed inl the determination of the concentration of par-
ticulate matter in a gas stream and the total flow rate of
the gas. The terms used in connection with the test proce-
dures are defined by the following:

2.2 PARTICULATE MATTER

For the purpose of this Code, ‘“particulate matter’”’ is
defined a} finely divided material, other than uncombined
water, sugpended in a gas stream at the prevailing tempera-
ture and pressure of the gas stream under consideration —
such matgrial being separable from the gas phase by filtra-
tion whem using the agreed upon sampling apparatus and
procedurds described in this Code.

2.21 Thig definition is intended to exclude from consid-
eration thjose substances which may be formed outside the
stack or fuct or in a sampling train on cooling the gas
stream to| a lower temperature than prevails in the chan-
neled gas.

2.22 The| measurement of particulate matter which-may
form in the outside atmosphere requires techniques which
are outsidp the scope of this Code.

2.3 TEST AND RUN

2.31 A “Ilest,” as applied in4his Code, means the entire
investigatipn.

2.32 A “Run” is a subdivision of a “Test"” consisting of a
complete et of observations and recorded data taken at
regular infervalssfor a period of time during which sam-
pling of the gas.stream was conducted.

regulations. The terminology and the units of measpre-
ment contained therein may range from those considgred
to be the “accepted standards” for the intended purpgses
of such documents at the time they wererwFritten priof to
the promulgation of this Code to thos¢ based upon th¢ Si
System which may be written subseéquent to the promul-
gation of this Code.

2.42 It is preferred, in accordance with ASME poljcy,
that the SI System for uRits of measurements be utilized
whenever practicable ~in the application of this Cqde.
However, it is realized that, at the time immediately [fol-
lowing its promulgation, its major applications will b¢ in
conjunction.with specifications, agreements, and reghla-
tions utilizing the previously acceptable nomenclature find
units ofymeasurement. Therefore, to make this Code repdi-
ly applicable to present and future situations, the formu-
lae,\tables and graphs and calculation of results are sta'l?ed
herein in accordance with presently existing good epgi-
neering practices — with provisions being made for [the
conversion of the Code to the S| System by the inclusjon
of the definitions of pertinent S| units of measuremdnt,
conversion factors from other units of measurement, gnd
general guidance in respect to the utilization of the| Si
System.

2.43 While a major effort has been made to standardize
the nomenciature and the related symbols used through-
out the Code, the unique nature of certain calculations|in-
volved requires that special symbol notations be employed
in these calculations to avoid confusion. Hence, both a
general system of nomenclature and related symbdglic
notation is presented in this Section and, for the spe¢ial
cases where those are inadequate or inappropriate [for
special purposes, specialized tables of nomenclature pre
provided where applicable in this Code

2.4 NOMENCLATURE AND UNITS OF MEASURE-
MENT

2.41 The nature of this Code is such that it will often
find application in conjunction with existing technical

2.44 The use of the SI Units with this Code is based upon
ASME Guide SI-1, “Orientation Guide for SI {(Metric)
Units,” Eighth Edition (Reference [11] in Section 7). Ex-
cerpts from this publication are printed in Appendix L of
the Code to provide readily available guidance with re-
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SECTION 2

spect to the basic system of units and their use. A thor-
ough understanding of all the material contained in ASME
Guide SI-1 is essential to the proper use of the S| System.

2.45 To maximize the usefuiness and applicability of test
results in the future, it is recommended that all test results
be reported, whenever possible, in SI Units as well as in
the system of units originally deemed applicable for the
specific test(s) involved.

ANSI/ASME PTC 38 — 1980

written. The appropriate Sl units of measurements, to be
substituted for the given units, are also given along with
conversion factors for converting from the conventional
units to the SI units of measurement.

In actual practice, these terms are usually used with
subscripts in formulae, graphs, and calculations to indicate
their sepcific meaning for particular usage situations. The
nature of the subscripts may vary greatly, depending on
the source of the publication and the nature of the mea-
surements involved. Hence, no standardized system for

2.5 TABLE OF TERMS

2.51 Table 2-1 contains a listing of the terminology and
ndgmenclature used generally throughout the Code. Con-
vefsion factors are provided for conversion of the stated
units of measurement to the S| System of Units.

2.52 Where the need for different systems of nomencla-
ture exists within the Code to define unique test param-
eters, the required nomenclature is listed in Tables accom-
paphying the calculation procedures involved. Provisions
have been made for conversion of the units used to the Sl
Syfstem.

This Table contains a listing of the terms commonly
used in the measurement of the concentration of particu-
lage matter in a gas stream. The units of measurement
giyen are those in general use at the time this Code was

subscrips 1s Included in this Code. Whenevel subscripts
are used, however, their meanings should-be’¢learly indi-
cated.

Note 1: The column of Conversion Factofs contains,
on the left, the numerical value to™be used in ¢xponential
notation and, on the right, the éxponent for a|base of 10.
For example: 2.540E - 02 signifies that tHe factor is
2.540 x 1072 or 0.0254.

Note 2: While_it)is realized that the tern) ‘“mass” is
more strictly correct than the term ‘“‘weightl’ when re-
forming to, sich units of measurement as pdunds mass,
kilograms;\ grains, etc., the more commonly|used term
“weight”’ \is used frequently in this Code to ayoid confu-
sionfor those using it who are much more famflir with the
generally used term for this parameter. This dpes not pre-
¢lude the desirable practice of using the term {‘'mass’ vice
“weight’’ whenever practicable and understandhble.
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SECTION 3 — GUIDING PRINCIPLES

3.1 ITEMS OF AGREEMENT

3.11 Wherg the purpose of a test involves the interests of
two or mofe parties, an agreement must be formulated in
advance of [testing.

The following is a checklist of pertinent items upon
which agregment should be reached by the parties to the
test:

(a) The object or objects of the test (see paragraph
1.1).

(b) Datp and time of the test.

(c) The number, type, and location of sample trains
and other instruments where alternates are permitted (see
paragraphs|3.51 and 3.53) and the test procedures to be
employed ih their use.

{d) Number and location of all sampling points.

(e) Me:rnod of determining and maintaining constancy
of process fonditions during the test (see paragraph 3.54).

{(f) Gasg| flow rates in the duct(s) or stack to be tested.

(g) Method of determining total gas flow; whether by
combustion calculations, by process calculations, or\by
velocity heqd measurements (see paragraph 3.52).

(h) Number and duration of runs (see paragraph/3.55).

(i) Duration of steady state operation before ‘sampling
is commenced (see paragraph 3.54) and; in the case of
new or mqdified installations, the minimal “shakedown’’
operational period required prior to testing.

(j) Desfgnation of the procedures for making calibra-
tions, weighings, and other \appropriate measurements,
and selectipn of the laboratories for carrying out various
test procedpres.

(k) Ma}imum deviations of test measurements and
conditions |between.¥eplicate runs that will be acceptable,
and the repuiréments for additional runs where their de-
viations arg exceeded.

tions thoroughly before making arrangements for cdn-
ducting a test.

3.2 TOLERANCES

This Code specified the desired conditions and proge-
dures for obtaining valid and aecdrate test results but the
definition of uncertainties inmrespect to overall test acqu-
racy and repeatability is nopwithin its scope.

ldeal test conditionsunay be unobtainable in many tgst
situations. This Code provides guidance for dealing with
such non-ideal €onditions so as to maximize the accurafy
of the test results. Provisions to allow for uncertainties|in
measurements, resulting from less-than-desirable test cqn-
ditionssmust be agreed upon in advance by all parties [to
the (test. This agreement should be clearly stated in the
testireport.

3.3 WITNESSES TO A TEST

3.31 Accredited representatives of all parties concernpd
should be present to witness that all aspects of the test dre
conducted in accordance with the agreements.

3.32 Should an accredited representative establish to hll
parties that the observed test procedures and conditions
will invalidate or prejudice the test objectives, that pr-
tion of the test results or the test run itself shall be de-
leted.

3.4 PRELIMINARY RUNS

3.12 During actual site testing, the method of determin-
ing the particulate matter concentration of gases must be
adapted to the conditions of constructions and operation
encountered in each particular case. Unfortunately, ideal
conditions are seldom found in field testing. Therefore,
the parties to the test should investigate the field condi-

One or more preliminary runs may be conducted for
such purposes as checking instruments and procedures
and/or making minor adjustments, the need for which was
not evident during the preparations for the test. Any pre-
liminary run, when completed, may be declared, by mu-
tual agreement, to be an official run.
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SECTION 3
3.5 TEST PROCEDURES—GENERAL PRINCIPLES

The major points in connection with the test {see para-
graph 3.11) having been agreed upon, it is then necessary
to prepare the detailed procedure for the test.

In planning the test, attention should be accorded to

the problem of obtaining a truly representative sample

over the total cross section of the duct in view of the ten-
dency of particles to stratify due to distortions of gas
flow—Fht f t

favqrable sampling location, (b) the number and pattern
of sampling points in the cross section, (c) the frequency
of feadings, and (d) the number and duration of runs. See
Appgendix H.

The function of the sampling device is essentially that
of yithdrawing a portion of the particulate matter laden
gas jat such a rate and in such a manner that it represents
a trpe sample of filterable material at the point of extrac-
tion]. There can be a variety of designs that satisfy these
reqliirements by means of isokinetic sampling.

Ift is strongly recommended that prior to the test run
all pertinent information required for translating velocity
~ heagl readings into isokinetic sampling rates be put in read-
ily kcalculable form, preferably as easily read charts, so
that flue velocities read as a pretest procedure or read con-
curfently with the testing, can be immediately translated
dur|ng the actual sampling run into isokinetic rates. Sug-
gested procedures for doing this are given in Appendix{!

3.51 Sampling Location
Seldction of Sampling Cross Section

Care must be taken to select the best'possible sampling
crogs section of the duct. A straightrun' of duct preceding
the[point of measurement is, of.course, preferable. In any
evemt, avoid locations near~sudden changes in area of
dirgction. Such changes may, cause fluctuating particulate
mater stratification, of ‘¢Xtreme turbulence leading to
skeyved or reversed sgas*flow. The use of vertical ducts,
whgre possible is-pféferable as this eliminates the prob-
lemp of settled\particulate matter in the duct. In either
hor|zontal .o vertical ducts, the preferred location is at
leastt 8 diameters downstream and 2 diameters upstream
from any/flow disturbulence. Such a sampling point loca-
tior . L .

vertical ducts, the location of the test ports related to the
number of duct diameters from any flow disturbance will
determine the number of sampling positions necessary to
obtain valid test results. See Fig. 1 of Appendix H.

The term ‘“‘equivalent diameter” relates to the cross-
sectional area of a rectangular duct which produces the

ANSI/ASME PTC 38 — 1980

same Reynolds number to the diameter of an equivalent
cross-sectional area circular duct and is expressed and cal-
culated as follows:

Area

- - (
b= 4 X 5eimeter 2 X (H+w)

D = equivalent diameter
H = height of flue or duct
W = width of flue or duct

it

Access and Service Facilities

Room for test setup and for free movement df the test
apparatus during the test should be gonsidered|when se-
lecting the sampling location. Staging-for persdnnel and
apparatus at the test location and agcess thereto phall con-
form to recognized safety godes. Adequacy off lighting,
electric power outlets, gommunication facilifies, etc.,
should also be considered,

Settled Particulate Matter

Particulatesmatter buildup on the bottoms of horizon-
tal ducts~is often encountered and must be cpnsidered
when _ establishing duct dimensions for velocity| traverses
and.when sectionalizing the duct into sampling areas. A
bottom profile formed under equilibrium flow donditions
can be established with sufficient accuracy by| probing.
This probing should be done at sufficient frequency to
identify any changes in the profile during the |test. The
profile of dust buildup must be shown on a crosstsectional
view of the duct if credit is to be obtained for thg reduced
cross-sectional area.

Bottom particulate matter buildup not only 3ffects gas
flow rate determination but often upsets particfilate mat-
ter concentration determinations because of plarticulate
flow along the bottom of the duct. It is thegefore ex-
tremely important that the sampling probe be [kept well
above the buildup. The distance from the top qurface of
the buildup to the sampler nozzle should be ong-half the
distance between test zones. For example, if thefe is a 3 ft
distance between test positions in the vertical direction,
then the nozzle should be approximately 1% ft pbove the
surface of the buildup.

locityv Streams
4

One may encounter duct arrangements where it is im-
possible to make satisfactory measurements of velocity at
the location required for particulate matter sampling be-
cause they are too low to be read by any of the recom-
mended instruments. In these circumstances some uncon-
ventional procedures may be necessary (see Appendix E).
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3.52 Flow Measurement

The determination of a gas mass or volume for the pur-
pose of establishing the rate of flow through a collection
device, as it affects collection performance, should utilize
the most accurate method available. A full understanding
of the accuracy of velocity head measurements which can
be made to determine total gas flow should determine
whether these flow rates for each test situation should be
established by calculation from fuel analysis and flue gas
compositigh-er—frem—measurements—oi—velocity—head—n

SECTION 3

accuracy, a greater number of points may be used if
desired.

If many sampling points are involved, it may prove ad-
vantageous to operate more than one sampler at a time.
This can also prove helpful if information is desired, for
example, on several ducts serving a common gas cleaning
device as a measure of flow distribution between ducts.

3.54 Constancy of Test Conditions

many casels, due to less-than-ideal conditions for velocity
head measpirement, flow determinations from combustion
calculations have been found to be more accurate and this
method is|preferred where applicable. In such cases the
flow rates|as determined by velocity head measurements
are usually higher than those determined by combustion
calculatiors.

Calculation procedure for gas mass per unit weight of
fuel is givep in PTC 4.1 — “Steam Generating Units,”’ para-
graph 7.3.2.02. Gas flow rate will require a knowledge of
fuel rate ffom a fuel metering device, or, in the case of a
steam gengrator, the fuel rate can be established from a
measured §team or water flow and a known or calculated
steam gengrator efficiency under test conditions. The
accuracy df gas flow rate established by this method will
be the acduracy of measurement of gas weight per unit
weight of fuel (PTC 4.1, “Probable Measurement Errors,”
paragraph [3.03.5) and -the accuracy of metering devices.

3.53 Number and Distribution of Sample Points

Whethel the flue or stack is circular or rectangular in
cross sectipn, sampling connections and traverse points
should be [selected to permit sampling ifi"zones of equal
area as illystrated in Appendix H. Since jthe arrangement
of flues and stacks do not always lénd themselves to per-
mit locatifg connections in a_preferred relationship to
turns and [cross-sectional changes, the frequency of tra-
verse points and size of samphing areas will change depend-
ing upon this relationship.

Appendix H provides guidance for determining the
number arjd location of sampling areas required for vari-

ous sampling_situations. All data relative to the selection
of sampling_points and dimensioned drawings of both the

Steady state operating conditions should be establisHed
before the start of each run, especially those conditigns
which affect gas temperature and flow rate. The Pifot
tube traverse or actual sampling should (not be started
until conditions have become steady and remain stegqdy
for at least %2 hr. Longer waiting periods may be requifed
to ensure equilibrium conditions when major changes|in
operation are made. Althoughtconstant operating condi-
tions are necessary to obtain:the most reliable results, if i
recognized that constant operating conditions someti
cannot be maintained~Variations in flow rate are bpst
understood by thdse familiar with the process, and the
degree of variations acceptable should be established oy
mutual consent™ Flow variations are shown by variatigns
in fan poweryrequirements, fan control settings, gas anajy-
ses, fuelcinput rate, or combinations of these parametdrs.
Theyxtan also be determined by continuously monitor{ng
thergas velocity at a single sample point or at individgyal
sampling points during a run.

If possible, during the testing period, all process equlip-
ment settings, fan settings, etc., should remain unchangded
to assure the consistency of test results. Process recording
charts should be included in the test report, if possitfle,
with times of traverse and sampling clearly shown. Chegks
should be made after the tests on the profiles of settled
particulate matter and on equipment settings to determine
that they remained essentially unchanged to assure th
valid test has been obtained. When soot blowing or other
periodic process action is a part of normal operations,
procedure for including such action, if desired, into ghe
test program should be considered and full agreement ¢b-
tained from all parties as to how this will be done.

3.55 Duration of Runs

sampling cross-sectional profile and the duct arrangement
(showing sources of flow disturbance) shall be included in
the test report.

Adherence to these guidelines is recommended for
accurate, consistent sampling of particulate matter. Since
a greater number of points will not impair the sampling

In general, sampling times at each point should be
equal increments of the total time. The total sampling
time will be that necessary to insure collection of a weigh-
able sample. Calculations should be made for each installa-
tion to determine the sampling time necessary to obtain a
sample weighable within the accuracy desired. It has been
demonstrated that an accurate, weighable catch can usual-
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ly be obtained during a 1 to 4 hr run at the discharge of
high efficiency collection systems.

On certain cyclic operations it is impossible to main-
tain desired test conditions for an extended duration of
run, and in such cases the maximum sampling time will be
limited by the cycle time. A complete traverse of points
should be made so that the total of the equal time incre-
ments for all traverse points should equal the cycle time.
Depending upon the length of the cycle, more than three
runs_may be required to obtain consistent results, Some

ANSI/ASME PTC 38 — 1980

measurements and can be useful if a check is desired on a
calculated combustion gas flow rate.

If sample gas volumes are obtained by the use of a vol-
ume meter, the integrator should be read at the exact time
of the start and finish of sampling at each sampling point.
It is advisable to obtain readings at regular intervals during
the run as a check against the total, and as insurance
against unforseen interruption or termination of the test
run.

cases may require the simultaneous use of two or more
sampling systems.

3.5¢ Frequency of Readings

Where the Pitot tube, or velocity head measuring de-
vicel is an integral part of the sampler, velocity head read-
ings| shall be monitored continuously and the sample flow
ratel, as determined by flowrater, rotameter, or orifice
meter, shall be maintained at the proper isokinetic sam-
pling rate to match the velocity head reading.

It is advisable to take Pitot tube traverses prior to sam-
pling to determine the flow pattern and make the proper
selegtion of sample nozzle sizes to obtain isokinetic sam-
ple flow rates. When test runs are fong in duration, it is de-
sirable to conduct at least a partial traverse again after the
sampling period to verify that flow rates and flow patterns
hav¢ not changed. If, during the sampling period, there(is
any|indication by any process or test instrumentation that
opefating conditions may be changing, a traversé.should
be made to determine if changes have occurred:

If the sampling flow is determined by avolume meter,
the [flow rate can be established immediately after the
starf of sampling by dividing the"meter reading by the
corfesponding increment of thetotal sampling time. How-
ever], even if an integrating Meter is used, it is easier to
estaplish the flow rate by using a flowrater or rotameter in
serigs with the meter.

A record should\be kept of flow rates, integrated flow
urements, gas_pressures and temperatures at the sam-

when these intervals are longer than 5 min but shorter
than 10 min).

Where the sampler is equipped with an integral velocity
head measuring device, it is essential to record the velocity
head and temperature readings in the duct. This informa-
tion is necessary to calculate the gas flow by velocity head

10

3.57 Procedure for Operating Samplers

There are certain general considerations inherent in the
use of any sampling device that should be observied to per-
mit obtaining accurate, repeatable results. Specific proce-
dures for different types of sampling devices $hould be
recognized, understood, and followed.

Prior to the start of any run, the preweighed|filter and
entire sampling system should be inspected and| tested to
be sure all connections in the sampling system gnd in the
manometer ¢r gage connections are free of leakage. This is
particularly jmportant where connections are ipterposed
between'the filter medium and the sample gad metering"
device,since, obviously, any leaks ahead of the metering
deyvice will cause erroneously high sample gas flow mea-
surements and give a false isokinetic indication |(see para-
graph 4.51). All apparatus used should be electrically
grounded to the ductwork or other good ground

The sampler probe should be clearly marked to indi-
cate the direction of the sampler nozzle and to permit the
operator to recognize when the probe is at the predeter-
mined sampling points.

The equipment being tested should have bden at test
conditions for an agreed-upon time before starfing a run.
All parties involved should be aware that a test i proceed-
ing and not alter operating conditions that will|affect the
conduct of the test. Should any unavoidablg changes
occur, the testing parties should be advised prpmptly so
the run can be interrupted until test conditigns are re-
stored. Some changes may require starting a new test with
new filters and clean equipment.

The plugs or caps closing the test ports shquld be re-
moved and the connections thoroughly cleangd of any
i i ulated. Be
sure that any protective covering over the sampler nozzle
is removed. The sampling system should be sealed to pre-
vent any reverse flow during insertion of the probe. This is
done by closing the valve or clamping shut the hose to the
exhausting system. Where high pressure or drafts exists in
a flue or duct at the sampling location, high flow veloc-
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ities will occur through the open sampling connection,
having an aspirating affect which can remove collected
particulate matter from the sampling system as the sam-
pling nozzle passes through. Extreme care will be required
during this period.

Where the design of the sampling apparatus permits, in-
sert the sampler through the first sampling port with the
nozzle facing downstream and allow the sampler to come
to operating temperature. After the warm-up time, timing
should be

SECTION 3

rate control valve closed, and simultaneously the sample
nozzle turned 180 degrees where possible, and the probe
removed. The exhausting system may be shut off during
the sampler removal from the test port to seal the system
and prevent loss of collected sample, However, this is not
recommended when the static pressure in the duct is nega-
tive.

The procedure should be continued until all sample
points have been traversed. This will constitute a test run.

% P | - Lé L P P - sl ]
AT TCUSTIITOTLarTCOaSTy  willl raCbhitg iU TTOUZZIT

upstream arjd establishing isokinetic flow rate.

This seqience of actions should be performed as rapid-
ly as possibjle. As soon as sampling conditions are stable,
temperaturgs, pressures, and velocity head readings should
be recorded| and recording continued at 5 min intervals or
at intervals| consistent with the sampling time at each
point. It is[recommended that the first sample point be
the point of greatest insertion to permit quick warming of
the total sample probe and to facilitate probe removal
after the cpmpletion of sampling through each sample
port.

At the g
moved to t

ppropriate time interval, the sampler should be

e next sample point established for this con-
nection and the sampling rate adjusted for isokinetic rate.
Readings of temperature, pressure, and velocity heads
should continue at equal time intervals. The time interval
at each sampling point should be recorded, with the ap-
propriate repdings, on the sampling data sheet.

When th
completed,

e Jast sampling point at a particular test port is
timing should be stopped, the sampling flow.

After removal of the sampler from the final point,-and
after obtaining a final reading of sample gas volume,
manipulate the apparatus to recover quantitatively anly
loose sample in the nozzle ahead of the filter medium,

Extreme care should be exercised tg avoid contam
nation by extraneous material.

ot

After the sampler has cooled_ sufficiently to handle,
is recommended that the entires'sampler head or filte
holder and probes exposed-to-/the sample flow, properf
encased or plugged, be transported to the laboratory d
other clean working area’ for sample recovery (see pars
graph 4.5).

=

=

Sufficient replicate runs should be made to comply
with the pretest agreement on the number of, and agre
ment between, runs. An alternate procedure, having sp
cial advantages when reviewing test results, involves the
simultaneous operation of duplicate samplers so that each
sampler, starting at an opposite end of the transverse path,
covers the total number of sampling points in a run ovef-
lapping the opposite or duplicate sampler.

1
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SECTION 4 — INSTRUMENTS AND METHODS OF MEASUREMENT

.1 INSTRUMENTS AND THEIR USE

11 Necessary Instruments

The required instruments are described in this Section.
efore proceeding to select or construct instruments,
ose chapters of | & A dealing with these instruments
ould be consulted for detailed information. Many of the
equired conversion factors and corrections which have
ecome standardized will be found in these chapters of
& A (Reference [6], Section 7).

—_— g 3 ©n

The instruments and test apparatus requirements are as
follows:

(A) Standard Pitot tubes or other calibrated devices
fpr making gas velocity measurements in the gas stream.
(B) Sampling apparatus consisting of nozzles, sampling
probes and particulate matter collectors for proper sam-
pling of the gas stream and collecting the particUlate
matter entrained therein.

(C) Metering devices, usually orifices and/or'gas meters,
br determining the gas sampling rate and voftume.

(D) Exhausting devices for withdrawing the required

ghs samples.
(E) Thermometers or thermecouples with tempera-
yre indicator for measuring the jgas temperatures at the
impling locations in the gas'stream and at the orifices or
hs meters.

(F) Inclined manometers or gages of equal accuracy
for use with Pitot tibes in reading the velocity pressures.
.(G) Inclined ©t-vertical manometers or gages of equal
arl:curacy for indicating the pressure drop across the meter-
g orifices.

(H) Man6meters or suitable gages for measuring the
aticlpressure at discharge of the metering orifice.

(D~ Manometers or suitable gages for measuring the

—

v et

o

w

ture shall be 105°C minimum, higher if necessary, to meet

the requirements of specific sampling conditi

S.

(L) Orsat apparatus, or other instrimentation of equal

accuracy, for use in determining thelanalysis
gas. Such an analysis is required to permit

the sample
rrection to

design excess air or percent O3 basis and is|necessary if

gas flow rates are to be determined by combu
tions or other stoichignietric means. The Ors|
and its operation areidescribed in | & A, PT(
10, “Flue and Exhaust Gas Analysis.”

{M) Stopwatch with sweep second hand (d
timing deyices).

(N} Barometer.

(O)/Humidity measurement apparatus. T|
ment of humidity and the apparatus required
I"& A, PTC 19.18, Part 18, “Humidity Detern

Ilustrations of typical instruments and td
are contained in the Appendix.

4.12 Isokinetic Sampling

The sampling train can use either of two

the maintenance of an isokinetic sampling ratg.

(a) With the Pitot tube attached to the sar]
so that the sampling rate is continuously adjus
the variations of gas velocity at the point
This is the preferred procedure.

(b) With the Pitot tube traverse condu
iately prior to the actual sampling period fo
matter so that the sampling rates for isokin
pre-calculated. This procedure may be used if

ion calcula-
ht apparatus
19.10, Part

r equivalent

he measure-
s covered in
inations.”

st apparatus

methods for

npling probe
ed to match
bf sampling.

ted immed-
I particulate
etic flow are
the velocity

fluctuations are small. See paragraphs 3.54 and 4.33b.

The Appendix contains additional inform
kinetic sampling and aids for establishing and
isokinetic flow rates.

ition on iso-
maintaining

static pressure at the sampling location.

(J) A balance of suitable precision for weighing the
collected particulate matter samples.

(K) A drying oven suitable for removing moisture from
the samples and filters before weighing and a desiccator,
with fresh desiccant, to hold the samples and filters while
cooling after drying and before weighing. Drying tempera-

4.21 Filtration Section

The filtration section may be made up of the following

components:
(A) A nozzle of acceptable design. See
Appendix B.

examples in
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(B) A filter assembly, close-coupled to and immediately
following the nozzle, designed for operation within the
duct or stack gas stream.

(C) Where a back-up filter is used, it is preferably
close-coupled to the nozzle and the primary filter so as to
be completely immersed in the stack gas.

(D) Connecting tube (probe) between the filter(s) and
flexible hose leading to the sample flow measurement and
moisture measurement sections.

(E) As an alternative to the in-stack type filter, the

SECTION 4

tration, and the desired weight of sample. The quantity of
gas required to produce this weight is calculated from the
expected particulate matter concentration and the desired
sample weight. The size of the nozzle is calculated to give
the same velocity to gases entering the nozzle as exists in
gases passing the nozzle (isokinetic flow). The nozzle
diameter should be as large as possible and should be of
sufficient size to secure, within a reasonable time, samples
large enough for accurate computation of particulate mat-
ter concentration. Nozzles smailer than 0.2 in. diameter

primary ﬁlltﬂ_fwﬂh—b'a'bkvp ﬁ:tcl, if quu;lCd) nray be
placed outfide the duct or stack where temperature con-
ditions or Jampling site configuration prevents the use of
an in-stack| filter and appropriate precautions are taken.
See paragraph 4.3. Where temperature conditions require
external sample filtration, the sampling probe and tubing
and the filering system should be maintained at a tem-
perature wgll above the acid dewpoint or at sufficiently
high tempegrature to prevent condensation in the sample
flow path tp the filter and on the filter.

4.22 Flow

The flow measurement and control section includes
means for|continuously monitoring isokinetic sampling
rate and fpr measurement of the total quantity of gas
sampled. 1t can be comprised of various combinations of
the followjng components as diagramed in Appendix C
and discussed in paragraph 4.3.

(A) Condenser, or impingers in an ice bath, following
the filtration section for the condensation of water vapor.

(B) Desiccator, containing desiccant such as silica gel
or Drierritg immediately following the condenser sectian.

(C) Intggrating gas meter immediately following the
desiccator.

(D) Intggrating gas meter following the airtight pump.

(E) Orifice flowmeter, in place of integrating gas meter,
ahead of vdcuum source.

(F) Orifice flowmeter located after an airtight pump
and used ir] conjunction with (C).er{D) above.

(G) Vaduum source, to induc¢e’sample flow, which may
be either a

Measurement and Control Section

devices ang

are not recommended except 107 special conditions_suich
as high gas velocities. Typical nozzle designs are show|in
Appendix B.

4.32a Filter Location and Design

In a low volume sampling train, the ‘in-stack filter K
advantages over all configurations“and is largely free
disadvantages. Therefore, it isqthe preferred method
filtration. (See Appendix A.)

as
of
of

If, due to excessive gas(temperatures or for other r
sons, it is necessary to)locate the filter outside the
stream, special precautions are necessary to prevent err
due to condensation of sulfuric acid (acid dewpoint) or
water (aqueolss dewpoint) in the sampling probe and/or
the filter “assembly. This can cause corrosion problems
and/or_(esult in the formation of “psuedo-particulate
matter” which is not present in the gas stream at the
sampling location.

Ea-
bas

rs
of
in

The quantitative recovery of the particulate matfer
which is deposited in the sampling probe and in the tubing
(if used) between the probe and filter presents major
problems. Great care is required to insure complete fe-
moval without loss or contamination. The particulate mjat-
ter removed from the probe and tubing between the nozgle
and the filter must be added to the particulate matfer
removed by the filter(s) in the determination of the tojtal
quantity of particulate matter in the gas sample. In these
manipulations, the potential for error greatly increapes
with increased length of probe and tubing.

pump or aspirator. L. L. . .
(H) Terhperature ap@ Pressure gages on the metering The following is a listing of precautions which must|be
on the cohdenser taken when exterior filters are used.
Recommended “arrangements of these components in (2) The sam_ple probe and sample tubing from the npz-
the sampliflg systems are illustrated in Appendix C zle to the particulate matter collector should be smoqth
'l ) with no interruptions. The probe should be fabricated
fIUIII o Illﬂt\/l ;a: Wh;\/h ;3 thb IIIUDt \/Ulllpl\vt\rl‘y I\JJE to

4.3 DISCUSSION OF SAMPLING TRAINS AND
THEIR COMPONENTS
4.31 Sampling Nozzle

The nozzle size is based on measurements or estimates
of gas velocities, the expected particulate matter concen-
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corrosion or reaction in the environment being tested to
avoid contamination of particulate matter which settles
out in the probe. Similar precautions should be taken in
the selection of sample tubing.

{b) It is imperative that the temperature of the gas
sample be maintained at or above the dewpoints {aqueous
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and acid) or at the gas temperature at the sampling point
location until it passes through the particulate matter col-
lector(s). This requires that the portion of probe and
tubing external to the stack or duct be heat insulated and
provided with means for controlled heating. See Appen-
dices A, B, and C.

(c) A temperature measuring device is required, so
installed that it provides a true measurement of gas tem-
perature through the filter. The temperature must be con-
tinuously monitored and recorded to insure satisfactory

ANSI/ASME PTC 38 — 1980

Furthermore, the filter material must be completely
unreactive in respect to both the particulate matter and
the gas to avoid contamination of the sample. Chemical
reactions of acid gases with the particles or with the
alkaline filter fibers can “create” particles. With filters
having mean fiber diameters less than Tum, the absorption
of water vapor can be rapid and appreciable during
handling. Filter media which may possess catalytic proper-
ties in respect to the oxidation of SO, should be avoided.
(See Section 7, References [23} and [24].)

pel"[uuuanuu of—the hcat;lls System i llla;llta;ll;lls tire
requiired gas temperatures.

) Extra care is required for the quantitative recovery
of garticulate matter which is deposited in the probe and
tub{ng. Flushing the interior with acetone, water, or other
liqulid is an uncertain technique for quantitative recovery.
Thel procedures most appropriate to the sample and the
sampling apparatus used must be carefully conducted to
remove the deposited sample as completely as possible
without contaminating it with extraneous material on the
ling train or in the atmosphere. Experience has indi-

catqd that particulate matter recovery problems can result

n ‘“uncertainty factor” of considerable magnitude,
espgcially with long probes.

he high volume sampling train also employs an exter-
jor filter, but is less vulnerable to the condensation prob-
lemf cited above. See Appendices A, B, and C.

4.3%b Particulate Matter Filter Design

he filtering material is usually made in thimble, flat-
disk} sheet, or bag form so the particulate~-matter can be
retalned in or on the filter for drying and weighing. Fiber
or s|ntered ceramic or metallic thimbles.are manufactured
in relatively small sizes with a filtéring capacity of 0.5 to
1.5 pu ft per minute. Flat disks, sheets and bags can be
made of any size, their only limitations besides strength
that they shall be-of fine enough porosity to give
the fequired filtering effisiency, large enough to keep the
resistance to gas flgw.within the limits of the exhausting
devite, and small enough to permit accurately determining
their increase i Mass as a result of the particulate matter
caught. Sinéeit’is difficult to control the moisture content
of fhbric:filters, it is important to make the ratio of the
masy o the filter to the mass of the particulates caught as

The filtration efficiency of the filter shall-be
to ensure that at least 99 percent by mass of-all
matter in the filtered sample is retained“on the filter.
Selection and designation of the filtes media $hould be
based either on the certified filtration efficienpy of the
filter or upon the actual demonstrated performahce of the
filter under equal or more severe filtration efficigncy tests.
The final selection of acceptable filter media shall be a
matter of mutual agrecment by alf parties concerned.

adequate
articulate

The filtration efficiency of a particulate filtgr media is
a function of both the nature and concentratipn of the
particulate_dtter concerned and of the duratiop and rate
of sampling: Hence, arbitrary assignment of {filtration
efficiency” ratings to a particular filter media, based upon
some.specified rating procedure, can be very misleading.
ltvjactual sampling practice, the true filtration pfficiency
achieved is usually far greater than would be indicated by
the nominal ““filtration efficiency”’ rating assigrfed to the

filter media. This subject is thoroughly disfussed in
Appendix D.
433 Gas Flow Metering
4.33a Gas Flow Metering Devices
Gas flow metering devices can be located at|any con-

venient place in the sample system downstream of the
filter device(s) provided:

(a) Gas tight connections are maintained be
nozzle and the metering device.

{(b) The device is installed to minimize turbu
1 & A, Part 5, Chapter 4).

(c) The exhauster isairtight when the measur
is located downstream of the exhauster.

ween the
ence (see

ng device

small as possible.

Keeping this mass ratio small is very difficult if the par-
ticulate sample is taken downstream of an extremely high
efficiency collector. Accordingly, in such a case it is par-
ticularly important to select a filter having the least initial
mass which is practicable.
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{eh—Any—condensationprior—to—the—device—tsmeasured
and compensated for.
(e) Gases are dry entering the metering device or a

moisture correction is determined.

The dimensional unit “micron,” abbreviated “‘u,’ refers to a
dimension of 1.0 X 10 meters.


https://asmenormdoc.com/api2/?name=ASME PTC 38 1980.pdf

ANSI/ASME PTC 38 — 1980

4.33b Regulation of Sampling Rate

The rate of sampling is usually adjusted, by a valve in
the sampling system suction line, to maintain isokinetic
sampling conditions. A Pitot tube near the sample poiat
indicates gas velocity in the duct and a flow measuring
device in the sampling system provides data to indicate
the velocity in the nozzle.

Non-isokinetic sampling that deviates from true iso-
kinetic conditions by more than = 10 percent is permissible
only upon_the mutual agreement of all parties With all

SECTION 4

An indicating flow rate meter may be used with an
integrating meter, and the flow integrated by time.
Accurate time and flow rates must be used to ensure inte-
gration of the various flow rates over the test run.

4.33c Use of Metering Devices

All indicating flow meters installed in the sampling
lines, for use as a guide in regulating the sampling rate or
for measuring the quantity of gas sampled, shall be cali-
brated with a test device traceable to a National Bureau of

particles ;Lresent in the gas stream less than 3um in diam-
eter, devigtions from isokinetic up to * 30 percent may be
acceptable by mutual consent. It is recognized that when
the diamdter of the largest particles present do not exceed
1um, errgrs in sample weight and composition resulting
form nontisckinetic sampling rates are usually negligible.
Hence, when this condition exists, non-isokinetic sampling
may be cdnsidered for special circumstances by the mutual
agreement of all parties concerned.

In situfations where the velocity fluctuations are rela-
tively smdll, a velocity traverse may be made immediately
prior to the sample traverse. This method is acceptable for
use in estpblishing isokinetic gas sampling rates if the gas
flow of the process is constant within a deviation of
* 10 pergent for the time duration of the Pitot tube
traverse when compared to the particulate sampling per-
iod. Congtancy can often be concluded by reference to
the operafing characteristics of the process and its exhaust
fan. This ¢an be further substantiated by process recording
charts and by monitoring of fan and process draft readings.

If thesp records are not readily available, a menitor
Pitot tubg may be inserted at the representative position
at the test|location and velocity heads recorded-at periodic
intervals dluring the sampling period. These\periodic gas
velocity measurements can be compared_to single point
readings optained during the traverse period, and isokinetic
rates adjusted based on the single-point values.

Most gas meters have dials indicating /2 to 1 cu ft.
These are[not considered practical for use in maintaining
isokinetic|flow rates inmducts with varying velocity pres-
sures. However, gas«meters are available which have dials
which read to 0.02 cu ft and these can be used with a
stopwatchl to maintain isokinetic flow rate.

Instantpn€ous flow rate indicators, such as differential

Standards flow measuring instrument. 1t is not sufficieftly
accurate to use average handbook values for thé)¢ogffi-
cient of discharge when the orifices are smallpThin-p|ate
orifices are usual, although thick orifices witlDwell-rounfled
inlets may be employed if desired. The_size) of the orifice
depends on the rate of sampling. In general, the orifice
should be small enough to give a deflection which car) be
read accurately on the type of manometer used and [yet
not so small that the addedwpressure drop will adversely
affect the operation of theZexhausting device. If desifed,
the orifices can be sized t6 be used with the same incliped
manometers as the Pitot tubes. For instructions regarding
the design, installation, and use of these orifices, refef to
I & A Part 5Chdpter 4, ““Flow Measurements by Mdans
of Standardized Nozzles and Orifice Plates,” or refef to
PTC 19.53/1972, “Interim Suppiement on Instrumgnts
and Apparatus.”’ The metering device can be located at
any convenient place provided the precautions mentiohed
herein are taken. When gas meters are used they shall be
calibrated at the beginning and end of the test series ind
whenever there is an indication that calibration may have
changed. Upon completion of each test, after remova| of
filter, it is recommended that the sampling train| be
purged with clean air to recover all moisture in the tfain
and ensure that corrosive flue gas does not remain in [the
train and gas meter. Flow indicators should be periodichlly
checked for cleanliness and recalibrated at appropr|ate
intervals.

4.34 Flow-Inducing Devices

The type of exhauster or vacuum producer is immdter-
ial so long as it has adequate capacity. Blowers which pro-
vide a steady suction pressure and flow as well as |air,
water, and steam ejectors have been used. The selectiofi of
the exhauster for any particular test should be goverhed

manometers across an orifice, are preferred and should be
used with a graph or chart which relates gas velocity and
density to required sampling rate in order to reduce the
time required to verify isokinetic conditions. Sample flow
rate should be adjusted to maintain isokinetic conditions
throughout the run.
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0y ne most conhventent energy source available.

When the exhauster is located upstream of the mea-
suring device, the exhauster must be an airtight device to
eliminate leakage of air or other fluids into the sample gas
flow. Specially constructed leakproof equipment is avail-
able for this service and is preferred. Reported errors are
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usually less with gas meters following these pumps than
with gas meters operating under high and varying suction
conditions.

4.35 Manometers

The manometers used with the Pitot tubes shall be of
the inclined type graduated to 0.01 in. Magnehelic gages
of comparable accuracy may also be used provided that
initial calibration checks are performed. The same type
can be used for the orifice differential pressure reading if

ANSI/ASME PTC 38 — 1980

moisture in the flue gas. On systems such as wet scrubbers,
other means must be used for flue gas moisture deter-
mination — such as a condenser system or an aspirated
psychrometer.

4.37 Thermometers and Thermocouples

Thermometers, thermocouples, or thermistors are
permitted under this Code if used in accordance with | &
A, 19.3. If thermocouples are used in conjunction with a

the tIfrifices are proportioned to suit. Inclined gages,
whether filled with water or some other liquid, shall not
requlre special calibration if a gage of standard manufac-
ture |is used. For description and use of manometers and
Pitotl tubes, refer to Test Codes for ‘““Compressors and
Exhdusters” (PTC 10); “Fans” (PTC 11), (to be pub-
lishefl); and | & A, PTC 19.2 “Pressure Measurement.”
When using manometers containing a liquid other than
watef, care shall be exercised that the density of the
liquid during the test is the same as during calibration.
Corrgction for the density of such liquids for tempera-
ture |is often appreciable if the atmospheric temperature
diffefs greatly from 68°F. When necessary, the tempera-
ture porrection for density shall be applied.

If] the metering orifices are designed to give a large
defldction, water-filled vertical manometers may be used
to measure their differential pressure. Similar manometers
can be used to measure the pressure drop across the dust
sepafator and the static pressure in the flue. The static
presqure at the discharge of the metering orifices shall be
meagured with manometers. The divisions of any vertical
manpmeter scale shall be checked against a @machinist’s
scald. Sometimes scales graduated to read)‘pressure in
inchgs of water are used with other liquids. If a barometer
is a\:Eilable, it should be read; otherwise a value of 29.92

in. Hg at sea level, corrected torthe-elevation of the test
poinft, shall be used.

4..3‘6 Condenser

1 the dew point.of the gases is above the metering
temperature, a candenser should be employed, to prevent
condensation, ii~metering devices. The condenser must
have| sufficient storage capacity to hold the total liquid
accumulation for a complete test run. The temperature of
gase$ leaving the condenser must be measured, since this is

pyrometer—ot putwut;uuwt\n, & uumpaﬁﬁeﬁ'eh‘efk with a
mercury thermometer or calibration with,\a)[standard
thermocouple is advisable.

When thermal stratification of gasés is evidpnt, it is
recommended that the temperature of-the flue gap shall be
recorded at each sampling location<The temper{fure mea-
suring device employed shall‘be attached to the Hitot tube
in such a manner as not tolinterfere with the endopenings
of the Pitot tube. Flue-gas temperature as recprded or
monitored by process instrumentation shall not Ye used in
sampling calculations, but shall provide a chedk to the
measurements at'the test location.

44 MEASUREMENT OF GAS VELOCITY

441 Pitot Tubes

The Pitot tubes used for measuring the gas velocities in
the duct shall be of standard manufacture and ceftified by
the manufacturer as to accuracy. Acceptable dé¢signs are
contained in “Flow Meters” (6th Edition) ang in PTC
19.5 — 1972. Other designs are acceptable proyided the
total and the static pressure serving apertures are properly
designed to yield a calibration factor of unity. A type of
velocity measuring device not meeting this critefion must
be calibrated under conditions simulating those df the test
over the full range of velocities for which it will bg applied.
Where gas velocity measuring devices are integfal to the
sampling probe, such devices must be calibrated.

4.42 Velocity Measurements

mine the
ling noz-
ermining

Velocity measurements are required to dete
sampling velocity at each point where the samy
zles are to be positioned and separately for de
the total quantity of gas passing the test section.|See para-

the saturation temperature of the gases, which, together
with the quantity of liquid water collected, may be used
to calculate the total moisture in the flue gases.

In systems where moisture in the flue gas is derived
only from fuel and air moisture, an analysis of a properly
obtained sample of raw fuel will allow determinations of
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graph 3.51 for the method to be employed in determining
the points where these measurements should be made.

The initial set of velocity pressure readings may be
taken after the gas flow and temperature conditions have
become steady, but before the start of the test run. These
velocity pressure readings, together with gas temperature
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readings taken at the same points, may be used in deter-
mining the proper sampling rate for each traverse point:

It is often advisable to locate a Pitot tube adjacent to
the sampling nozzle, for obtaining velocity pressure read-
ings during the sampling traverse and to establish sampling
rates on the basis of these readings. However, they should

be so spaced that induced turbulence does not cause.

errors (based on prior studies to determine possibie
turbulence-induced interaction between sample nozzie
and Pitot tube).

SECTION 4

4.5 FILTER HANDLING AND TREATMENT OF
COLLECTED PARTICULATE MATTER SAM-

PLES

4.51 Filter Handling

The filter media used during a test run must be oven
dried to a constant mass in a heating oven and desiccated
both before and after the run. The mass of sample col-
lected on the filter will usually be quite small in relation
to the mass of the filter. Therefore, it is mandatory that

Where [velocity measuring devices are integral to the
sampling probe, separate Pitot tubes can be used in a
traverse tp explore the cross-sectional area velocity pat-
tern and ¢btain a preliminary gas flow rate for check pur-
poses. It may require more gas velocity measurements to
obtain a t]:ue gas flow than by the positions specified for
representdtives sampling of particulate matter.

If the gas flow rate at the various sampling points in
the duct jremain reasonably constant, as determined by
the monitor readings, the initial set of velocity and tem-
perature readings by a separate traverse will suffice. If the
monitor Hitot tube readings change during the sampling
period, cgrrection to the isokinetic sampling rates must be
made, bajed upon the magnitude of the change. If any
question ¢xists during steady state processes that the gas
flow rate changed appreciably during the sampling period,
then a complete Pitot tube traverse should be repeated at
the concl]?sion of the test run. If the deviation between
the prior hnd concluding velocity traverses is greater than
10 percent, then the test run should be voided and an:
other run|conducted. In all cases, a partial traverse should
be made at the end of the run to verify that flowcondi-
tions have not changed appreciably. A spare Pitot tube
should bd available in case of damage or‘\trouble with
those in ube. See paragraph 3.11(d).

4.43 Time Measurement

Any agcurate clock or watch, with a sweep second
hand, is aflequate for thetime measurement requirements
of these tests. However, a stopwatch will provide greater

aiprecautions be taken to assure that there s o comthm-
ination of the filter media and/or sample or loss ofysample
during handling.

Filter specification data will generally-define the :[est
filter media for various test conditions: While the single
mat-type filter offers the benefit of low tare mass hnd
high filtration efficiency, there canc¢be handling problems
in high moisture content gas streams. The alundum thim-
ble is an effective inert filtercbut it has a high tare npass
and a potential for gas leakage around the edge (if imgro-
perly installed). Howeyér, if installed and used properly, it
will provide high collection efficiencies that are compar-
able to glass fiber* mat without the need for bacK-up
filters. The following suggestions wili ensure successful [use
of the thimble for many difficult sampling situations.

(1).Wse of a medium porosity thimble.
(2) Inspect thimbles for edge defects and squareness.
(3) All new thimbles that pass inspection should| be
vigorusly brushed, inside and out, with a hard bristle
brush.
{4) The edge of a new thimble should be lightly turped
on a fine sandpaper to insure good sealing, then cleahed
of sanding residue.
(5) New thimbles should be fired in a muffle furrjace
for initial stabilization processing prior to normal weighing
procedures to determine constant tare mass.
(6) New thimbles should be initially used only [for
high concentration particulate matter sampling. They may
be used for low concentration critical sampling aftgr a
minimum of two uses on noncritical or high concentration
samples.

accuracy and convenience. Not only shall a record be kept (7) Thimbles thus processed should be used mpny
of the dyration of each run, but the movement of the times before discarding or as long as they remain in gpod
sampling [trains\from point to point shall be kept on physical condition. Cleaning procedures should leave|the
schedule, andrany outage time for the sampling trains shall thimble in a “semi-blinded” condition which will proyide
be accuratety Tecorded. 1T gas flow rates are determined Z T pressuTe drop of 2 Hgacross a wettpre-

from an integrating gas meter, a stopwatch is a necessity.

Time recording should be coordinated between differ-
ent sampling locations and test personnel. This is especial-
ly important when relating test measurements to process
variables.
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pared thimble at normal sample gas flow rate.
(8) Two soft asbestos gaskets should be used to seal
the edge of the thimble in the holder.

While filter leakage has been found to be negligible
when the above procedures and precautions are applied,
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normal leak tests {with compensation for thermal ex-
pansion of the filter holders}) must be performed when
conducting sampling tests. Test the sampling system for
leakage under test conditions — verifying that no decrease
in vacuum occurs after a period of at least 1 min.

4.52 Weighing of Filters

Weighing with a balanced-beam chemical balance is
recommended for the processing of filter media before
and after sampling. The balance shall be capable of weigh-
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4.55 Total Sample Mass

The total mass of sample collected during a run is the
mass of the particulate matter collected on the filter or
filters used plus the mass of the dry residue obtained from
the evaporation of the acetone washings. A record shall be
kept of the individual masses as well as the combined mass
and this should be included in the test report.

4.6 SELECTION AND DESIGNATION OF INSTRU-

ingrtothemearest - my it isTecommended-thatone per-———— MENTATION—AND—METHODS OF MEASURE-

sor| be assigned to process and weigh all samples during
any given test program. The balance used shall be checked
pefliodically for the zero setting.

4.33 Drying of Filters

The filter media should be dried to constant mass in
a Heating oven at a temperature which will not exceed the
temperature of the test location. Heating for one hour at
105°C (220°F) is usually sufficient. Place the filter in a
degiccator, containing fresh desiccant, for at least 20
mif or until the filter media reaches ambient room tem-
perature before weighing. Keep the time period for
wejghing the filter as short as possible. It is especially
important that approximately the same weighing time is
usdd before and after each test and that the realtive hu-
miflity of the weighing area be similar.

4.54 Removal and Processing of Deposits in Sample
Probe

In most cases, the use of acetone rinsihg-(Reagent
Gride) is the most effective way to remove particulate
mdtter deposited in the sample probe even’ though this is
an|uncertain technique for quantitative sample recovery.
The minimum amount of acetogerequired for complete
rinsing of the probe and other sample-exposed surfaces
shguld be used. The removal)6f loose deposited particu-
latg matter and the rinsing operation should be so con-
dugted that the possibilities for sample loss and/or con-
tarpination are mifimized. Great care should be exercised
to [insure that _the Reagent Grade acetone used does not
betome contaminated in any way.

Collect-all loose particulate matter and acetone wash-

ings in_a’thoroughly cleaned sample container and seal for
tratspeﬁmg—&o—t-he—l-ab’ efatery-

MENT TO BE USED IN TESTS

This Code contains the information requined for the
proper selection of the instrumentation, methqds of mea-
surement, and the test procedures to be used fof obtaining
valid test results under varipus'test situations. Due to the
wide range of test situations which may be emcountered
and the limits of applicdbility of certain itgms of ap-
paratus and method~-of test, great care should be taken
in the selectionof\the appropriate apparatus arld methods
of tests to be used in any given test program.

Therefore; in the use of this Code in conjunction with
commercial agreements and air pollution control regula-
tions,\it is necessary that the appropriate tes{ apparatus
and-methods of test to be used are properly fesignated,
ofr, as an alternative, the mechanisms for their designation
are provided in the pertinent Contracts and Regulations.

In any case, as a consequence of the provis|ons of the
Contracts and/or Regulations involved, the test apparatus
and methods of tests to be used in a given tesf situation,
or, for a given category of test situations,[should be
clearly defined and agreed upon by all parties foncerned.

The following is provided for guidance and assistance
in complying with the aforestated requirement$ when this
Code is used in conjunction with commercial cpntracts or
air pollution control regulations.

4.61 Designation of Test Apparatus

While it is desirable to designate the appropriate type
of test apparatus to be used, it is practical t¢ provide a
feasible amount of leeway in respect to tHe detailed
design of all the components and their manngr of incor-
poration in the sampling system.

In the laboratory, transfer the contents of the sample
container quantitatively to a tared beaker and evaporate
to dryness at ambient temperature and pressure. Desic-
cate and dry to constant weight. Weigh and report results
to the nearest 0.5 mg.

Appendix C contains illustrations of basic sampling
system configurations which are recommended by this
Code for various normal applications. Options are pro-
vided, both in respect to the filtration section and the gas
flow control section of the train, to meet various test
requirements. Numerical designations have been given to
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each option. These can be used for designating the type of
sampling train to be used for particular test situations of
concern. This can be supplemented by additional require-
ments and/or guidelines as appropriate to the nature of
the test.

4.62 Designation of Methods of Test

After a study has been made of all the factors involved

SECTION 4

meaningful test results. The definition of the test program
should include, but is not limited to the following items.

{a) Operating conditions of the installation during the
tests.

(b) Number and duration of test runs.

(c) Number and location of sampling points.

(d) Methods for obtaining data on operating condi-
tions during the test.

(e) Supplementary test data required and the means
for obtaining such data.
ng

in conducting-a-test-on-spescific—installations—-orcategories
of process|equipment, under the desired operating condi-
tions, these factors should be utilized to define the nature
of the tes{ program which will provide the most valid and

(f‘) Procedures for handling test data and report
test results.
(g) Manner of interpretation of test results~for the

purpose of the tests.

19
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5.1

SECTION 5 — COMPUTATIONS OF RESULTS

This Section covers the computation of results and the preliminary

DENSITY OF DRY FLUE GAS

The density will be required in converting velocity

head of the gas to feet per minute (meters per minute) and

CF
ute

M (m3/min) to pounds per minute (kilogram per min-
or vice versa. The density of dry flue gas can be deter-

mimed from the constituents in the flue gas. With an

Ors
CO
is

N2
can
plig
the
the

pr
neq

Gay

Co
0,
N,

by
tio

at, the percentage by dry volume of carbon dioxide,
b, and oxygen, O, can be measured when a fossil fuel
burned (see PTC 19.10). The percentage of nitrogen,
is determined by difference. If complete combustion
be assumed, the volume fraction of each gas is multi-
d by its respective molecular weight (MW) to determine
MW fraction. The sum of the MW fractions is equal to
dry flue gas MW. When the gas being sampled is from-a

nolcombustion source, a knowledge of the constituents

ent is necessary to determine what equipment is

ded to measure the concentrations.
Fxample:
% by Vol. MW MW Fraction
3 13.5 44.01 594
5.2 32.00 1.66
81.3 28.02 22.76
3036  Avg. MW of
dry flue gas

The density, pg.is found by dividing the flue gas MW
the volume oecupied by one mole of gas at the condi-
n desired,

Dne_pound-mole (kg-mole)} will occupy 359.05 cu ft

computations needed to operate the testapparatus:

30.36
22.415 m3 [kg-mdl

or = 93458
m

@ 0°C and 101.325 kPa (760 mm Hg)

To adjust the density to any other temperature 7, and

pressure P, thecdensity previously calculated is
by the absolute temperature and pressure ratios

multiplied

DenSity “at desired conditions = Density at standard
conditions, multiplied by the temperature and pressure

correction factors below.

(32°F + 459.67°F) P in. Hg
(T+459.67°F) "3902n. ik
or
273.09°C P kPa
(T+273.15°C) *™ 101325 kPa

5.2 MOISTURE IN FLUE GAS

The moisutre in flue gas can be calculated
fuel analysis and the mositure in the air (refer t

from the
D PTC 4.1,

Section 7). There are two other prime mdthods for

determining the moisture in the flue gas. The

first is the

wet-bulb and dry-bulb method (see Fig. 5-1). Ifformation

on this method is found in Instrument and
Supplement (I & A), PTC 19.18. When using th
dry-bulb method, it is sufficiently accurate f{

-

A4¥5 cu m at 32°F (0°C) and 2992 in. mercury
1.325 kPa).
o 30.36 B Ib
Density = 359.05 72 flbmole 00840 7

@ 32°F and 29.92 in. Hg

Apparatus
e wet-bulb
0 use air-

water—vapor-humidity—eharts—Humidity—is—a—finction of

the molecular weight of the gas. Since the p
CO, in the flue gas slightly increases the MW

resence of
of the gas

there is less water vapor than determined with an air-water
vapor psychrometric chart. The water vapor pressure can
be calculated using wet-bulb and dry-bulb temperatures
and an equation developed by W. H. Carrier. This equa-
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GAS DUCT —>/_\<>

THIMBLE HOLDER N

PROBE
\ L

TUBING

C >

WET-BULB
THERMOMETER
] FLOW REGULATOR
{] SHUT-OFF VALVE
1in. /_
— Folk—li s —
L —— ] TO AR ASPIRATOR
1l [T OR VACUUM PUMP
51/2in.
le—— VACUUM GAUGE OR
: Hg MANOMETER
1 in.—-—|o—->ﬂ 3
Le'L > 0:0‘ U
0‘0‘
’ . 0
DRY-BULB 4——  S5in(——— :’:
THERMOMETER o 1/2in. SCH. 40 PIPE
X
/ :E: 3in.
)
wick ——1»is

P2

WATER RESERVOIR —/

LEAD WEIGHT —/ 1in. l

FI1G. 5-1 MOISTURE DETERMINATION — WET/DRY BULB METHOD

Notes: 1. Critical dimensions only given for Wet/Dry Buib Apparatus.
2. All tubing to be as short as possible.
3. The Wet/Dry Bulb Apparatus body must be provided with a wind barrier or insulation.
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GAS DUCT —J

THIMBLE HOLDER
PROBE "N

SLOPE TUBING

TO CONDENSER DIAL OR GLASS STEM
\ THERMOMETER

THERMO SHIELD

ICE & WATER

CONDENSER
BOTTLES

TUBING
ICE BUCKET

VACUUM GAUGEOR
Hg MANOMETER

GAS METER

FLOW REGULATOR /
SHUT-OFF VALVE

l

TO AIR ASPIRATOR
OR VACUUM PUMP

FIG. 52 MOISTURE DETERMINATION — CONDENSATE METHOD
Notes: 1. Laboratory condenser with accumulator may be substituted for bottles in ice bucket.

2. All tubing to be as short as possible.
3 Gas pump may be located before gas meter.

22
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tion is explained in detail in Vol. 33 of ASME Trans-
actions (see Reference [17], Section 7). The equation is:

SECTION 5

condenser. The percent moisture in the metered flue gas is
equal to the partial pressure of water vapor divided by the
total pressure multiplied by one hundred (100).

P
My =_Y¥x 100
Pva:va'(’Di'va)(Td'Tw) ' Pc
2800-1.3(7,,)
{From PTC 19.18) M, =percent water vapor in metered gas, by volume
. P, =saturation pressure of water vapor. in
P, =vapor pressure of water in the apparatus, inches at 7. )consistent

HG

vw = Safuration vapor pressure at 7, inches Hg, from
steam tables

P; =avprage total pressure at 7, inches Hg

T4 =dry-bulb temperature, °F

T,, =wet-bulb temperature, °F
M =pdrcent moisture by volume in the gas
M =Dk x 100
Pi
Examplg:

Total pressure at the wet-bulb thermometer is 27.64
in. mercuryl. The wet-bulb temperature is 120°F and dry-
bulb tempefature is 230°F.

(Pi _va) (Td - Tw)

Pva =Pty - 2800 <13 (7))

va

<

P, =345in.Hg

va
(R7.64 in. Hg - 3.45 in. Hg) (230°F - 1207F)
2800 - 1.3 x 120°F

P,, =2.44 in. Hg

:&44 in. Hg
M =364 in. Hg * 100
M =88%

Water vdpor can® also be determined by the condensa-
tion methold \(se€¢ Fig. 5-2). This method can be run in

P_. =absolute pressure at the exit of ; units
the condenser

T. =temperature at the exit of the condenser volu:[e
The dry gas volume metered is equal to. the)wet volune
M
measured by 1 - — .
uready 17 160

The volume of moisture colleCted in the condenser [is
usually measured in milliliters;:\Fhe density of water [is
equal to one (1) gram per milliliter at the condition of the
condenser. The volume of water collected is converted {o
the volume as a gas at the)conditions of the gas meter.

gm H,0 o Vi _

4536 gm/lb < 18

=cubicfeet of H, O vapor collected in condenser at
Q1. gds meter conditions

V3 =volume of Ib-mole at the gas meter inlet temperp-
ture and pressure

When a dessicant is employed at the exit of the cop-
denser to remove the remaining moisture, the mass ¢f
moisture is equal to the difference between the final and
initial dessicant mass. The mass of water is added to tE[e

mass of water collected in the condenser for determining
the volume of water vapor in the sampled flue gas. The
percent moisture in the flue gas sampled is:

(Q; +Q,) x 100
Qs +Q, + Qs

M, =percent water vapor in the total sampled flue gas
Q; =volume of water collected in condenser
Q, =volume of water in the metered gas

Qs =volume of dry gas metered

conjunction—witlrparticutate Tmatter sampiing or sepa-
rately. The temperature of the sampling line preceding the
condenser must be kept above the water dew point to pre-
vent condensation. The temperature (7,) of the gas at the
condenser exit must be measured if no desiccant is used.
Using only a condenser, the flue gas to the metering
device is assumed saturated at the temperature leaving the

23

Qs T Q; T Q7 = U, - volume ot wet gas sampied

5.3 DENSITY OF WET FLUE GAS

When the percent moisture in the flue gas has been
determined, the percent CO,, O, and N, on a dry basis is
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adjusted to a wet basis. This is done by multiplying

%H;O
~ 7100
N, . The percent moisture from wet-bulb dry-bulb exam-
ple is 8.8 percent water vapor.

1 times the dry gas percentage of CO,, O,, and

ANSI/ASME PTC 38 — 1980

P,y = static pressure in the duct
P,y = P, -P,,;=velocity head
py = density of the gas in the duct lbm/ft3

This equation is valid for 50 ft/sec (15.24 m/sec) and
below. Above this value, the flue gas compressibility at
the measuring device should be accounted for. When the

Gas % by Vol. Dry % by Vol. Wet MW MW Fraction . . al
- velocity pressure is measured in inches water gage, the
CO, 13.5x 0912 12.3 X 44 5.41 equation reduces to:
0O, 5.2x 0912 4.7 X 32 1.50
N 81.3x 0912 742 x28 2078 V, = 18.277vd fifsec, or 10964 gtphin
H{O 0 8.8 x 18 1.58 Pg Py
100.0 100.0 29.27

The average molecular weight of wet flue gas is 29.27.

The wet flue gas denisty if found by dividing the MW
byl the volume of one pound mole (kilogram mole) at the
conditions desired.

29.27

Density = 0w = 35573 /lbmol

= 0.0815 Ib,, /ft®

32°F and 29.92 in. Hg (760 mm
Hg)

29.27
22.415 m> /kg-mol

= 1.306 kg/m?

0°C and 101.325 kPa (760, mm
Hg)

or

VELOCITY HEAD MEASUREMENT AND VELO-
CITY READING

The velocity head meaSuring device should have a
fadtor of one (1). If not, then the device should be cali-
brated in the gas stream where it is to be used. The velo-
city head of a gasystream is the difference between the
total pressure (PpJ and static pressure {Py;) in the duct.
THe basic equation for velocity at a point (V) is found in
the¢ ASME publication on Fluid Meters, Sixth Edition,
page 105:

1 D

5.5 ISOKINETIC SAMPLING
When a gas meter is used{to measure total gps sampled,
an orifice meter shouldibé used as a quick means of adjust-
ing flow rate for isokinetic conditions. The offifice meter
should be designed:-"according to criteria in |[the ASME
publication on-Fluid Meters, Sixth Edition. The meter can
be calibratéd against the gas meter in the safne arrange-
ment tol be" used for testing. The calibration should be
done_at{five different flow rates.

K, = CFM x p,
K, = orifice coefficient
CFM = ft3/min of gas passing through ga3 meter
p, = density of gas, Ib/ft
h, = orifice differential, inches water gage

If only a gas meter is used, then the flow must be mea-
sured for ashort interval of time and the flow r3te adjusted
accordingly. When an orifice meter is used {o establish
isokinetic flow, the relationship of velocity head to
orifice differential is:

h o= Ap x 1096 2 T, +460 fs_ti

0 k, Pva Td+460 Ao

If there is an appreciable amount of water yapor in the
flue gas and a condenser is used, then the equption above

I'n y )
V, =96.26 ‘/ ‘tp.__;d’
d

v, flue gas velocity, ft/sec

= total pressure in the duct

24

should be corrected for the volume or mass Tow change

Ao = area of sampler nozzle, ft*> (m?)
Note: % in. or 3/8 in. diameter nozzles have
been found suitable for most tests
To = temperature of gas at orifice, °F
T4 = temperature of gas in duct, °F
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SAMPLER DIFFERENTIAL PRESSURE — in. Hy0

SECTION 5

0.10 0.15 0.20 0.25 0.30 0.40 0.50 0.60 0.80 1.00
030 ; T | T T T
0.25 % //
§ FOR GASES HAVING ANNAOVTEEHAGE MOL. WT. OF 30.000 1»////
_I 0.20 |— AND AT A PRESSURE OF 29.92I|NCHES Hg. /l /I < 7
E IR
S e | / 7 %/
oy &
g 0.10 A A ,/A,/A 10
2 / 7 / ~
z 0.08 A// / / 0.8
Z 4 =
0.06 / " é’/é 0.6 §
|
.
- = -~ Z
// /%é/ 04 &
L % /2 %/ | 2
[&]
A//lyéé____ 0.3 :Z(J
v |
sdo — l
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b= oY i oL sarn na —) 02
700 — [ + Rn
|
i ! Ll !
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SAMPLER DIFFERENTIAL PRESSURE — in. Hy0

FIG. 5-3 GRAPH FOR DETERMINING NOMINAL SAMPLING RATE
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P,y = absolute static pressure in duct, inches Hg
P,, = absolute static pressure at discharge orifice

inches Hg

The values of To, Ty, Psgr Psor Ao and K, are known,
or close approximations can be made, before testing
begins. A graph can be drawn relating orifice differential
(ho) to a constant times the velocity head pressure (P,;).

ANSI/ASME PTC 38 — 1980

where
Pyg = density of dry gas, Ib/ft3
Pug= density of wet gas, lo/ft3

The pounds of H,O per pound of dry gas are equal to

Wyg-Wy, - 1bH0
Wag Ib dry gas
56 II'AIEACIIDEI\ ELLIE CAC CAMDIEN ON A DRY
B MIOUVINLL T UL UMY JAVIT LW UiV 7y wiNTr Or
OR WET BASIS
X - X
A) When a gas meter is used, the volume sampled ona (Qug Png) - ’()Qdedg)
dry|basis or wet basis is explained in paragraph 5.2. dg © "dg
B) When the sampled flue gas is measured with a where
calibrated orifice in the portion of the probe within the
flug, the flue gas is measured on a wet basis. When the ori- W,g = total massof wet gas sampled, Ib
ficd is outside the flue it should precede any condenser, if Wyy = total mass of‘dry gas sampled, Ib
a wiet gas rate is to be measured. 3
Qyg = totalvolume of wet gas sampled, ft
A graph can be drawn (see Fig. 5-3) assuming a coeffi- ng = totdh volume of dry gas sampled, ff°

cient (K,,) of unity from the equation

G=vhyX pg

where
G = nominal gas sampling rate, Ib/min
h, = orifice differential, in. H, O
p, = density at the orifice, Ib/ft* @ 29.92(in. Hg

The nominal gas sampling rate multiplied by time
sampled at a point will be nominal gas mass'sampled. The
suh of the nominal gas masses of all the paints sampled
will equal the total nominal gasitnass (W,). The total
cofrected gas mass is:

57 PARTICULATE MATTER CONCENTRATION

The particulate matter concentration is determined
from the combined mass of the filter catch and recovered
probe deposits which make up the total mass ¢f the par-
ticulate matter in the quantity of gas sampled.

Particulate matter concentration is usually e
mass per weight of gas, mass per volume of gas, or mass
per heat input. A table in the Appendix lists factors for
converting from a mass per b basis to a weight ger volume

pressed as

basis or vice versa. When the concentration is expressed on
_ Pog a mass per mass basis, it is a ratio and can be expressed on
Wy = Kn x-Wyx 29.92 in. Hg any consistent unit basis Ib per Ib, gr per gm, [kg per kg,
h etc. When the particulate matter concentration is to be
where expressed on a mass per heat input basis, thel following
K, = nezzle coefficient for the sampler, See Fig. can be used.
53
Wig = total pounds of wet gas sampled
N !
P . = average total pressure at the orifice exit, in - nlsbm = Ib partlcunlaEaﬁTag/Ibfiry |gas x W, x 108
Hg LA%4 DDLU Utu[lU ATITCU TULlT
The pounds of dry base sampled (W) are bd
P Y g w' = OGS o pTC 4.1, Section 7.3.2.02)
9 Ib as-fired fuel
% H20\ ( pag Btu

o) (72)

de = ng (] -

26

o as-fired fuel, obtained from fuel analysis
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SECTION 6 — REPORT OF RESULTS

TANCE OF REPORTS

pf the tests conducted in accordance with this
rformed to obtain data on process emissions
rmance of emission control systems for opera-
breial, andfor regulatory purposes. Therefore,
and completeness of the test reports are of
mportance.

report may be subject to scrutiny with respect
re and conduct of the tests performed. The
jata will probably be correlated with the de-
erations of the emission source and emissions

control systems involved. Often, tests conducted for one

particular p|
formation d
was original

irpose are later utilized to provide useful in-
fferent in nature than that for which the test
y conducted.

6.12 The plrpose of this Section of the Code is to pro-

vide guidang
obtained du
formats for

e with respect to what information should be
ring the test program and to recommend the
recording this information and presenting it in

a suitable manner to meet the rigid requirements .cited

above.

6.2 REPORTS AND THEIR CONTENT

A propeflly conducted test pregram should culminate

in a final t4
matijon in a
rate as possi

(1) Reas
desired fron

(2) Des
with data ¢

st report which contdins the following infor-
well organized format - as complete and accu-
ble.

bon(s) forcenducting test and the information
the testwrésults.

ription of the emission source being tested,
vering both the source itself (e.g., boiler, in-

cinerator, etc.) and all equipment which may directly or
indirectly affect test results (e.g., electrostatic precipitator,

fans, etc.).

(3) Operating conditions of the emission source and
all the other equipment and systems listed above, includ-
ing the nature and flow rates of all material consumed
and/or emitted during the test period.

27

(4) ldentification and description of the sampling
train and test procedures used with information regardi:]g
the basis of their selection.

(5) Outline of the manner in which the tests. were cor
ducted with commentary on any deviation from normal
action which may have been necessary, Incliide calibratio
procedures.

(6) Test results — both the detailed tabulation of daf
taken during the test and the«calculated test results of
tained therefrom.

(7) Summary of test¢esults correlated with pertinerjt
operating data and other factors involved. Commentary
on the test resultssand their significance may or may nqt
be required, dependént upon the nature of the test assign-
ment.

=

[

6.3 . RECOMMENDED REPORTING PROCEDURES

o

The following is presented as a guide for obtaining an
presenting the data necessary to fulfill the test objective
These recommendations apply to a typical emission te
program. The great variation in the nature and condition
of any specific test program may necessitate deviatig
from these recommended procedures. However, in dll
cases, the reporting procedure should be so planned an
carried out as to achieve the requirements of the abo
stated criteria for the final test report.

5w o+

o O

6.31 Presurvey Report

_In order to properly plan the test program, a prelini
nary survey of the emission source and the test site shou
be made. The information obtained during this presurve
should provide considerable help in the selection of th
proper testing procedures to be employed and the pr

The presurvey should include the acquisition of data
on the design, operation, and physical arrangement of the
emission source and the related equipment of concern,
This data can be obtained from a study of pertinent de-
sign and operating data available from the owner, opera-
tor, and vendors involved plus actual inspection of the test
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area. The availability and usefulness of installed instru-
mentation, including meteorological, should also be inves-
tigated.

The use of a questionnaire or presurvey report form,
suitable for the type of emission source involved, can be
very helpful. Samples of such forms for combustion
sources, incinerators, and industrial processes are shown in
Figs. 6-1, 6-2, and 6-3 of this Section. These forms should

be augmented by appropriate process flow diagrams and
scaled—plan and—elevation—drawings of the equipment in-

ANSI/ASME PTC 38 — 1980

(2) Settings and readings of all controls and instru-
mentation, both electrical and mechanical.

(3) Observations regarding the actual operation of the
equipment involved — e.g., removal of fly ash from the
precipitator hoppers, maifunction of voltage controls, air
and gas leaks, etc.

(4) Meteorological data which may bear on the test
results or which may bear upon the visual indication of
emissions and their transport from the source into the am-
bient atmosphere.

v(
d
sh
P4
tH

lved, including the actual sampling site. A cross section
awing of the duct or stack at the sampling location,
owing exact location of sampling ports, should be pre-
red. Actual sample point locations should be added to
is when determined.

32 Gas Flow Measurement, Sampling, and Analytical
Data

The wide variation in the type of source to be tested,
tHe nature and conditions of the test, and the test proce-
duires employed necessitate a wide variation in the format
the data sheets and report forms required. Typical
fgrms for gas velocity and volume data, field sampling
mleter data, and analytical data for the samples collected,
fyel burned, etc., are shown in Figs. 6-4, 6-5, and 6-6, re-
sectively.

Q

The data taken should not be limited to only that
which may seem essential to the current objectives @f'the
tgst program. Any supplementary data and observations
which may later be useful should be included, to the maxi-
mum extent practicable.

33 Operating Data

Again, the wide variation jn\the type of source to be
tested and the nature and.conditions of the test necessi-
tate a wide variation in the-format of the forms needed to
rdcord and report operating data. Typical forms for
ilers, incinerators,.and industrial processes are shown in
gs. 6-7, 6-8, and-6-9, respectively. These forms should
b¢ supplemented by similar forms covering the detailed
operating data for the other systems and equipment in-
vglved «n\the test — emission control systems, gas flow
sylstems) etc.

m o

6.34 Calculations

The calculation procedures used)to compute the final
test results are an important part of)a test repart. The test
procedures used, the conditions_of the test, and the com-
putation facilities available/Can'vary greatly andl will deter-
mine the methods of caleulation and their presentation in
the report. The calculation section of a test|report may
vary in format — ranging from a computer prirftout of test
data and calculatéd results, accompanied by pn example
of a typical sévof calculations, to a complete|set of man-
ually performed calculations presented on pppropriate
forms<{Oné such form is shown in Fig. 6-10.

The primary criteria in presenting all or representative
calculations in a test report are that the nomenclature and
units of measurement used are defined and that the source
of all input data, unfamiliar formulae, constanits, and con-
version factors are clearly indentified. Sectign 2 of the
Code contains a Table of Terms which should be utilized
to the maximum extent possible in the tabuldtion of test
data and the calculation and presentation of ftest results.

6.35 Emission Data

Both a detailed report of the calculated emission data
obtained during the test and a summary of the emission
test results, correlated with pertinent operafing param-
eters, are usually required in the final test regort. A typi-
cal form for presenting detailed emission data from a com-
bustion source is shown in Fig. 6-11 and a typical form
for presenting a summary of emission test datg, correlated
with pertinent operating data, is shown in Fig| 6-12. Both
are subject to considerable variation to meet [the require-
ments and conditions of a specific test progra

Where emission controt Systems are invoived, such as
electrostatic precipitators, complete operating data should
be taken. For example, in the case of electrostatic precipi-
tators, the data obtained should include {but not be limit-
ed to) the following:

(1) Physical condition of equipment during and prior
to the test period.

28

6.36 Responsibility for Test Results

Depending upon the nature and requirements of the
test program, it may be necessary to assign the responsibil-
ity for obtaining valid test data and preparation of the re-
ports to a specific party or parties. If this be the case, the
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F1G.6-1 SAMPLE PRESURVEY FORM FOR COMBUSTION SOURCES

Name of Company.

Address,
Phone Person to Contact
Date of Survey. By.

Y

Entry Requirements

Location and Designation of Boiler to Be Tested

Capacity. 103 1b
steamfhr

4

Type of Boilg

Type of Fue Steam Pressure psig

Btu Valu Steam Temperature P F

Sulfur Contept, % by Weight

Fuel Compodition-Proximate Analysis

Fuel Compodition-Ultimate Analysis

Type and Effiiciency of Air Pollution Control Equipment

Is Fly Ash Rginjected?

Collection E fficiency, %

Approximate|Opacity of Stack Gases, %

Normal Range of Steam Fluctuations To

Can Constanf Load Be Maintained?

If So, How Long?

Conditions Upder Which Boiler Can Be Tested:

Maximum] Steam Load

Expected [Fuel Rate

Can This Be Measured?

Excess Aif Rate

Ash Withdrawal Schedule

Soot Blowing Schedule

Provide complete sketches of entire boiler and flue gas ducting. Indicate proposed locations of test points, sampling port size, location of
fans, location of pollution control equipment, obstructions at sampling site, necessary scaffolding, final exit stack dimensions, location of
electrical power, and type of sockets.

(Reference [30], Section 7)
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FIG. 6-2 SAMPLE PRESURVEY FORM FOR INCINERATORS

Name of Company.

Address
Phone Person to Contact
Date of Survey. By.

Entry Requirements

Logation and Name of Unit to Be Tested

Type of Incinerator.

C

1Y)

pacity, tons/hr

Type of Air Pollution Control Equipment

Collection Efficiency, %

Nofmal Charging Rate

Hol Is Charging Rate Measured?.

Operating Schedule

Type and Quantity of Auxiliary Fuel

Exgess Air Rate

Overfire and Underfire Air Rates.

Temperature of Flue Gases at Proposed Test Points

-

Prdvide complete sketches of entire incineratdr and flue gas ducting. Indicate proposed locations of test points, sampling pqrt size, loca-
tioh of fans, location of pollution control equipment, obstructions at sampling site, necessary scaffolding, final exit stack dimgnsions, loca-
tioh of required electrical power, and type ‘'of socket.

=)

Additional Desirable Information:

Refuse Analysis, if Available

Approximate Opacity\ef/Stack Gases

Normal Variations'in Charging Rate

Residue, Removal. Method

Schedule

Where and How Temperature Are Measured Through Sysiem

(Reference [30], Section 7)
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FIG.6-3 SAMPLE PRESURVEY FORM FOR INDUSTRIAL PROCESSES

Name of Company

Address
Phone Person to Contact
Date of Survey By

Entry Requirements

Type of Process

Location of| Process

Operating Sichedule

Process Deskription

Process Feeld Rates

Expected Emissions
Type Concentration Quantity

Type and Effficiency of Air Pollution Control Equipment

Opacity of Exit Gases

Expected Sfack-Gas Parameters at Test Location

Temperature, °F

Pressure}, psig

Volume| acfm

Composjticn, % H, 0
%N,
% O,

Ambient Cq@nditions at Test Site{s)

Temperjture

Noxioud Gases

Weather|Protection

Requirefl Safety Gear

Provide complete sketches of entire process and exit gas ducting. Indicate proposed locations of test points, sampling port size, location of
fans, location of pollution control equipment, obstructions at sampling site, necessary scaffolding, final exit stack dimensions, location of
electrical power, and type of sockets, location and nature of water supply.

(Reference [30], Section 7]
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FIG. 6-7 SAMPLE FORM FOR BOILER OPERATING DATA
Test No. Date
Name of Company.
Location and Description of Boiler.
Type of Boiler. Capacity. 1000 1b
steamyhr

Type of Fue
Date Recordgr.
Time
Fuel Rate
Steam Rate

1000 lb/Hr
Combustion % Excess Air

Air Rate, Flue Gas Analysis:

1000 Ib/Hr % O,

% CO,

Steam Pressufre
Steam

Temperatjure
{.D. Fan, rpn Firing Data:

QilPressure (if oil fired)

1.D. Fan, amps Oil Temperature {if oil fired)

Pressures, in/H, O

Furnace
Collector
1.D. Fan
Plume Opaci
Fuel Compo
Btu/lb
% Moistu
% Ash
%S

% Volatil

Dutlet
Inlet
nlet

y

ition (As Weighed),

[¢d

Matter

Burner Tilt
Windbox Damper Settings

Ultimate Fuel Analysis

% Fixed

arbon

{Reference [30], Section 7)
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FI1G. 6-8 SAMPLE FORM FOR INCINERATOR OPERATING DATA

Test No. Date

Name of Company.

Location and Designation of Unit

Type of Incinerator

Type of Control Equipment

Tygpe of Grate

Grate Speed

Type of Refuse Burned

Approximate Moisture Content

Dafa Recorder

X Primary Chamber Draft Secondary Chamber Plume i.D. Fan
Material
Charged, Overfire, Underfire, Draft, Temp., Opacity
Time Ib in.H,0 inoH; 0 in.H,0 °F % rpn amp
Tot. Tot. Avg. Avg, Avg. Avg. Avg.
% of-FimeAfterburnersArein-Operation H-trsed Plrme-Observers
Fuel Rate to Afterburner if used. Certification:

(Reference [30], Section 7)
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FIG. 6-9 SAMPLE FORM FOR PROCESS OPERATING DATA

Test No Date

Name of Company.

Location and Description of Process

Capacity and Characteristics of Process and/or Product

Raw Materials

Fuel Used

Time

Raw Material| Feed Rate

Fuel Rate
Reactor Temperature
Reactor Pressure

Product Rate
Sidestream Rptes

Recycle Stregm
Rates

Exit Pilume
Opacity

(Reference [30], Section 7)
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Plaj

Ru

Location

Me

l.eakage Volume

Net

Average Meter Temperature, 7,

Sta

Qb =177 % @, x P, =177 X

EqJ

Totpl Sample Volume, Q; = Qs + Q, =

Par

Par

Par

dry

wh

Em

Ib/H

wh

% |

<

ANSI/ASME PTC 38 — 1980

F1G. 6-10 SAMPLE FORM FOR SAMPLING CALCULATIONS

nt No.

Calculated by

n No.

Checked by

Date

ter Volume

sa

(Leakage rate X

pling time)

Sample Volume, Q,, ft®

°F + 460

dard Sample Volume,

ft?

Tm

ivalent Moisture Volume, Q,, =

scf (Fig. 6-6)

+

scf

iculate Sample Weight, Wp = gr (Fig. 6-6)

iculate Concentration, C =

grfscf

iculate Concentration,

100 _
100-W —
W = % moisture in flue gas

basis Cy = C X gr/dry scf

re:
ssion Rate,

r, E=C X Qg X 0.00857 =
re: Qg total flue gas flow rate in ft3/mijn

X 0.00857

okinetic, / X 100 =

= Ib/hr

%

Ys
I
530

Q;

29.92
t X A,

X
Pp

X

re:

sample time, min
area of sample nozzle, ft?
stack-gas velocityy ft/min (Fig. 6-4)

(Reference |

30], Section 7)
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SECTION 6

FIG. 6-12 SAMPLE FORM FOR SUMMARY OF EMISSION TEST DATA
Test No.
Date

Name
Address

Process Tested

ANSI/ASME PTC 38 — 1980

1. Sampling Station

2. Material Collected

3. Operating Condition

4. Avg. Flue Gas Velocity,
ft/min

5| Avg. Flue Gas Temp.,°F

6| Area of Duct, ft?

7] Gas Flow Rate, scfm

8] Sampling Nozzle Diam.,

in.

91 Avg. Meter Sampling Rate,

ft3 /min

10| Testing Time, min

11| Avg. Meter Temp., °F.

12| Sample Gas Vol.—
Meter Cond., c?

13| Sample Gas Vol.—
Standard Cond., scf

14| Water Vapor
Condensate, ml
Volume, scf

15] Total Sample Gas

Volume, scf

16 Weight Collected,
grams

17] Total Weight, g

18] Concentration, gr/scf

19] Concentration, gr/scf
@ 12% CO,

20] Concentration, %

by volume

21] Concentration, ppm
by volume

22 Emission Rateyib/hr

COLLECTOR EFFICIENCY

23] Madterial to Collector,
ofbr

24. Loss to Atmosphere,
Ib/hr

25. Efficiency, %
Test Conducted by

Analysis by

Calculations by

(Reference [30], Section 7)
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final test report should be certified or validated in a man- In all cases, the final test report should clearly identify
ner appropriate to the circumstances involved and in ac-  all the personnel and organizations involved in the con-
cordance with the mutual agreements of parties concerned.  duct of the test and the determination of test resuits.
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SECTION 8 — APPENDIX

8.1 INDEX TO APPENDIX

Designation Subject
A Design and Selection of Sampling Trains
B Sampling Probes and Particulate Matter Collection
Apparatus

Particulate Matter Sampling Systems

Filtration Efficiency of Filters for Fine Particulate

Matter

E Sampling in Low Velocity Gas Streams

F Particulate Matter Collection and the Effect of Con--
densed SO3

G Typical Gas Velocity and Particulate Matter Concen-

tration Profiles

H Methods, for Determining Number and Location of
Sampling Areas

[ lastrumentation for Determining Gas Velocity
J Design and Construction of Field Operating Graphs
K Graphs and Tables of Useful Data

Sl System for Units of Measurement

APPENDIX A

DESIGN AND SELECTION OF SAMPLING TRAINS

A wide variety of apparatus assemblies can be envi- ience as to portability, assembly, and handling during
sioned, all of which would be equally capable of accurate operation when used in a wide variety of sampling situa-
sampling of particulate matter in a normal gas stream. The tions and in their relative potential for inducing accidental
differences between them will be in their relative conven- or systematic error.
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individual preferences, based on personal familiarity
with a particular apparatus or other subjective criteria,
will have some influence in the selection of sampling
apparatus. Nevertheless, there are important differences of
a practical nature between them which are important to
recognize. These are set forth in the following compari-
sons of the three principal categories of sampling train
design:

A. High volume sampling train.

B. Lgw-votume-sampting-train-with-extertor-fitter—————Advantages

C. Lgw volume sampling train with in-stack filter.

A. HIGH VOLUME SAMPLING TRAIN

Sampling trains in this category may handle, typically,
5-10 to 40-50 CFM, using sample probe tubing of % in. to
1% in. digmeter. The filters are usually located outside of
the duct ¢r stack.

Advantaggs

(1) The high ratio of sample gas flow rate to sampling
system whall area minimizes the errors due to loss of par-
ticulate rhatter on the tubing walls between the nozzle
and the fjlter. Hence, the special precautions necessary to
avoid errprs from this cause are minimized to some ex-
tent.

(2) Heat losses from the sample gas stream in passing
through the connecting tubing, for the same reason; are
small reldtive to the total heat content of the sample gas
stream —|making it easier to maintain the temperature of
the gas stfeam above the dewpoint.

(3) A|null pressure nozzle can be applied to the char-
acteristically large diameter tubing more stccessfully than
to the smpll tubing.

(4) The greater quantity of samiple collected per unit
of time reduces the relative gnagnitude of errors resulting
from sample handling, weighing, etc.

Disadvantages

(1) Itp greatet.mass and bulk may be inconvenient as
to transportation and to manipulation during the test,
especially| whére very long sample probe tubing is required

APPENDIX A

B. LOW VOLUME SAMPLING TRAIN WITH EXTER-
IOR FILTER

In this type of train, the sample probe extends from
the interior of the duct being sampled to an outside filter.
The sample gas flow rates are usually in the range of /2 to
1% CFM, using sample probe tubing of % in. to 5/8 in. in
diameter.

(1) Where the very high stack gas temperaturesiexdeed
the limits of the sample filter assembly {filter'media, gas-
kets, machine threads, etc.) or where it is.désired, in $pe-
cial investigations, to cool the sample gas,-this can bef ac-
complished easily in the train by the passage of the|gas
through the exterior sample tubing between the stack or
duct and the sample filter assembly. Auxiliary cooling pys-
tems, if required, will be smaller in size and have lgwer
coolant media requirements:

Disadvantages

(1) The-major disadvantage of this type of sampling
train is thaUrelatively appreciable quantities of the partic-
ulate maiter in the sample gas are inevitably deposited in
the sample probe tubing between the nozzle and the spm-
plefilter assembly, and these must be quantitatively| re-
covered from the tubing and added to the material fol-
lected in the filter. There is an inherent error in this ma-
nipulation for sample recovery which is aggravateq in
those cases where long sample probe tubing is employed
and where the particulate matter concentrations are lpw.

(2) The low ratio of sample flow rate to the wall area
results in very rapid cooling, and if not prevented, may re-
duce gas temperature below the dewpoint and create for-
rosion of the tubing material (even stainless steel), plug
the filter with condensed water, or create pseudo-particu-
late matter — e.g., sulfuric acid aerosol from sulfur|tri-
oxide or, possibly, sulfuric acid from the oxidation of|sul-
fur dioxide within the sampling train due to the naturg of
the sample gas, the particulate matter, and the surface
conditions to which the sample is exposed within |the
train.

(3) The potential problems listed above require|the

as in the case of large diameter stacks.

{2} Where cooling of the gas stream is required, the
auxiliary cooling apparatus required may be an added in-
convenience due to its larger size and coolant media re-
quirements. Such cooling may be required to protect the
filter assembly against excessive temperature or to provide
a cooled sample for special research investigations.

use—of a..vilian/ facilities to—heat-the connecting tubing
S —au &

and devices for temperature control which can be quite
cumbersome to handle and operate, particularly where
long sample probe tubes are necessary.

Despite the disadvantages of low volume sampling
trains with exterior filters, there are two test situations
where their use can be justified.
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One situtation is where the flue gas temperature is
higher than can be tolerated by the filter assembly. In this
case, the gas sample temperature is lowered to tolerable
levels by exterior cooling prior to filtration.

In another situation, two filters would be used — one,
an in-stack filter, and the other, an exterior filter, with
facilities for accurately controliing the sample gas temper-
ature between the two filters. This arrangement might be
used in special studies to measure the presence of conden-
sible_vapors. The in-stack filter would yield data on con-

ANSI/ASME PTC 38 — 1980

(2) The in-stack filter would not yield data on the
concentration of particulate matter formed as a result of
cooling the flue or stack gases. This would actually be an
advantage when it is desired to measure only the concen-
tration of the particulate matter actually existing in the
flue gas stream.

(3) Thermal expansion of the filter holder during high
temperature sampling may create gas leakage problems if
adequate precautions are not taken.

centrations of particulate matter actually in the flue gas
and [the exterior filter, always maintained at temperatures
aboVe the aqueous dewpoint, could collect liquids and
soligs formed by condensation in the sampling system be-
twegn the two filters. This type of study is outside the
scope of this Code.

LOW VOLUME SAMPLING TRAIN WITH IN-STACK
FILTER

Tlhis is the same assembly as that of category B above
in rgspect to sample flow rates and the size of tubing —
differing in that the filter holder, of compact dimensions,
can |be easily inserted through a sample port and be posi-
tioned inside the duct or stack during sampling — com-
plettly immersed in the main gas stream and maintained
autgmatically at the gas stream temperature.

Advantages

(") Substantially all the particulate matter is déposited
diregtly in the filter since there is scarcely any tubing be-
tween the point of entry of the sample gas'stream and the
filtgr proper.

(R) Because the filter is automatically maintained at

D. SUMMARY AND CONCLUSIONS

(1) The detailed specification of,ene particyilar sam-
pling train and the procedure forts use is not a guarantee
of valid test results, and therefore” is not an appropriate
foundation for test codes —\particularly for their use in
connection with governmeénal regulations and commercial
agreements. This has been*demonstrated in numefous pub-
lished experiences ifithe field of stack sampling.

(2) All types-of sampling trains (high-volumeland low-
volume, with’in-stack and/or exterior filters) shpuld give
the same.&est results if one copes successfully [with the
error-inducing hazards listed below in the apgroximate
order ‘of their relative importance.

(a) Overcome difficulties in sampling a large
with the inherent tendency toward particulate m
tification, by all techniques available to insure a
tative sample.

{b) Maintain the temperature of the filter ar
stream sample probe tubing above the aqueouqand acid
dewpoints — using the appropriate instrumentatign to veri-
fy the accomplishment of this objective. Simply heating
the chamber enclosing the filter is not an acceptable
means for accomplishing this.

luct area,
itter stra-
represen-

d the up-

the [same temperature as the flue gas) no auxiliary appara- {c) Insure quantitative recovery of all materjal depos-
tus [is required for regulation_of_the temperature of the ited in the nozzle, probe, and tubing preceding the filter —
filtdr and sample probe tubjng. This results in a smaller  avoiding potential losses (due to manipulative problems)
and| lighter weight sampling’train, unencumbered with a  or spurious material (due to corrosion, sulfate formation,
temperature control.systém which would require atten-  or contamination). These problems are enhancefl by long
tior] during the test. tubing and high dewpoints.
(d) Maintain an isokinetic sampling rate and|an effec-
Disjdvantages tive system for its monitoring.
Thistype of sampling train has fewer significant disad- (.e) tham reliable measurement of total 839 flow, es-
. pecially in large area ducts and where there is aJtendency
vanfages-than those of the other two types — and for this N ..
. - A \ toward maldistribution of velocities.
redsOn IS tne One 1avorea 1 LTS COUT,

(1) Sampling situations may be encountered where the
gas temperature exceeds that which can be tolerated by
the filter and filter holder, as alluded to previously.
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Note: Sampling train configurations, along with auxil-
iary apparatus for all of the types of trains discussed, are
illustrated in Appendix C.
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APPENDIX B

SAMPLING PROBES AND
PARTICULATE MATTER COLLECTION APPARATUS

There are many different types of sampling probes and
particulate matter collection apparatus available for use in

the—cottectiomofgasentrained—particutate matter—from—a
stack or duct. This Code provides guidance for the selec-
tion of the most appropriate sampling system components
for use in any particular sampling situation.

On the following pages are illustrations of typical sam-
pling probes and particulate matter collection devices
which are commercially available. Further information re-
garding these sampling system components and their use
can be obtained from the manufacturer.
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APPENDIX B
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al } ] A
| ' 74 /
| : g ’
| ’
| l L~
|
H \ ~
Y -wa >y
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-+—— D—» 0.25 mm
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“
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' + v
! ! noTE 2
s
—»| |[@—D
ENDWIEW SIDE VIEW
Notesi\"T. The area upstream of this 90° sector shall be free of obstructions between planes A-A and B-B.
2. No portion of probe shall project upstream of nozzle entrance within a distance from nozzle centerling
of 15 ¢cm or 5 nozzle diameters, whichever is greater.
D = Nozzle Diameter Y = 4 X D (Minimum)
R =2%XD fMinimllm) X =6XD {Minimnm)

FIG. B-1
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RECOMMENDED DESIGN FOR SAMPLING NOZZLE TIP
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Code Part Identity and Function

Complete Assembly, including Alundum Thimble
Probe Tips (1/4,3/8, & 1/2"" ID nozzles: 1 each)
Fitting (adapts nozzles to holder)

Asbestos Gaskets

Guide Ring

Housing

Alundum Thimble

Clamp

Adapter {adapts holder to probe)

ITOMmMODO@m>

FIG. B-2 ALUNDUM THIMBLE PROBE
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FI1G.B-3 IN-STACK FILTER ASSEMBLY USING PAPER FILTER MEDIA
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Suitable for use as In-Stack Primary Filter,
Back-up Filter, or Exterior Filter

F1G. B-4 TYPICAL HOLDER FOR FLAT ROUND FILTERS

51
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@ 5 8 10

FIG. B-5a BCURA CYCLONE PROBE — INTERNADLTYPE, INCLUDING FILTER

FIG. B-5b BCURA CYCLONE PROBE — EXTERNAL TYPE, INCLUDING FILTER

Key to Figs. B-5a and B-5b

(1) Hopper for collecting large particles (2) Cyclone (3) Sampling nozzle (4) Filter housing (5) Filter, packed with glass wool,
for collecting particulate matter  (6) Filter by-pass pressure tube  (7) 4-in. B.S.P. socket welded to wall of flue  (8) Probe holder
(9) Tapping for measuring cyclone pressure drop when filter is used (10) Tapping for cyclone pressure drop when filter is omitted

Note: See Reference [32] in Section 7.
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APPENDIX C

PARTICULATE MATTER SAMPLING SYSTEMS

This Code provides guidance both for the selection of
sampling system components and the manner in which
they should be used in any particular sampling situation.

APPENDIX C

Many different types of sampling systems are possible, de-
pending upon the components selected and their arrange-
ment to best provide valid sample data in as convenient a
manner as possible.

The following pages contain illustrations of sampling
system configurations recommended in this Code for vari-
ous sampling applications. Also included are sampling sys-
tem configurations which are not recommended but are
acceptable in certain special test situations.
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Type 1. (Low Volume)
FILTER TO FLOW
CONTROL
NOZZLE PROBE SECTION
M 3 —
THERMOCOUPLES
PITOT TUBE

ANSI/ASME PTC 38 — 1980

Type 2. (Low Volume)

PITOT TUBE

%—

PRIMARY BACK-UP
FILTER FILTER TO FLOW
CONTROL
NOZZLE 14 PROBE SECTION
RS _4H
THERMOCOUPLE
o <o

i

MAMOMETERS

Recommended for general use — low particulate matter
concentrations.

Type 3. (Low or High Volume)

THERMOCOUPLE
HEATED

NOZZLE TO FLOW
HEATED PROBE CORRHOL
Y ereecoreeroroeed SECTION
—
THERMOCOUPLE e
FILTER

PITOT TUBE :j

d

MANOMETERS

Recommended for general use — higher particuldte matter
concentrations.

Type 4. (Low Volume)

THERMOCOUPLE
PRIMARY HEATED
NOZZLE FILTER
BOX TO FLOW
HEATED PROBE CONTROL
——= 'Iil T~ l-uu-u-hu-f.“; SECT'ON
‘ st~ g~ V> v~ T ~aNV T
THERMOCOUPLE
c =
PITOT TUBE FILTER

WAMOMETERS
Recommended for use only when in-stack filters cannot

be used due to high gas temperatures or other special con-
siderations.

FIG. C1

MANOMETERS

Acceptable for special cases (higher particulate matter
concentrations) when an exterior heated filter is required.
Type 1 in-stack filter may be used when particulate mat-
ter concentrations are low.

SAMPLE TRAIN CONFIGURATIONS — FILTRATION SECTION
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Notes to Fig. C-1

1. In all of the above drawings “S”-Type (Stauscheibe) Pitot tubes are shown. However, Standard-Type
Pitot tubes may be used.instead. In either case, proper calibration is required as specified in this Code.

2. Pitot tubes are shown as integral parts of the Sample Train as continuous monitoring of gas velocity at the
sampling point is usually required. If it can be established that the gas velocity at each sampling point
does not vary by more than +10% during a test run and that point-to-point velocity gradients are not
great, gas velocity data may be obtained by detached Pitot tube traverses made both before and after the
run. However, this can be done only by agreement of all parties concerned.

3. The Type 3 configuration, when used for high volume sampling, may not require heaters for the probe
and for the external filter assembly if sample gas temperature can be maintained above the dewpoint tem-
perature through the filter.
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Alternate A

FLOW
FLOW INDICATOR
CONTROL

ANSI/ASME PTC 38 — 1980

Alternate B

FLOW
INDICATOR

AlR
FROM
FILTRATION
SHCTION ©®

GAS METER

CONDENSER

Gas Meter located after Pump

FLOW
CONTROL
FROM

FILTRATION ()
SECTION

GASMETER
CONDENSER

Gas Meter located before Pump

Alternate C

FLOW
CONTROL
VALVE
PUMP OR
CF Q? ORIFICE: ASPIRATOR
— £ D<E i
FROM —
FILTRATION
SECTION
FLOW
INDICATOR

No Condenser and no Gas Meter

FIG.C-2 SAMPLE TRAIN CONFIGURATIONS — FLOW CONTROL SECTION

MANOME

PUMP OR
ASPIRATOR
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APPENDIX D

FILTRATION EFFICIENCY OF FILTERS FOR FINE PARTICULATE MATTER

In the absence of specific knowledge about the filtra-
tion efficiency of any particular filter medium it is temp-

characterized by a unique and uniform particle size, com-
monly 0.3 micron {0.25 to 0.35 microns) and in that re-

ting [fo_draw tnferences from data cutted fromthetitera: spect—are T rrarkedcontrast-toindustrialand-other dust
ture [of fine particle technology. In reviewing such data or aerosol clouds which are always composed_af widely
it is fmportant to restrict one’s observations to those data heterogeneous particle sizes.

that [are based on weight determinations cnd weight effi-

ciengy of the filter media tested. Filtration Efficiency of Various Filter Media

Tivo test methods, other than those based on weight, Measurements of filter or/précipitator perflormance
are ¢gommon in the literature of fine particle technology, using DOP aerosols do not reptesent, even approyimately,
and they bear no relation to each other. These are the 0.3 ype fijtration efficiency of filters described on a mpss basis,
micrpn DOP particle cloud method, evaluated by light  ainly because the mass: fraction of 0.3 micron|particles
scat ri.ng, and the dust spot method, evaluated by light  j industrial particléelouds is insignificantly snfall; they
trangmission measurements. are overwhelmed-by the presence of larger particles, in-

cluding floccdlated clusters of smaller particles which be-
Dusg Spot have like larger particles.

Al great deal of the data on dust spot efficiencies ap- In both of these two methods the fine particld fraction
pear in the literature dealing with air cleaning perfor-  goniinates the measurement whereas the large| particle
mante and “high efficiency” ventilation air cleaning equip-  _ gfction dominates weight measurements. The [different
ment, i.e., some filters and especially two stage electric  “iitration efficiencies are illustrated in the follow|ng table,
prec|pitators (Penney type, not Cottrell). Air cleaning effi= 3" \hich shows filtering characteristics of several vgntilation
ciengy of these devices is rated on the basis of “dust spot™  air fijters. It is adapted from a tabulation in the ASHRAE
meagurements. This refers to the use of ambient airWwith  Gyide & Data Book, chapter on “Air Cleaners” {number-
its formal complement of fine particulate matter-as the  jng varies annually). (See Reference [26].)
test [stream. Samples of air entering the pregipitator and
fronm] the cleaned air stream are simultaneously drawn
thropigh equal size circular areas of white filter paper at
metgred rates for a measured period-ofitime. The opacities Table D-1 Filtration Efficiency of Various Filter Miedia
of r¢sulting dark spots on the filter,paper are measured by
light transmission, the optical-densities calculated and the Efficiency rating of air filtering media depends on j:e test
two fvalues compared. method employ.ed, illustra.ted by_ thfz performan;e ta be-

low on several filters used in ventilation-air cleaning.

The quantities of particulate matter represented by the
optigal density consist overwhelmingly of the particles Filtration efficiency bhsed on
smaller than 1-2.microns because these are the ones having Dust 0.3 micron
the greatest opacity effect. The few largest particles exert Mass Spot DOP
a ndgligibleeffect on the opacity although they account Thin paper-like sheets
domiinantly*for the weight of the mixture. (glass or cellulose fibers) 80-90% 20-35% 0.0%

n] Mats of 5-10 micron fibers,

DOP Va-75 1. thicK 90-95 Z0-60 15-25
. . i Mats of 3-5 micron fibers,

During the years since 1949, an immensely useful tech- 1.3 in. thick 95 60-80 35.40
nique has been available and widely used in laboratory re- Mats of ¥%-2 micron
search, the generation of monodisperse clouds of dioctyl glass fibers NA* 90-98 75-90

phthalate (DOP) aerosol and light scattering instrumenta-
tion for measurement of their concentration. They are

58

*“Not Applicable.” Close to 100%, therefore weight efficiency
basis is impractical.


https://asmenormdoc.com/api2/?name=ASME PTC 38 1980.pdf

ANSI/ASME PTC 38 — 1980

As emphasized elsewhere in this Code, other characteris-
tics of the filter media must also be considered in the se-
lection of the filter to be used in a particular test situa-
tion. As well as possessing adequate filtration efficiency,
the filter must also be unaffected (chemically and physi-
cally) by the gas being sampled at the temperatures to be
encountered. Furthermore, it must be inert in respect to
its effect on the materials being filtered.

APPENDIX D

Filters are obtainable from alarge number of vendors —
in a wide range of materials and configurations. The full
specifications of all filters (filter media and filter holder)
should be studied carefully in the technical literature avail-
able from the vendors to insure suitability for purposes
intended. The selection of the filter to be used should
be a matter for mutual agreement of all parties to the
test.
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APPENDIX E

SAMPLING IN LOW VELOCITY GAS STREAMS

Sometimes duct arrangements may be encountered
where the logical cross section for measuremerit of partic-
ulate matter concentrations is in streams where velocities
are—tootowto-bemeasured-by Tecommendednstroments——————————————
— for example, discharge from a scrubber immediately
into a low velocity tower or filtered gas discharge from a
pressure-type bag filter dust collector without a stack.

The best remedy in such a situation would be the addi-

- tion of a duct through which gas would be channeled at

measurable velocities. Such additional flues need not
necessarily accomodate the total gas flow.

Where this procedure is impractical, the total @as flow
may be determined at another section of, the system
where the velocities are high enough to be measured; and
from this determination of total gas flow and the cross-
sectional area in the low velocity section, one calculates
the average velocity over the totallow velocity flow area.

Sampling in the low velocity flow area is then conduct-
ed at a constant flow ratexdetermined by the caiculated
average velocity obtained\while traversing the area at the
required number of -points defined according to the con-
ventional procedures:

The consequences of this sampling procedure, as to
potential erfof, result from the fact that at some points,
sampling will be lower and at other points will be greater,
thanisokinetic rates. If the variation in velocity is judged
not'excessive, the resulting average concentration may be
aceeptably accurate, especially where the particulate mat-
ter is free of large particles.
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APPENDIX F

PARTICULATE MATTER COLLECTION AND THE EFFECT OF CONDENSED SO

The greater part of the sulfur released from fuel during
combustion processes appears in the product of coinbus-

tion as SO’rvhieh—pms-uﬁ-aﬁeﬁed—as-a-gas-ehwugh-aar
ticulate sanmpling equipment. However, a small percentage

is oxidized

TABLE F-1

EXPERIMENTAL RESULTS —

AIR VS. SYNTHETIC FLUE GAS

to SO; which in cooler flue gas, reacts with

vapor phasq water to form sulfuric acid.

If the g
low the de
crease the
increase m
fly ash par
additional
by agglome

hs temperature in the sampling probe falls be-
v point, the sulfuric acid may condense and in-
quantity of particulate matter collected. This
y occur by reaction of the sulfuric acid with
icles or with the sampling equipment to form
olid compounds or by condensation followed
ration of fly ash particles.

It follows that by maintaining the metal and gas tem-
peratures of the sampling equipment above the acid dew
point the above problems will be eliminated thus avoiding
a positive ¢rror in the determination of particulate matter

loadings.

Acid de
the combu

v point is defined as the temperature at which
tion gases are saturated with sulfuric acid and

the dew pgint to sulfuric acid concentration relationship
was determiined using the condensation sampling method,

In a specia

laboratory apparatus (Fig. F-1) known quanti-

ties of sulfuric acid were added to both air and flue-gas

streams an

 then collected in a specially designed con-

denser maiptained at a temperature between the acid dew

point and t
densed wh
the flue gas

The agrg
with therm
F-2.

ne water dew point. Sulfuric acidhwas thus con-
le all other flue-gas constituents remained in
(see Table F-1).

ement of dew pointdetermination of this type
odynamically caleulated data is shown in Fig.

Gas Volume, H,S0,, ppm
Composition _ Liters Added Recovered Differerjce

Air 56.1 30.2 30.5 +0.3
Air 55.7 24.6 24.2 - 04
Air 55.7 26.9 267 - 0.2
Air 559 24.1 233 - 0.8
Air 559 28.2 27.6 - 0.6
Air 559 10:7 10.7 - 0.0
Avg. Diff. - 0.3
Sfg (1) 5601 28.7 28.5 - 0.2
Sfg (1) 557 29.4 289 - 0.5
Sfg (1) 55.9 29.1 28.5 - 0.6
Sfg (1) 55.9 28.2 283 +0.1
Sfg (1) 55.7 27.6 27.2 - 04
STE.(2) 55.7 27.7 27.4 -03
Sfg (3) 55.7 28.6 28.2 -04
Sfg (2) 559 10.5 10.3 -02
Avg. Diff. - 0.3

(1) Synthetic flue gas containing approximately 2000 ppm sul

dioxide.

ur

(2) Synthetic flue gas containing approximately 750 ppm sulffur

dioxide.

(3) Synthetic flue gas containing approximately 150 ppm sul

dioxide.

Note: See References [18] through [24] in Section
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SULFURIC ACID

IN

'

GRS
& N

OVERFLOW
TUBE
WATER
EVAPORATOR
GAS
SAMPLE w— =/
ouT l I I I I u".".u
/Illll 1222
GLASS SULFUR
FRIT TRIOXIDE
COLLECTOR
FIG. F-1 CALIBRATING APPARATUS FOR SULFUR TRIOXIDE COLLECTOR
310
I 11 | I f 11 [ I
P, MULLER CALCULATED
290 ®  THIS WORK EXPERIMENTAL—
PARTIAL PRESSURE MEASUREMENT
270 o
& [ o) 4
L
£ 250 0
o) /
o
=2 4]
2 |
a /
230 :
210 //
190 | | 1 1 | L ] ] L 11 | L1
0.01 0.1 1.0 10 100

SO3 (HpS0,) IN FLUE GAS-PPM

FIG. F-2 DEW POINT AS A FUNCTION OF H, S0, CONCENTRATION
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APPENDIX G

TYPICAL GAS VELOCITY AND PARTICULATE MATTER CONCENTRATION PROFILES

As indicated in this Code, gas velocity and particulate
matter concentration can vary greatly between various
points in a cross section of a duct. This situation is greatly

(b) Stoichiometric gas flow rate calculation, based
upon chemical analyses of the fuel burned and of the
gases in the duct passing the test points.

aggravated| by bends and restrictions in the gas flow path.
Unfortunately, this situation occurs frequently in field
tests of acfual equipment.

Two se
situation.

The fir

s of diagrams are included here to illustrate this

t set illustrates the nature and magnitude of the
variation gf gas flow velocity and the rate of transport of
particulatg matter (product of gas flow rate and particulate
matter cohcentration) at various points in cross sections
of typical fluct and stack configurations.

The sedond set shows gas velocity distribution profiles
obtained duringactual field tests on large steam generating
units. Totpl gas flow rates, computed by three different
procedures, are shown for each example. The procedures
used were

(a) Co
using Pito
for each td

nventional gas flow rate calculation procedure
tube gas velocity data applied to ‘‘equal areas”’
st point.

(c) Modified gas flow rate calculation procedure uging
Pitot tube gas velocity data. In this procedufe,~isobaric
lines were drawn on a cross section diagram-of the dugt —
their locations determined from Pitot tube data which had
previously been plotted thereon. Total gas flow rates were
then calculated by summing up the/products of the afeas
between the isobars and the estimated average gas velogity
in each such area — the sizewof the areas determined| by
means of a planimeter measurement of each of the cfoss
section drawings.

The differences between the gas flow rates, as ca
lated by ‘these three procedures, illustrate the inhergnt
difficulty) of obtaining accurate gas flow rate test data
from\Pitot tube velocity traverses under the frequently
prevailing adverse flow conditions prevailing in typjcal
flue gas ducts.
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GAS VELOCITY -

FROM BOILER

0.9

CHIMNEY STACK

AVERAGE GAS'VELOCITY = 39 ft/sec
AVERAGE EMISSION\PER UNIT AREA = 3.5 Ib/sq. ft-hr

16[{15/15[16

TO ELECTROSTATIC
PRECIPITATOR

0.9{09]1.0]1

2

0810.7|0.7(0

.9

0.8|06(06(06

GAS VELOCITY

FROM
BOILER

~

12’

\\

3

0.7
1o, '
-

2.0
-—

-0

EMISSION

2.0

15{14]22

0.8

0.7} 0.8{1.2

0.7

06| 0.7]0.8

0.8

0.6] 0.7 ]| 0.7

AVERAGE VELOCITY = 42 ft/sec

EMISSION

\

/ AVERAGE ENMISSION FER UNTT AREA = 27 1b/ sq. tt-hr

FIG. G-1 GAS FLOW VELOCITY AND THE RATE OF TRANSPORT OF

PARTICULATE MATTER
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S g\/
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\

BASE OF
CHIMNEY
STACK

| 1-4”
24"
3°-4"
4 -4

-b .
-«

GAS VELOCITY EMISSION
(LOOKING UPSTREAM)

AVERAGE GAS VELOCITY =43 ft sec
AVERAGE EMISSION PER UNIT AREA = 3.0 Ib/sq. ft-hr

FIG. G-1 (Cont'd)
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METHODS FOR DETERMINING NUMBER AND LOCATION OF SAMPLING AREAS

APPENDIX H

The number and location of sampling points required
to obtain valid average gas flow data and representative
samples of the particulate matter in the gas stream varies

APPENDIX H

<l 1 foas 1 ‘o b
WTHT UTe COTIATIoONS at te LCBt STtC.,

In general, when the sampling cross section is located
at least 8 equivalent diameters downstream and 2 diam-
eters upstream of any flow disturbance, 12 sample points
should be adequate. Figure H-1 is a guide for determining
the number of sample points required when sampling large
ducts and when the sampling cross section is located closer
to upstream and/or downstream flow disturbances. For
smaller ducts, a lesser number of sample points may be
used, but in no case should less than 4 sample pointsbe
used for ducts having a diameter of 2 ft or less. Explora-
tory Pitot tube traverses, to determine velocity distribu-
tion, will indicate if more or less sample points dre required
to obtain representative sampling data.

Figure H-2 provides guidance for dividing a rectangular
or circular duct into equal sampling areas or zones where-
in the gas velocity and the particulate matter concentra-
tion determined by sampling at‘the center of each area
shall be considered the average conditions prevailing for
the area. The number of sampling points, or sampling
areas, to be used in Jaying out the sampling area profile is
determined as abové.

In certain special cases, it may be necessary or desirable
to deviate from the above criteria. This should only be
done aften attainment of sufficient data for the situation
involved in respect to velocity and particulate matter con-
centration profiles to justify such action. If such action
can then be fully justified, the tests may be conducted
with the full approval of all the parties concerned. The
background for such action, along with complete back-up
data, should be fully discussed in the test report.
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NUMBER OF DUCT DIAMETERS UPSTREAM™*
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FIG. H-) METHOD FOR DETERMINING THE NUMBER OF SAMPLE POINTS
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where " 'p

X
o

n =

ry =

-
0.837 R—t4——»|

0.316 R —»
0548 R
0.707 R
0.943 R

NOTE:® INDICATES POINTS
OF LOCATION OF
SAMPLING TUBE

B-CROSS SECTION OF-CIRCULAR DUCT
(USE OF 20 SAMPLING POINTS ILLUSTRATED)

Formula for determining location points in circular duct

/2R (2p-7)
n

distance from center of duct to point p
radius of duct

sampling point number. To be numbered
from center of duct outward. All four
points on same circumference have same
number.

total number of points

Note: p will be in same units as R.

Example: Duct radius = R; 20 points total.
Distance to point 3=r,.

2R*(2-3 -1) _  /2R?*5 _  /3R?
n 20

r3

FIG. H-2 METHOD FOR SUBDIVIDING DUCT INTO MEASURING AREAS OR ZONES

0.707R
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APPENDIX |

INSTRUMENTATION FOR DETERMINING GAS VELOCITY

A variety of instruments are available for the measure-
ment of gas velocity in a duct or stack. The selection and
use of these instruments are discussed in the Code.

On the following pages are illustrations of the most
commonly used types of Pitot tubes and another instru-
ment for this purpose, the Fecheimer probe.
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TOTAL PRESSURE LINE

¢F Low
{(IMPACT + STATIC) ~—a

39-1/4 deg. —%

STATIC PRESSURE

4——_39-1/4 deg.

%

ANSI/ASME PTC 38 — 1980

N =
L=3 X)) =1

€
STATIC PRESSURE

HOLES

PROBE DESIGN

+ PROFILE OF FLOW

AROUND CYLINDER

CROSS SECTION OF
FECHEIMER PROBE
HEAD

STATIC PRESSURE.TAPS

TAP
STATIC PRESSURE TAP
CONNECTIONS
TOTAL PRESSURE TAP
A
v

TOTAL PRESSURE

STATIC PRESSURE

TAPS

TOTAL PRESSURE ALTERNATE
TAP INSTRUMENTATION

CONNECTION /\ r

VELOCITY HEAD VELOCITY HEAD

[ /T'\/\ ( %. \

INSTRUMENT @/ M

COMPONENTS NULL BALANCE NULL BALANCE

FIG.1-2 FECHEIMER PROBE — FOR AIR AND GAS FLOW MEASUREMENT
(See Reference [33], Section 7, for description of operating principles)

82


https://asmenormdoc.com/api2/?name=ASME PTC 38 1980.pdf

ANSI/ASME PTC 38 — 1980

APPENDIX )

APPENDIX |

DESIGN AND CONSTRUCTION OF FIELD OPERATING GRAPHS

Isokinetic Sampling System

quired gas flow rate corresponding to isokinetic sampling,
G;.

The following discussion describes a particulate sam-
pling system, to assure isokinetic sampling, which is based
on the fac} that variations in gas ve/ocities and gas temper-
atures are the only values that need to be monitored close-
ly during fthe sampling operation. In contrast, all of the
other parameters exert a relatively small influence so that
their magpitude can be predicted with a high degree of
precision. [This provides the basis for the design of a sim-
ple “Operating Graph” which dictates flowmeter settings
required dlring the test.

There s always some departure from isokinetic flow
rates regardless of the guidance system and the procedures
used —onels objective is to minimize that gap. The systems
described [in this Section are capabie of a high degree of
conformity with the isokinetic sampling rule. A departure
of 2 to 3 percent is common, but it can almost always be
less than 3| percent.

Construction of an Operating Graph

The procedure described below involves preparation of
field operating graphs. One graph indicates required sam-
pling rates|in mass units while the other, also in mass units,
indicates the flowmeter settings requirédyto deliver the
proper flow.

Constryction of the first graphiis’based on prediction
of two of [the three factors which determine gas density —
apparent molecular weight and pressure. It is easily possi-
ble to predict gas densities~within 10 percent, and since
flow rate through an orifice flowmeter is proportional to
the squarg root of density, this means that the sampl/ing
rates indidated by the graph would, in this extreme case,
be weil bglow the allowable 10 percent departure from
isokinetic [flow

The lower charts, Graphs B and C, are the opérating
lines for the indicating (orifice) flowmeters, the)fateg of
which are given also in mass units. The alignment of [the
two graphs permits rapid selection of the flowmeter fet-
ting, (As,) required to comply with the(demands indicqted
by Graph A.

I. Graph for Required'Sampling Rate, G,

The required samgling rate for isokinetic flow is [ex-
pressed in mass unifs and transformed as indicated in [the
following:

Reguired Ib/min (G) = (Ib/ft3) (ft* /min)
(os) (V) (Ao)
hy, |(1)

Ps (1096) (Ao) o

1096 (4o)\/Bs * Ay

Construction of Graph — Required Operating Rate

The value of p;, density of the stack gas at temperatlire,
I, is:
MW, 492 Ka

bs = 355 X Ze0+ T \ 2992 (2)

Example 1: Graph A, Fig. 1, is an example in whi¢h a
fixed value of 30 for apparent molecular weight (MW,,)
and an absolute pressure of 29.92 in. (B4) were predicted.
With these values fixed, the expression for stack gas den-
sity Is:

30 | _ 492
359 460 + T;

41.1

Ps—y =

The operating graph illustrated by Graph A (Figs. J-1
and J-2) expresses the gas sampling rates required, in mass
units, for a % in. probe (0.00034 ft? area) as a function of
velocity pressure (h,) and gas density (o). A measure-
ment of the velocity pressure and gas temperature in the
field indicates immediately, according to the graph, the re-

460 + T,

When this s inserted in equation (1), we obtain the fol-
lowing equation for use in the construction of the graph:

h
Required Ib/min, G; = 70304, /%—O—ZT—B)
S
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Substitute the appropriate value of probe area (A,
ft?), then various values of temperature and plot them on
log-log paper as illustrated in Graph A, Fig. J-1.

Symbols

As indicated in the list of symbols, G represents sample
gas flow rate and p, gas density. In the development of re-
lationships below, it is necessary to refer to these and
other quantities at different places and different condi-

ANSI/ASME PTC 38 — 1980

Flowmeter gas densities which pertain to moist stack
gases are further identified by the additional letter -m
(moist); and those pertaining to flowmeter gases which
follow a drying system, by the letter o (dry).

Il. Flowmeter Graphs

Having constructed the graph for “Required Sampling
Rate,” it remains to provide a graph for the indicating

tionSTim the duct or Stack; flowmeter gas (dry); frowmeter
gas |(moist), etc.; and at different times, i.e., before and
aftgr the test. A system of subscript labels is employed to
aid [in keeping the identity of particular quantities clear
and|distinct.

Subiscripts -1 and -2

[he label -1 attached to any quantity indicates a value
that was selected for use before the test. The quantity so
labgled is variously referred to as ‘‘predicted,” “‘planned,”
“asyumed,” and the value used in a statement of “intend-
ed’| sampling rate. lts raison d’etre is simply to distinguish
thege quantities which were estimated or assumed before
the|test, from the values available later from the test data
itse|f, i.e., “correct’ values.

The post-test ‘“‘correct” values are labeled -2 and their
primhary application is for calculation of ‘“‘departures from
isoRinetic sampling.”

G-Values

The symbol G represents sampling rate ofi-the raw,
molst stack gas (“planned”’ or ‘“‘correct’’)~as-represented
by Graph A in Figs. J-1 and J-2.

The subscript -fm designates flowmeter flow rates.
Thdre are two sampling train arrangements affecting this
labgl. One places the flowmeter at’a point following a con-
denser and drier, which removes all moisture. In that case
the|flowmeter handles dry gas and this is indicated by the
addjition of the lettersd\(for dry) in the subscript.

n another afrangement the flowmeter is located to
me3sure a sample of raw, moist stack gas before any con-
denlsation &an/occur, and this is indicated by the addition-
al I¢tter=m (for moist) in the subscript.

tinguish the molecular weight of moist stack gas
from that of dry gas at a flowmeter (MW,).

(MWn)
Gas Density — p

Stack gas densities are identified by the subscript -s
and densities of gas passing through the flowmeter by -fm.

flowmeter which measures sample flow, one of Whose co-
ordinates is also Ib/min, the other hyg,, i€y the meter
reading.

The use of an orifice flowmeter which indicates flow is
necessary to implement these sampling proceddyres. This
flowmeter provides instantaneous indication of fflow rate
and if one plots its calibration curve in weight units, pro-
vides graphical means whereby the sampling floy require-
ments can be read from“the graph; and a basis alyo for ad-
justing the flow rate/while referring to the flowmeter indi-
cator.

The two\common positions of the flowmeter are
(A) downstream from a condenser-dessicant sydtem, and
(B) preceding all elements of the train except tHe sample
filter,"and maintained at elevated temperatures|to avoid
condensation. Each requires a different type of gfaph.

(A) Flowmeter Following a Condenser — Graph B,
Fig. J-1

Where the train has a condenser preceding the flow-
meter, only the dry gas portion of the flow (Gp_14) will
be indicated by the flowmeter. The remainder {G.ong-1)
is removed by the condenser and the following| relation-
ships apply:

Required sample _ Metered dry gas + H,[0
flow rate flow rate condensation rate

G, ¢ Gtm-1a  + Geoni-1

Ib H,O b dry gas

Note that: =
2 Ib dry gas mip

Gcond—1

= M, * Gegplig

These equations imply the practical fact that the con-
denser desiccant system is intended to remove all of the
moisture represented by H,.

The resulting flowmeter graph for numerous values of
M is shown as Graph B, Fig. J-1.
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Where humidity is zero the values of Gg,_14 are the
same as G, {Graph A). For positive values of water con-
tent, M,, the correct flowmeter setting, Gy, .14, is a value

. . 1
displaced from G, by the fraction T M

(B) Flowmeter at Elevated Temperature
(Omitting Condenser) — Graph C, Fig. J-2

It may be convenient in some cases to employ a sam-

APPENDIX |

and also any significant pressure difference between stack
and flowmeter (P.g vs Payy) that may occur due to pressure
drop across the sample filter. Py, is the average predicted
flowmeter pressure during the run.

Suppose the flowing gas in the stack is predicted to
have an average molecular weight of 30, and to be at an
absolute pressure of 29.92 in. Hg, average pressure drop
across the filter during the run is predicted to be 1 in. Hg.
Flowmeter gas density, pg; 14, is then

pling train which-maimtaims—thetemperature of-theflow-
meter above the dewpoint, and which dispenses with a
condenser ajtogether.

In such pn arrangement a different type of operating
graph illustrfated by Graph C, Fig. -2, is employed.

It can bg¢ used wherever the flowmeter temperature is
maintained [above the dewpoint, including those arrange-
ments which dispose the flowmeter within the stack and
thus maintdin it at stack temperature. It is also applicable
to high volume sampling trains where there is minimal
cooling of ghses before the flowmeter.

Ciples and procedures for construction of such
illustrated in the following description, and

The prin
a graph are
Graph C.

Constructiop of Graph C

First, defive an equation relating flowmeter delivery,
Gfm, to flofvmeter setting, Ay, , based on the flowmeter
calibration |ine, which will be used to draw several tem-
perature lings as illustrated in Graph C, Fig. J-2. To accom-
plish this, derive the value of K in the following equation
for weight flow rate through the orifice meter.
K \/htn * brm—-1w (6)

Gfm—] w

30 492 2892

Pim—tw = 355" % 4go + T, 29.97
_ 397
460 + Tp,

Substituting this value of flowmeter“gas density |n
equation (7) gives:

2
h _ Gim-1w . 460 + Tim (
fm =\ 0.20 39.7

Each value of flowmeter' temperature, tg,,, which is fo
be represented in the finished graph, is inserted in equf-
tion (8), followed(by ‘plotting values of Gpy,—1,, and hg).

O
~—

The flowmeter graph resulting from these operations
appears in Figr}-2 as Graph C in the assembly with Gragh
A previously described.

Alternate Graph

When the sample train flowmeter is at elevated temper-
atures, it may be desirable to use an aiternate operatir
graph. The construction and use of such a graph is dg
scribed below. It can be used where the stack temperatufe
and pressure are known and remain reasonably constanit.

)

The use of the graph is illustrated by Fig. J-3 where
example of an application is shown for an assumed stadk
gas temperature and pressure. The design of the graph

w

Example|2: The value of K is found-by using data given based upon the following relationships:
by the calibfation line. %
. . - v
Let the flowmeter of Gfaph B, Fig. J-1, serve in the Pitot tube; ¥/ 1096,/?;
present application. Select any point for values of Gg,_1,, _
and Ay, €., 0.073 aid 2.0, respectively, from the 100°F ;Ztcfsc 0;;2:(‘)‘22:1?0‘? gjsvfj[j“n‘le‘:a;:
line (om-1,4 = .07 hisdensity at 100°F). Then — of gas sampled at orifice ,:onditions
) 0.073
£~ Aorem — 22 r
v Then Qs = Ao V = 1096A0‘\/—
From which — Ps
2
Grm-1w 1 hem
him = . and Qm = K |—
m < 0.20 Prm-Tw ) " Prim
The basic value of psy,_1,, is the density of the stack but O = Q. X Ps
gas, ps_1, adjusted for any difference in temperature Tg,,, " 57 pim
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hem Ps h, It is, however, appropriate to calculate and report the
thus K o = 1096 A, - orm ' re magnitude of the departure from isokinetic rates for each
2 run, indicated by the ratio:
2 Afm Ps hy . .
K . = <1 096 Ay X ;)— X p— Actual moist gas sampling rate
m fm ) s Correct moist gas sampling rate
h . . .
hpn = ’%’Q <1 096 Ay X -pi) X — Methods of calculation are given in the following for
Pim Ps the two types of sampling trains.
_ (1096 AN> P _ _
bm =\ ) X . X hy (A) Flowmeter Following a Condenser-Desiccant Unit
Ps Tim Py The sampling rates are given by ‘the sum.6f\fwo streams:
but = = = that represented by the condensation ratej-Gc4nq, plus the
Prm Ts Fim
dry gas rate measured by the flowmeter; Gey,.
2
1096 A T Ba
thus him = (———°> X —= X =2Xp,
K T P
Actual Sampling Rate
For any given sampler configuration, Ay, and K are . \ _
cdnstant, so that it is only necessary to consider the vari- Planned moist gas sampling rate = Ggy 14 + Gcond_1(9)
les 2™ and 224
agles T Pn The planned dry-gas sampling rate, Wy, _14, was based
] ) on pre-test estimates of dry gas density at the flowmeter,
When constructing the graphs for a given test, the stack P . Y g Y ow
. Psn-14- The following equation uses the known gas den-
temperature, 7;, and pressure, £, may be measured prior sity. p to derive actual dry gas flow
to| the start of the test, and the planned flowmeter differ- Y, RggNd Y8 )
ertial hg,, will then only depend upon 75y, Py, and A, Actual moist gas = Ggp_2g + Geond—2
which can be read from instruments while sampling, and sampling rate Ty (10)
cqrrections to the sampling rate graphically calculated, so = Gpp-1d + Gcond-2
as| to continuously maintain isokinetic conditions. Devia- Prm-1d
tipns from isokinetic will be quite small, as they will-be The average value of planned sampling rates, Ggy,—1g
caused only by unexpected variations in the duct temper- and the values making up density of dry gas ht the flow-
atlire and pressure. meter, pfm-1 and Pg, -2, are obtained direct]ly from the

The attached example is based upon the-fellowing as-
sumed values:

Ay = 0.001 sq ft

K =095

. = 800°R (340°F)
Py =-30-in. Hg

Note that for added convenience, the correction lines
r Py, the absolute pressure at the orifice meter, could
ve been labeled with the static pressure (negative) actu-
y measuréd at the orifice meter, as the barometric pres-
re mustbe known in any case.

fg
h:
al
sy

test log sheets. The quantity of collected watef, G.ond-2,
is the measured quantity for condenser and degiccant.

Correct Sampling Rate

The correct sampling rate, W,, is represented by equa-
tions (1) and (2) using the correct values of [moist stack
gas molecular weight, MW,,, and absolute pressure in the
stack, P.g-2, which together with temperaturd, determine

the density ps.
pst2
: 1/;-1

Individual values of required sampling ratgs will have
been recorded on the log sheets from whichlthe average

Correct moist gas
sampling rate

(11)

1. Calculating Departures from Isokinetic Sampling

The results of particulate concentration derived from
runs where sampling was performed within 10 percent of
isokinetic rates are valid results, and no adjustment is re-
quired.

86

value, W, will be calculated for present purposes.

The density corrections indicated in equation (11) are

as follows:
MW,
Gl‘\/ m2
MWpy—1

Ra-2

12
Fa-1 (12)

Gy
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arture from isokinetic rates is now given by the The equation forms below illustrate the use of test data
in the calculation of departure from isokinetic sampling:
Actual sampling rate _ Equation (10) (1) Correct (isokinetic) sampling rate = G,
Correct sampling rate  Equation (12)
(B) Flowmeter at Elevated Temperatures _ MWm-2 Ra-2
G2 = G‘»\/MW X7
During the sampling which employs the type of operat- m=1 sd-1
ing graph illustrated by Graph C, the flowmeter tempera-
ture is intended to be constant. If there be any fluctua- /
ow would be immediately regulated, changing = G, v X e
T, . > . N pLY) pA- A
ter indicator setting Ay, (ordinate in Graph C)
priate amount.
r case the “‘actual’”’ sampling rate would be no (2) Actual (':"OiSt gas)
om the “planned” rate. Therefore as indicated sampling rate
ph C abcissa scale, the metered gas flow rate
he same as Wy, ie.: _ Measured Measured
Planned Actual Required " dry gasrate ' cond.£50
Bampling = Sampling = Sampling
Rate Rate Rate
Gfm-1w Gfm-2w = G, = Gpgp-24, P Geond-2
rect sampling rate previously described, equa-
and (12) above, applies equally in this system:
Pey MW,
. Pg—2 =€ fm-2 460 + 70 d-2
Coflrect sampling rate G, G /Pd—1 ( ’\/29-92 Tim 29
nich the departure from isokinetic sampling is
L atio: 530
ratio: = X
- j29.92 X 29
_ Actual sampling rate
Correct sampling rate
_ G, _ Egquation (13) (3) % Isokinetic = #2100 = %
G,  Equation (12) #1]
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LOG SHEET DESIGN

Implementation of this system requires systematic recording of test
data. Following is a list of data required to be recorded in the field log
sheet.

Data Symbols

Data or samples for subsequent determination
molecular weight

Dry gas composition: CO,, 04, N4, etc. MWy
Moisture content: H,O MW,,

Spot measurements, stack

Gas velocity pressures h,
Gas temperatures IA
Barometric pressure and stack static pressure Py

Operating data from graph, etc.
Sampling times

Planned moist gas sampling rate, Graph A G,
Planned dry gas sampling rate, Graph B G -1d
Flowmeter static pressure Poy-2
Flowmeter temperature Tom-2
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Require

Graph A
d gas flow rate for % in. probe:
A, = 0.00034 ft*
G, = 1096 A, \/pg-1 hy
Graph B

Dry gas flow requirements and settings of orifice flowmeter
for compliance with G, and M; based on gas density at flow-

meter,

Ptm—1d = 0.075 Ib/ft®

APPENDIX )

Fhis-eraph-isb oR-a-predictedgas-density-of-0-075-4b/ftd
This prediction is not always applicable in cases when the
negative pressure is large and variable.
REQUIRED GAS FLOW RATE, G1 — Ib/min.
0.2 0.5 0.1 0.2 03 04
1.0 7 7
o — +———]—— —
0.8 L_GRAPH A [ /YN
2 7/
T 06 A / A
g -
l W11z AR
>
< N/ At 300 FLUE GAS
g 04 / TS 200 TEMPERATURE — ©F
o / / LT 100
< 032 A = %50
w
@ /1N |
@ / / y
2 02 / A :
|_
5 y , |
£ I
a
]
|
0.1/10 / !
' [~ GRAPH B A / /
0 RA / A A
8. / /
2 6.0 / /
T
c / / | /
! 4.0 j // | /
E o
- / ™ 0.10
w30 [~ 066 |, VALUES OF
g / / / n:\ 0.30 "
= / / / +/ ™~ 0.00
o] 2.0 |
Jor . 7
o) ———— - —-——— —7L /1 7
/ / / £
)
10 JAVAN ARVAR
.02 .05 0.1 0.2 03 04
G
DRY GAS FLOW RATE, Gy - Id = —— — Ib/min.
1+ M1

FIG. J-1 OPERATING GRAPHS
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Graph A

Required gas flow rate for % in. probe.
A, = 0.00034 ft?

G, 1096 A, \/pg—1 hy

Graph C

Orifice flowmeter for operation at elevated temperatures
(above dewpoint).

39.7

Predicted ppy 1y = g

REQUIRED GAS FLOW RATE, Gy -Ib/min.
.02 03 .04 .06 0.1 0.2 03 .04

08 =_G;;:H_A— E _L—;/ ;%V/ .
[ 0 ]

0.6

1.0

600
- 400 -
-300 . U FLUE GAS

/)
t 200 TEMPERATURE — °F
/1) s
'
|
|
|
I
!

04

) W
/
1 Fomenc /4 -

F /4 i

4.0 /

PITOT TUBE READING, hy -in., H,O

o
N
I
£ ~ 600
30 7 = 400
£ ~ 300 FLOWMETER
A / / ~ 200 TEMPERATURE — °F

2.0 100

7
y//me
.02 03 .04 06 .08 0.1 0.2 03 04

METERED GAS FLOW RATE, Gg, - lw — Ib/min.

FIG. J-2 OPERATING GRAPHS
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flowmeter

n. Hg

APPENDIX )
Symbols
V = flue gas velocity, ft/min Gfm—24 = flowmeter sampling rates, dry and moist gas,
p, = stack gas density, Ib/ft? G and respec‘tively, ‘fhat actually prevailed during
. . .. fm—2m sampling, using flowmeter gas density
ps—q = predicted gas density at stack conditions,
lb/fe® Ptm-2m OF Prm—24
G partial sampling rate due to condensation of
: e 3 cond—1
Ps_n actual gas density at stack conditions, 1b/ft water in condenser preceding flowmeter
Prm—1d4= dry gas and moist gas predicted gas densities, (predicted)
) and respectively, at flowmeter conditions, used o = partial sampling rate due to condensation of
17T — lm CUTTWU = . e .
in planning the Operating Graph water in condenser preceding
Orm--24 = dry gas the moist gas densities, respectively, (measured)
df‘,?;n_dzm at‘flowmt?ter conditions that actually pre- hg,, = flowmeter pressure differential, in. H,O
vailed during the test \ | X o
. = velocity pressure, stack gas, in. H
Gy - planned sampling rate (moist stack gas), v .y P G 825, 22
lb/min, based on predicted values p; p;_; Ao = sampling nozzle\opening area, ft
and indicated by the Operating Graph A M = stack gas humidity, Ib H,O/Ib dry gas
G, = correct sampling rate (moist stack gas), T, = stack gas‘temperature, °F
Ib/min, 'based on measured value of stack T,, = flowmeter gas temperature, °F
gas density, ps_2 | (
Ry = @absolute pressure in stack, in. Hg (baromet-
- : H sd »
MW, = molecular weight, moist stack gas ric pressure plus induced pressujre)
MWg - molecular weight, dry gas Fg, "= absolute pressure at flowmeter, i
P fm—1d = rowmetc.er sampling rates, dry and moist g.as’ Prm = static pressure at flowmeter, in. Hlg
| and respectively, as planned, based on predict-
Pfm —1m

ed flowmeter gas density, g, 4
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Contained herein are various graphs and tables of useful data fre-
quently used during the planning and execution of field tests and in the

APPENDIX K

GRAPHS AND TABLES OF USEFUL DATA

calculation of test results. Included are the following:

APPENDIX K

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

K-1  Psychrometric Chart — Low Temperatures

K-2 Psychrometric Chart — Medium Temperatures

K-3  Psychrometric Chart — High Temperatures

K-4 Table of Conversion Factors

K-5 International Atomic Weights

K-6 Combustion Constants

K-7 Temperature Conversion Table

K-8 Conversion Factors — Gas Flow Rates

K-9 Relationship Between Velocity Head and Velocity
K-10 Relationship Between Nozzle Size and Flow Rate
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