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Course Goal
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The major goal of Course 450 is to provide you with a basic understanding of the theory and
experimental methods involved in isokinetic sampling, the foundation of EPA Method 5. The
course develops the ability to plan, guide, evaluate, and (after experience on the job) perform
source sampling measurements to determine rates of particulate emissions from stationary

sources.

Other goals of the course are for you to develop (a) a knowledge of the equipment employed,
(b) an understanding of why the prescribed methods are used, and (c) the ability to perform the
calibrations and calculations that are a part of the reference methods.

Course Objectives

After completion of this course, you should be able to:

Describe the importance of source sampling in air pollution control agency programs.
Define symbols and common terms used in source sampling.

Recognize, interpret, and apply sections of the Code of Federal Regulations, Appendix A,
pertinent to source sampling for particulate pollutants.

Describe the construction, operation and calibration of the component parts of the Method
5 sampling train.

Define isokinetic sampling and illustrate why it is important in sampling for particulate
matter.

Describe the "working" isokinetic rate equation and its derivation.
Compute isokinetic sampling rates using a calculator.
Apply EPA Reference Methods 1 through 4 in preparation for particulate sampling.

Describe how the Type S pitot tube is constructed and standardized and how it is applied
in source sampling.

Determine the value of C, for a Type S pitot tube.
Recite the pitot tube equation from memory.
Determine AH,, for the Method 5 train orifice meter.

Selett sampling locations and traverse points using Method 1.
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Conduct a pitot tube traverse.

Perform Method 3 gas analysis calculations for determining molecular weight and percent
excess air.

Determine moisture content using a wet bulb-dry bulb thermometer.

List the steps involved in conducting a source test, including completion of pre-test and
post-test forms. You should be able to recognize potential problem areas in preparing and
conducting a source test.

Properly assemble and leak-check a Method 5 sampling train.

Calculate the percent isokinetic value for a source test, and interpret the effect of over- or
under-isokinetic values on the source test results.

Describe the difference between systematic error and precision as applied to source test
measurements.

List at least 10 aspects of the Method 5 sampling procedure that should be addressed in a
source test quality assurance program.

Describe the operation of the PM, sampling train.

Describe at least one method that can be used to continuously monitor particulate mass
emissions. '
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Introduction to Source Sampling

3.0-09-95

Lesson Goal

The goal of this lesson is to introduce you to the reasons why stacks and ducts of emission
sources are sampled for particulate and gaseous pollutants, and to review the basic categories
of source sampling

methods.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.
2.
3.

Discuss the health effects associated with particuiate matter in the ambient air.
List the principle sources of particulate air pollutants.

Identify the federal documents in which source emission regulations and testing methods
can be found.

Describe four standards used for regulating emissions from stationary sources.

Describe three techniques that can be used to measure the emission of particulate matter
and pollutant gases from stationary sources.

Describe the uses of Methods 1-9.

1-1
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Lesson 1

Course 450
Introduction to Method 5

0101

fly ash

Particles

Smali, discrete masses of solid or
liquid matter

Examples: dust, smoke, mist, and

0102

airborne
particles
compared to
common
materials

Sizes of typical

0103

10,000 um

It would take 10.000

particles, each

1 micrometer (umy) in
diameter, laid end to

end, to stretch

across the width of a

smalrpaper clip.

0104
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Particles > 10 um

Collect in upper part
of respiratory system

0105

Particles collect moisture
as they move through
moist air of upper
respiratory region,
making them heavier and
causing them to strike
walls of throat, nose, etc.

They are eliminated by
sneezing, coughing,
nose blowing, spitting, or
by the digestive system.

0106

Particles 1-10 um

Collect in middle part
of respiratory
system-the
tracheobronchial
region

0197

Particles <1 um

Collect in most
remote portions of
lungs--the air sacs
(or alveoli)

Smooth
muscle

Alveolar ducts

Aiveol (arr sacs)

Alveolar wall
0108

3.0-09-95
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1-4

Panrticles with diameters of 0.5 pm
or less float in the air sac and are
expelled with the next breath or two.

01-08

Health Effects - Nontoxic Particles

Concentration
of Particies in ughw' Eftect
2000uVm’Mﬁ04wm50, Increase in deaths due to bronchhs
{24-hr avy) epusodes of severs!
days duration
1000 ug/m3 with 0.25 ppm SO, increase n monaiity from all causes
(24-hr avg) during episodes nchuhing respiralory and cardsac
disease
300 pgAm® with 0.21 pom SO, o n
(annual svg) symptoms
130 ugAm* with SO, (wnnual avg) Increasa in frequency and severity of
lower y diness
100-200 pag/m3 with 0.05 to 0.08 ppm n inci ot
SO, (avg seasonal levels) reportad above this ievel

0110

Emission Generation Categories

- Transportation

. Stationary source fuel
combustion

- Industrial processes
. Solid waste disposal
- Miscellaneous

0111

Stationary Combustion Sources

Produce energy but no other products.
Emissions result from fuel combustion.

. Fixed energy generating sources range in size
from home heating furnaces to major power
plants.

. Sources include commercial, institutional.
industrial, and steam-electrig power plan:s.

Fuels used include coal, oil, natural gas, and
wood. Other fuels such as liquefied natural
gas, propane, process gas, etc. may al§o be

used. o112
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Industrial Processes

Emit pollutants in the course of
manufacturing products

- Major sources include chemical processing,
food and agricultural industries, metallurgical
and mineral product factonres, petroleum
refining, petrochemical plants, petroleum
storage, and wood-processing industries.

. Smaller sources include painting,
dry-cleaning, and degreasing operations.

0113

Solid Waste Disposal

Facilities that dispose of unwanted
products and by-products. Emissions
result from the disposal process
--usually buming.

0114

Emission Standards

Regulations in force

01-15

TS

/\ ~ Emission Standard

A reguilation that sets:

. Rate of emissions
- Level of opacity

« Equipment or fuel
- specifications

. Other measures

01416

3.0-09-95
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Stationary Source Regulations

. Largest and most varied
class of regulations

. General
. By source category
. Source-specific

01-17

Inspection/Testing/
Obtaining Information
Require record-keeping by sources

- Emissions data
« Process data
Perform inspections

Conduct emissions testing

0118

Federal Register System

Basic means of proposing and
promulgating federal administrative
regulations/decisions

- Daily Federal Register
- Code of Federal Regulations

0-19

Daily Federal Register

Issued every working day

Contains:

. Proposed rules

« Rules and regulations
- Notices

. Proclamations, executive orders, etc.
- 55 FR 47471 (11/14/90),

-

01-20
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Introduction to Source Sampling

Code of Federal Regulations

Annual compilation of all administrative
regulations

Organized by:

« Title . Part
« Chapter . Section
» Subchapter

40 CFR 60 Appendix A

o221

Emission Standards for Sources

- Concentration of stack gas (c,)
- Pollutant mass rate (pmr)

- Emission rate (E)

- Process weight rate (E)

0122

Concentration of Stack Gas (c,)

Can be expressed in:

ppm
g/dscm
gr/dsct

01-23

For example:

The New Source Perforrmance
Standards (NSPS) for asphait
concrete plants is:

0.04 gr/dscf <=> 90 mg/dscm.

-

01-24

3.0-08-95
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Pollutant Mass Rate (pmr)

Can be expressed in:
Ib/hr
g/hr

01-25

Stack gas
pmr = Concentration x volumetric

fiow rate

b dscf
dscf hr

Ib

hr

01.26

Emission Rate (E)

Can be expressed in:

- 1b/10° Btu heat input
- ng/joule heat input

01-27

E Pollutant mass rate

Heat input rate
__Ib/hr
10% Btu/hr

b=
106 Btu

01-28
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For example:

The NSPS emission rate for fossil-fuel
fired steam generators (FFFSG) is:

particulate emissions limited to
0.03 ib/10° Btu.

01-29

Process Weight Rate (E)

Can be expréssed in:

- Ib/tons of product
- kg/metric tons of product

0130

For example:

The NSPS for sulfuric acid plants is:

' SO, emissions limited to 2 kg
SO,/metric ton H,SO, produced.

0131

. Pollutant mass rate
Combustion =

Heat input rate

Pollutant mass rate
Process =

<ltem or mass process rate

01-32

3.0-09-95
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Measurement of
Source Pollutant
Emissions

0133

Methods for
Measuring Emissions

Manual sampling
Continuous monitoring

. Extractive
« In-situ
Remote sensing

0134

EPA Reference Methods

- Used for source compliance testing
- Describe actual testing procedure
- Found in Code of Federal Regulations

0135

Manual Sampling

~/  Extract samples from
various points in stack.

Analyze samples in lab.

i f-site

Sampling ~Of \.

train l‘; % fab {‘
analysis

'

0136

10
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Methods 1 - 4

Used in other reference methods
Used to determine:

- Number of sampling points (Method 1)
« Stack gas velocity (Method 2)

. Stack gas molecular weight (Method 3)
- Stack gas moisture content (Method 4)

0337

/\@% Method 1

ﬁ Selection of traverse

points

01-38

Method 2
Determination of
stack gas velocity
and volumetric fiow
rate (using Type S
pltot tube)

0139

Method 3

Determination of the dry molecular weight of
flue gas (using Orsat apparatus measuring
%Q,, %C0O,, and %CO)

0140

3.0-09-95
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Method 4

Determination of
moisture content of
stack gas

(by condensation
method)

0141

Method 5

Sampling method for
particulate matter
(isokinetic collection
of particleson a
filter)

0142

Method 6

Sampling and
analytic method
for determining
SO, emissions
(barium-thorin
titration)

01.43

Method 7

Determination of

NO_ emissions
(cororimetn'c
phenoldisulfonic acid
method)

-

3.0-09-95
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Method 8

Determination of

H, SO mist and SO
/ - emissions (lntendeci
for H,S0, plants)

SLAnL

o
VIRV \E

0145

L/ Method 9

N Determination of

D stack plume opacity
(by visual
observation)

0146

Method 10
Method 11
Method 12

Method 13, 14
Method 15
Method 16

Method 17

Determination of CO
Determination of hydrogen sulfide

Determination of inorganic lead
emissions

Determination of fluorides
Determination of H,S, COS, CS,

Determination of total reduced
sulfur (TRS)

Determination of particulates

(in-stack filtration method)
01-47
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Lesson 2

Basic Principles

3.0-08-95

Lesson Goal

The goal of this lesson is to introduce you to the basic science that underlies the particulate

source test methods, including concepts of gas physics and the symbols and formulas that must

be understood to comprehend the course material.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.

2.

3.

Define the symbols and common source sampling expressions used in the course.
Write the expressions for absolute temperature and absolute pressure.

Explain what molecular weight is and how it relates to the number of moles of a com-
pound.

Write the Ideal Gas Law equation and describe the effects of changing pressure and tem-
perature on a gas volume.

Recognize the form of an Ideal Gas Law correction equation.

Recognize the pitot tube equation on sight and understand the relative importance of the
parameters in the equation. (Note: You will be required to memorize this equation.)

Explain what parameter must be measured in order to determine a pollutant mass rate.

2-1
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Lesson 2

Course 450
Basic Principles

0201

Temperature

Degrees Fahrenheit: °F A
Degrees Centigrade: °C
°C = 5/9 (°F - 32)

°F = 9/5(°C) + 32

o242

Absolute Temperature

Degrees Rankine: °R
Degrees Kelvin: °K
°R °F + 459.49
°K °C +273.16

02-03

T 0
non

Absolute Pressure, P

P, + P,
Barometric pressure

Gauge pressure

-

2-2
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Units of Pressure

in.Hg  atmospheres
mmHg torr
in. H,O pascals

025

Conversions

1in. Hg = 13.6in. H,0

1 Atmosphere =

29.92 in. Hg
39.90 ft H,O
14.70 Ibs/in.,
760 mmHg

0207

EPA Standard Pressure
and Temperature

©
[

29.92 in. Hg
20°Cor68°F

sid

—
I

std

02-08

3.0-08-95
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Atomic Weight

A number that indicates how heavy
(on the average) an atom is compared
to an atom of another element

(Assign carbon atomic wt = 12)

2B
Molecular Weight, M
The sum of the atomic weights of ali
the atoms in a molecule
R-10

n = number of moles
1 mole =

The molecular weight of a compound
expressed in Ibs (Ib-mole) or in grams
(g-mole)

1 gram-mole =

6.023 x 10* molecules
(Avogadro's Number)

3.0-09-95
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An Avogadro's Number
worth of gas molecules

(6.023 x 10%3)

occupies
224 L
at 0° C and 1 atmosphere

02-13

Given amass, m, of a
compound, the number of
moles is calculated by:

The Ideal Gas Law

Absolute - Absolute
pressure temperature
Volume # moles Ideal Gas Law
constant
0215

The gas law constant is dependent on
units used for EPA reference methods
in English units:

(in. Hg)(fth

R = 2183 ——
(Ib-mole)(°R)

02116

3.0-09-95
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Correcting Volume to
Standard Conditions

V, =nR3
P

s

T,
Vsld = nRLtd

std
Tsld P S

Vsld = Vs e p—

‘ Psths

Moving Gases

- Velocity
- Volumetric flow rate

. Pollutant mass rate

Velocity

v.= ft/sec or ft/hr

N
—

Type S pitot tube

-

ft ft

Velocity,v., —, —
¥V sec hr

Determined by Method 2 using the

02-20
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The Pitot Tube Equation

02-21

Volumetric Flow Rate

Vs
A Q =V, A
3 .
ﬁ. = .._t_t_.x f[:'
sec sec
or
3
ft ft 2
— = —Xx ft?
hr hr

02-22

Pollutant Mass Rate
pmr '

s

pmr5=CSQ.\

Where: ¢, = the pollutant
concentration

02-23

Concentration, c_

.Quantity of pollutant (mass)

Quantity of eftluent gas (vol)

Units: gAm?, Ibs/ft®, gr/ft®, ppm
Note: 7000 grains (gr)=11b

02-24

3.0-09-95
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2-8

pmr,=c Q,
lbs _ lbs A€
hr ﬂz hr

02-25

Emission Rate
(Combustion Sources)

prr, ( lbs )
E= : -
Qy \10" Btu

Where: Q,, = heat input rate in units
of 10° Btu/hr

3.0-09-85



Lesson 3
The Method 5 Sampling Train

Lesson Goal

The goal of this lesson is to familiarize you with the equipment used for Method 5 particulate
sampling and to discuss construction details of the apparatus.

Lesson Objectives

Upon completion of this lesson, you should be abile to:

1. Identify the basic components of the Method 5 sampling train.

2. Describe the design and construction criteria for the sampling nozzle.
3. Describe the design and construction criteria for the pitor: tube.
4

Describe how a sample probe is constructed and the advantages and disadvantages of dif-
ferent probe liner materials. '

5. List the sampling train components that are contained in the sample box and describe how
they are assembled.

6. Describe how an umbilical line is constructed.

7. List the sampling train components that are contained in the meter box and describe how
they are assembled in the box.

3.0-09-95
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3-2

18 16 15
20
> 7 <=
19
Figure 3-1. Method 5 particulate sampling train
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The EPA Method 5 Sampling Train

Lesson 3

Course 450
The Method 5 Sampling Train

0301

Sampling Train Components

. The probe assembly
. The sample box

. The umbilical

. The meter box

The Probe Assembly

. Nozzle

- Pitot tube

- Themocouple
- Probe liner

- Probe sheath

03-03

Sampling Nozzle

. Stainless steel seamless tubing
.- Buttonhook or elbow design
- Wide range of nozzie diameters

. Calibration with micrometer to
nearest Q001 in. intemal diameter

- Repair or replace nicked, dented
or corroded nozzles

03-04
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The Pitot Tube

- Usually Type S

- Nozzle entry plane must be even with
pitot orifice

. Centerline of orifice and nozzle must
agree

- Minimum separation of 1.9 cm
- Geometry of pitot, probe sheath, and

thermocouple important
0305

Probe Sheath

- Usually stainiess steel

- Pitot tube welded to sheath to
prevent misalignment

- Protects liner from breakage

306

Probe Liner

Borosilicate or quartz glass

Heating system to maintain exit gas
temperature of 120°C

Borosilicate temperature to 480° C
Quartz glass temperature to 900° C

0307

The Sample Box

Heated Filter Box

. Heating element to maintain filter temperature
of 120°C

- Filter holder
- Flexibility for vertical and horizontal traverses
- Insulated

Impinger Box -
- Provide support and protection for glassware

« Insulated ’
- Holding container for ice to cool impingers os.s

3.0-09-95



The EPA Method 5 Sampling Train

The Umbilical Line

. Sample lines
. Pitot lines
. Electrical connections

« Covered in a protective
sheath

0309

The Meter Box

- Pump
- Dry gas meter
- Inclined manometers for

Ap and AH readings

. Flow control valves
- Thermocouple readouts
- Ports for integrated gas sampling

- 0310

3.0-09-95
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3-6

First Da y Laboratory Exercises

Your Course Director will break the class up into groups that will perform the laboratory exercises
together during the course. On the first day, you will be performing four different exercises that
relate to Methods 1-4. The laboratory exercise directions are given on page A-1 of Appendix A
(Laboratory Exercises).

Take notes here for background information and any special instructions given by the Course
Director or Laboratory Instructors. ‘

3.0-09-95



The EPA Method 5 Sampling Train

Notes
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Notes
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The EPA Method 5 Sampling Train

Homework Review 1
Question-and-Answer Session

Session Goal

The goal of this session is to review homework problems assigned on Day 1 and to provide
you with the opportunity to discuss any questions or issues presented in the previous day's ses-
sions.

Session Objectives

After completing this review, you will be able to do the following:
1. Meet the goals and objectives of yesterday's sessions.

2. Perform calculations similar to those provided in the Hcmework Exercise.

3.0-09-95 3-8
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Notes
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Lesson 4

Isokinetic Source Sampling

Lesson Goal
The goal of this lesson is to present the concept of isokinetic sampling, providing the rationale
of why it is necessary to sample isokinetically for particulate matter.
Lesson Objectives
Upon completion of this lesson, you should be able to:
1. Define isokinetic sampling.
2. Describe how small and large particles behave in a moving gas stream.

3. Discuss the effect of over-isokinetic sampling on the measured particulate matter concen-
tration.

4. Discuss the effect of under-isokinetic sampling on the measured particulate matter con-
centration. '

3.0-09-95
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Gas stream

Assume:

Therefore:

Figure 4-2. 200% isokinetic

2v,

vn 5
2 ¢fm

Q.

4 large and 8 small particles collected/minute

mass/minute =4 x 6 + 8 x 0.03 = 24.2 m.u./minute

:’Zﬂm.u./min m.u.
% = 2 fBmin - 121 ft3

e@ Gassteam ¢ o
— ==>

Assume:

-

Figure 4-3. 50% isokinetic

1/2v,
1/2 cfm

4 large and 2 small particles collected/minute

Vo

Q.



Lesson 5
Setting the Isokinetic Sampling Rate

3.0-09-95

Lesson Goal

The goal of this lesson is to derive the isokinetic rate equation for the Method 5 sampling train,
from basic principles of the Ideal Gas Law, and to present mathods for its solution,

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.
2.

Calculate the basic equation for establishing the isokinetic rate, AH = KAp.

Describe how gas passing through the sampling train undergoes changes of moisture con-
tent, temperature, and pressure.

Describe how the isokinetic rate equation is derived from the requirement that v, = v, and
that the final expression is obtained by substituting the pitot tube equation and orifice
meter equation and by correcting for pressure, temperature, and moisture content.

Recognize the fact that a separate equation exists for the calculation of the nozzle diameter
and that the "actual” nozzle diameter, not the “calculated” diameter is used in subsequent

calculations.

Calculate the value of D,, the nozzle diameter, given the appropriate input data, using a
hand-held calculator.

Calculate the value of K and AH, given the appropriate input data, using a hand-held cal-
culator.

5-1



Setting the Isokinetic Sampling Rate

6.  Flow Rate Corrected for T, P and Moisture

1 TP,
= 178,T,7, % (5-6)

7. Relation of Flow Rate at Nozzle to Meter Flow Rate - Substituting for Q,,
(Eq. 5-3 into Eq. 5-6)

1 TP, ~AH 5.7
Q= (T-BL) TP Kn P M, S

8. Substituting for Q,
(Eq. 5-2 into Eq. 5-7)

nD? 1 TP, nAH 5.8
2 "= -B,)T,P,Sm\P M. e
9.  Pitot Tube Equation
' Ap
v, = KpCp P—SMS (5-9)
nD?2 Ap 1 TP, ~AH
0. 7 KColp M, = =B 7,7, Keyfpon, 10
A, vy moisture T.P Qn
correction corr
Q. Qm corrected to
stack conditions
11. Solving for AH
{ 4(1‘:KPCI))2 (] _Bws) ZMmePS}A (5 ]1)
AH = |D M )
Pl 1 M,TP_JAP
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3.0-09-95

15.  Simplified Isokinetic Rate Equation
AH = KAp (5-15)

To use this equation for setting the isokinetic sampling rate, note the Ap from the pitot
tube manometer. Multiply Ap times the calculated K value to obtain AH. Then, adjust
the fine control knob on the meter box until the AH value is read on the orifice meter

manormeter.
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Notes
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Lesson 6

Use of Computers and Programmable
Calculators for Isokinetic Sampling

3.0-09-95

Lesson Goal

The goal of this lesson is to present the options available for performing field calculation of
the isokinetic rate equation.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.

2
3.
4

Describe what a source sampling nomograph is and why it is used in the field.
Describe the assumptions used in the source test nomograph.
Identify a source test slide rule and describe how it can be used in source testing.

Describe how a hand-held calculator with magnetic card or unerasable memory may be
used in performing the source test field calculations.

Discuss how a personal computer, portable or other, can be used in performing source test
field calculations.

Outline at least one possible algorithm that could be used for source test calculations when
applying a personal computer.

List advantages and disadvantages of using computers in source test field calculations.
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Use of Computers and Programmable Calculators for Isokinetic Sampling

- Nomograph
- Slide rule calculators
« Simple calculators

- Programmable calculators (scientific, card
read)

+ Programmable calculators (continuous
memory)

. Computers (desktop)
« Portable computers/notebooks

7

7Y

[- -3 -]
-4
! .Il.ﬂ"l

o
w

s

st bbbyl

Lod
-

Figure 6-1. Nomograph

LI S I ; Sl dpdublnd
! Tl”l””']T I[ I] ]I}I

! Lolalute b dodig
i TTI[T

lll:llllrl I
I)‘I l']lulll”

Figure 6-2. Slide rule
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Use of Computers and Programmable Calculators for Isokinetic Sampling

Figure 6-6. Laptop computer

Programs

06-06

Programmable Options

D, (est) and AH = KAp calculations only
(1) + % | calculations

(1) + (2) + calculations for v, and Q,

0607

3.0-09-95 6-5



Lesson 6

Other Options

- Methods 1, 2, 3, 4 calculations

- Report programs - print-out of resuits
- Field cross-check programs

- Fancy graphics - displays

Published Programs

Calculator

- Ti-59 EPA 450/2-83-006
- HP-41 EPA 340/1-85-018
. HP-65 EPA 600/8-76-002
Programs in Basic

+ See EMTIC builetin board

3.0-09-85
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4-2

Isokinetic Sampling

Isokinetic sampling conditions exist when the velocity of the gas entering the probe nozzle tip
(va) is exactly equal to the velocity of the approaching stack gases (v,), that is v, = v,. The per-
cent isokinetic is defined as: -

\%
% isokinetic = ;Ex 100
R s

and is equal to 100% only when v, = v, When v, # v (anisokinetic conditions), sample concen-
trations can be biased due to the inertial effects of particles.

If the gas-flow streamlines are disturbed as in anisokinetic conditions:
1. Large particles tend to move in the same initial direction.

2. Small particles tend to follow the streamlines.

3. Intermediate particles are somewhat deflected.

As an example, assume that we have a large particle of 6 mass units (m.u.) and a small particle
of 0.03 mass units. Consider the following situations:

o @ Gasstream o® .
°® °® ~>

...—__
D

Figure 4-1. 100% isokinetic

Assume: Vi Vv,

Qn

1 cfm

4 large and 4 small particles are collected/minute

Therefore: mass/minute =4 x 6 + 4 x 0.03 = 24.1 m.u./minute

24_.1m.u./min m.u.
¢ = T fomin - 2410

3.0-09-95
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Figure 6-3. Calculator with removable memory chips

hyp

L
EEa
Byi=X
PSE ClRsm
R/S [c21:]
TR CRINTY

\.

X~{} 1) 1
cos | 1an
FOsX | TANES

AN EDE
«>R  X<>l
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D L4
9 /|
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FRACT USER
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e by e le i
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x
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Figure 6-5. Computer
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Therefore:

mass/minute =4 x 6 + 2 x 0.03 = 24.1 m.u./minute

24.1m.u./min - 48 m.u.
% =172 f3min "~ % e

3.0-09-95
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Lesson 6
Course 450

Use of Computers and Programmable
Calculators for Isokinetic Sampling

06-0!

The Basic Calculations

b - [ 00358 Q,P, [TM,
ofem) ~

VTmcp(x =B pyeny) Y POP,

IMy T, P,
AH = {846.72D2 AH, C2(1 - B, ) —d_m s
{ n @Cp( ws) M, T, P,

The Basic Calculations

AH=KAp
Ts=ts+460
T =ty +460

M =M +18B

o P15 Py

Methods for Calculating
D, (est) and K

3.0-09-95
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Isokinetic Sampling Rate Derivation

Simplified Isokinetic Rate Equation
AH = KAp

Where: D, = the nozzle diameter

Nozzle Tip Volumetric Flow Rate Under Isokinetic Conditions

2
nD,
Qn = Anvn = Anvs = 4 vs

Where: D, = the nozzle diameter

Orifice Meter Equation

nAH
Qn = Ku\J5 M
T and P Correction for Dry Gas Stream
PnT,
Qn = Ps TQO

Moisture Correction
However, for a wet gas stream

n, (1-B,,) = n_(1-B,,)

Where: n, the number of moles of gas entering the nozzle

the number of moles of gas leaving the meter

=]
=]
It

Assume: B,,= 0

3

So: n (1 -Bws)

(5-1)

(5-3)

(5-4)

(5-5)

3.0-09-95
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12. Simplifying

0.9244
Let AH, = 5
(K
(5-12)
and Kp = 85.49

AHg is defined as the orifice pressure differential that gives 0.75 cfm of air at 68° F

and 29.92 in. Hg.
P.M,
(5-12)

_ (075 cfm)*(29.92 in. Hg) (29.0)

AH, =
¢ (460 + 68) K.
0.9244

13. Isokinetic Rate Equation - Working Form

: M,T_P
4 2 2% *m* oy
AH = {846.72DnA_H@Cp(1 -B,) Ei‘ﬁn} Ap (5-13)

13a. Moisture Relationships
[M, =M,(1-B,,) +18B,,] (5-13a)

14. Nozzle Diameter Selection Equation
5 J( 0.0358Q,P,, ) J’W
= 5-14
" T"‘CP ( 1 - Bws) PsApesl ( )

Where: Ap,, (which is usually the same as Ap,.;) is an estimate of the average pitot
tube pressure drop readings that one would observe at the measurement points.

The derivation of this equation is left as an exercise to the student.

Note: Average Ap obtained from pitot tube traverse.
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Isokinetic Rate Equation Lecture Problem

Given the following information, use Equation 5-14 to determine the appropriate nozzle to be used
in the test. Then use Equation 5-13 to determine the K value for setting the isokinetic sampling
. rate. Note that you will also have to use Equation 5-13a to calculate M..

Qm = 0.75cfm

AH, = 1.85

Pitot tube C,= 085
tm = 80°F

P, = 30.0in Hg
P, = 29.6in Hg
Bim = 0

B, = 0.12

t, = 2B0°F

My = 29 1b/lb-mole

Ap., = 0.801in. H,0

Assume that in your toolbox, you have nozzles with the following diameters: 0.125 in., 0.25 in.,
0.375 in., and 0.50 in.

Calculations;

5-6 3.0-09-95
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5-6

Isokinetic Rate Equation Lecture Problem

Given the following information, use Equation 5-14 to determine the appropriate nozzle to be used
in the test. Then use Equation 5-13 to determine the K value for setting the isokinetic sampling

. rate. Note that you will also have to use Equation 5-13a to calculate M..

Qnm 0.75 cfm
AHg = 1.85

Pitot ube C, = 0.85
tnm. = 80°F

P, 30.0in. Hg
P, 29.6 in. Hg
Bym 0

B,., = 0.12

t = 280°F

My = 29 Ib/lb-mole
Apey = 0.801in. H,O

Assume that in your toolbox, you have nozzles with the following diameters: 0.125 in., 0.25 in.,
0.375in., and 0.50 in.

Calculations:

3.0-09-95
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12. Simplifying

.9244
Let AHg, = 0 5
(K
(5-12)
and Kp = 85.49

AHg is defined as the orifice pressure differential that gives 0.75 cfm of air at 68° F
and 29.92 in. Hg.

QuPuM,,
AH = Iz—fn T, (5-12)
(0.75 cfm)’(29.92 in. Hg) (29.0)
AHe = 2
(460 + 68) K,
0.9244
AHg = —_K,Zn
13. Isokinetic Rate Equation - Working Form
ol M, T, P,
AH = {846.72D,AH,C, (1-B,,) ‘MSTSE;} Ap (5-13)
13a. Moisture Relationships
[M;=M,(1-B,,) +18B,,] (5-13a)

14. Nozzle Diameter Selection Equation

( 0.0358Q, P, ) T.M,
» = J\T,C,(1-B,,) \P.Ap.. (5-14)

Where: Ap,, (Which is usually the same as Ap,.,) is an estimate of the average pitot

tube pressure drop readings that one would observe at the measurement points.

The derivation of this equation is left as an exercise to the student.
Note: Average Ap obtained from pitot tube traverse.

Pal
FeN
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Isokinetic Sampling Rate Derivation

1. Simplified Isokinetic Rate Equation

Where:

D,

AH = KAp

the nozzle diameter

2. Nozzle Tip Volumetric Flow Rate Under Isokinetic Conditions

Where:

D,

3. Orifice Meter Equation

5. Moisture Correction
However, for a wet gas stream

Where:

Assume:

So:

I

nDi
Q,=A v, = Ay = a Vs

n'n n°s

the nozzle diameter

[
I

n, (1-B,,) = n_(1-B,,.)

WS)

the number of moles of gas entering the nozzle
the number of moles of gas leaving the meter

3

(1-B,,)

(5-1)

(5-3)

(5-4)

(5-5)

3.0-09-85
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6-2

Lesson 6
Course 450

Use of Computers and Programmable
Calculators for Isokinetic Sampling

06-01

The Basic Calculations

0.0358 Q_P_ ! M,

Do =VT.“CF("B Y P.ap,,

i)

2
AH = {846.72D:AH@ CI{1-Buy) My Ty P }

The Basic Calculations
AH=KAp
Ty=1t+460
T =ty +460

M =M +18B

d[l-Bws{est)] ws(est]

Methods for Célculating
D, (est) and K

3.0-09-95
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i-4

Therefore:

mass/minute =4 x 6 + 2 x 0.03 = 24.1 m.u./minute

@m.u./min m.u.
% =172 t0min =¥ 15

3.0-08-85
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Figure 6-3. Calculator with removable memory chips

DEG

A ] [ ) FIX 30 ENG x«
SQRT [ e~X |10~ x| y~x 1/x 7 [} [] /

~>R X<>)

[1.18 hyp X~} 1) 1 “DSE 186G x>y
P 0 0

PSE Cism ClRpg >
Ry ‘

FRACT USER
[ {48

L oN | RN | R |

51O
FINT3| Fmeian | JEASTY

\.

Figure 6-4.  Scientific calculator

Figure 6-5. Computer
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4-2

Isokinetic Sampling

Isokinetic sampling conditions exist when the velocity of the gas entering the probe nozzle tip
(vn) 1s exactly equal to the velocity of the approachmg stack gases (vs) that is v, = v,. The per-
cent isokinetic is defined as:

v
% 1sokinetic = 'v—"x 100
. s

and is equal to 100% only when v, = v, When v, # v, (anisokinetic conditions), sample concen-
trations can be biased due to the inertial effects of particles.

If the gas-flow streamlines are disturbed as in anisokinetic conditions:
1. Large particles tend to move in the same initial direction.

2. Small particles tend to follow the streamlines.

3. Intermediate particles are somewhat deflected.

As an example, assume that we have a large particle of 6 mass units (m.u.) and a small particle
of 0.03 mass units. Consider the following situations:

Figure 4-1. 100% isokinetic

Assume: Vp = v
Q,

1 cfm
4 large and 4 small particles are collected/minute

Therefore: mass/minute =4 x 6 + 4 x 0.03 = 24.1 m.u./minute

&m.u./min 4 m.u.
% =1 fomm - 170

3.0-09-95
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Other Options

+ Methods 1, 2, 3, 4 calculations

- Report programs - print-out of results
- Field cross-check programs

. Fancy graphics - displays

0648

Published Programs

Calculator

.« TI-59 EPA 450/2-83-006
- HP-41 EPA 340/1-85-018
» HP-65 EPA 600/8-76-002

Programs in Basic
- See EMTIC bulletin board

0609

3.0-09-85



Lesson 7
Methods 1-4

3.0-09-85

Lesson Goal

The goal of this lesson is to describe how Methods 1-4 are performed and the calculations used
in each method.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.

10.
11.
12.

13.

14.

Discuss why it is necessary to perform traverses of a stack cross-section when source
sampling.

Distinguish between "upstream" and "downstream" as used in reference method
terminology.

Determine the number of sampling points and their locations, for both circular and
rectangular ducts.

Explain what a Type S pitot tube is and how it works.
Recite the pitot tube equation from memory.

Identify at least three design criteria that a Type S pitot tube must meet if its C,, value can
be assumed to be 0.84.

Describe how a pitot tube can be calibrated in a calibration duct.
Describe how a velocity traverse is performed.

Properly average the results of a pitot tube fraverse.

Describe three methods of determining the stack static pressure, Ps-
Describe three sampling procedures used in Method 3.

Describe what an Orsat analyzer is and how it is used to determine the dry molecular
weight of a flue gas. "

Describe Method 3A and list three performance test procedures that must be conducted
before the method may be used.

Use the fuel factor for cross-checking Method 3 or Method 3A data.

7-1
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7-2

15. Recognize the equation used for calculating percent excess air, %EA.

16. Describe three approximation methods that may be used for estimating flue gas moisture
content.

17. Describe how the wet bulb-dry bulb technique is performed.
18. Discuss how Method 4 is conducted with Method 5.

Lesson 7

Course 450
Methods 1-4

07-01

Method 1

Sample and Velocity
Traverse Points

07402

07-03

3.0-09-85
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Particle mass concentration profile, mg/m?

Gas velocity
profile, m/s & Profie area

=
A

Profile area

Source Adaped trom Buhne, 1977 0704

Determining the
Number of Traverse Points

Equivalent Diameters
. 2LW
D = —8—
L +WwW

Boat is downstream from rocks.
Rocks are upstream from boat.
Boat is upstreaam from falls.

A Falls are downstream from
) boat.

, Flow

The position of objects relative to a boat 07-07

3.0-09-85
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Mirdmum Number of Traverse Poinls

& T

]
T

3

3

Duct Daameters Upstrwarn from Flow Dwartance* (Drtence A)

05 1.0 15 2.0 28

i I I I | |
“Highet rumber m for mcEngAar stacks or ducts

240025

‘-. 20 -
16 Sk ameier> 0.61m (24 1}
.

From pont of any type of -
[© (Bend, axpanmon, conwackon, e} %‘
Smck damews = CX L 0SI m (12- M)

o ] L 1 1 I ] )

2 3 4 5 L] 7 L] ° 10

Duct D Do teorn Fow D {Ovammnce B)

07-08

Ouct Dramoters Uperaam iram Fiow Dishurbance (Disence A}

oS 1.0 15 20 25
s T T T T T T T
THOhe mumber i ki rCaNULr siacis of Gucts
YT }
4
el b
H
fat ;
E 6 1 s-xw-o";n(umv
g Wi I Bore™  of
Mw-ombn.ﬂm(ﬂ-ﬂn)
° 1 1 ! 1 1 1 |
K 3 4 1 £ 7 E ] ® 10
Ouct trom Fiow D {Owmnos 8)
07-08
Cross-Sectional
Layout and
Location of Traverse Points
07-10
Table 3-1. Cross-Section Layout for Rectangular Stecks
Numbbr of waverse points . hotrix bnywut
3y
—
:
| .
07-11

-4
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® i e 0o i o
* 1 )
. !

.........
® o i 0o o
--------- L-----_--J-----—---J.---—----
® e i e @

07-12

Tatie 11 Lanation of Traverss Poinim in Clroiar Staeks

Trevarss poirt o 2 @ e of traverse puins an 5 Bameter

P1. 60, App. Meth. 1

Traversa  Dustance,
Pont % of dameter

40 CFR Ch. 1 (7-1-89 Edition)

1LY WXYNPN

07-14

Method 2

Detemnination of
Stack Gas Velocity
and
Volumetric Flow Rate
(Type S Pitot Tube)

0715

3.0-08-95
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7.6

0716

T Ap
M P

S S

v, =K, C,

Pitot Tube Calibration

Dimensional specification
and/or

Calibrate in wind tunnel against
standard pitot tube, preferably with
National Bureau of Standards (NBS)
traceable coefficient

Type S Pitot Tube

Design criteria for assigning
C,=084

07-18

3.0-09-95



Methods 1-4

A-side plane

A [ Mote
"""'—'-'——‘—"#r- 1050 <P <1.500
Pa = Pg

T
Logitudinal tube axis ——-

B-side plane

07-20
Transverse
tube axis
N A B |
F— Face opening -—!
planes
@
T
or-21
— ? Type sr«m tube '
%2 1.90 om (V4 m.) ke O = 1Jem12m}
Samping nozrie E"‘
Sampiing Static pressure
Samping nozze openng plane
o,
i
[
e I'g Impact pressure
ki opereng
m’?'m y OPerng plane
Nozzie
i
i 07.22

! 1

Wi 7.8 cm Z>508cm

an) @n;

Thermocouple E’Z | soam i

Thermocoupie
yan) s o ——— g i

0 ¥o. Type s pict tube (@) ORQ {o. Tyms»«wxm@
T ~T

!

i

1 | IF
2 v} 1 ooe ivHI
oI PO | mmpie pr
5"'" ’}I « i\ i
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v

J'"’li E E %m ” ]

07-24

Type S Pitot Tube
Calibration Using a
Standard Pitot Tube

and
Wind Tunnel
0725

)
1 (o —

; s

Curved or
mitered junction

Hemisphe E
8
07-26
Calibration Duct
- I I
et T
pRat ube port
' 8 dmmelars
N 12n. AL -

3.0-09-95



Methods 1-4

07-28

| TR

i
i
==t

]
+

L 1, ot oy - &, SR ran e

07-29

Velocity Measurement Procedures

1. Leak-check pitot tube and differential pressure gauge.

- 2. For circular stacks less than 10 ft in diamater, two ports

are sufficient. Use four ports when stack diametar is
greater than 10 ft.

3. Pitottubes longer than 10 ft should be structurally
reinforced to prevent bending of tube and misalignment
arrors.

4. ldentity each sample port and traverse point with a letter
of number.

5. Read velocity head and temperature at least twice at
each point and record the average.

0730

Velocity Measurement Procedures
(cont.)

6. Care should bé taken to prevent touching the pitot tube
tip to the side of the stack.

7. Plug unused sampling ports and seal port being used as
tightly as possible.

8. After traverse, check differential pressure gauge zero;
repeat traverse if zero has shifted.

L 4
9. Il liquid droplets are present, use a liquid trap in positive
pressure leg of pitot tube.

10. A post-test leak aheck is required after each run of the
pitot tube and velocity pressure system.

07-31

3.0-09-95

7-9



Lesson 7

Pitch Angle

0732
0733
Velocity Error vs. Yaw Angle
for a Type S Pitot Tube
T 1524 nveec
A 9.14minec
O 457 avesc
07-34
e : o : O °
e . o . o [
® e . o | o
07-35

7-10
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Average Velocity over the
Cross-Section

07-36

Average Stack Gas
Dry Volumetric Flow Rate

Tx(d

Qu = 3600 (1 - B A

ws(nvg))vs(avg)
s(avg)

p

5

Psld

07-37

Static Pressure Measurement

(p,)

0.25 m_ stee! tube
Type S pltot tube
Munomwiar .

)
l Manometer

==
Standard pitot tube
Manornete:

07-38

P =, +Po
13.6

07-39

3.0-09-95
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Barometric Pressure

Barometric pressure during testing is obtained by:

Instrument

. Mercury, aneroid or other barometer
{(with required sensitivity)

Other

. Obtain barometric pressure from nearby National
Waeather Service station (station pressure) and

adjust for elevation ditferences between sampling
site and weather station.

Note: The station pressure must be used not the
pressure corrected to sea level. 0740

Pressure Probe and Gauge

Static pressure measurement must be
accurate to within 1 in. Hg (13.6 in. H,0).

Pressure sensors typically used to measure
static pressure during testing include:

- A piezometer tube and mercury or
water-filled U-tube manometer

«» The statictap of a pitot tube
- One leg of the Type S pitot tube

07-4%

Applicability

Method 2 is applicable only at
sites that:

- Meet the criteria of Method 1

- Do not contain cyclonic or non-parallel
flow

07-42

Alternatives When Unacceptable
Conditions Exist

(Subject to apprdval of the Administrator)

- Install straightening vanes.

. Calculate total volumetric flow rate
stoichiometrically.

. Move to a measurement sité at which‘flow is

acceptable.

- Use procedures as described in Method 2 for
" cyclonic flow. 0743

3.0-09-95
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Method 3

Gas Analysis for Determination of
Dry Molecular Weight

0744

Principle

A gas sample is collected by one of the
following methods:

- Single-point grab sampling
- Single-point integrated sampling
+  Multi-point integrated sampling

0745

Principle

The sample is analyzed for the following
components:

. Carbon dioxide (CO,)
- Oxygen (Q,)
- Carbon monoxide (CO)(if necessary)

07-46

Applicability

For determining dry molecular weight
and excess air correction factor from
fossil-fuel combustion sources

0747

3.0-09-95
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Sampling Procedures
- Single-point grab

- Single-point integrated
. Multi-point integrated

Analytical Procedures
. Orsat (Method 3)
- Automated (Method 3A)

0748

Sampling Methods

07-49

Grab-Sampling Train
. . To analyzer .
Probe - Flexible tubing -
\ Filter
(glass wool)

Squeeze bulb

07-50

Single-Point Grab Sampling

. Sample point should be at the centroid of

the cross-section or at a point-at least 1 m
from the wall of a large stack.

. Place probe securely in stack and seal

sampling port to prevent dilution of stack
gas.

3. Purge sample line and attach to analyzer.

. Aspirate sample into analyzer.

07-51
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Integrated Gas Sampling Train

Fitter
(glass wool)

07-52

Single-Point Integrated Sampling
1. Sample point and probe placement is same
as for single-point grab sampling.
Leak-check the flexible bag.

Leak-check the sampling train.
Connect probe to train and purge the system.

Connect evacuated flexible bag and begin
sampling.

6. Sample at constant rate; collect 30 to 90 L of

O KN

gas simultaneous with poliutant emission test.
0783

Multi-Point Integrated Sampling

1. This procedure uses same sampling train
and equipment preparation as the single-
point integrated sampling method. ‘

2. locate sampling points according to
Method 1.

3. Sample each point at the same rate and for
the same time increment.

4. Collect 30 to 90 L of gas simultaneous with
pollutant emission test.

07-54

Multi-Point Integrated Sampling

Rate maeter
Vaive
Surge 1ank
. ] ® .
: o
[ S
. . - . Quick disconnect
y; Vaive
Air-cooled
condanser
. Rigid
container

3.0-08-95
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Analysis

0756
Orsat Analyzer
[Three-way inet vaive 10 mendoid
inlet value o CO pipetie
/ inlet vaiue 10 O, ppetie
t vaue lo CO, ppetie
o | | [ s
i Vard 1 Vokame
— T redersnce mark
0
oof| 0, |lo0, ]| [ Water mcket
Levaling
bottie
Side view of I T
typcal ppetie - : Oc:::ng
Flexible tube 0767

Orsat Analyzer Reagents

Gas Confining Solution
A solution containing sodium sulfate, sulfuric acid
and methyt orange :

Carbon Dioxide Absorbent
A solution of potassium or sodium hydroxide

Oxygen Absorbent
A solution of alkaline pyrogallic acid or chromous

chioride

Carbon Monoxide Absorbent
A solution of cuprous chloride or a sulfate solutior:) ,

Fyrite Analyzer

Filter (glass wool)

One-way
squeeze bulb

\/ Probe
. Gas absorber
07-59

7-16
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Dry Molecular Weight Equation

M, =0.44(%CO0,) + 0.32(%0,) + 0.28(%N, + %CO)

Where: M = dry molecular weight
%CO, = percent CO, by volume (dry basis)
%Q, = percent O, by volume (dry basis)
%CO = percent CO by volume (dry basis)
%N, = percent N, by volume (dry basis)
0.44 = molecular weight of CO, divided by 100
0.32 = molecular weight ot O, divided by 100
0.28 = molecular weight of N, divided by 100
0.28 = molecular weight of CO dwided by 100
07-60
Method 3A
Determination of O, and CO,
Concentrations in Emissions from
Stationary Sources
(Instrumental Analyzer Procedure)
0761
Applicability
For the determination of O, and
CO, only when specified within the
' regulations
0762
Principle

A sample is continuously extracted from
the effluent stream. A portion of the
sample stream is sent to an instrumental
analyzer(s) for the determination of O,
and CO, concentrations.

0763

3.0-09-95 7-17
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Analyzer Operating Principles

CO, Analyzers
- Nondispersive infra-red
Polarography
O, Analyzers
Paramagnetism
Potarography

Electrocatalysis

Measurement System Schematic

Stack wall
{ Hoated Rlter

Performance Test Procedures

- Calibration error check
- Sampling system bias check
- Interference response check

0766

-18

Performance Test Criteria

Calibration Error -

- <z 2% of span for zerd, mid, high range
gases

- (0) (40-60) (80-100) % of span
Sampling System

Bias Check -

- <z 5% of span for zero and high range
gases '

-

0767
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Performance Test Criteria

Interference Response

<+ 2% of span

For CO @ 500 ppm
S0, @ 200 ppm
CO, @ 10%

0, @209%

0768

Method 3A

Test Procedure

- Sample collection
. Zero and calibration drift test

Method 3B

Gas Analysis for the Determination
of Emission Rate Correction Factor or
Excess Air Using the Orsat Analyzer

07-70

Applicability

For determining CO,, O,, and CO
from a gas stream from a fossil-fuel
combustion process

o7-n
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The Fuel Factor

20.9 - %0,

0.264%N2—(%02-0.5%CO) !

Where: %EA percent excessive air

o
%CO,
07-72
F. Acceptable Ranges
Fual Type F, range
Conat
s A
.
Dustita 1260 - 1 410
Reatual 1210 1.370
Gas
Nansal 1.800 - 4 836
— ey
Waod 1000 - 1.120
Wood bark 1.003 - 1.130
07-73
Percent Excess Air Equation
’ %0.,-0.5%CO

%0, = percent O, by volume (dry basis)

%CO = percent CO by volume (dry basis)

%N, = percent N, by volume (dry basis)

0.264 = ratioof O, to N, in air, VIV
07-74

Method 4
Detemnination of
Moisture Content in Stack Gases

07-75

7-20
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Principle

A sample is extracted at a constant rate.
Moisture is removed and determined
volumetrically or gravimetrically.

07-76

Applicability

For determining moisture content of
stack gas.

07-77

Approximation Methods

Used to estimate percent moisture
to aid in setting isokinetic sampling
rate

Wet bulb-dry buib

Partial pressure technique
(at saturation)

Approximation sampling method

07-18

Wet Bulb - Dry Bulb Method

1. Measure the wet bulb temperature.
2. Measure the dry bulb temperature.

3. Estimate moisture content using
psychrometric char

- Or

Calculate moisture content.

07-79

3.0-09-95 7-21



Lesson 7

— ol wetbun
|
— Wl Dry bulb

tack wall

Figure 5
gas Tast Arrangement for Exercise 3
Wet Bulb - Dry Bulb Techrnique

for
Motsture Measurement

07-80

I I ] ] { I I
Dry bulb —
g
5 i Wwetbulb /
: Intlection £ ]
Area
i | | |
Time
07-81
. "p/
/ ™
57 & | "%
X A
E AL/ T
; 4 fl 7K o~
! ) T
l F i / o
' g A2 ~— s
Ll 4 s ™
B L LT
0 40 5 @ 7 Zy: o m.-‘w m W W W W™
07-82
L
Moisture Equation
(Wet Bulb - Dry Bulb)
_Vv.p.
WS P\
Where: v.p. = s.v.p - (3.67x10°XP_Xt, - 1_* + LTST-ILZ_J

"

s.v.p. = saturated watnr vapor pressure at the
N wet bulb terr.peratwre

P = absolute pressure in the stack
4 = dry bulb temperature

. = wel bulb temperature

v.p. = water vapor pressure .

07-83
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Partial Pressure Method

. Assume saturation.

. Attach temperature sensor to reference
method probe.

- Measure stack gas temperature at each
traverse point.

. Calculate the average stack gas temperature.

« Determine moisture fraction using saturation
vapor pressure table.

0784

Moisture Equation -
Partial Pressure
S.V.p.

s

B

Where: B_, = proportion (by volume) of water vapor
in a gas mixture
s.v.p. = saturated vapor pressure of water at
average stack temperature
P = absolute pressure of the stack

0785

Moisture Sampling Train -
Approximation Method

Procedure

1. Place 5.0'ml of distilled water in each
impinger.

Assemble and leak-check sampling train.

Sample at a constant rate of 0.07 cfm
until a sample volume of 1.1 ft? is obtained.

4. Combine contents of impingers and
measure volume to nearest 0.5 mL.

07.87

3.0-09-95
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- Usually conducted simultaneously

Reference Method

Used for accurate determination of
moisture content

with a pollutant measurement run

Results used to calculate the percent
isokinetic and pollutant emission rate

07-88

Moisture Sampling Train
(Reference Method)

0789

train (mandatory).

Procedure

Determine traverse points using Method 1.

Select sampling time such that minimum
gas volume of 21 scf will be collected at
rate no greater than 0.75 cfm.

Leak-check sampling train (optional).

Maintain sampling rate within 10% of
constant rate.

After sampling, leak-check sampling

Verify the constant sampling rate. 07-80

07-91

24
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Volume of Water Vapor Condensed

(Vr - vi )prTsld

V. =
we(std)
Pslde
= K,(V, - V;)
Where: K, 0.001333 m¥mL for metric units

0.04707 #t%mL for English units

07-92

Volume of Water Vapor Collected in
Silica Gel

v _ (Wr - “',i )RTnu‘
“g(“d) - PﬂdM"

= KZ(Wf ‘wi)

Where: K, 0.001335 m¥/g for metric units

0.04715 #¥/g for English units

07-83

Sample Gas Volume

(Pp)(Tya)
\Y = Yoo sl
mED T g (T

Where: K, = 0.3858 K/mmHg for metric units

17.64 R/in. Hg for English units

07-94

Moisture Content

\Y +V
wcf std] wsg(std)
B, .= ’

ws Ty +V iV
wc.lsstd] wsg[std} mtstd}

07-95

7-25
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Second Day Laboratory Exercise

In this laboratory, you and your assigned group will be performing a pitot tube traverse. The direc-
tions are given on page A-1 of Appendix A (Laboratory Exercises).

Take notes here for background information and any special instructions given by the Course
Director or Laboratory Instructors.

) . 3.0-09-95
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Notes
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Homework Review 2
Question-and-Answer Session

Session Goal

The goal of this session is to review homework problems assigned on Day 1 and to provide
you with the opportunity to discuss any questions or issues presented in the previous day's
sessions.

Session Objectives

After completing this review, you will be able to do the following:
1. Meet the goals and objectives of yesterday's sessions.

2. Perform calculations similar to those provided in the Homework Exercise.

3.0-09-95 7-29
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Notes
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Notes
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Lesson 8

Calculation and Interpretation of Percent Isokinetic

Lesson Goal

The goal of this lesson is to present the concept of percent isokinetic (%I), derive the expres-
sion given for %I and to discuss a method used for evaluating the adequacy of source tests that

are not 100% isokinetic.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.
2.

3.0-09-85

Discuss how the percent isokinetic expression is derived.

Explain the relative importance of the variables in the percent isokinetic expression and
point out which ones should be checked closely on the source test report.

Illustrate the effect of under-isokinetic sampling on the measured pollutant mass rate
(pmr), relative to the true pmr.

Illustrate the effect of over-isokinetic sampling on the measured pmr, relative to the true
pmr.

Evaluate whether a source test should be rejected or accepted, based upon the value of the
percent isokinetic and whether the emission rate value is either above or below the stan-
dard.
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8-2

Percent Isokinetic Derivation

Percent Isokinetic Variation

vl'l
%] = ‘T;x 100 (8-1)

>

a

(8-2)

Q, from Collected Data

_ vsw + Vmeler corr
Qn - 6

Where: 6 = sampling time period

Correction of Metered Volume to Volume at Stack Conditions

(e 82
T\ " 136
orifice corr = -P_h Tm |¥Ym (8-4)
Correction for Water Collected in Impinger
VicPu,o = My o (8-5)
vV m
Ps swo MRTs
RT,
and Vo = Myo o
sw HZOMHZOPS

RT

Vi = Vncpuzoﬁj = The volume of water vapor at stack conditions
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Calculation and Interpretation of Percent Isokinetic

3.0-09-95

6.

7.

9.

Substituting into Q,

T, m AH
E [Vch3 + ﬁ(Pb + E—G)]
Q, = (8-6)
6
Pu,oR in. Hg ft3
Where: Ky = My = 0.00267 mL R
But remember that:
v Q,
%l = EIOO = VSAHIOO (8-7)

Substitute Equation 8-6 into Equation 8-7 to obtain

m

v AH
100 T, [VICK3 + T_m(Pb + EX: ):|

%l = 60 6 v.P A (8-8)
Expression as it appears in 40 CFR 60 Appendix A:
Vi A
100 T, IiV,CK3 + :r—(Pb + 1—3%)]
= = - 8-9
%l 60 6 vP A, (6-9)
8-3



Lesson 8

-4

10.

An alternate expression for the percent isokinetic obtained from intermediate units is:

TSVm s
% = Kgoas (1‘ T)Bws) K = 0.09450 for English units

20—y T T T T

18— -

18- -
pmr
—r— 4 \ -
12 N " T pmr(sMALL)

1.0 -

Sy,
0.8+

-

* -,
Ny -~
(L,V?GE \\pmr
) (smalt or large)
0.4 —

0.2 | — H ! —
0204 06 08 1.0 12 14 16 18 20

0.6 |

Under-isokinetic Over-isokinetic
Relative Isokinetic Condition

Urlvy

Figure 8-1.  Errors due to anisokinetic conditions

(8-10)
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Notes
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Notes
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Lesson 9

Particulate Matter Sampling Train Configurations

Lesson Goal

The goal of this lesson is to describe different sampling train set-ups and how their design
affects what is collected.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.
2.

-
3.

3.0-09-95

State the EPA definition of particulate matter for fossil-fuel fired steam generators.
Discuss how the design of a sampling train defines what is collected as particulate matter.

Describe how the Method 5, Method 17, and Method 8 source sampling trains differ from
each other.

Discuss how the PM,, exhaust gas recycle sampling train works.

Discuss how the PM,, constant rate sampling procedure is conducted.

9-1
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i

Lesson 9
Course 450
Definition of Particuiate Matter

Sampling Train Configurations

0901

Filter Temperatures - Method 5

Method 5 - 248°F +25°F

. Method 5A- 108°F + 18°F
(Asphalt plants)

Method 5F - 320° F +25°F
(Nonsulfate parcticulate matter)

Method 8
Applicability

Determination of sulfuric acid mist
and sulfur dioxide (acid plants)

L -
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Definition of Particulate Matter Sampling Train Configurations

Method 8

=

09-05

Method 17

In-stack Filter
Applicability
In sources where particulate matter

concentration is independent of
temperature

0906

=

Method 17

'

U

0907

Method 201

PM,, Samping Train

Exhaust Gas Recycle
Procedure (EGR)

40 CFR 51: Appendix M

3.0-09-95
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3-4

09-09
Method 201A
PM,, Samping Train
Constant Sampling Rate Procedure
(CSR)
40 CFR 51: Appendix M
09-10
tmpanger tram
Thermometers
PM, Thermomaters
Nozze i H H : v“:
s ',.:',:,, B & B P e
Incimed Modm%nw S;-\:gd "~
manometer Fiow Convol Vo‘.“‘“‘;"
Gas Ewt
o | L e
el & e
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Lesson 10

Source Sampling Field Procedures

Lesson Goal

The goal of this lesson is to explain how a Method 5 source test is designed, planned, and per-
formed.

Lesson Objectives

Upon completion of this lesson, you should be able to:

1.

2
3
4.
5
6

3.0-09-95

List the steps involved in getting ready for a Method 5 source test.

Describe the activities that are conducted on site prior to performing the actual test.
Describe the activities that are performed during the test.

List the major activities that are performed on site after the test has been conducted.
Tell what calculations must be performed after the source test.

List the major topic heading of a source test report.

10-1
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Gefting Ready

| l

l

Contact algggt?ate Determine Aaszcs;g::e
plant samplin adequate electrical safety
9
personnel. locations. access. supply. requirements.

Test Plan
Prepare ldentify Assign Prepare D:;Je;gi‘;'l‘e
test method. manpower. duties. test schedule. | | quirements.

Equipment

Preparation [

DR

| l | |

Prepare Pack and
filters and ship
reagents.

Prepare
packing list.

Calibrate

equipment. equipment.

10-2 ‘ 3.0-09-95



Source Sampling Field Procedures

3.0-09-95

On-site Activities

Equipment ”
Set-up .

.

[

l l

—

Inspect
for damage.

Assemble
equipment

Obtain local

barometric Mark

probe.

Leak-check
equipment.

pressure.

Preliminary
Calculations §

i | Fill impingers
with reagents.

l

il

Perform
preliminary

velocity
traverse.

Approximate
molecular
weight.

Determine

Approximate
nozzle size.

moisture.

Communications B

Calculate

K factor.

Establish
communications
with
control room.

Establish
communications
with all
sampling sites.

Confer with
reguiatory
personnel.

Confirm process J
operating i
parameters.

10-3
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10-4

The Test

Record
initial
data.

Turn on the

ergg:t:t Read4p § poupr:g tat?ed
first sampling ancf!_ catlgtélat ; coarse
point. irst An. sampling

valve.

Start
stopwatch.

Adjust fine

»
71 control for
desired AH.

Move probe
Check ! to next C
temperatures sampling cv‘g:‘u“:et';’te
and record point when |
all data timeis | the end of
) time period.

Record

elapsed.

Readap §
and calculate
new AH.

Repeat for each sampling point.
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Source Sampling Field Procedures

Post-test Activities

Sample Recovery - Probe/Nozzle

Remove nozzie, brush and rise with acetone.

Label container with sample number, location, run
and data, and mark liquid level.

Sample Recovery - Filter

Separate probe and filter.

Cap filter inlet and outlet.

Disassembie filter holder.

Y B " e AT ot 0 Sl vt g o7

Remove filter with tweezers.

petri dish,

Label dish with sample number, location,
run, and date.

Sample Recovery - Wrap-up

Check that all samples are properly Iabeled.

O O ot T e S P reprovemy

Complete all chain-of-custody forms.

Pack samples securely to avoid breakage.

3.0-09-95 10-5
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Pos't-test Activities (cont.)

Sample Analysis - Impingers

Determine volume of impinger water.

Record data.

NI e Y ARSI O M TSRS BRI AT S ot

Sample Analysis - Filters

Desiccate 24 hr.

Desiccate 4 hr.

Weigh and record to constant weight.

Sample Analysis - Probe Wash

Evaporate at room temperature and pressure.

X R PARIRR A A A ¥ 0 N e o0

Record data. E@
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Source Sampling Field Procedures

Post-test Activities

Final Calculations

Calculate moisture content of stack gas.

Calculate molecular weight of stack gas.

Reporting

Describe test objectives.

Describe test methods.

< RS R R RO TR > i 25 ¥

Summarize results.

lllustrate all calculations.

S e et 117 30 15 oerreoe o gt € g
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Third Day Laboratory Exercise

In this laboratory, you and your assigned group will be performing a Method 5 source test. The
laboratory exercise directions are given in Appendix A (Laboratory Exercises) of this workbook.

Take notes here for background information and any special instructions given by the Course
Director or Laboratory Instructors.

10-8 3.0-09-95
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Notes
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Source Sampling Field Procedures

Homework and Laboratory 3 Review
Question-and-Answer Session

Session Goal

The goal of this session is to review the results of Laboratory 3, the homework assignment,
and the pretest, as well as to provide you with the opportunity to discuss any questions or
issues presented in the previous day’s lectures or laboratory.

Session Objectives
After completing this review, you will be able to do the following:
1. Meet the goals and objectives of yesterday's sessions.

2. Perform calculations similar to those provided in the Homework Exercise.

3.0-08-95
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Lesson 10

10-- 2

Laboratory Data Summary
}SNO. M, E |
ample| Time A, A Ibb- | Py Vs Q, Vm Cq pmr | Ibs/
Group| pt. | min. | 42 f2 Bys | mole |in. Hg | ft/sec | dscf | std %1 | grit® | Ibmr [105 Btu
1
2
3
4
5
6

If each group was sampling the same duct, why do the results differ?

3.0-09-95
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Notes
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Lesson 11

Error Analysis

Lesson Goal

The goal of this lesson is to discuss the distinctions between error and precision and to review
the types of error that can occur in a source test.

Lesson Objectives
Upon completion of this lesson, you should be able to:
1. Explain the difference between precision and accuracy.
2. List and describe three categories of error.

3. Discuss how precise Methods 2-5 are.

3.0-09-95 11-1
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Lesson 11

Course 450
Error Analysis

101

Bl INS
I N O | I O O O O

1.28 129 1.30 1.31 1.32 1.33 1.34 1.35 1.36 1.37 1.38 1.39
The True Value

1.2

!
| Precision and Accuracy
|
l Precision refers to Accuracy refers to
‘ reproducibility. correctness.
|
| ‘A! Precision is good but /B! Both precision and

accuracy is poor. accuracy are good. 1@

ny

1 | Systematic Errors
2 | Random Errors
3 | lilegitimate E ors

. -

11-04
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Lesson 12
Reporting in Units of the Standard

Lesson Goal
The goal of this lesson is to explain the different formats in which source test data can be
reported, using concentration correction and F factor equations.
Lesson Objectives
Upon completion of this lesson, you should be able to:
1. Correct a particulate concentration to standard temperature and pressure.
2. Correct a particulate concentration to 12% CO,.
3. Correct a particulate concentration to 6% O,.
4. Correct a particulate concentration to 50% excess air.
5

Define what an F factor is and how it is used to compute the emission rate for combustion
sources.

6. Identify at least three F factor methods.

7. Use F factors for cross-checking Method 3 data and combustion data.
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Lesson 12

Course 450
Reporting in Units of the Standard

1201

- - 12
CS]2= CS -
%CO,
|
- c, [20.9 - 6.0]

s 20,9 - %0,

12-04

22
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Reporting in Units of the Standard

%EA = Ve x 100

required for complete combustion

1205

% 0,~ 0.5 (%CO) .
0.264(%N, )-[%0,- 0.5 (%CO)]

P%EA = 100

12-06

Method 19
F Factor Methods

1297

IbsAY?
E_Pm Q. O
Qy Q. 10° Btuifir

_ lbs
- 10* Btu

12-08
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|

dilution
E =cF| correction

term

1209

4 lbs Ibs

E = - =
10° Bu &%  10° Bwu

Dilution correction term is dimensionless.

12-10

E-oF 20.9
© 11209 - %0,

1211

vyl
|

20.9
=c,F,
{20.9(1 - B,.) - %Oh:l

L 4

12-12
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Reporting in Units of the Standard

_ 100
E = c¢/F.
%CO,

12-13

20.9

E = ¢c_F

Sw

"1209(1 - B,,) - %0,,

12-14

Table 18-1-F: Factors for Various Fusis'

2.48110-7) 9,240

2710’} 10,100 |2.83110-'| 10.840 (2710107 1970
263x10-71 0.760 |2.6a10’| 10.640 [2.63x107| 1,800
28501077 0860 {321x10’] 10080 [268x10'] 1910

2470107 9.190 [2.770107] 10320 |2.47x107] 1420

243107 A.710 | 2852107 10610 [2.43x107| 1,040
2.34x107| 8,710 [ 2.74x10-7| 10200 }2.34x10-"( 1,190
2.34x107| 8710 {2.79x107( 10,300 }2.34x107| 1250

. 2.4ax10-'| 1,890

2.58x10-7} 9,600 2.58x10-'| 1,920
2.5Ta10° | 0570 25110’ 1820
20 C 88 £} ane 80 [ 1Y

1215

3.0-09-95
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Lesson 13

Source Sampling Quality Assurance
and Safety on the Sampling Site

Lesson Goal

The goal of this lesson is to discuss the aspects of the source test procedures that affect data

quality and the safety of the source tester at the sampling site.
Lesson Objectives

Upon completion of this lesson, you should be able to:

1. List at least 20 procedures that are necessary for good quality data to be obtained.
Describe how the basic components of the Method 5 sampling train are calibrated.
Discuss how a critical orifice can be used to audit a Method 5 sampling train.

Recognize at least 10 causes of accidents in source testing.

U

Discuss the importance of an accident analysis program.

13-1
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Lesson 13

Lesson 13
Course 450

Source Sampling, Quality Assurance,
and On-Site Safety

1301

Quality Assurance Handbook
for Air Pollution
Measurement Systems

Volume Il
Stationary Source
Specific Methods

EPA 600/4-77-027b

1302

EPA APTI
Correspondence Course 414

EPA 450/2-82-003

1303

Source Testing QA
. Calibrate . Leak Check
. Calibrate . Leak Check
. Calibrate . Leak Check

13-04

3-2
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Source Sampling Quality Assurance and Safety on the Sampling Site

Break into groups and list at least 20 observations that a source test observer should make that
would enable him or her to evaluate whether the test team will be obtaining good quality data.

10.

i1

12.

13.

14.

15.

16.

17.

18.

19.

20.

3.0-09-95 13-3



Lesson 13

Method 5
Quality Control
Procedures

1305

Component Calibration

Probe Nozzle

- Measure three diameters of the nozzle.
- Calculate the average measurement.

« The difference between the high and low
measurement shall not exceed 0.004 in.

+ Nozzle should be uniquely identified.

1306

Probe Heater Calibration

Calibrate probe heater if not
constructed according to
APTD - 0581 using procedure
outlined in APTD - 0576.

1307

Pitot Tube Calibration

Perform dimensional specification test
and/or

Calibrate in wind tunnel against standard
pitot tube (preferably with NBS traceable
) coefficienf].

’

1308
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Source Sampling Quality Assurance and Safety on the Sampling Site

Impinger Thermometer

Calibrate with a mercury-in-glass
thermometer that meets STM E-1 No.
63C or 63F specifications.

- Compare readings in ice bath.

- Compare readings at room temperature.

. Thermometer must agree within 2° F of the
reference thermometer at both temperatures.

13-09

Dry Gas Meter Thermometer

Calibrate with a mercury-in-glass

thermometer that meets ASTM

specifications.

» Compare readings in hot water bath
105°- 122° F.

- Compare readings at room temperature.

. Thermometers must agree within 5.4° F at
both points or differential at both points within
5.4°F,

13-10

U-Tube
manormetar

Wal lest meter
Metenng sysiem
Equipment arrangement

for metering system calibration
13-1

Balance Calibration

Analytical Balance

Calibrate using Class-S weights (balance
should agree within +2 mg).

Trip Balance

Calibrate uSing Class-S weights (balance
should agree within +0.5 g).

13-12
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Lesson 13

Leak check of meter box

13-13

Audit Device

13-14

Critical Orifice

[ .....
Chritical
orifice Quick
sstgpnpn:r connect
1315
Leak Checks

- Pitot tube lines
. Probe |
. Sample lines

- Filter

- Metering system

»

13416

13-6
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Source Sampling Quality Assurance and Safety on the Sampling Site

Safety on
the Sampling Site

The Importance of an
Accident Analysis Program

1317

Causes of Accidents

. Poor instruction

- Poor planning

- Improper design

. Proper equipment not provided
- Failure to follow instructions

1318

Causes of Accidents
(Continued)

- Neglect or improper use of
equipment

- Faulty equipment

- Untrained personnel

- Uncooperative personnel

- Unpredictable outside agents

13-18

- Respirators

Personal Safety Equipment

. Hard hat - Gloves

- Safety glasses . Proper clothing

. Safety shoes . Safety belt
(harness)

- First aid kit

3.0-09-85
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Section 14

Literature Sources

Lesson Goal

To discuss other sources of information on source sampling and environmental control.

Lesson Objectives
Upon compietion of this lesson, you should be able to:

1. List at least three pertodicals in which source testing and environmental control informa-
tion can be found.

2. Identify the professional organizations that encourage the dissemination of source testing
information.

3. Identify the types of information that are available on the EMTIC bulletin board.

3.0-09-85 14-1



Lesson 14

Periodicals

Professional Organizations

Publications

EMTIC Bulletin Board

Phone No. (1200 or 2400 bps modem)

Phone No. (9600 bps modem)

Data bits:
Parity:
Stop bits:

14-2

3.0-09-85



Lesson 15

Advanced Topic Lecture

Lesson Goal

The goal of this lesson is to introduce you to an advanced topic in source testing, such as parti-
cle sizing, continuous mass measurement, or PM;, sampling.

Lesson Objectives

Upon completion:of this lesson, you should be able to:
1. Discuss the application of the procedures discussed.

2. Explain how the techniques are conducted.
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Notes
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A-1



Appendix

First Day Laboratory Exercise 1
Traverse Point Determination

Laboratory Objective

Upon completion of this laboratory exercise, you should be able to:
Determine the number and the location of the traverse points at your assigned sampling site.

Introduction

Mark your sampling site location on the following diagram of the APTI Course 450 sampling
duct and then follow the procedures given.

Gas Fioy,

% Support M

Figure A-1. APTI course 450 sampling duct
Procedures

For detailed regulatory instructions, refer to Method 1, in Appendix B of the APTI Course 450
Student Manual.

A. Determination of the minimum number of traverse points:

Step 1. Measure the inside dimensions of the duct at the sampling site. Sampling ports
have been installed in the laboratory ductwork. Use the port assigned to your
laboratory group.

Record this data on the Exercise 1 Hand-in Sheet (page A-5).

Step 2. Determine the distance of the sampling port from upstream and downstream
flow disturbances.

Record this data on the Exercise 1 Hand-in Sheet (page A-5).

Step 3.  Determine the number of traverse points for a velocity dei:ermiqation using Fig-
ure A-2. "
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Appengix

First Day Laboratory Exercises

Duct Diameters Upstream from Flow Disturbance (Distance A)

508 1.0 1.5 2.0 25
i | [ | i 1 I

**Higher number is for rectangular stacks or ducts

Disturbance

Measuremeant =

Minimum Number of Traverse Points

Disturbance
20 -
16 Stack diamater > 0.61 m (24 in.)
12 P,
10
Stack diameter = 0.30 to 0.61 m (12 - 24 in.)
0 | ] i | | | ]
2 3 4 5 (] 7 8 9 10

Duct Diameters Downstream from Flow Disturbance (Distance B)

Figure A-2. Minimum number of traverse points for velocity
(nonparticulate) traversers

Step 4. Determine the number of traverse points for a particulate traverse using Figure
A-3.

Duct Diameters Upstream from Flow Disturbance® {Distance A)

508 1.0 1.5 2.0 25
| | i ] I I |

**Higher number is for rectangular stacks or ducts

\ __/ Disturbance

x
40 A Measurement |
-}- site
B
30 -l— -
Disturbance

24 or 25*°

20 -
l_l_‘ g Stack diameter > 0.61 m (24 in.)-;2

1 12

*From point of any type of disturbance "
(Bend, expansion, contraction, etc.) | 8org -
Stack diameter = 0.30 to 0.61 m (12 - 24 in.)

0 | L 1 1 | | |
2 3 4 5 6 7 8 9 10
Duct Diameters Downstream from Flow Disturbance* (Distance B)

Minimum Number of Traverse Points
N
o
1

=
T

Figure A-3. Minimum number of traverse points for
particulate traverses
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A-4

B. Determination of traverse point locations

Step 1.  Determine the locations for the velocity traverse points using Table A-1.
Table A-1. Location of Traverse Points in Circular Stacks
(Percent ot stack diarnater from inside wali to traverse point)
Traverse point on a diameter Number of traverse points on a diameter
2 {416 | 8 l10]12]14]16 18 ]20] 2271 22
[ 146 671 44| 32| 26| 21| 18] 16| 14| 13| 11] 11
2 e e T 854 | 250 146 {105 | B82] 67] 57| 49| 44| 39| as| 32
B e ----| 7501296 ]| 194 1a6| 118 99| 85| 75| 67| 60| 55
4 e ----1 933|704 | 323 | 226 177 | 146 | 125| 108] 97| 87| 79
5 e e e e ce--feo--}854 1677 342| 250{ 20.1 | 169 | 146| 129 | 116] 105
B e o e e e---J----]9561806|658] 356|269 220! 188/ 165 | 146 | 132
7 e e e e ceeneea ---fre-nt--- 895774 644 366| 283 | 236 204 | 180 16.1
< ---ofo---4---.1 968|854} 750| 634 | 375| 296 250] 218 194
8 LT ceedeo oo ) o | 918|823 73.1| 625 382 306 | 262 | 230
1 cmeefecccfonadeo| 974 | 882 799 | 717 | 618 3858 315 272
LT S NI P A 933| 854 | 780 704 | 61.2 | 39.3| 323
12 e SN SIS SUHN NNDE S 979 90.1| 83.1| 764 | 69.4 | 60.7 | 30.8
1 e cceeccccaeen [ERPURPIREN SR T N . 875| B1.2| 75.0{ 685 60.2
14 o llo S U SISO 915 854} 796 738 67.7
15 e e e cmmceaean PSP QR R 95.1] 89.1| 835 78.2 72.8
16 it e mecaceana L LTS YpIE NP KRNI SU SR 98.4 | 925 87.1] 8201} 77.0
17 e e SRR S GIUOIN TR B ceeto--J-__| 956| 903| 854 | 806
1 S cmegeme e d o p o) | 986 933 884 | 830
19 e creemccmcecaaa cemejvmcalacadeceatl oo d [EppR S— [RPUG M 96.1] 91.3| 86.8
20 e SRR FRY UNONE NN SN AN RID NR B 987 | 94.0| 895
2 e R R Y L R L [Py SNpUpp D RPN PRI P -ee--| 965] 92.1
22 ool SRR NI RPN NN IO MU B SN ----| 989 945
2 SRR SPREY DI SO DI DR DR SR IIIONN! DISIIN I I-*1
24 e eemeeeaa LEEE CET R LRt Sy SNy [ R PR R cmcafea-{ 989
Step2.  Determine the locations for the particulate measurement traverse points using
Table A-1.
Step 3 If the duct diameter is less than 12 in., make any necessary corrections for small
' diameter ducts (if you need to do this, refer to Method 1, reproduced in Appen-
dix B of the course manual.)
Step4.  Record all data on the Exercise 1 Hand-in Sheet (page A-5).
(There is a duplicate Exercise Hand-in Sheet that you may keep in your work-
book for future reference.)
Step 5. Proceed to the next available Lab Exercise Station.
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First Day Laboratory Exercises

Appenghx
Name ’
Group No.
Date
Exercise 1 Hand-in Sheet
Number and Location of Traverse Points
A. Number of Traverse Points
Port number
Location,
Duct diameter
Number of duct diameters from
upstream disturbance
Number of duct diameters from
downstream disturbance
Number of traverse points on a diameter,
B. Traverse Point Locations
% of Diameter Diameter 1 Diameter 2
Distance from Distance from
Inside Wall Inside Wall

A-5
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Appendix

C. Illustration of Sample Point Locations

-
N

Note: Before turning in this hand-in sheet, record your data on the following duplicate
hand-in sheet. Keep the duplicate in your workbook for future reference.
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First Day Laboratory Exercises

Appenghix
Name
Group No.
Date
Exercise 1 Hand-in Sheet
(Duplicate: Keep in your workbook for future reference)
Number and Location of Traverse Points
A. Number of Traverse Points
Port number
Location
Duct diameter
Number of duct diameters from
upstream disturbance
Number of duct diameters from
downstream disturbance
Number of traverse points on a diameter
B. Traverse Point Locations
% of Diameter Diameter 1 Diameter 2
Distance from Distance from
Inside Wall Inside Wall

A7
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C. Tllustration of Sample Point Locations

~
N
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First Day Laboratory Exercises

Appendix

First Day Laboratory Exercise 2
Pitot Tube Calibration

Laboratory Objective

Upon completion of this laboratory exercise you should be able to:
Determine the pitot tube calibration coefficient, C,, for a Stausscheibe type (Type S) pitot
tube, using a standard pitot tube as a reference and a laboratory test duct.

Introduction

This exercise will be performed at two laboratory work stations on the laboratory duct. Your
instructor will show at which ports the exercise will be conducted.

Depending upon the equipment available, you may be using either a bare pitot tube or a pitot
tube attached to a sample probe. In either case, determine the C, for both the A and B sides of
the tube. Use the manometer supplied or the meter box manometer. Figure A-4 illustrates the
exercise set-up.

Standard
pitot tube

[:k o
[ N
[

Inclined manometer

J

Ve

—iyp ey

Figure A-4. Test arrangement for pitot tube calibration

Procedures

Step 1. Go to one of the assigned test stations.

Step 2. At the test station, note two holes in the ductwork. Note that one is for the Type
- S pitot tube and the other for the standard pitot tube. The hole should be located
in such a manner that the tip of the standard pitot tube will be measuring at the

! same location as the Type S pitot tube.

3.0-09-95 ' A-9
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Step 3.

Step 4.
Step 5.

Step 6.
Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Set-up, level, and zero the inclined manometer. Make sure that any valves on
the manometer are in the "open" position.

Label one leg of the Type S pitot tube as "A" and the other leg as "B."

Determine the distance from the center of the duct to the outside wall of the
duct. Insert the pitot tube so that the center of the impact tube is located at the
center of the duct. Place a mark on the tube such that when the mark is placed at
the outside edge of the duct, the tip of the pitot tube is at the center of the duct.

Repeat Step 5 for the standard pitot tube.

Connect the pitot tube to the manometer as shown in Figure A-5, or to the
manometer of the meter box as shown by your instructor.

Insert the pitot tube into the duct until the mark is at the outside edge of the duct
wall.

Align the pitot tube so that the “A” leg faces directly into the flow stream. Tape
the hole shut with duct tape to minimize air leakage into the duct.

Tape

: ( Type S pitot tube
= /
L

T

Inclined manometer

Figure A-5. Test arrangement for Type S pitot tube

On the Exercise 2 Hand-in Sheet (page A-12), record the Ap in inches of H,O

indicated by the manometer. (There is a duplicate Exercise Hand-in Sheet that
you may keep in your workbook for future reference.)

Disconnect the pitot tube lines from the Type S pitot tube and attach them to the
standard pitot tube as shown in Figure A-6 (or to the meter box as shown by
your instructor).

3.0-09-95



A

First Day Laboratory Exercises

Step 12.

Step 13.

Step 14.

Step 15.

Appenghix

""" b i
' Ll

Ta71

Inclined manometer

Figure A-6. Test arrangement for standard pitot tube

Insert the standard pitot tube into the duct unt:l the mark is at the outside edge of
the duct wall, as shown in Figure A-6.

Align the tube so that it faces directly into the flow stream and the center of the
tube is in exactly the same location in the duct as the Type S pitot tube was.

On the Exercise 2 hand-in Sheet (page A-12), record the Ap in inches of H,0
indicated by the manometer.

Determine the pitot tube coefficient according to the following equation:

Cp = Cp (standard) ég(sind_arﬂ
Ap (Type S)

Assume: C, (standard) = 0.99

Step 16.

Step 17.
Step 18.

Step 19.

3.0-05-95

Record this result on the Exercise 2 Hand-in Sheet (page A-12).

Repeat Steps 7-15 for the B side of Type S pitot tube. Note: This means that you
must also obtain another measurement with the standard tube. Don't skip Steps
11-13.

Perform a second calibration run by repeating Steps 7-16.
Perform a third calibration run by repeating Steps 7-16.

Obtain the average C,, for leg A and leg B of the Type S pitot tube and record the
result on the Exercise 2 Hand-in Sheet (page A-12).
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Exercise 2 Hand-in Sheet

Calibration of Type S Pitot Tube

3.0-05-95

Probe-Type S Pitot Tube: ID No.

Appengix

Name
Group No.
Date

NBS Standard Pitot-Static Tube Cp =(.99

Type S Pitot Tube Coefficient Data

Legs A, B Standard Pitot- Type S
of Type S Pitot | Static Tube Ap |Pitot Tube Ap in.
Tube in. H,0 H,0
Test 1 A
B
Test 2 A
B
Test 3 A
B
Cp
A %
- [L} c
Py T p(std)
Ap

Note: Before turning in this hand-in sheet, record your data on the following duplicate
hand-in sheet. Keep the duplicate in your workbook for future reference.
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Name

Group No.
Date

Exercise 2 Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)

Calibration of Type S Pitot Tube

Probe-Type S Pitot Tube: ID No.

NBS Standard Pitot-Static Tube Cp =0.99

Type S Pitot Tube Coefficient Data

Legs A, B Standard Pitot- Type S Cos) Com
of Type S Pitot | Static Tube Ap |Pitot Tube Apin. Leg A Leg B
Tube in. H,0 H.,0
Test 1 A
B
Test 2 A
B
Test 3 A
B
Cp
h
c [Apsld ]
p(s) — pistd)
Ap,
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First Day Laboratory Exercise 3

Determination of Moisture Content
by the Wet Bulb-Dry Bulb Technique

Laboratory Objective

Upon completion of this laboratory exercise, you should be able to:
Determine the moisture content of the flue gas in the test duct by using an approximation tech-

nique the wet bulb-dry bulb method.
Introduction

This exercise can be performed at any of the ports cut into the test duct. Use the equipment
supplied for this exercise.

Figure A-7 shows the exercise set-up.

-

Cofton f.5..ui ..er‘t,b.u I.b =)
Wick ™ T\ \ e g T P T T

tack wall

Stack
gas

Figure A-7. Test arrangement for wet bulb-dry bulb
technique for moisture measurement

Procedures

Step 1. Insert the dry bulb thermometer into the duct. Cover the port hole with duct tape
or a rag so that air does not leak in. Allow the thermometer to come into equilib-
rium with the flue gas temperature. Read the temperature indicated by the dry

bulb thermometer.

Record the flue gas temperature on the Exercise 3 Hand-in Sheet (page A-22).
(There is a duplicate Exercise Hanz-in Sheet that you may keep in your work-
book for future reference

Step 2. The wét bulb thermomete s covered with a cotton wick. Dip the end of the
thermometer into water to saturate the wick.

35 3.0-09-95
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Step 3.

Step 4.

Step 5.

Step 6.

A
First Day Laboratory Exercises
Appenflix

Insert the wet bulb thermometer into the duct and allow the thermometer to
come into equilibrium with the flue gas temperature. The temperature reading
(as a function of time elapsed) should change in a manner indicated in Figure
A-8.

Dry bulb —

o
5 —_
©
Q
Q
E = =
2 : Wethbulb §

¢ Inflection &

Area

Time

Figure A-8. Equilibrium and inflection points of dry bulb and
wet bulb thermometers

The temperature of the wet bulb thermometer will rise to an equilibrium value,
and then drying out, will reach the temperature of the flue gas. Read the wet
bulb temperature at the first equilibrium value (the inflection point).

Record this temperature as e pu, On the Exercise 3 Hand-in Sheet (page A-22).

Obtain a value for the current barometric pressure, Py, by either asking the

instructor or calling the local weather station.

Record the value for P, on the Exercise 3 Hand-in Sheet (page A-22).

Obtain a value for P,, the stack static pressure, by inserting a standard pitot tube
into the center of the duct and measuring the pressure on the static tap of the
tube as shown in Figure A-9. If the stack pressure is positive, attach the tube to
the left-hand side of the manometer. If the stack pressure is negative, attach the
tube to the right-hand side of the manometer.

Record the value on the Exercise 3 Hand -in Sheet (page A-22).



1.

T Standard pitot tube T Standard pitot tube

For positive pressure %i For negative pressure

_____ T T

Figure A-9.  Arrangement for determining the static pressure, Ps

Wet Bulb-Dry Bulb Calculations

Wet bulb-dry bulb moisture determination calculation technique

Moisture content can be calculated using the wet bulb-dry bulb technique, from the fol-

lowing equation:

_vp
Bw.\ - Ps
Where:  v.p. = vapor pressure of H,0
P, = absolute pressure of stack gas

First we solve for v. p.:

V.p.=s.v.p. - (3.67><10'4)(P5)(td-tw)(]+t‘15—_’-?1£)
/

(A-la)

(A-1b)

Where: s.v.p. = saturated H,O vapor pressure at wet bulb temperature taken from
Table 5
ty = temperature of dry bulb measurement °F
t, = temperature of wet bulb measurement °F
P, = absolute pressure of stack gas = Py, + p,
v.p. = ( in. Hg)—(367x107)( in. Hg)____ - )(1 +;"3-2-)
- - - T 1571

= (___in Hg)—(___in Hg)
= inHe

3.0-09-95
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Next we determine Py

. . m. Hg
P,=___ in. Hg+ in. H20/13-6in. H,0
P.=___in. Hg
Supplying all unknowns into the equation, we have:
in. Hg
Bws_—_z_—l_n___EZ x 100 = % (A-1c)

in. Hg

Record tﬁis value on Exercise 3 Hand-in Sheet (page A-22).

3.0-09-95
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Table A-2. Saturated Water Vapor Pressure (Inches of Mercury)

Wet bulb temp. Saturated water vapor pressure (Inches of mercury)
Degree F 0 1 2 3 4 5 6 7 8 9
-20 .0126 .0118 0112 .0106 .0100 0095 .0089 .0084 .0080 .0075
-10 0222 .0209 0199 .0187 .0176 .0168 .0158 .0150 .0142 0134
.0376 0359 .0339 .0324 .0306 .0289 0275 0250 .0247 .0233
0 .0376 .0398 0417 .0463 0441 .0489 .0517 .0541 .0571 .0598
10 0631 .0660 .0696 .0728 .0768 .0810 0846 .0892 .0932 .0982
20 1025 .1080 1127 .1186 1248 1302 1370 .1429 1502 1567
30 1647 1716 .1803 .1878 1955 2035 2118 .2203 .2292 .2382
40 2478 2576 2677 2782 .2891 3004 3120 .3240 3364 3493
50 3626 3764 3906 4052 4203 .4359 4520 4586 4858 .5035
60 5218 5407 5601 5802 .6009 6222 .6442 6669 6903 7144
70 7392 .7648 7912 8183 8462 .8750 9046 9352 9666 .9989
80 1.032 1.066 1.102 1.138 1.175 1.213 1.253 1.293 1.335 1.378
80 1.422 1.467 1.513 1.561 1.610 1.660 1.712 1.765 1.819 1.875
100 1.932 1.991 2.052 2.114 2.178 2.243 2.310 2.379 2.449 A 2.521
110 2.596 2672 2.749 2.829 2.911 2.995 3.081 3.169 3.259 3.351
120 3.446 3.543 3.642 3.744 3.848 3.954 4.063 4.174 4.289 4.406
130 4,525 4.647 4.772 4.900 5.031 5.165 5.302 5.442 5.585 5.732
140 5.881 6.034 6.190 6.330 6.513 6.680 6.850 7.024 7.202 7.384
150 7.569 7.759 7.952 8.150 8.351 8.557 8.767 8.981 9.200 9.424.-
160 9.652 9.885 1C¢.12 10.36 10.61 10.86 11.12 11.38 11.65 11.92
170 12.20 12.48 1277 13.07 13.37 13.67 13.98 14.30 14.62 14.96
180 15.29 15.63 15.98 16.34 16.70 17.07 17.44 17.82 18.21 18.61
190 10.01 19.42 19.84 20.27 20.70 21.14 21.50 22.05 22.52 22.99
200 23.47 23.96 2446, 24.97 25.48 26.00 26.53 27.07 27.62 28.18
210 28.75 29.33 29.92 30.52 31.13 31.75 32.38 33.02 33.67 34.33
220 35.00 35.68 36.37 37.07 37.78 38.50 39.24 39.99 40.75 41.52
230 42.31 43.11 43.92 44.74 45.57 46.41 47.37 48.14 49.03 49.93
240 50.84 51.76 §2.70 53.65 54.62 55.60 56.60 57.61 58.63 59.67
250 60.72 61.79 62.88 63.98 65.10 66.23 67.38 68.54 69.72 70.92
260 7213 74.36 74.61 75.88 77147 78.46 79.78 81.11 82.46 83.83
270 85.22 86.63 88.06 89.51 90.97 92.45 93.96 95.49 97.03 98.61
280 100.2 101.8 103.4 105.0 106.7 108.4 1101 111.8 113.6 154
290 117.2 119.0 120.8 122.7 124.6 126.5 128.4 1304 1324 1344
300 136.4 138.5 140.6 142.7 1448 147.0 149.2 1514 153.6 155.9
310 158.2 160.5 162.8 165.2 167.6 170.0 172.5 175.0 177.5 180.0
320 182.6 185.2 187.8 190.4 193.1 195.8 198.5 201.3 104.1 206.9
330 209.8 212.7 215.6 218.6 221.6 224.6 227.7 230.8 2339 237.1
340 240.3 2435 246.8 250.1 253.4 256.7 260.1 263.6 2671 270.6
350 2741 277.7 281.3 284.9 288.6 292.3 296.1 298.9 303.8 307.7
360 311.6 . 31585 318.5 323.5 327.6 3217 335.9 340.1 344.4 348.7
370 ) 353.0 357.4 361.8 366.2 370.7 375.2 379.8 384.4 389.1 3938
380 398.6 4034 408.2 413.1 418.1 423.1 428.1 433.1 438.2 443.4
390 448.6 453.9 459.2 464.6 470.0 4755 481.0 486.2 492.2 4979
400 503.6 509.3 515.1 521.0 526.9 532.9 538.9 5450 551.0 557.3
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2. Wet bulb-dry bulb moisture determination nomograph technique

Another technique for determining approximate moisture in the flue gas is by the use of a
nomograph. Nomographs are mathematically constructed to solve various equations when
known process information is supplied. While nomographs may not be as accurate as an
actual analysis, they do provide a useful approximate moisture figure. To properly use the
nomograph, determine the wet bulb/dry bulb temperatures and proceed with the following
steps:

depression = t;—t,
= °F-___°F
= °F

On the line from absolute stack gas pressure to wet bulb depression temperature, mark the
pivot point on line 1, using Figure A-10.

From the pivot point on line 1 to the t,, mark the pivot point on line 2.

From the absolute stack gas pressure through the mark on pivot point on line 2, read
9% H,0 on scale B,,.

Record this value on the Exercise 3 Hand-in Sheet (page A-22).

o~ L
g ZZL— 155
£ 300 5 _F
r Rl T
Co_ F tL-t
— 285 ~ TR 18
- 2 =
£t 1
.+ 20.0 = — 140 -
IR 1 i f o
o  E
2 25 3 - ,
ﬁ: 12 1% L g o ¥
EF 200 E by
- 10 F =4
i - ™ §
2 218 LI 2
" E o 2 &
g: 6 | 2
= 270 - 100 $ £
- « E w0 R ;
— 265 . 2 | W ) ©
. _ " a0
C- 280 -0

Figure A-10. Nomograph technique: percent moisture
in flue gas

3. Wet bulb-dry bulb moisture determination psychrometric chart technique

To use a psychrometric chart, find the dry bulb temperature on the X-axis. Find the wet-
bulb temperature on the saturation line (wet bulb temperature line). Draw a line "up” from
the dry bulb temperature. Draw a line sideways from the wet bulb temperature. The point
of intersection on the two lines is read as the percent water vapor on the Y-axis.

Record this value on the Exercise 3 Hand-in Sheet (page A-22).
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Dry bubb temperature, °F
Figure A-11. Using a psychrometric chart
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Figure A-12.  Psychrometric chart expressing volume of
water vapor by percent
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Name

Group No.

Date

Exercise 3 Hand-in Sheet

Determination of Moisture Content by the Wet Bulb-Dry
Bulb Technique

Liry bulb °F
Cwet butb °F
Py in. Hg
Ps in. H,0
1. By, % Calculation method
2. B, % ‘Nomograph method
3. By % Psychrometric chart method

Note: Before turning in this hand-in sheet, record your data on the following duplicate
hand-in sheet. Keep the duplicate in your workbook for future reference.

3.0-08-95 A-23
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Group No.

Exercise 3 Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)

Determination of Moisture Content by the Wet Bulb-Dry
Bulb Technique

Lary bulb

°F

Livet bulb

°F

Pbar

in. Hg

Ps

in. H20

3.0-09-95

% Calculation method
% Nomograph method

% Psychrometric chart method

A

dix
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Sirst Da y Laboratory Exercise 4

 alibration of the Orifice
-ieter - Determination of the AHg

Laboratory Objective

Upon completion of this laboratory exercise, you should be able to:
Calibrate the orifice meter of the Method 5 meter box and obtain a value for the meter box
AHg

Introduction

This exercise will be performed on the meter box that your group will be using during the
Method 5 test on the third day of the course. Look in the back of your meter box and locate the
orifice meter. It should be a metal tube, about 6 in. to 8 in. long and about 0.75 in. diameter and
is located after the dry gas meter as shown in Figure A-13.

3. Note: This valve is
adi'usted until the
calculated AH value
is reached on the
orifice meter
manometer (8)

1. Pressure gauge 5. Dry gas meter

2. Coarse adjustment vaive 6. Outlet thermometers

3. By-pass valve 7. Orifice meter

4. Leak-free pump 8. Orifice meter manometer

Figure A-13. Major internal components of the meter box

The tube contains a thin flat plate having a sharp-edged hole concentric with the axis of the
tube. A pressure differential is created across this orifice plate as gases flow through the ori-
fice. This pressure differential is measured as "AH" us‘1g the orifice meter manometer (which
is on the face of theaneter box).

3.0-08-85
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The flow rate of the gas through the orifice is calculated by the following equation:

Where: AH = pressure differential across the orifice in inches of H,0 measured
by the orifice meter manometer
K, = the calibration constant for your meter box. This is what you
are going to determine.
Qn = the volumetric flow rate of gas through the orifice meter

(and also the dry gas meter) in ft*/min

T, = absolute temperature of the meter box (degrees Rankine).
T =t (°F) + 460

P, = absolute pressure at the meter (in. Hg) P, = P, + AH/13.6

M,, = molecular weight of the gas flowing through the orifice
(assume M, = 29.0 g/g-mole)

Procedures

Record data in the appropriate spaces on the Exercise 4 Hand-in Sheet (page A-28).

Step 1. Turn on the meter console.

Step 2. Close the coarse adjustment valve and turn the by-pass valve all the way
counter-clockwise.

Step 3.  Level and zero the orifice meter manometer.

Step4.  Turn on the pump and partially open the coarse adjustment valve, using it and
the by-pass valve to establish an orifice meter manometer reading of AH = 0.25
in. H,0. '

Step 5.  Read the dry gas meter dial and simultaneously start the stopwatch or mark the
time on a watch having a sweep second hand. Allow 2 min to pass, all the while
maintaining a AH of 0.25 in. H,O on the manometer using the by-pass valve.

Step 6. Simultaneously close the coarse adjustment valve and stop the watch (or record
the end time).

Step7.  On the Exercise 4 Hand-in Sheet (page A-28), record the final dry gas meter
reading and the temperature of the dry gas meter dial thermometer. (There is a
duplicate Exercise Hand-in Sheet that you may keep in your workbook for
future reference.)

A-27



Step 8.

Calculate Q, using the following equation:

V.-V, Y
U=
Where:  V; = the final volume reading on the dry gas meter (ft3)
Vi = the initial volume reading on the dry gas meter (ft*)
Y = the dry gas meter correction factor

Step 9.

(should be found somewhere on the meter box)
8 = time elapsed to obtain the volume (about 2 minutes)

Record the result on the Exercise 4 Hand-in Sheet (page A-28).

Calculate a value for K, using the following expression:

P_M
K _=Q_ [-&Z-m
" '“\}Tm AH

Where: K, = the calibration constant for your orifice meter box. This is what

Step 10.

Step 11.

Step 12.

Step 13.

you are determining.
Qmn = the volumetric flow rate of gas through the orifice meter

(and also the dry gas meter) in ft*/min. This is what you just
measured.

AH = pressure differential across the orifice in inches of H,0 measured
by the orifice meter manometer. This is what you set using
the by-pass value.
T, = absolute temperature of the meter box (degrees Rankine)
T =ty (°F) + 460.
P, = absolute pressure at the meter (in. Hg.) P, = P, + AH/13.6
M, = molecular weight of the gas flowing through the orifice
(assume M, = 29.0 g/g-mole for the molecular weight of air)

Repeat Steps 4-9, except establish an orifice meter manometer reading of
AH=1.0.

Repeat Steps 4-9, except establish an orifice meter manometer reading of
AH=20.

Repeat Steps 4-9, except establish an orifice meter manometer reading of
AH=40

Repe;t Steps 4-9, except establish an orifice meter manometer reading of
AH=¢.0.
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Step 14.  Average all the values of K, and enter the result in the appropriate box on
the Exercise 4 Hand-in Sheet (page A-28).

Step 15. Calculate the AHg for your meter box.

AHg is the pressure drop seen across the orifice meter manometer at a flow rate of 0.75 ft/
min. under standard EPA conditions for temperature (68°F) and pressure (29.92 in. Hg).

AHg is obtained by rearranging the orifice meter equation as follows:

2
AH = 9m7 P M,
Kn? T,
AHL - (0.75 cfm)?- (2992in. Hg)(29 g/g-mole)| 09244
“  Kn 528 °R T Kn?
09244
@ sz

A-29
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Name

Group No.

Date

Exercise 4 Hand-in Sheet

Calibration of the Orifice Meter and Determination of AH

1. Determination of K,

Meter console no.

DGM No.

Barometric pressure (Py,,) in. Hg

DGM correction factor (Y)

Orifice Meter Calibration

Vy \f]
AH Initial DGM Dial 0 Final DGM tm m

in H,0 Reading Minutes Dial Reading (°F) (in. Hg) {cfm) Km
0.25
0.5
1.0
2.0
4.0
6.0

Average ( I—(m) =

2. Determination of AHg

09244  0.9244
AH, = =

- E = ___in. H,0

Note:- Before turning in this hand-in sheet, record your data on the following duplicate hand-
in sheet. Keep the duplicate in your workbook for future reference.

A-31
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Name

Group No.

Date

Exercise 4 Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)

Calibration of the Orifice Meter and Determination of AH

1. Determination of K,

Meter consele no.

DGM No.

Barometric pressure (Py,) in. Hg

DGM correction factor (Y)

Orifice Meter Calibration

v v

AH Initial DéM Dial c Final "l’)GM tm Pm Qn

in H,O Reading Minutes Dial Reading (°F) (in. Hg) (cfm) Km

0.25
0.5
1.0
2.0
4.0
6.0

Average (I—(m) =

2. Determination of AHg

0.9244 0.9244
= = = __in. H,0

R () —

AH,

A-33
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Name

Group No.

Date

Data Hand-in Sheet: First Day Laboratories

Laboratory Exercise 1

1. Sampile location no.

2. Number of traverse points
on a diameter

Laboratory Exercise 2

1. Pitot tube ID no.

2. Type S pitot tube C,

Laboratory Exercise 3

1. By (calculation method)

2. B, (nomograph method

3. By, (chart method)

4. Stack temperature (T,)

5. Stack static pressure (P,)

Laboratory Exercise 4

1. Meter console ID no.

2. Meter temperature (T,;)

3. Orifice meter AH,

Note: Before turning in this hand-in sheet, record your data on the following duplicate hand-
1in sheet. Keep the duplicate in your workbook for future reference.

A-35
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Name

Group No.

Date

Data Hand-in Sheet: First Day Laboratories

(Duplicate: Keep in your workbook for future reference)

Laboratory Exercise |

1. Sample location no.

2. Number of traverse points
on a diameter

Laboratory Exercise 2

1. Pitot tube ID no.

2. Type S pitot tube C,

Laboratory Exercise 3

1. B, (calculation method)__

2. B, (nomograph method

3. B, (chart method)

4. Stack temperature (T,)

5. Stack static pressure (P,)

Laboratory Exercise 4

1. Meter console ID no.

2. Meter temperature (T,,)

3. Orifice meter AHg

A-37
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Second Day Laboratory Exercise
The Pitot Tube Traverse

Determination of the Flue Gas Velocity
and Volumetric Flow Rate

Laboratory Objective

Upon completion of this laboratory exercise, you will be able to:
Determine the velocity and volumetric flow rate of the gas in the test duct by performing a

pitot tube traverse.

Introduction

In this laboratory, you will conduct a pitot tube traverse at the port used by your group in Lab-
oratory Exercise 1 on the first day of the course. Follow the procedures of Method 1, Para-
graph 2.3.1.2, "Stacks with Diameters Equal to or Less than 24 In." to locate the sampling
points (located in Appendix B of the course manual). Also refer to your work from the First
Day Laboratory Exercise 1.

You will conduct a traverse on each of the two diameters to determine the average flue gas
velocity. If it is not possible to measure on the vertical diameter with your apparatus, conduct
the two traverses on the one horizontal diameter.

Procedures

Step 1.
Step 2.
Step 3.
Step 4.
Step 5.

Step 6.

Step 7.

' Step 8.

Connect the Type S pitot tube to the pitot tube manometer

Leak-check the pitot tube lines.

Insert the pitot tube into the duct at the farthest point into the duct.

Observe the pitot tube manometer reading and note the value in the table below.

Move the pitot tube to the next point, obtain a manometer reading, and record
the result on the following Fule Gas Velocity Data Sheet.

Repeat Step 5 for all of the traverse points on the first diameter.

Move the pitot tube to the port on the second diameter and repeat Steps 4-6 for
each traverse point on the diameter. (If this is not possible, repeat Steps 4-6 on
the same diameter.)

Complete the following data sheet and perforr. the appropriate calculations.
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Flue Gas Velocity Data Sheet

Traverse Point Ap JAp

DN AiW|N|=

©

-
o

—_
—_

—_
N

oy
w

—
H

—_
w

-
(o2}

vy
~

g
o]

-
w

n
o

N
-

nN
N

N
w

N
H
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Step9.  Using the data from both the first day's laboratory exercises and today's labora-
tory, calculate the flue gas velocity and volumetric flow rate. Complete the Data
Hand-in Sheet and turn it in tomorrow morning. (There is a duplicate Data
Hand-in Sheet that you may keep in your workbook for future reference.)
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Calbulations

Pitot Tube Equation

TS
Viavg = Kpcp(“/A—p) avg'\/PsM:

Where: vy, = average velocity of the gas stream, ft/sec

T, = absolute temperature, °R(°F + 460)
P, = absolute pressure, in. Hg
Ap = velocity pressure, in H,0O
] ] ft2 in. Hg Ibs/lb—mole\!/2
K, = constant:85.49,in units of( sec? in. H,0 °R )
for the above dimensions
C, = pitot tube coefficient, dimensionless
M, = the stack gas molecular weight

Md (]'Bws) +18 Bws

(Note:  Since we are using air in the test duct, use M, = 29.0.)

°R :|1/2

.. 172
(in. H,0) 7% [ in.Hg (Ib/1b — mole)

v, = 8549 (

Volumetric Flow Rate Equation

There are two equations used for calculating the volumetric flow rate of a flow gas. One
determines the flow rate at actual stack temperature and pressure conditions. The other
determines the volumetric flow rate corrected to EPA standard conditions of 68° F and
29.92 in. Hg. Both are important.

Actual Stack Gas Volumetric Flow Rate

Qa = VS(ﬂVg)AS

3.0-09-95
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Stack Gas Volumetric Flow Rate corrected to standard conditions

Tsld PS
Qs = 3600 SeC/hr(l_Bws(avg))VS(BVG)A T (P_)

s{avg) std

Where: Q, = the volumetric flow rate of the gas stream at actual
conditions in cubic feet per hour (acfh)
Q. = the volumetric flow rate of the gas stream on a dry basis

at standard conditions in cubic feet per hour (scfh)

3600 = ‘conversion factor (3600 sec/hr)

B = the average moisture fraction by volume of the gas stream
(dimensionless)

Vg = the average velocity of the gas stream at the sampling site (ft/sec)
A, = the cross-sectional area of the gas stream at the sampling site (ft?)
Taa = the absolute temperature at standard conditions (528° R)

Tiavg = the average, absolute temperature of the gas stream (°R)

P, = the average, absolute pressure of the gas stream (in. Hg)
Pys = the absolute pressure at standard conditions (29.92 in. Hg)
A =n(D/2)?

Where: = diameter df the duct

D
A = 3.14¢( ft/2)2
A= ft2

Q, = 3600 sec/hr fi/sec. ft2

a

Q, = acfh
. , °R in. Hg
Q, = 3600 sec/hr(1 - ) ft/sec ft? °R i He
Q, = dscth
Record the results of these calculations on the following data hand-in sheet.
B-5
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Name
Group No.
Date
Data Hand-In Sheet: Second Day Laboratory
The Pitot Tube Traverse and Determination
of the Flue Gas Velocity and Volumetric Flow Rate
Record your data and results of your calculations. Give the units for each entry.
1. No. of traverse points/diameter
2‘ ( A/A_p) avg
3. C,
4. Tiuvg
5. P,
6. M
7. Vsavg)
8. A
9. Q,
10. Q,
Note: Before turning in this hand-in sheet, record your data on the following duplicate hand-
in sheet. Keep the ducplicate in your workbook for future reference.
B-7
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Name

Group No.

Date

Data Hand-In Sheet: Second Day Laboratory

(Duplicate: Keep in your workbook for future reference)

The Pitot Tube Traverse and Determination
of the Flue Gas Velocity and Volumetric Flow Rate

Record your data and results of your calculations. Give the units for each entry.

1. No. of traverse points/diameter

(JAD) ave

C

p

Ts(nvg)

P,

M

\'

s(avg) .

R - T NN

Q.
10. Q,

B-9
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Third Day Laboratory Exercise
The Method 5 Source Test

Sampling for Particulate Pollutants

Laboratory Objective

Upon completion of this laboratory exercise, you will be able to:
Determine the mass concentration of particulate matter in the test duct flue gas, by performing

Method 5.

- Introduction

In this laboratory you will conduct a Method 5 source test. Here, you will put together what
you have learned in the previous laboratories and lectures. During the test, you will:

1. First set up your isokinetic rate equation. Calculate the K factor for AH = KAp, assuming
the conditions and using the data from the first two laboratories. Check with your instruc-
tor for any changes to data (such as a change in barometric pressure of group reassign-
ments).

2. Inspect your partially assembled Method 5 sampling train. Finish assembling the train.

3. Leak-check the train.

4. Perform the test at the traverse points determined previously. If your site location is on a
horizontal section of duct, sample the horizontal diameter twice.

5. After the last point is sampled, perform a final leak check and collect your sample. Either
weigh your sample or use a value for the particulate weight assigned by your instructor.
Determine the moisture collected and the different sampling activities. Work as a group.

6. Perform the source test calculations. Fill in the Data Hand-in sheet (page C-14) and give it
to the laboratory instructor before leaving. (There is a duplicate Data Hand-in Sheet that
you may keep in your workbook for future reference.)

The Method 5 sampling train is reviewed in Figure C-1, with symbols for parameters associ-
ated with different parts of the train. The equation numbers refer to equations used to calculate
these source test parameters. The equations are given in Appendix F of this workbook.

3.0-09-95
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- ¢, (Eq. F-20)

/" pmr (Eq. F-22)
E (Eq F-23)

Ts —J
1 | =ipar
2/ 3/ ' H
N
Dn(acl) Cp
1rom Diyesy 14
(Eq. F-18) y L :
A
2P Y w,-w, = Visg (EQ. F-14) ews}__a
Vig - Vigg) ~ Vs (EQ. F-13) 7 (Eq. V%)
vg (Eq. F-3) 18
Qug (EQ. F-7) D

Notae: This valve is

@ adjusted until the calculated
AH value is reached on the
orifice meter manometer (20).

17
Rate set using Eq. F-17 Vinistg) (EQ. F-15)
1. Sampling nozzie 12. Impinger exit gas thermometer
2. Sampling probe sheath ‘ 13. Check valve to prevent back pressure
3. Heated sampte probe liner 14. Umbilical cord - vacuum line
4. Cyclone assembly (optional) 15. Pressure gauge
5. Out-of-stack filter assembly 16. Coarsie adjustment valve
6. Heated filter compartment maintained at 17. Leak-tree pump
120 °C + 14 °C (248 °F + 25 °F) 18. By-pass valve
7. Iimpinger case 19. Dry gas meter with iniet and outlet
8. Firstimpinger filled with H,0 (100 mL) thenmometers
9. Greenburg-Smith (or modified Greenburg- 20. Orifica meter with manometer
Smith) impinger filled with H,O (100 mL) 21. Type S pitot tube with manometer
10. Third impinger - dry - 22. Stack temperature sensor
11. Fourth impinger - filled with H,O absorption

media (200300 g)

Figure C-1. Method 5 particulate sampling train (with symbols)

A review of the test procedures you will be following is outlined for you in Figure C-2. You
have already performed a number of these procedures in the first two laboratories. Check off
the ones that you have already done. Check the others off as you proceed through the test.
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" Cafibrate equipment

« Nozzies
+ Dry gas meter (DGM)
« Orifice mater

* Meter console

» Pitot tubes
* Nomograph

Assemble sampling train

Loak test

 Pitot lines
* Meter console
« Sampling train @ 15 in. Hg

* Mark and desiccate fiters
to constant weight

¢ Assemble in filters and seal
untit ready to use

Determine molecular
weight of flue gas

Estimate H,0 in duct using
wet bulb-dry bulb

Fill out data sheet

« DGM Reading
» Test time at each point

» Data
* Time

Monitor st each test point

«DGM-Ontime e Stack temperature
* Ap * Sampie case temperature
« Appropriate AH  « Impinger temperature

Stop test and record
» Final DGM
* Stop time
* Notes on sampling and appearance of sample

Leak test at highest vacuum reached during test

Sample clean-up
« Probe and nozzle * K0
» Filter » Silica ge!

Monitor boiler operation

Rocord Fuel Feed Rate and
Production Rate

Calculate

« Molecular content of gas
* Molecular weight of gas (dry and wet)
* Average gas velocity

* % Isokinetic

» Poliutant mass rate
{concentration and ratio of areas)

Write report

Figure C-2. Source Test Outline
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Procedures:

A. Setting up the isokinetic rate equation.

Step 1. Using the data collected during the first and second day laboratories, calculate
the nozzle diameter using the following equation:
0.0358 Q_P, [ TM,
pn(eS[) - Tme (1 - Bws(w:st)) PsApes[
Step. 2 Find a nozzle with a diameter closest to that which you have calculated. Alter-
natively, your instructor may assign a nozzle to you (i.e. you don't have a
choice). Measure the actual nozzle diameter and use it in Step 3.
Step 3. Calculate the K factor of the isokinetic rate equation:
e 2 2 M, TP,
AH = }846.72 D, . AHC, (1 -B,; ,y) MTP, Ap
Where: [..] = K
Step 4.  Enter all of the data you used to calculate K, into the Particulate Field Data

Sheet (page C-10) of this laboratory exercise. Enter the value of the K factor
also.

B. Inspection and assembly of the Method 5 sampling train

Step 1.
Step 2.

Step 3.

Step 4.

Step 5.

3.0-08-95

Depending on the equipment and time available, the sampling train may or may
not be set up. Follow the directions of your instructor.

Inspect the sampling train probe. Check the nozzle to see that it is round. Check
the probe and the condition, alignment, and attachment of the pitot tube.

Obtain a pre-weighed filter from your instructor, put it into the filter holder, and
assemble into the sampling train.

Make sure that the filter is centered correctly in the holder and that the sample
side of the filter will face toward the probe. The filter holder should be tightened
until the two halves are secure.

Attach the probe to the filter holder, being sure not to apply excessive torque to
the glass components.

Inspect the sample case. Check the thermometer and electrical connections.
Check the impingers to see that they are placed in the proper order. The lab
instructor will already have filled the impingers (100 mL in the first two, 200 g
silica gel in the fourth, the third is left dry.)

Inspect the meter box. Make sure that all connections have been properly made.
Turn on the probe and sample case heaters. Adjust the temperatures to those
specified by the instructor.

Appengix
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C. Leak Check

Step 1. Leak check the train by the following procedure:
a. Test the completely assembled sampling train at 15 in. on the vacuum
gauge.
e Be certain the valves on the RAC Meter Console are "out."
¢ Turn on the console pump

¢ Tum on the probe heater and filter box temperature switches, allow to
reach operating temperature.

b. Refer to Figure C-3 and perform the following:

Fine adjust vaive Coarse adjust vaive

(close) (open)
Open to 1 [ System
atmosphere -~

Pull vacuum through
system when closed

Figure C-3. Valve operation during leak check

¢ Turn fine adjustment valve fully counter-clockwise.
* Seal nozzle opening with duct tape or rubber stopper.
* Open coarse adjust valve slowly until fully counter-clockwise.

¢ Slowly turn fine adjust valve clockwise until vacuum reaches 15 in. Hg
on the gauge. If you overshoot 15 in. Hg, do not turn fine adjust valve
back. Simply read and record at vacuum on gauge.

e Note DGM dial pointer. If the pointer does not move for 15 sec, the leak
test is good. If it continues to move, time the leak using a stopwatch. The
maximum acceptable leak rate is 0.02 cfm.

* Any leak greater than 0.02 cfm must be prevented.
* Slowly release vacuum at the nozzle before closing coarse adjust valve.

c. Track down any leaks by successive back-tracking leak checks. Disconnect
filter and test the system back from the first impinger, etc.

d. Record the leak rate.

D. Perform the test™

Step. 1. Place ice in the condenser section of the sample box. Make sure that the probe
and filter box are at their operating temperature,

C-6 3.0-09-95
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Step 2.

Step 3.

Appengix

Enter the appropriate information on the data sheet. This should include date,
time, test time dry gas meter (DGM) reading, and all data used to calculate the
K factor of the isokinetic rate equation. Everyone should fill in their own Partic-
ulate Field Data Sheet (page C-10) data sheet. Don't assign someone to do all
the work.

Move the sampling train to the first traverse point with the nozzle pointing
directly into the gas stream. Seal the port and immediately start the pump, not-
ing the time and the DGM reading.

a. Determine the Ap reading of the pitot tube from the pitot tube manometer or
gauge on the meter box.

b. From the pitot tube reading, Ap, calculate the proper sampling rate, AH,
reading from the isokinetic rate equation.

c. Obtain the proper sampling rate by adjusting the AH readihg of the orifice
meter manometer or gauge to the calculated value, using the coarse adjust-
ment and by-pass valves. ‘

d. Test at the traverse point for 2.5 min (or other time period specified by the
instructor). When significant changes in stack conditions occur (e.g., the
stack temperature changes by more than 25° F, the average temperature of
the DGM (E)varies by more than 11° F, or the moisture content (B,,,)

changes significantly), calculate a new AH and reset the sampling rate. The
time period at each traverse point must be long enough to obtain a total sam-
pling period representative of the process being monitored. The time at each
traverse point must be sufficient to obtain a total sample volume of at least
30 dscf.

e. Ateach traverse point, the following information should be observed and

recorded on the Particulate Field Data Sheet (page C-10).

Stack temperature (t,)

Velocity head (Ap)

Orifice pressure differential (AH)
Gas temperature at DGM (t,,)
Sample box temperature
Condenser temperature

Probe temperature

f. Repeat the above steps for each traverse point,‘ sampling 2.5 min at each
point (or other time period, as specified). Adjust the sampling rate to corre-
spond to the new Ap reading at each traverse point by adjusting the coarse
control and by-pass valves so that the appropriate AH reading is obtained on
the orifice meter manometer. (Obviously, if the Ap reading doesn't change,
you don't have to change the sampling rate.)

Cc-7
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E. Final leak check and sample collection

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

At the completion of the test, close the coarse control valve on the meter box,
remove the probe from the stack and turn off the pump. Remove the probe care-
fully from the stack to ensure that the nozzle does not scrape dust from the
inside of the port. Seal the port. Keep the probe elevated to ensure that the sam-
ple is not lost. Record all proper information on the Particulate Field Data Sheet
(page C-10). This should include final DGM reading, stop time, probe tempera-
ture and meter box temperature.

Perform a post leak check on the sample train, following the same procedure as
in the pre test leak check. Record the final leak rate on the data sheet.

Sample Recovery. Disassemble the filter holder and remove the filter to a petri
dish. Brush any loose particulate matter on to the filter. Seal the probe until it
reaches ambient temperature.

During sample recovery, care must be taken to prevent loss or contamination of
the sample.

a. Filter holder - Care must be taken when removing the filter from its holder.

Be sure that extraneous dirt does not become a part of the sample run. Place
the filter into its original container, seal, label, and record the filter number
on the Particulate Field Data Sheet (page C-10).

b. Silica gel - Transfer the silica gel from the fourth impinger to its original

preweighed container. The use of a funnel to transfer the silica gel would be
most helpful. Once it has been transferred, label and seal properly.

¢. Condenser - Measure the total volume of condensation ( 1 mL) transferring

the contents of the first three impingers into a graduated cylinder. Record on
the following Particulate Test Calculation Form.

d. Acetone wash-front half - Wash all internal surfaces of the sampling train

from the nozzle tip up to the backside of the filter holder with acetone.
Determine the volume to the nearest milliliter and transfer to a labeled con-
tainer. A brush with a handle as long as the probe may be used to dislodge
particulate matter from the inside of the probe. Include this with the acetone
washings. ' '

Determine the particulate weight. Either weigh the filter to the nearest 0.1 mg or
accept a value given by the instructor. Since time may not be available to evap-
orate the probe catch, accept a value for this particulate weight from the instruc-
tor.

Either weigh the silica gel or accept a value { - the instructor.

-
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F. Calculations
Step 1. Complete the following Particulate Test Calculation Form.

Step 20. Enter the results from your calculations and other requested information into the
Data Hand-in Sheet (page C-14) for this laboratory. (There is a duplicate Data
Hand-in Sheet that you may keep in your workbook for future reference.)
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| Method 5 Particulate Test Calculation Form

A. Necessary Data

1.

No. of traverse points

minutes

Appenghx

2. Total test time (0)
3. Water coliected silica gel + impinger H,0 mL
4. Particulate weight (m,) gm
5. Volume metered

Vv, = foxY = ft* (Where Y is the dry gas

meter calibration factor)
6. Average Ap in. H,0
7. Average AH in. H,0
8. Average meter temperature t,, °F +460 = °R
9. Average stack temperature t, °F + 460 = °R
10. Stack absolute pressure in. Hg
11. Barometric pressure in. Hg
12. %CO, ; %0, ; %CO %N,
13. Area of stack fe
14. Area of nozzle ft?
B. Calculations*

1. Standard volume metered

(Y = dry gas meter calibration factor)

AH
T " 136
vm(sld) = VmYPs(d Tm
. _ ___(in. H,0)
s8Ry — " H8) Y35 H,0/in He)
\% = ___ (ft)) ___ - > = dscf
m(std) 29.92 (in. Hg) __(°R)

Note:

3.0-09-95

Fill in the blanks. Units in parentheses aie the units for the numbers entered into

« the blanks. If a number is already filled in, mulriply or divide, as appropriate.

C-11



Appendix

2. Moisture Content of Stack Gas
H,0 collected in all impingers in standard cubic feet (scf)

Ve (std) = K, (V- D)

Ve = 0.04707 (ft3/mL) __ (mL) =‘_____‘\(scf)

Moisture Content of Stack Gas (B,,)

B _ Vwc(std)
b Vwc (std) + Vm(sld)
B ___(scf) _
ws T (scf) +___(scf) T —
Note, if silica gel is used, then use:
Vwc(sld') + szg(sld)

3 =
we Vwc(std) + szg(std) +_Vm(std)

C. Molecular Weight of Stack Gas (1b/1b-mole)
1. My (Dry Molecular Weight) = £ M, B,

M =04 __ %CO,+032 __%0,+028 __%CO +0.28 — %N, = _1b/lb-mole

2. M, (Wet Molecular Weight) = M, (1-B,,) + 18 B,

M, (Wet Molecular Weight) = M,(1-B,,) +18 B,,

4. Average Stack Gas Velocity

T p , V2
Vi = KFCP[F_‘M’:] [ap)'”

]m [ (in. H,0)""]

( Ib/lb-mole (in. Hg) “’) [ _(°R)
Viaw = 8548 ft/SCC[ SR (in. H,0) ] —L___(in. Hg)_ (Ib/Ib-mole)

Vijavg = ft/sec

C-12 3.0-09-85
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5. Average Stack Gas Volumetric Flow Rate

Ts(d Ps
Q, = (3600 sec/hr) (v, ) (A, (1 _B“‘M))T—s(avg)ITm
2 528 (°R) __ (in. H
Q. = 3600 (sec/hr) __(ft/sec) __(f€) (1-__) ™o 3555 (i Hgg))
Q, = __dscf/hr

6. Pollutant Mass Rate

mn
pmr = 'V :lXQS

- m(std)

__(g)

1
pmr = mx_(dscf/hr) xmm = .__(lb/hr)

7. Percent Isokinetic Variation (Intermediate Data)

__(°R)___ (dscf)29.92 (in. Hg)

%l =

- __(flz)__(min)__(fl/scc)__(in. Hg) 528 (°R) 60 (sec/min) (1-__ )
%l = ___
or
V.Y AH

- IOO’T'[K‘V“*-(T_,,,)(P"".FHG)]
ol = 60 6 V,P.A

. in. Hg ft' °R) . —(dscf) __ _ —_(in. H,0) ]
ol - 100___ (°R) [0'002669(_—_m1, )__(mL) +(_—-__(°R) )(_(m. Hg) +_—T3_.-6—_)

60___(min) __ (ft/sec) ___ (in. Hg) __ (ft%)

C-13
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Name

Group No.

Date

Data Hand-In Sheet: Third Day Laboratory

Method 5 Source Test Sampling for Particulate Pollutants

. .
CoOPNODO A LN

-
—

12.

13.
14.

16.
17.
18.

- 19.
20.

1

3.0-09-95

Port location no.

Number of sample points

Total test time

Duct cross-sectional area (A;)
Nozzle area (A,)

Moisture content (Byyuvg))
Molecular weight of stack gas (M)
Stack static pressure (abs) (P} -
Average stack gas temperature Ty
Pitot tube C,,

AHe

Average Ap, [ (J/Ap) avg) i

Average flue gas velocity (v,)

Average stack gas dry standard volumetric flow rate (Q,)
DGM.volume, actual (V) ..

DGM volume, standard (me;)

Particulate catch weight (m)

Particulate matter concentration (c)

Percent Isokinetic (%!}

Pollutant mass rate at standard conditions (pmr,)

Note: Before tumning in this data hand-in sheet, record your data on the following duplicate_

(min)

(ft%)

(%)

%
Ib/lb-mole
in. Hg

°R .

in. Hzo

ft/sec
dscth

ft3. .
dscf -
mg

grains/dscf

%

Ib/hr

tons/yr

data hand-in sheet. Keep the dupllcate in your workbook for future reference.
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Data Hand-In Sheet: Third Day Laboratory

(Duplicate: Keep in your workbook for future reference)

Appengix

Method 5 Source Test Sampling for Particulate Pollutants

— ok
- O

12.

13.
14.
15.
16.
17.
18.
19.
20.

3.0-08-95
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Port location no.

Number of sample points

Total test time

Duct cross-sectional area (A,)
Nozzle area (A,)

Moisture content (B, uvg))
Molecular weight of stack gas (M)
Stack static pressure (abs) (P,)
Average stack gas temperature T,y
Pitot tube C,,

AHe

—_ 2
Average Ap, [ (J/AD) avg]

Average flue gas velocity (v,)

Average stack gas dry standard volumetric flow rate (Q;)
DGM volume, actual (V,,)

DGM volume, standard (V,q4)

Particulate catch weight (m)

Particulate matter concentration (c,)

Percent Isokinetic (%l)

Poliutant mass rate at standard conditions (pmr;)

(min)

(%)

(%)

o/O
IbAb-mole
in. Hg

°R

in. H20
ft/sec

dscth
ft3

dscf

mg

grains/dscf

%

Ib/hr

tons/yr
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Problem Set 1

D-2

If an ideal gas has a volume of 20 ft* at 235° F and 29.91 in. Hg, what will its volume be at
68° F and 29.80 in. Hg?

If 20 L of gas contained in a balloon under a pressure of 29.92 in. Hg are moved to a location
where the atmospheric pressure is 26.5 in. Hg, what will its new volume be? (Assume
constant temperature)

How many moles are in the following:
a. 1.61bof oxygen
b. In 35 cc of water?

The Ap across a pitot tube manometer is 1.5 in. H,0, the stack temperature is 286° F, the
stack static pressure is +1.2 in. H,0, the barometric pressure is 29.86 in. Hg, and the stack gas
molecular weight is 30 Ib/Ib-mole. What is the flue gas velocity if the pitot tube has a C,, of:

a. 0.81
b. 0.84

If a Method 5 source test determined that a particulate concentration was 0.70 grains/dscf
what would be the pollutant mass rate in tons/year? Use the velocity calculated in Problem
4(a) and assume that the velocity traverse was conducted on a 15 ft diameter.

Assume B, = 12%.
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Name
Group No.
Date

Problem Set 1: Hand-in Sheet

2 L
3. a.
b.
4. a. ft/sec
b. ft/sec
5. ton/yr

Note: Before turning in this hand-in sheet, record your data on the following duplicate
problem set 1: hand-in sheet. Keep the duplicate in your workbook for future refer-
ence.
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Name

Group No.
Date

Problem Set 1: Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)

1. ft3

2. L
3. a
b.
4. a. ft/sec
b. ft/sec
5. ton/yr
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Problem Set 2

o

Given the following pre-test information, estimate the nozzle diameter required to sample at a
rate of 0.75 cfm.

AHe = 1.24 Bws = 0.112
Cp=0.79 ts =310 °F

tnh =80 °F Mg = 30.1 Ib/lb-mole
Pm=29.93in. Hg APgyg = 1.5 inH,0

ps =-1.1in. HyO
Ppar = 29.92 in. Hg

You have in your toolbox nozzles with diameters of 0.130, .261, .380, and .523 in. Choose
one and calculate the K factor for the isokinetic rate equation.

From the result of Problem 2, and using the sampling pump by-pass valve, if you wanted to
sample isokinetically, to what orifice meter manometer reading would you adjust the value if
the pitot manometer reading was observed to be 1.2 in H,0?

In Problem 3, to what AH value would you adjust the system to if Ap,,, = 0.86 in. H,0? If
Ap,,, = 1.0 in. H0?

Figure D-1 represents a duct to be sampled using the Method 5 sampling train. Using Method
1 guidelines, calculate the equivalent diameter of the duct, select the best sampling site, sam-
ple port entry number, and sampling point number. (The plant will weld on threaded 3 in.
diameter, 6 in. long steel pipe nipples at sample ports.)

Sketch out all work with dimensions.

231in.

Fan

Straightening
vanes

Figure D-1. Sampling site
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Using an Orsat apparatus, a source test team found that a bituminous coal-fired power plant
had %0, = 8.0 and %CO, =9.1%. Do you think the test was good or bad? Why?

Molecular Weight of a Stack Gas

An integrated bag sample of the stack gas in a coal-fired power plant duct was analyzed by
Orsat. The Orsat indicated readings of 14.2 for CO,, 21.4 for O,, and 21.4 for CO. The mois-

ture content of the stack gas was 7% H,O vapor. What is the:

a.  dry molecular weights of the gas
b.  wet molecular weights of the gas

Stack Gas Constituents
CO, = 14.2% by volume
0,=21.4-14.2=17.2% by volume
CO=214-214=0%
N, =100 - 21.4 = 78.6% by volume
H,0=7%

A dry gas meter indicated that 32 ft* of gas passed through the meter during a source test.
What would the volume of gas have been at stack conditions if the moisture content of the
stack gas was 12% and its temperature was 198° F? (Estimate any other parameters that you

might need in the solution of this problem.)
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Homework Problems

Name

Group No.
Date

Problem Set 2: Hand-in Sheet

1 in.

2.

3. in. H,O

4. ) in. Hzo

5.

6.

7. a. 1b/lb-mole dry
b. 1b/Ib-mole wet

8. ft3

Note: Before turning in this hand-in sheet, record your data on the following duplicate
hand-in sheet. Keep the duplicate in your workbook for future reference.
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Homework Problems ,

Problem Set 2: Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)
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o

in. H,0

in. H,O

Ib/Ib-mole dry
Ib/Ib-mole wet

ft3

Name
Group No.
Date

Appegdix



Problem Set 3

A 60-minute stack test gave intermediate data as follows:

% H,0 in stack gas = 6.5

Volume metered at standard conditions = 38.8 dscf
Static pressure in the stack = 0.25 in. H,0O
Barometric pressure = 30.30 in. Hg

Nozzle diameter = 0.248 in.

Average velocity = 49.8 ft/sec

Average stack temperature = 296° F

What is the percent isokinetic for this source test?

How would your result in Problem 1 change if you found after the test that your estimation of
the moisture content was incorrect and that the actual value of B, is 0.0737?

Percent Isokinetic

A 60-minute source test conducted at an oil-fired steam generation facility provided the fol-
lowing information: ‘ '

Average stack temperature = 300° F
Average stack gas velocity = 50.0 ft/sec
Volume sampled at meter conditions = 40 ft?
Average temperature at the meter = 70° F
Static pressure in the stack = +0.2 in. H,0

Barometric pressure = 30.26 in. Hg
Average pressure differential across the orifice = 1.5 in. H,0

Note: V= Volume at meter X Dry Gas Meter Correction Factor (DGMCF)

In this example, assume DGMCF = 1
H,0 collected in the impingers = 100 mL
Sampling nozzle diameter = 0.250 in.

What is the percent isokinetic for this source test?
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Moisture Content of a Stack Gas

Method 4 for determination of the moisture content of a stack gas was completed at a coal-
fired power plant duct. From the following data, calculate the %H,0 present in the stack gas.

V metered = 1.258 cf

Test time = 20 minutes

t, = 250°F

t, = 80°F

P, =30.25in. Hg

H,0 volume collected in the impingers = 2.6 mL
H,O weight increase in Silica Gel = 2.4 gm
Y=1.0
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Name

Group No.
Date

Problem Set 3: Hand-in Sheet

1. Gel

2. %l
3. %I
4. H,0

Note: Before turning in this hand-in sheet, record your data on the following duplicate
hand-in sheet. Keep the duplicate in your workbook for future reference.
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Homework Problems ,
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Name

Group No.
Date

Problem Set 3: Hand-in Sheet

(Duplicate: Keep in your workbook for future reference)

1. %l

[

%1

3. 3

D-17
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Symbols Used for Variables in Methods 2 - 5

E-2

The following pages summarize subscripts, symbols, and associated units used in the field and
report programs of this course. Particular attention should be paid to the units associated with each
symbol. In the source testing reference methods, the calculations are generally designed so that the
variables are expressed in those units actually measured. For example, if barometric pressure is
measured in inches of mercury, that value will be substituted into the equations (not one converted
to atmospheres, pascals, or millimeters of mercury).

Subscripts
act actual
atm atmospheric
avg average
bar barometric
corr corrected
d or dry dry basis
est estimated
f or final final
i interval number (i interval)
i initial
int intermediate
hiq liquid
m at meter
n at nozzle
of pitot tube
S at stack
std - standard conditions
tot total ,
wc water vapor condensed
ws wet-stack basis
wsg water collected on silica gel
Symbols and Units
The symbols for volume are as follows. Metric equivalents are given in parentheses.
dcf dry cubic foot
dcm dry cubic meter
dscf dry standard cubic foot
dscm ' dry standard cubic meter
mL milliliter (for liquid measure)
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" A

Ay

Bws(avg)

B

ws (est)

%Iﬁnul
%Iinl

pmr

Appendlix

cross-sectional area of nozzle, ft? (m?)?
cross-sectional area of stack, ft? (m?)

average fraction of water vapor in gas stream (dimensionless), used in report
program

estimated fraction of water vapor in gas stream (dimensionless), used in field
program

pitot tube calibration coefficient (dimensionless)

concentration of particulate matter in stack gas, mass per volume, on a dry
basis, corrected to standard conditions, Ib/dscf (g/dscm)

diameter of nozzle, in. (cm)

actual diameter of nozzle used in test (chosen closest to estimated value), in.
(cm)

estimated diameter of nozzle obtained from presurvey data, in. (cm)
emission rate, mass per heat input, 1b/10¢ Btu (ng/])

F factor with c, and O, on a dry basis, used to calculate particulate emission
levels in terms of the standard expressed as 1b/10° Btu (ng/J), units.of dscf/10%
Btu (dscm/J)

F factor for checking Orsat data (dimensionless)

symbol for combination of mathematical terms used in isokinetic rate equation
(dimensionless), known as the K factor

pitot tube constant, 85.49 ft/sec (34.97 m/s)
Method 4 factor for calculating V., 0.04707 f/mL (0.001333 m*/mL)
Method 4 factor for calculating Vsgsay 0.04715 ft¥/g (0.001335 m3/g)

Method 5 factor for calculating isokinetic variation from raw data, 0.002669 in.
Hg-ft’/mL-°R (0.003454 mm Hg-m*mL-°K) :

Method 5 factor for calculating isokinetic variation from intermediate data,
0.09450 in. Hg/°R (4.320 mm Hg/°K)

mass of particulate matter collected, mg

molecular weight of stack gas, dry basis, 1b/Ib-mole (g/g-mol)
molecular weight of stack gas, wet basis, 1b/Ib-mole (g/g-mol)
percentage of excess air

percentage of carbon monoxide by volume, dry basis
percentage of carbon dioxide by volume, dry basis
percentage of nitrogen by volume, dry basis

percentage of oxygen by volume, dry basis

- ratio of the velocity of stack gas in the sampling nozzle to the velocity of

approaching gas stream times 100; the percent isokinetic
percent isokinetic calculated using final test data
percent isokinetic calculated using pretest or field data
pollutant mass rate, mass per time, Ib/hr (kg/h)
barometric pressure at measurement site, in. Hg (mmHg)
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P

Pstd

Qm
Qstd

Qsld(nvg)

o

tm(nvg)

[s(uvg)

T,

s

T,

s(avg)

Taa
Viiq)
Viig)
Vi
\Y%

m

Vm(sld)

A%

m(tot)

v

we(std)

\%

weg(std)

Vg
Vs(uvg)
Wf
Wi
Y

aH

absolute pressure at the meter, Py, + (AH/13.6), in. Hg (mmHg)
measured static pressure in stack, in. H,O (mm H,0)

absolute static pressure in stack, Py, + (p,/13.6), in. Hg (mmHg)
standard absolute pressure, 29.92 in. Hg (760 mmHg)
volumetric flow rate at the meter, dcf/min (m3/min)

volumetric flow rate of dry stack gas, corrected to standard conditions, dscf/hr
(dscm/h), used in field program

average standard volumetric flow rate, dscf/hr (dscmv/h), used in report program
temperature at the meter, °F (°C)

average temperature of meter over test period, °F (°C), used in report program
absolute temperature at the meter, 460 °R + t; (273 K + o)

average absolute temperature of meter over test period, °R (°K), used in report
program
temperature of the stack, °F (°C), used in field program

average temperature of stack gas over test period, °F (°C), used in report
program

absolute temperature of the stack, 460 °R + t; (273 °K + t,), calculated in field
program

average absolute temperature of stack gas over test period, °R (°K), used in
report program

standard absolute temperature, 528 °R (293 °K)
final volume of liquid in condenser (impingers), mL
initial volume, if any, of liquid in condenser, mL
volume of liquid collected in impingers, mL

dry gas volume measured by dry gas meter at actual conditions for each test
point, Vegry-Viary) dcf (dem)

dry gas volume measured by dry gas meter, corrected to standard conditions,
dscf (dscm)

total dry gas volume measured at meter for entire test, dcf (dem), used in report
program

volume of water vapor condensed, corrected to standard conditions, K (Viigy
Vidigy)» scf (scm)

volume of water vapor collected on silica gel, corrected to standard conditions,
Ko (W W), scf (scm)

stack gas velocity, ft/sec (m/s), used in field program
average stack gas velocity, ft/sec (m/s), used in report program

- final weight of silica gel, or silica gel plus impinger, g

initial weight of silica gel, or silica gel plus impinger, g
correction factor for dry gas meter (dimensionless)
average pressure differential across the orifice meter, in. H O {mm H,0)
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AH, calibration expression for the orifice meter, pressure drop across the orifice
meter for air at standard conditions and a flow rate, Qm, of 0.75 dscf/min
(0.0212 dscm/min) '
AP(acy) pressure drop across the pitot tube manometer as actually read at a traverse
point, in. H;0 (mm H,0)
Ap,yg average pressure drop across the pitot tube manometer during the test, to be
used in the pitot tube equation for calculating Vs(avgy €qual to [ (JAp)..)°, ft/
sec (m/s)
(JAD) s average of the square roots of the pitot tube manometer pressure drop readings,
equal to, where n = number of Ap;s, (ft/sec)®, (m/s)*
n
Z yAp;
=
n
ADey estimate of pitot tube manometer pressure drop value used to estimate nozzle
size, in. H,O (mm H,0)
Ap; pitot tube manometer pressure drop reading during test interval, i, in. H,0
(mm H,0)
q total sampling time, min
q sampling time between test readings, min
2.205x 10®  fraction of a pound in a milligram, 1b/mg
0.264 ratio of O, to N, in air, V/V (dimensionless)
0.280 molecular weight of N, or CO divided by 100, Ib/Ib-mole (g/g-mol)
0.320 molecular weight of O, divided by 100, Ib/Ib-mole (g/g-mol)
0.440 molecular weight of CO, divided by 100, Ib/lb-mole (g/g-mol)
13.6 specific gravity of mercury, in. H,Ofin. Hg
. . . in.” ) min}( °R
17.32 units constant u‘sed in %I, equation, (-f?)(;;)( .~ Hg)
17.64 - Twa/Pyes °F/in. Hg
18.0 molecular weight of water, 1b/lb-mole (g/g-mol)
20.9 percentage of O, in air
60 number of seconds in a minute, sec/min
183.35 constant for A,. to be used in %I, equation, in.2/ft?
3600 number of seconds in an hour, sec/hr
E-5
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Soui'ce-Sampling Equations

for EPA Methods 2 - 5

Method 2
Table F-1. Method 2: Gas Velocity and Volumetric Flow Rate
Calculations Units Program

(Eq. F-1) Average of ’ (in. H,0)” | Report
the square roots of ; Jae.

APiS (‘\/ZB)IVS == n

(Eq. F-2) Average Apw, = [ (VBP) i)’ in. H,0 Report
Ap

(Eq. F-3) Stack gas A/‘1’,Tp, ft/sec Field

. . v, = K.C, [

velocity during test ’ "TNPM,

interval, i

(Eq. F-4) Average f/sec Report
stack gas velocity

over test period

Eq. F-5 ave ft/sec Report
( q ) Vl(lvg) = Kpcp(JA_F))IVI -P_(-M—_) p
(Eq. F-6) Standard _ N T.. \( P.

volumetric flow Qua = 3600(1-B..) V’A'(T.(.m )( P..d)
rate of dry stack gas
during test interval, i
(Eq. F-7) Average _ ~ T Y P ft*min Report
standard flow rate of Quicny) = 3600 (1 =Buviup) v"""A'(Tu-m ) ( Pud)

dry stack gas over

test period
(Eq. F-8) % Nitro- %N7 = 100 - %COy ~ %07 — %CO Percent Report
gen (dimensionless)
(Eq. F-9) Molecular M, = 0.44 (%CO;) +0.32(%0,) + 0.28 (%N, + %CO) Ib/lb-mole | Report
weight of stack gas,
dry basis

(Eq. F-10) Molecu- M, = M, (1-B,,) + 18B_, 1b/1b-mole Field
lar weight of stack and
gas, wet basis Report
(Eq. F-11) % GEA = = (%0,) +0.5 (%CO) < 100 Percent Report
Excess air 0.264 (%N,) - (%0,) + 0.5 (%CO) (dimensionless)
(Eq. F-12) F, factor 20.9 - %0, Dimensionless | Report

° F. = —%co.
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Method 4
Table F-2. Method 4: Moisture Content of Stack Gas
Calculations Units Program
(Eq F'13) Volume of V.. = K, (Vr(l-q) - V:u.q») scf RCpOIT
water condensed
(Eq F'14) VOlume Of ang(udl = K! (Wf_ Wn) Scf Repon
water vapor collected Where:  K; = 0.04707 ft¥/mL
on silica gel K, = 004715 fi'/g
(Eq. F-15) Gas vol- NG %{6 dscf Report
ume at standard condi- Vo = va(P_::f) _Tm_
tions
(Eq. F-16) Average B - Voo * Veegow fraction Report
moisture content T Vimn * Vegon + Vo (dimensionless)

Method 5

Table F-3. Method 5: Field Calculations

Calculations Units Program
- ineti ’ M,T.P, i -
(Eq. F-17) Isokinetic | , .. _ [846.872 D (act) AH,Cp (1 - B o) oS JAP in. H,O Field
(AH) rate et
(Eq. F-18) Diameter 00358 Q.P, [T.M, in. Field
of sampling nozzle Doy = T.C, (1 = B,a) 4P, Ap,,
(Eq. F-19) % %l = 100 T,V as P Percent Field
Isokinetic T = T,v.8A,P,60 (1 -B,,..,) (dimensionless)
intermediate _ T.V i
= KpvAe(-B.)
Where: K4 = 0.09450

3.0-09-95 F-3



F-4

Method 5

Table F-4. Method 5: Report Calculations

. Calculations Units Program
; 3
(Eq. F-20) Pamcglate ¢ = V"‘_ (2.205 x 107 Ib/ft Report
matter concentration i
corrected to standard
conditions (dry basis)
(Eq. F'2]) % Isoki- 100 '1'*“”‘)[],(1\/[L + (Vm“m‘/'rmmg\) ( Pb‘, + IA—HE )] vPercent RepOn
netic final %I _ ) : 3. (dimensionless)
tat = 60 6 \’L(a\gVPxAn
Where: K, = 0.00269 .
( T )( D;(ac[))
Av=lTa N2
(Eq. F-22) Pollutant pmr = ¢,Quuup Ib/hr Report
mass rate
(Eq. F-23) Emission E=cp—209 Ib/10° Btu | Report
rate T 4209 - %0,) ‘
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Now, as a review, Figure 1-1 is reproduced here with the associated symbols given for each part of
the Method 5 apparatus (Figure A2-1).

¢s (Eq.F-20) —l
pmr (Eq. F-22)
m E (Eq. F-23)
12
13
{
1 [ o “y [
H oY RS vl NS
Dotact) Co O ::C o o
from D 90 tol) 1l
n{est) 48 14
(Eq. F-18) /
YW, -W "= Vv __(Eq F-14) B
wsg ~» ws(avg)
Vioig) - Vitig ™  Vws (EQ. F-13) ~ (Eg. L-196)
Vs (Eq.F-3) 18
Q4 (Eq. F-7)
gt
Note: This valve is
@] adjusted until the calcuiated
AH value is reached on the
e - orifice meter manometer (20).
Rate set using Eq. F-17 Vin(sid) (EG. F-15)
1. Sampling nozzie 12. Impinger exit gas thermometer
2. Sampling probe sheath 13. Check valive to prevent back pressure
3. Heated sample probe liner 14, Umbilical cord - vacuum line
4. Cyclone assembly (optional) 15. Pressure gauge
5. Out-of-stack filter assembly . 16. Coarse adjustment valve
6. Heated filter compartment maintained at 17. Leak-free pump
120 °C + 14 °C (248 °F + 25 °F) 18. By-pass valve
7. Impinger case 19. Dry gas meter with inlet and outlet
8. Firstimpinger filied with H,0 (100 mL) thermometers
9. Greenburg-Smith (or modified Greenburg- 20. Orifice meter with manometer
Smith) impinger filled with H,0 (100 mL) 21. Type S pitot tube with manometer
10. Third impinger - dry 22. Stack temperature sensor
11. Fourth impinger - filled with H,O absorption
media (200-300 g)

Figure F-1.  Method 5 particulate sampling train (with symbols)
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Table G-1. Temperature

K = °C+273.16
R = °F+459.40
°C = 5/9(°F-32)
°F = 9/5(°C)=32

Conversion from ppm to g/m? at standard conditions (20°C)

T4 = 273.15°K
P = 1atm
()
g ppm XM g-mole 1
= X
dsem = ( liters ) s M’ (293.15°K) 1 x10°ppm
22414 gomote ) X 19 Tiers\ 273.15°K
Table G-2. Length, Area, Volume
Multiply By To Obtain
Centimeters 0.3937 Inches
Cubic feet 2.832 x 104 Cubic centimeters
Cubic feet 1728 Cubic inches
Cubic feet 0.02832 Cubic meters
Cubic feet 0.03704 Cubic yards
Cubic feet 28.2 Liters
Cubic meters 35.31 Cubic feet
Feet 30.48 Centimeters
Feet 0.3048 Meters
Liters 0.2642 Gallons
Meters 3.281 Feet
Meters 39.37 Inches
Square feet 0.09290 Square meters
Square meters 10.76 Square feet
Table G-3. Flow
Multiply By To Obtain
Liters/minute 5886 x 1074 Cubic feet/second
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Table G-4. Mass, Pressure, Temperature, Concentration

Multiply By To Obtain
Atmospheres 29.92 inches of mercury
Atmospheres 33.90 Feet of water
Atmospheres 14.70 Pounds/square inch
Feet of water 0.02947 Atmospheres

0.04335 Pounds/square inch
62.378 Pounds/square foot
inches of mercury 0.03342 Atmospheres
13.60 Inches of water
1.133 Feet of water
0.4912 Pounds/square inch
70.727 Pounds/square foot
345.32 Kilograms/square meter
Inches of water 0.03609 Pounds/square inch
5.1981 Pounds/square foot
25.38 Kilograms/square meter
Kilograms/square 0.9678 Atmospheres
centimeter
14.22 Pounds/square foot
Kilograms/square meter 0.00142 Pounds/square inch
0.20482 Pounds/square foot
0.00328 Feet of water
0.1 Grams/square centimeter
Kilograms 2.2046 Pounds
Pounds 453.5924 Grams
Pounds of water 0.01602 Cubic feet
Pounds of water 0.1198 Gallons
Pounds/square inch 0.06804 Atmospheres
Pounds/square inch 2.307 Feet of water
Pounds/square inch 70.31 Grams/square centimeter
Pounds/square inch 2.036 inches of mercury
Tons (metric) 2205 Pounds
Tons (short 0.89287 Tons (long)
Tons (short) 0.9975 Tons (metric)

Table G-5. Viscosity

Multiply By To Obtain
Poise 1.0 Gm/centimeter second
1.0 Dyne second/centimeter squared
100 Centipoise
Centipoise 0.000672 Pounds/foot second
0.0000209 Pounds/second square foot
2.42 Pounds/foot hour
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Table G-6. Density

Multtiply By To Obtain
Gram per cubic centimeter 62.428 Pounds/cubic feet
0.03613 Pounds/cubic inch
Gram-moles of ideal gas at 22.4140 Liters
0° C and 760 mmHg
Pounds per cubic inch 1728 - Pounds/cubic feet
27.68 Grams/cubic centimeter
Pound-moles of idealgas at | 359.05 Cubic feet
0° C and 760 mmHg
Grams/liter 8.345 Pounds/1000 gallons
Grams/liter 0.062427 Pounds/cubic feet
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