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- Notice

This is not an official policy and standards document. The opinions, findings, and
conclusions are those of the authors and not necessarily those of the Environmental
Protection Agency. Every attempt has been made to represent the present state of
the art as well as subject areas still under evaluation. Any mention of products or
organizations does not constitute endorsement by the United States Environmental
Protection Agency.

Availability of Copies of This Document °

This document is issued by the Manpower and Technical Infurmation Branch, Con-
trol Programs Development Division, Office of Air Quality Planning and Standards,
USEPA. It is for use in training courses presented by the EPA Air Pollution Training
Institute and others receiving contractual or grant support from the Institute.

Schools or governmental air pollution control agencies establishing training programs
may receive single copies of this document, free of charge, from the Air Pollution
Training Institute, USEPA, MD-20, Research Triangle Park, NC 27711. Others may
obtain copies, for a fee, from the National Technical Information Service, 5825 Port
Royal Road, Springfield, VA 22161.
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ment of atr pollution training programs in educational institutions and state, regional, and local
governmental air pollution control agencies. Much of the program s now conducted by an on-site
contractor, Northrop Services, Inc.
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and presentation of these courses In addit;on the services of scientists, engineers, and specialists
from other EPA programs governmenial agencies. industries, and universities are used to augment
and reinforce the Institute staff in the development and presentation of technical material

Individual course objectives and aesired learning outcomes arc delincated to meet specific program
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‘ pheric dispersion, and air guality management These courses are presented in the Institute s rest
dent classrooms and laboratories and at various ficld locations.
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INTRODUCTORY MATERIALS FOR
' COURSE 450 - SOURCE SAMPLING FOR PARTICULATE POLLUTANTS

This Instructor's Guide is to provide you as Course Moderator with . sistance
in the preparation and presentation of Course #450 - Source Sampling for
Particulate Pollutants. It will provide you with guidelines, instructions and
some general information that should facilitate your efforts in staging this
course.

I. Course Description .

Course 450 - Source Sampling for Particulate Pollutants is designed as a
four and one half day laboratory course for students of science and )
engineering background. The course presents the principles and techniques
necessary for performing isokinetic source sampling procedures for particulate
matter given in the EPA Reference Method 5 of the Federal New Source
Performance Standards. It should prepare engineers and technicians to
perform and/or evaluate a particulate source test. Lectures cover formulas
describing basic fluid dynamics involved in isokinetic sampling and students
are given experience in problem solving and application using EPA Reference
Methods 1, 2, 3, 4, and 5. Laboratory exercises are designed to familiarize
students with the proper use and calibration of source sampling equipment.
Students perform a”source test, make all calculations, and 1 port results.
Major topics- include:

Basic Theories
Description and Analysis of Source Sampling Equipment
Explanation of EPA Method 1-5
Source Sampling Calculations
Iso’:inetic Source Sampling Principles
Gas Velocity, Molecular Weight, and Volumetric Flow
KRate Measurement
Laboratory Particulate Source Test
e Introduction to Alternate Methods of Particulate Analysis

1I. Background, Origin, and Philosophy

The Environmental Protection Agency Air Follution Training Institute
(APTI) provides courses in air pollution control technology, 2mbient and
source monitoring, and air quality management. In July, 1976 Northrop
Services, Inc. was contracted to both nrresent Training Institute courses
and to provide support and technical services for the Institute as a whole.
Scurce sampling and other laboratory courses of particular importance
to governmental and industrial personnel concerned with air pollution
problems received early efforts of instructional development to design the
best possible training experiences for the students. This required
thorough examination of both the materials for instruction and an
examination of rhe characteristics of the student audience. From such
studies, the courses have been revised and developed to provide training
‘ that enables every student to achicve the specific course objectives.




The demographic characterization of students attending source sampling

classes has shown the fo

Employer

Federal EPA

wew Other Federal
State Government
Local Government

Industry
Consultant
Other

Occupati.on
Administrator
Chemist
Engineer

Ind. Hygenist
Phys. Scientist
Sanitarian
Technician
Other

Educational
Background

High School
Bachelor
Master

PhD

Years
Experience

- 1 years
4

-7

- 10

> 10

ot O
|

llowing:
TABLE 1

TABLE II

TABLE TIII

TABLE IV

Course 450

167%
5

12

14

45
6
2

Course 450

3%
14
44

1

3

3
28

4

Course 450

247

56

18
2

Course 450

487%

31

15
3
3

Student intellectual characteristics were determined early in the initial
contract year through standardized ability testing given to a total of 186

individuals in 10 different courses offered by the Institute.

The Course #450

sample produced the following percentile rank scores:

Verbal ability
Numerical
Spatial
Reasoning
Memory

2

Percentlle Rank

78
70
35
51
47



The characterization studies mentioned above have indicated that

for APTI source sampling courses, the course content and instructional methods
should be explicit rather than implicit. Although formal educational level

‘ tends to be generally high, the ability testing has indicated the need for
the course content to be presented in a careful and logical order with the
underlying principles and relationships of given concepts being taugh® directly.
At critical junctures where students are required to visualize a concept,
infer a relationship, or visualize an added dimension, instruction is mediated

with the use of:

Graphic illustrations usually in the form of 35 mm clides,
Lecture demonstrations, :
Inclass problem-solving,

Hands-on laboratory experience

Constant repetition and review of fundamental concepts.

Course #450 is designed to teach the principles of isokinetic sampling to
the engineer who finds it necessary to either conduct or to observe a stack

test,

A stack tester normally stays in this type of work for 2 or 3
years before moving on to another position., This creates a continual
need to train new peoplé entering this field of work. Students
attending #450 have ranged from high school graduates to Ph.D.'s
involved in research work. The average student (see Tables II and
I1I) has a bachelor's degree and is employed as a technician or an
engineer. In this course, 50% of the students come from industry
and 507 come from governmental agencies (this creates a forum for
interesting discussions within the course presentations). Most of

‘ the students are also just entering the field of air pollution, 48%
having less than one yvear of experience. The approach taken in
instructing Course #450, is to direct the level of instruction
towards the engineer with four years of college, newly entering the
field of air pollution. Through the use of discussion sessions,
those less prepared and those with more experience are provided the
opportunity to supplement their learning in the course. This
approach has succeeded, with most students gaining the Knowledge
they desired upon entry into the course.

The variety of activities that the student experiences in
Course #450 aides in the assimilation of a great deal of knowledge
in a short *ime. The first 3 days of the Course are very rapidly
paced and produce scme stress in the students. The fourth and
fifth day are conducted at a slower pace, still with a variety of
activities, but with more opportunity for questioning and discussion,
Here, the content of the first 3 days 1s reinforced and refined.
Every effor:t is made to answer any question asked by a student,
even at the expense of some of the more advanced members of the
class. In fact, 1t has often occurred that the simpler questions
lead into details that the clasg as a whole finds valuable. At the
opposite end, the more complex questions, give the beginning stack
sampler an opportuaity to realize the complexities that can arise
in performing the sampling method.
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Instruction for Preparation and Presentation of Course

A. Responsgibilities of Course Moderator

This course generally requires 4} days for a complete presentation.
It can also be expected that anywhere from 35 to 60 hours of additional
preparation will be required by the individual designated Course Moderator.
Preparation and continuity are the principle responsibilities of the Course

‘Moderator who will coordinate all on-site activities boch before and during

the course presentation. The following lists the actual tasks that are
considered the direct responsibility of the Course Moderator:

. Scheduling the course presentation.

Recruiting (hiring) and briefing instruccors.

Preparation of classrnom and teaching facilities.
Preparation of and distribution of course materials.
Presentation of introducticn and other appropriate lectures.
Maintaining continuity throughout the course.

[« NN I o N UL IR (b R

B. Scheduling

The course itself is designed around a format using 18 lectures
and 3 laboratory sessions, all of which are designed to fit into a
% day time frame of morning and afternoon sessions. Because the
course contains a concentrated level of involvement with rather
technical material, it is recommended that no more than seven (7)
hours of class instruction be presented in one day.

The course materials contain 21 segments each listed below with
its recommended time and schedule placement.

Expected
Proposed Time
Sequence Lesson Title Required
Day #1
Lesson #1 Welcome and Registration 30 minutes
Lesson {2 Introduction to Source Sampiing 1 hr 15 min
Lesson 3 EPA Me*hod 5 Sampling Train ! hour
Lesson {#4 Discussion of Labaoratory Exercises 1 hour 30 min

Laboratory #1

Lab Exercises

2 hours 30 min

Day #2

Lesson {#5 Isokinetic Source Sampling 1 hour 15 min

Lesson 6 Setting the fsokinetic Sampling Rate 1 hour 15 min

Lesson #7 Discussion of Laboratory Exercises 2 hours 45 min

Laboratory #2

Orsat Laboratory

1 hour 30 min



Day #3
L Lesson #8 Calculations and Interpretation of 1 hour 45 min
. % Isokinetic
Lesson #9 Definition of a Particulate 15 min
Lesson #10 Discussion of Source Sampling Exercise 1 hr 15 min
Laboratory #3 RMS5 Testing 3 hours
Day it4
Lesson #11 Concentration Corrections 1 hour 15 min
“N Lesson #12 Literature Sources 30 min
> Lesson #13 F-Factor Method 1 hour
Lesson #14 Calculation Review 1 hour 45 min
Lesson #15 Error Analysis 30 min
Lesson #16 ‘ Sourcé Sampling Quality Assurance 1 hour 20 min
and Safety on Site
Day {5
Lesson #17 Particulate Sizing Using Cascade 1 hour
Impactor
Lesson .18 Transmissometers 1 hour 15 min

14




Instructors

The four most important criteria in the selection of facu.l.ty for
this course are:

1. A knowledge of the methods and procedure in particulate sampling.

2. Practical experience with a facility providing stack sampling.

3. Experience (and ability) to instruct adults using traditjonal
and non-traditional methods, materials and techniques. {

4, A positive attitude toward air quality management.

Before instructors are actually involved with instruction in the
classroom the course moderator should conduct thorough briefing and
preparation sessions in which an overview of the entire course presentation
is given. Specific discussion of course and lesson ohjectives should result
in an assurance that the instructor is well prepared and familar with the
materials, procedures, and techniques that they will be using.

The cougse moderator should stress the difference in the role that
the instructor plays as comparcd to traditional university instruction
situations. All instructors should fully understand the function of
course and lesson objectives and the relationship of each objective to
their particular materials and to the pre and post testing.

It may be particularly helpful to the instructors 1if they are able to
sit in on early sessions of the course presentation, so that they get a
feel for the way the students are oriented to the material and be able
to incorporate the strengths and background experiences of the students
into the various instructional sessions.

Preparation must be stressed to all prospective instructors. Thorough
familiarization with all the prepared materials is essential for even
"expert" instructors. Laboratory sessions rgquire additional preparation
and should.include a complete run-through to check out the methods and
equipment before ever presenting them to the students. Remember that
Murphy's law will always hold true in a student laboratory exercise:

"What ever can go wrong, will!"

Physical Setting

Room size: 1300 square ft/24 students

Seating arrangement: Double tables, 6-8 student/table

Audio visual requirements: 35 mm slide protector, overnead projectors,
large screen

LLecture paraphernalia: Lighted lectern, blackboard, chalk

Laboratory room requirements: 700 sq ft, electricity, analytical balances.



. E. Course Materials

[4

In addition to the lesson outlines'and audio-~visual materials, the
Instructional Resource Materials for Course 450 include copies of the
following items needed for distribution to the student:

1. APTI Student Manual: "Source Sampling for Particulate Pollutants",
—— EPA 450/2-79-006

2. APTI Student Workbook, EPA 450/2-79-007

3. Pre-test “

4., Post-test

5. EPA Pamphlet - 'Need Air Pollution Informa* .on', June 1979

6. Handout - reprint of article - Leland, Bernice J; Hall, Jerry L.
"Correction of S-Type Pitct - Static Tube Coefficients When Used

for Isokinetic Sampling from Stationary Sources." Envizonmental
Science and Technology 11:694-700; July, 1977. i

7. Handout - reprint of article - Midgett, M. Rodney. "How EPA Validates
NSPS Metnodology." Environmental Science and Technology 11:655 - 659;

‘ July 1977.

8. Handout - A Monograph - Shigehara, R. T. "A Guideline for
Evaluating Compliance Test Results."

9, Handout - Calculation Form for Method 5 Particulate Test
10. Federal Register - Vol. 42, No. 160, August 18, 1977
"Standards of Performance for New Stationary Sources - Revision

to Reference Methods 1-8."

11. Federal Register - Vol. 43, No. 37, February 23, 1978, Part V
"Kraft Pulp Mills."

«J
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F. Lesson Plan Use

Each lesson plan module is designed to serve ‘as:

A. Source of lesson objectives

B. Content guide for instructor

C. -Lecture outline '
D. Directions for usegof visual aids

E. Guidelines for 'approach to the leason.

Each lecture plaﬁ outline i3 carefully timed. Instructors should give
attention to observing time schedules, and to becoming familiar with the "pace"
of the lessons to be given.

Tnrtructor s must be famlliar with the visual aids and handout materials

before attempting te present any lesson.
) kS
t

Instructors may wish to vary slightly from the format or content for
a given lesson but should be cautioned that schedules and lrsson objectives
must be maintained. Variations should be in the direction of greater student
participation. Instructors should remember that the final exam reflects the
lesson objectives as presented through these lesson outlines.

G, Audio-Visual Materials

are keyed using number references that are also found on the slilde.
The number identifies the lecture and sequence of the slide. Thus
L2-16 identifies a slide in lecture 2 that comes before L2-17 and
after L2~15. Some slides that are part of sequences are followed by
a Jletter, thus L2-2a, L2-2D, and L2-2c¢c are all members of a par-
ticular sequence.

The visuaéiufor course 450 include 153 35mm slides. The slides

The specific'lessons are as follows:

Lessgn 1 no slides
Leasson 2 20 slides + L2-14 through 2-14
lesson 3 no slides Use L7-4, L7-5
Lesson 4 no slides
Lesson 5 ' 4 slides - 1L5-1 through L3-4
Lesson 6 21 slides L6-1 through L6-21
Lesson 7 35 slides L7-1 through L7-35
Lesson 8 12 slides L8-1 through L8-12
Lesson 9 no slides
Lesson 10 no slides
Lesson 11 7 slides L11-1 through L1i-7
Lesson 12 6 slides L12-1 through L12-6
Lesson 13 10 slides 113-1 through L13-10
Lesson 14 no sliaes
Lesson 15 3 slides L15-1 through L15-3
Lesson 16 1 slide 1,16-1
Lesson 17 6 slides %.17-1 through L17-6 °
Lesson 18 28 slides .18-1 through L18-27
8
€ ~
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"H. Grading. Philosophy

The APTI guidelines for grading student's performance in "Source

Sampling for Particulate Material" and granting Continuing Education
Units (CEU's) are as follows: -

The student must:

e attend a minimum of 95% of all s3cheduled class and laboratory
sessions;

e complete and hand in copies of all laboratory data derived in
the laboratories; and

% achieve an average course grade of 70% or better derived as
follows:

1) 90% from final examination
2) 10% from laboratory performance

I. Other Logistics

Since the Course Moderator will need to consider a great variety of
logistic and instructional concerns, the following checklist is provided
to serve as a guide to meeting these responsibilities.

The course developers have tried to provide you with as much
infermation and materials as possible to enable you to present a
unique and exciting educational venture.

GOOD LUCK.



: CHECKLIST
. of Activities
For Presenting the Course

A. Pre-Course Responsibilities:

1. Reserve and confirm classroom(s), including size, "set-up,"
location and costs (if any).

2. Contact and confirm all faculty (speakers) for the course(s),
including their A-V requirements. Send material to them.

3. Reserve hotel accommodations for faculty.

4. Arrange for and confirm food service needs (i.e., meals,
coffee breaks, water, etc).

5. Prepare and reproduce final (''revised" if appropriate)
copy of the detailed program schedule.

6. Reproduce final registration/attendance roster, including
observers (if any).

7. Prepare name badges and name '"tents" for sapdents and faculty.
i
8. Identify, order, and confirm all A-V equipment needs.

. 9, Prepare two or three 12 in. x 15 in. signs on posterboard for
posting at meeting area.

10. Arrange for and confirm any special administrative assistance
needs on-site for course, including "local' Address of
Welcome, etc.

11. Obtain copies of EPA Manuals, and Pamphlets.

12. Pack and ship box of supplies and materials one week prior
to beginning of course (if appropriate).

-13. Arrange and confirm the availability of satisfactory
laborat ry equipment and facilities. (See list following
and la. ‘scriptions in rear of this manual)

14. Set up needed equipment in the laboratory setting and make
sure all equipment and instruments are operating correctly.

15. Have run-through of lab exercise with instructors.

10
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CHECKLIST (Cont.)

B. On-Site Course Responsibilities:

1. Check on and determine finzxl room arrangements (i.e.,
tables, chairs, lectern, water, cups, etc.)

2. Set up A-V equipment required each day and brief operator
(if supplied).

3. Post signs where needed.

4., Alert receptionist, phone operator(s), watchmen, etc. of
name, location, and schedule of program.

5. Conduct a neﬁ speaker(s) (i.e., instructor) briefing session
on a daily basis.

6. Verify and make final food services/coffee arrangements
(where appropriate).

7. Identify and arrange for other physical needs as required
(i.e., coat racks, ashtrays, etc).

8. Make a final check on arrival of guest speakers (instructors)
for the day. ———,
3

-!,...pl--" <

9. If there is lab wori\pn a real stack, find out how to call
. the locai life squad or similiar service, in case an
accident ¢ ~curs.

C. Post-Course Responsibilities

1. Return the following to APTI: (I1f APTI course) :
° Student Registration Cards
Pre-Test Answer Sheets — Graded
Post-Test Answer Sheets - Graded
Laboratory Data Summary Sheets from each student
Student Course Critiques

2 6 & ¢

2. Prepare Course Director Rep.rt including pertinent comments
on the presentation. (If APTI course)

3. Request honorarium and expense statements from faculty;
order and process checks.

4. Write thank-you letters and send checks to paid faculty.
5. Write thank-you letters to non-pald guest speakers.

6. Prepare evaluation on each course (including instructions,
content, facilities, etc).

‘ 7. Make sure A-V eguipment is returned.

8. Return unused materials to your office.

11
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COURSE #450
SOURCE TESTING FOR PARTICULATE POLLUTANTS

COURSE GOAL

The major goal of Course #450, "Source Sampling for Particulate Pollutants",
is to provide the student with a basic understanding of the theory and experimental
methnds involved in isokinetic sampling, the foundation of EPA Method 5.

Knowledge of isokinetic sampling, serving as the core of the course material,

will then be amplified with lectures, problem sessions and lecture-demonstrations
in order to present the many facets of particulate sampling. Upon completion of
the course, the student should be able to design and plan a source test, perform
all of the calculations involved in reporting a mass emission rate, and understand
problems of error and quality assurance. The student should also become conversant
with the methods of particle sizing and transmissometry. He should attain an
awareness of the problems involved in source sampling and be able to recognize what
constitutes difficult experimental situations, a good test, good data, and a good
final report.

COURSE OBJECTIVES

On completion of this course the student should be able to:

e Define symbols and common source sampling terms used in source sampling for
particulate pollutants.

e Recognize, interpret and apply sections of the Federal Register pertinent to
source sampling for particulate pollutants.

e Understand the construction, operation and calibration of component parts of
the Federal Register Method 5 sampling train.

¢ Recognize the advantages and disadvantages of the nomograph and its uses in
the establishment of the isokinetic sampling rate.

e Understand the "working" isokinetic rate equation and its derivation.
e Define isokinetic sampling and illustrate why it is important in sample txtraction.

e Apply Federal Register Methods 1 through &4 in preparation for a particulate
sampling test.

e Understand the construction, evaluation, standardization, and orientation of the
""S Type' pitot tube and its aprlication to source sampling.

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

e Understand the quality assurance programs involved in source sampling
dealing with nozzle sizing, orifice meter calibration, nomograph standardization
and sample recovery.

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

12
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COURSE OBJECTIVES - Continued

e Properly assemble, leak chack, conduct and recover a Method 5 sample
according to Federal Register, August 18, 1977.

® Appiy Federal Register Method 3 gas analysis in formulating the stack gas
molecular weight and % ‘excess air.

e Explain the principles bghind the operation of particle sizing device: for
sources and name some of those devices being tested by EPA.

® Define the terms opacity, transmittance and transmissometer.

e Recognlize the relationship between optical dencity and particulate concentration.

\\\
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LABORATORY EQUIPMENT LIST FOR 24 STUDENTS

. COURSE 450

SOURCE SAMPLING FOR PARTICULATE POLLUTANTS

GENERAL EQUIPMENT FOR SOURCE TEST

2 nomographs

meter boxes

sample boxes

umbilical cords

sets of glassware

probes

filter holders, fri«s
pre-weighed filters
containers of silica gel (200g each)
extension cords

tnlding wood rulers
calipers

ice chest

funnels

250ml graduated cylinders
stopwatches

boxes kaydry towels
tweezers

probe wrenches - 3/4" and 1" open end wrenches
spare filter set-up

gsets of spare glassware
miscl. tools

rolls duct tape

ice

flyash

NP ONMNMNESEFMNMDMPFOCPEEPEEESSPEEEESEEES T

3

TESTING FACILITY - see Laboratory 1 for diagrams.

2060 CFM Squirrel Cage blower with 3/4 HP motor
12" diameter galvanized duct work
6 5 foot sections
4 2 foot sections
3 elbows
2 adapters; 1 to reduce 14" diameter fan inlet to 12" diameter;
1 section to adapt rectangular fan outlet to 12" diameter.

-
*

PITOT TUBE EXPERIMENT

standard pitot tubes
inclined manometers, (oil, reading to a*t least 6'" H,0)
sets of manometer lines w/connectors

4
4
4
8 ring stands each with 3 finger clamps

14




4 "
. WET BULB-DRY BULB EXPERIMENT

7 beakers with water
4 thermometers (to 300°F)
2 wicks

M.W. EXPERIMENT

4 Orsats

15
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SAMPLE AGENDA

_ Name and address of
* _agency conducting course

(Dates of course)

Acknowledgement
450 SOURCE SAMPLING FOR PARTICULATE POLLUTANTS of role of othe:r
agencies, if any,
in conduct or

support of
¢ presentation.
Course location Name of course
Director
- DAY & TIME SUBJECT SPEAKCR
MONDAY
8:30 Welcome and Registration
9:00 Pretest
9:45 Introduction to Source Sampling
‘ 1. Objectives
2. Definitions ‘
3. Pollutant Mass Rate
4. Gas Physics
10:30 - EPA Method 5 Sampling Train
11:30 LUNCH
12:15 Discussion of Laboratory Exercises
1. Sample & Velocity Traverses for
Stationary Sources
2. Determination of Stack Gas Velocity
and Volumetric Flow Rate
3. Wet Bulb-Dry Bulb Moisture Estimation
4. Orifice Meter Calibration
1:45 Travel to Source Simulator

1f course is not conducted by EPA, but EPA/APTI materials are used, it would
be appreciated that an acknowledgement appear here.

16
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.DA'Y & TIME SUBJECT SPEAKER

MONDAY (Continued)
2:00 Laboratorv Exercises
Station #1. Traverse Point Determination
Station #2. Pitot Tube Calibration N
Station #3. Moisture Estimate
Station #4. Caiibration of Orifice Meter

------------------------------------------------ X L Y Y ¥ X X ¥ ¥ ¥ ¥ P ¥ ¥ T ¥ ¥ X X X ¥ ¥ 3 X X X X L X X 3 X J

HOMEWORK : 1. Complete Laboratory ixercises Calculations
2. Read Example Problems - Workbook pp. 165-174
3. Work Problems 1, 2, and 3 - Additional Problem Section pp. 177-178

-------------------------------------------------------------------------------------

TUESDAY
8:30 Isokinetic Source Sampling
9:45 Setting the Isokinetic Sampling Rate
11:30 LUNCH
12:15 1. Review of Sample and Velocity Traverses
' 2. Reference Method Determination of Moisture
in Stack Gas
3. Gas Analysis for Carbon Dioxide, Excess Air
and Dry Molecular Weight
3:00 Orsat Laboratory
HOMEWORK : 1. Do Problems 1, 2, and 3 - Setting Isokinetic Sampling Rate P 57
2. Work Prob]ems 4, 5, and 6 - Additional Problems Section pp 179-181
WEDNESDAY
8:30 Calculation and Interpretation of % Isokinetic
1. Equations for % Isokinetic
2. Evaluating Anisokinetic Source Test Results
10:15 Definition of a Particulate
10:30 BREAK

17
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@ oav & TIME SUBJECT SPEAKER

WEDNESDAY {Continued)

10:45 Discussion of Source Sampling Exercise
1. Experiment Design
2. EPA Method 5
3. Report Writing

12:00 LUNCH
12:45 Travel to Source Simulator
1:00 Stack Test
HOMEWORK Complete Stack Test Data Summary Forni
THURSDAY
8:30 Concentration Corrections
Class Problems
10:00 Literature Sources
. 10:30 F-Factor Method
11:30 LUNCH
12:15 1. Calculation Review - Hand in Stack Test
Data Summary
2. Discussion of Laboratory Results
3. ERROR Analysis
2:30 Source Sampling Quality Assurance and Safety
on Site
HOMEWORK Read Manual Selections
FRIDAY
8:30 Particle Sizing
9:30 Transmissometers
10:45 Post Test and Closing

- = D - P D D A D Y P N P D ae S D D B D D P D P ES D D N A D ED D G N D W TG T G T D R e W YD L D P S A S R B et R e B bR TR R e S A

The Course closes at 12:00 a.m. on Friday, please plan to remain until that time.

.Three Continuing Education Units (CEU's) will be awarded to those students who attend a
minimum of 95% of all scheduled class and laboratory sessions and who satisfactorily
pass examinations based on studies and assignments.

18
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‘ ' SOURCE SAMPLING FOR PARTICULATE EMISSIONS
APT1 COURSE NUMBER 450

L] ‘ PRETIST

DIRECTIONS: Circle the best answer (there is one and only one correct answer for each question). Mark
answers both on your Exam Sheet and on the Answer Sheet. You will be asked to turn in only the
Answer Sheet. (The August 18, 1977 Federal Register and a scientific calculator may be used during this
test. You should take no more than 45 minutes.)

1. How would you correct the “C” factor of your nomograph if your pitot tube had a coefficient

of Cp = .79?

a. ‘Take CtOff = 0.85/0.79C
nomog

nomog

corr - 079 ¢ .
b Use ('nomog 085 omes

c¢. The nomograph can't be corrected for a different (Ip.

corr - (0.79)2 .
d. Use (,nomng > (‘nomog
(0.85)
. 2. The TypeS pitot tube has demonstrated several characieristics that are important in under-

standing its proper function and application in measuring gas velocity. Those characteristics
which can affect its performance are:

a. Tube length and diameter

b. Sensing area and tube length

c. Sensitivity to turbulence and orientation

d. Sensitivity to temperature variation and abusive environments

3. What assumptions does the nomograph make about the stack gas molecular weight?

a.  Ihe molecular weight can be corrected for %(.0,) and %09

b. The dry stack gas molecular weight is measured to be 29.

¢.  The molecular weight (wet) is assumed to be 29.

d.  The stack gas molecular weight is directly related to v, the stack gas velocity.

4. Correcting pollutant concentrations to 12% (0, is applicable to:
a. Non-<ombustion processes
h. All chemical processes except oil refineries

¢. Combhustion processes

d.  Only those processes burning No. 2 diesel oil

19
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6.

=1

9.

10.

If the particulate concentration is measured as 0.1 grains per dry standard cubic foot (DOSCE)Y,
and the stack gas flow rate is 70,000 DSCF per minute, what is the particulate emission rate
in pounds per hour (7000 grains = I pound)?

a. 60 pounds/hour

b. | pound/hour

c. 10 pounds/hour

d. Need more information

If the gas analysis 196.2% 0.y, 14.2% (04, 0% €0, 79.0%N, and the % H 50 ix 7.0%, the wet
molecular weight of this mixture is:

a. 296
h., 23.8
c. 90
d. 309

The greatest source of experimental error for a stack test arises out of the measurements for:

a.  Moisture content of the stack gas

b. Molecular weight of the stack gas
Velacity of the stack gas

d.  Sample point position within the duct

The most important aspect of a safety evaluation procedure designed to preyent accidents ix a
continuous:

a. Reminder to personnel of previous accidents
b. Accident analysis program

¢. Safety indoctrination program

d. Stronger enforcement of safety rulex

The on-site sampling team should follow

a.  Their developed safety methods

b. Plant safety regulations and those guidelines given in the CRC safety handbook

e. Al plant safety guidelines in addition to those developed specifically for the sampling
team

d. Posted plant regulations
The Glass Fiber Filter used in Method 5 particulate sampling must.

a. Exhibit at least 96.5% collection efficiency

b. Be dessicated 24 hours and weighed to a constant weight

&

Be dessicated 24 hours and weighed to the nearest 1L.Omg

-

. Be dessicated 6 hours and weighed

20)



11.

13.

14

Turbulenee is created by any aceessory adjurent o the Type S pitot tube. The effect of
turbulence upon the calibration of the Type S pitot tube i weinimized when the accessory
is separated from the pitot tube by a distance:

a. 7.62mm
b, 3/4%

¢c. 2"

d 37

. The term A Hy; is defined as:

a.  The sum of the stagnation pressure and static pressure in the duct.

b. The flow reie of dry air flowing through a flat, sharp-edged orifice

¢.  Sampling Meter Console calibration factor

d. ‘The pressure differential across the sampling console orifice meter that creates a flow rate
through the meter of 0.75 ¢[m dry air at 70°F and 29.92in. Hg.

The Type S pitot tube must be properly oriented in the gas stream if it is to measure the
correct gas velocity impact pressure. A serious drawback of sampling probe design in some
equipment systems is:

a. The pitot tube is permanently welded to the sampling sheath

b. The pitot tube-probe sheath assembly can be accidently twisted into misalignment in the
gas stream

¢.  The pitot tube is constructed of 316 stainless steel

d.  The pitot tube.probe sheath assembly is out of round

Blowers are necessary on transmissometers to:

a. Prevert mirror lock-np
b.  Provide a purge svstem through the instrument to eliminate the effects of corrosive gases
¢.  Aircondition the optical system

d  Keep the optical windows free of particulates

How is transmittance related to opacity ?

a.  YJeopacity - % transmittance - Ringehnann number
b. Transmittance - (I % opacity) x 100

¢.  Transmittance/opacity = Ringelmann number
d. ‘o opacity = 100% - % tranamittance

21
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16.

17.

19.

20.

.

The cascade impactor particle sizer can give representative particle size data if:

“a. ltis pmperyﬂdibmtcd and operated

b. A cyclone is used to knock out large particle jn the gas stream
e.  Only if it is not at stack temperature when sampling
d. Aggomeration and fracturing of particles takes place in the device

For tangential cyclonic flow in a stack, the best way to determige the velocity is:

a.  Orient the pitot tube until maximum reading is obtained. This is the true Op.

b. Orient the pitot tube parallel to the sides of the stack and the Ap reading is the
upwara vector of the velocity. .

¢. Measure the impact pressure 8;1;(.1 the static pressure separately and by difference
obtain the velocity head (Ap).

d. Tnstall gas flow straighteming vanes and sample in the usual manner.

“Isokinetic,” in stack sampling, means:

o

The volumetric flow rate at the tip of the probe nozzle is equal to the volumetric

flow rate at the metering device.

b. ‘The velocity at the tip of the nozzle is equal to the velocity at the metering device.

c. The velocity at the tip of the nozzle is equal to the velocity of the approaching
atack gas stream.

d. A term used by stack samplers +» impress plant personnel.

Cascade impactor particle sizing devices are’subject to errors produced when the sample gas
flow rate through the device is®oc high. These errors are caused by:

a. Poor leak test procedures

b. Process fan fluctuations

¢. Scouring and reentrainment of particles deposited on stage plates
d. Under isokinetic flow through the impactor

The Type S pitot tube is the most commonly used device for the EPA Method 5 sampling
truin gas sensor. It aids in the measurement of the stack gas velocity, The TypeS pitot
tube directly measures:

a. The gas velocity impact pressure and static pressure
b. Gas flow rate through the A and B legs of the tube
c.  Stack gas viecosity

d.  The difference between gas viscosity and gas density



A.

23.

Source sampling nozzles should be:

a. Tapered to s 40°
h. Must not exceed 3/4™ diameter

Calibrated regularly to the nearest (0.001 inch) 0.025 mm
d.  Replaced at specific intervals

. In the following equations

v, = stack gasvelocity
A, = stack cross-sectional area
A, = nozze crose-sectional area
§ = sampling time (minutes)
V,, = standard volume metered at the dry gas meter
V., = volume atstack conditions passing through the nozzle

The % isokinetic for a stack may be calculated using equation:

A V..
a.  %isokinetic =__" x 100 *  ¢. Y%isokinetic = _" x 100
: A, ' 6 A, Vs
Vv
b. % isokinetic = n d. % isokinetic = m x 100
vy A8 0 A, Vv

The New Source Performance Standards for a Foesil Fuel Fired Steam Generator de_ﬁne a

_particulate as: v

Any solid or liquid in the stack gas

Any solid or liquid other than uncombined water in the stack gas as measured by Method 5.

a.
b. Any solid in the stack gas
c.
d

Any solid or liquid other than uncombined water as measured by Method 5 sampling
train maintained at £400°F

23
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24. AnOrsat analyzer is commonly used to determine the composition of a combustion effluent
where Ng, 09, €0, and €0y are the principal cons:ituents of the gas stream. It directly
measures:

a. 02, N2, CO, and C02

h. €0, €0y, 0,

?

(l. Nz. 02, (:0

t<
(92

. AnOrsat analyzer yields results on a:

a.  Wet basis because it cssentially is a wet chemical analysis.

Wet basis because the effluent usually contains moisture.

Dry basis because the moisture condenses until the effluent is dry.
d. Dry basis because the vapor pressure of water remains the same.

26. The order in which we analyze the components is:
. a. (09, 0y, CO
b. 09, COy, CO, Ny
c. €0, 09, COy
d. Ng, 09, CO

27. The Type S pitot tube must be calibrated while assembled in the sampling configuration
for which its use is intended. This is necessary hecause:

a. The TypeS pitot tube is not an accepted standard for gas velocity measurements.

b. It may be Reynold’s Number Jependent

c. Itis not manufactured according to an established National Standard

d. All the preceding reasons in conjunction with the dictates of good experimental procedure
for preparation and use of any scientific measuring device.

24
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28. Select the ¢ joation that hest describes the calibration of o pitot tbe using a known standard
pitot tube.

a. :p = A, stack cross-seclional area
(Ip = pitot tube calibration coefficient
Co(std) = standard pitot-static tube cali-
bration coefficier.t
' K. = dimensional constant
h. ( :p = AL R P
M, = wet molecular weight of the gas
P, = absolute pressure o the gas
S Ap = pitot tube velocity pressure
c.. (Jp = Cp(s‘ld) /A p(Btd)
A (test) Ap(test) = test pitot tube velocity pressure
Ap(std) = standard pitot static tube velocity
d. .. =C X p(test) pressure
N N TN T .
Oy = volumetric flow rate
‘ T, = absolute temperature of the gas

29. The D) of a cascade impactor stage is defined as:

a. The particle diameter at which the stage is 50% efficient
b. The Dp of that stage
¢. The particle diameter at which the stage is 50%

d.  The Dgy aerodynamic diameter of the particles on that stage

30. The photopic region is

a. The region of the electromagnetic spectrum covered by the spectral output of a tungsten
filament.

b. The effective sensing area of the detector on a transmissometer.

The range of particle sizes which scatter visible light.

[z)

e

The visible region of the electromagnetic spectrum.

25
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31, The moisturecontent of the stack s entend into caleulation of the wet molecular weight of
the gas, in the expression:

a My =2 M, B, c. M = Md(l-Bws)+ 0.025
b. M, = My(1-B,o+ 18(B,,) d M, = My(-B,)+ B,
B, = mole fraction HyO (% Hq0) M, = weight molecular weight of the

stack gas

32, What must you do if you encounter effluents other than C0g, 05, C0, or air in order to
determine the molecular weight?

a. Guess the molecular weight to be 29.
Use appropriate analytical procedures to determine the mole fraction of each constituent
of the effluent gas.

c. Go ahead and use the Orsat anyway. The principle is “anything is better than nothing™.
Use a Fynte,

33. If you sample over-isokinetically, your particle concentration will be

I.ess than the true concentration

Greater than the true concentration

The true concentration

Greater than the true concentration only if large particles make up a significant percentage
of the particle size distribution

&0 T ®

34. A quick approximation of stack gas velocity in a duct can be made using the equation:

b. v, = 85.48 (TRAP)
¢ Ve ¢ I\P (:p Th Pm
Tm Pa
- . T
d. v * Kp (,p 8 Ap
P‘i Bw
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33.

36.

37.

38.

The ideal gas law states that:
PV =0 RT
M
Select the statement that is false.

a.  The universal gas constant, R, is dimensionless.

b. The above relationship can be used to find the density of a gas at any conditions of
P,T,and M.

¢. Moletulr weight is determined by knowing the compoeition of gas stream,
T must be in absolute units.

Why is the determination of moisture content of the effluent gas important in isokinetic
sampling?

a. Because moisture tends to corrode the nozzle.

b. Because it enters as a variable in the isokinctic sampling equation and must be considered
in setting the isokinetic flow rate.

¢. It can dissolve particulates and yield low results.

d. It is not important in isokinetic sampling.

One of the important hydrodynamic principles used in isokinetic considerations, is

a. Large particles tend to move in their same initial direction.
b. Barriers to flow develop vortices.
Pressure is inversely related to volume.
d. A flowing gas stream will decrease the pressure in a tube normal to the flow direction.

Which one of the following refates pressure differential across a system to the flow rate
of the gases in the system:

Stokes Law
Reynolds’ Number
Bernoulli’s Theorem

& 0 T ow

Avagadro’s Number
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39.

40.

Reference Method 4 in the Federal Register outlines the procedures for determination
of the moisture content of a stack gas. Moisturc content is best determired from the
equation: (Note B is thesameas B )

a B = \'%

ws wCe
+ 0.02
Vwe * Vm
b. Bye = vwc(mtd) * vw3g(std)

vwc(std) ' Vag(atd) ¥ vm(atd)

c Bye = _ 1
VWC + vm
d. B, = 1]|- Yuc
Vm

The % isokinetic calculated at the end of a Method 5 test is a measure of:

a. The precision with which sampling rates were set based on test velocity and
volumetric flow rate data

b. Experimental discrepancies
Experimental error
Accurate pollutant mass emissions

TRUE - FALSE

4].

42.

43.

47.

48.

‘The static pressure of a duct is that pressure which would be indicated by a gage moving
along with the gas stream in the duct.

The nomograph supplied with most commercial EPA trains is the most accurate method
for setting isokinetic flow rate.

When any fuel is burned at 50% excess air, the flue gas will contain the same %09, and

% C0q.

An inclined manometer must always be leveled and properly zeroed if good Ap readings are
expected.

Gas straightening vanes will aseist in reducing gas turbulence within & duct.

The standard pitot tube has standard design criteria accepted by the National Bureau of
Standeards.

The analy tical technique and properties of the pollutant and other constituents ere of
prime importance when designing sampling trains and experiments.

Sampling for the average pollutant concentration at the point of average velocity is
common practice for isokinetic sampling.



v}

B ®

rrelated to mass emission concentration.

49. The optical density measured acrose a stack can be co
pling rate when the Ap is known, is:

50. The relationship used to find the proper isokinetic sam
AH = Kop.
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SOURCE SAMPLING FOR PARTICULATE EMISSIONS
APTI COURSE NUMBER 450

POST TEST

DIRECTIONS: Circle the best answer (there is one and only one correct answer for each question). Mark
answers both en 1.zom' Exam Sheet and on the Answer Sheet. You will be asked to tum in only the

Answer Sheet.

e August 18, 1977 Federal Register and a scientific calculator may be used during this

test. You will have 45 minutes to complete this test.

If the particulate concentration is measured as 0.1 grains per dry standard cubic foot (DSCF),
and the stack gas flow rate is 70,000 DSCF per minute, what is the particulate emission rate in
pounds per hour (7000 grains = 1 pound)?

a. 60 pounds/hour

b. 1 pound/hour

c. 10 pounds/hour

d. necd more information

A Stack Teater needs an estimated stack gas velocity for pre-survey information. He is told that
the stack gas is exiting from a combustion source and that the average stack gas temperature is
440°F. A velocity traverse with an “S™ type pitot tube (C_ = 0.85) gave the average Op = 1.0
in Hg0. Estimate the gas velocity in the duct. P

a. 69 ft./sec.
b. 74 ft./sec.
c. 60 ft./sec.
d. 78 ft./sec.

A TypeS pitot tube was calibrated against a standard pitot-static tube assigned 2 C, = 0.998
by NBS. The Type S tube measured & A p = 0.500. The standard tube measured a A p =0.350.
What is the Cp of the Type S tube based on this data?

a. 0598 (0.7)2
b. 0998/ /0.7
c. 0.998 V0.7
d. 0.998/(0.7)°

February 14, 1980
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A Stack Test was performed at a wood fired boiler. The stack gas contained 10% Ho0 and
traveled up the stack at 30 ft./sce.  The stack had a cross-sectional area of 20 t.°, average
temperature of 335°F, and absolute pressure of 29.92 in. Hg. What was the volumetric flow
rate in dry standard cubic fcet per hour?

a. 144,000
b. 1,300,000
c. 130,000
d. 1,960,000

Method 1 presents guidelines for the selection of a sampling site and minimum number of

sampling points for a particulate traverse for a stack diameter greater than 24 inches.
The criterion for using 12 sampling points in the duct states that the
sampling site is at least:

a. 8 duct diameters downstream and 2 duct diameters upstream of a flow dist rbance.
b. 2 duct diameters downstream and 8 duct diameters upstream of a flow disturbance.
c. 4 duct diameters downstream and 8 duct diameters upstream of a flow disturbance.
d. 6 duct diameters downstream and 2 duct diameters upstream of a flow disturbance.

The Code of Federal Regulations outlines the procedures for Method 3. The method gives
details on how to analyze the stack gas for its constituent components using the Orsat. Orsat
analysis makes possible the calculation of:

4. Mole fraction of Cly, Oy, and C0), dry gas molecular weight and percent excess air in

the duct
b. Percent excess air, (0, and volumetric flow rate (dry)
¢. Percent (I()2, Oy, and C(O), and motisture content
d. Only the »ercent axygen present in the dry gas

Method 1 guidelines suggest that all sampling points in a rectangular duct be located at the
centroid of an equal area so that:

a. There is alength to width ratio of 1:4
b. ‘There is a length to width ratio of 2:1
¢.  Two and five are concentric equal areas

d. There is a balanced matrix

33
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8. Using Method 1 guidelines it is necessary to caleulate an equivalent diameter
(D, ) for rectangulur stacks to be sampled. Thia is done using:

D[
b W)

T
c. LA ™)

Ve TL+W

d b - 4L) (W)
T W+l

9, If fibers from a filter adhere to the gasket part of the filter assembly a proper procedure to follow would be to:
a Wash the gasket in an acetone/water rinse.
h. Retain the fibers on the gasket for the next run.
¢. Scrape off the fibers into the filter recovery dish
d. Wipe the fibers off with a Kimwipe.

The mole fraction of HoO in a stack gas as calculated by the

10 Reference Method, is determined using the equation
= v
a. BWB = wC + 0.02
we ¥ Vm
-V + v td
b. B, = Ywe(std) * " wsg(std)
\'wc(std) + vws,t;(std) * vm(std)
¢ By ____v.‘i‘:_____
‘ w ) \ in
i1 st = _.I_. __
VW(' ! \/lll
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. 11. Fhe following statements give some of the advantages gained by usinga Type $ pitot tube.
Which statement is not glways true?

a. The TypeS pitot tubeis easy to use in small sampling po:-ts.

b. The TypeS pitot tube resists abusive environments and holds its calibration.

¢. The TypeS pitot tube consistently calibrates to a known (lp value of 0.84, therefore,
individual calibration is not necessary.

d. The large gas sensing orifices of the Type S pitot tube help prevent clogging in heavily
loaded particulate gas streams.

12. The standard pitot-static tube has small openings surrounding the tube for measuring;

a.  Standard pressure
b. Static pressure
c.  Rotational gas velocity veetor

d. Parallel gas axis angde

13. The small opening surrounding the standard pitot-static tube may clog with particulate in a
heavily loaded gas stream. For this reason the standard pitot-static tube should:

1]

a.  Never be used for this type situation
h. Used only to calibrate a Type S pitot tube

. ¢.  Be a second choice to a well calibrated Type S tube in this situation
d. Protected from clogging by stuffing glass wool into the small opening

14. The Type$ pitot tube is the most commenly used device for the LA Method 5 Sampling
Train gas sensor. It aids in the measurement of the stack velocity. The Type S pitot tube
directly measures:

a. The difference between total pressure and static preasure
b. Gas flow rate through the A and B legs of the tube

¢. Stack gas viscosity

d. Difference between gas viscosity and gas density

15. The requirements concerning minimum distances for separation of the Type S pitot tube and
any accessory on the sampling probe are established because:

L4

a. The Type$ pitot tube has a slow response time when gas turbulence exists about the
SCNBO M.

b. The TypeS pitot tube has exhibited a sensitivity to gas turbulence that can effect its
calibration coefficient.

¢. The TypeS pitot tube must be isolated from the sampling nozzle to ensure that the
volume at the nozzle equals the velocity of the approaching gas stream.

d Manufacture calibration guarantees are v oidaf the pitot tube is too close to other train

components.
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16. In the inokinetic rate equation A1 K Op N i

1

1

R

&

8.

9.

0.

.

b.

Always equal to 1.84

Only a function of the stack temperature
A function of many variaMea
Independent of the CP value

-

. lsokinetic sampling is:

iged only for gas sampling from stationary sources

Is nece ssary when sampling for gases as well as for particulates to obtain the proper

influx of pollutant

The same as proportional sampling

Is necessary to obtain a particulate sample having the same size distributio. as that occurring
in the stack

What is the purpose of the Method 5§ nomograph?

It is a type of slide rule used to detemmine the & p for the chosen sampling train.
slag., - .

It is a‘-type of slide rule used to correct the nozzle velocity to standard conditions.
1t is a type of slide rule used to determine a & H from the observed Ap.

Itis a type of slide rule used to determinea A p from the observed AH.

In the expression A H =K Ap, K represents the reduction of several variables into a constant
term that may be calculated for the existing conditions at the source. Which of the following

variables is assumed to be zero in the reduction of terms to K? \
a. A H,ﬁ =0
b. me =0
¢, Bws = ()
d (1B,)= 0

A Source Test was performed at an isokinetic rate of 86%. The emissions ca}t\ulated from
this test are biased:

By large particulates and a higher emission rate than true
By large particulates and a lower emission rate than true
Small particulates and a higher emission rate than true
Small particulates and a lower emission rate thatggue
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2.

23.

24.

A transmissometer measures the opacity of an effluent stream using light with wave lengths between
500-600 nm. These wave lengths are chosen for which of the following reasons?

a. These wave lengths are specific to fly ash particles
b. Transmissometer opacity readings in this area of the electromagnetic spectrum are free from
c. Present technology does not allow economical construction of instruments employing other

wave lengths
4 Combustion sources emit light in this region of the spectrum

. The percent isokinetic should be 100%, and if it is:

a. It ensures vampling accurcy.

b. It means only that, based on the volumetric and velocity data, the proper sampling
rates were used.

¢. It means that the source is in compliance with regulations.

d. 1t means that only the pollutant mass rate will be accurate.

In the cleanup procedures of an EPA particulate train, acetone is used to wash all internal

surfaces of:

a.  Nozle, probe, and front half cf filter holder

b. Answer “a,” except the probe is rinsed only if the liner is glass
«.. Probe and filter holder only

d. Acetone is not used because it is highly volatile

A sampling team performed reference method 5 particulate test at a municipal incinerator. Test
results showed an emission rate of 0.01 Ib./dscf with 8% (O, in the stack gas. What is the

emission rate connected to 12% COy?

a. 0.010 Ib./dscf
b.  0.0151b./decf
¢.  0.020 Ib./dscf
4. 0.0251b./dsef



25. Frror analysis of the Method 5 sampling system suggests that the greatest errors occur in
determination of.

Stack gas velocity and dry molecular weight

a

b. Stack gas velocity and sampling site selection
c. Stack gas velocity and wet molecular weight
d

Stack gas velocity and moisture cont.nt

S
26. If entrained water is observed in the stack,which of the following methods
would give the best estimate for B, ?
& Just usc the zaturated moisture value at the stack temperature
b. Use the wet bulb--dry bulb method
c. UseMethod 4
d. Just use the saturated moisture value at the ambient temperature
27. The moisture content of the stack gas enters into the calculation of the wet molecular weight
of the gas, in the expression:
a M d = Z MX BX
‘ b. M, = My(1-B,) + 18(B,)

c. M, = My(l-B,,) + 0.025

d. M = My(l-B,,) * B,

928. For tangential cyclonic flow in a stack, the best way to determine the velocity is:

a. Orient the pitot tube until maximum reading is obtained. This is the true Ap
b. Orient the pitot tube parallel to the gides of the stack. The Ap reading is the upward
vector of the velocity
c. ' isure the impact pressure and the static pressure separately and by difference obtain
-elocity head ( Ap)
d 1} gas flow straightening vanes and sample in the usual manner

38
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29.

30.

31.

Best Tester sampling team had just completed a Method 5 test at a cost of $2000 to the source.
The value obtained for the emissions, E, in 1bs/10” Btu, was below the atandard, indicating
that the source was in compliance. The test itself, however, was only 80% isokinetic. This

test data:

a.  Would be rejected by EPA since it is not within 3 10% of 100% isokinetic.

b. Could be easily corrected to give the value of E. at 100% isokinetic conditions.

¢. Could be accepted by EPA since the value of E would be even lower at 100% isokinetic
conditions.

d. Could be accepted by EPA since the value of E. would be even higher at 100% isokinetic

condiiions.
Correcting pollutant concentrations to 12% (), is applicable to:

a. All processes
Incineration processes and other combustion sources
Sourves in operation prior to April 1, 1970

d.  Sources covered by State Implementation Plaus
The ideal gas 11w states that:

m
PV = — RT
M

Select the statement that is false.

a. The universal gas constant, R, is dimensionless.

b, The above relationship can be used to find the density of a gas at any conditions of
P, T,and M.

¢.  Molecular weight is determined by knowing the composition of gas stream.

d. T must be in absolute units.

2. The s of a carcade impactor atage i8 defined as.

a  The average aerodynamic diameter of the particles on that stage
bh. The physical diameter of the particles on hat stage

¢.  The particle diameter at which the stage is 50% efficient

d. Calibration coefficient of that stage
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33. Cascade lmpactor particle sizing devices are subject to erroms produced wia o the sample gis
flow rate through the device is too high. These errors are caused hy:

Anisokinetic flow through the impactor

Over isokinetic flow through the impactor

Under isokinetic flow ‘“rough the impactor

Scouring and reentrainment of particles deposited on stage plates

a0 s P

34. The maximum total angle of radiation that can be projected by the lamp assembly of the
transmissometer is known as:

a. The angle of trajectory
b. The angle of declination
The light scattering angle
The angle of projection

e @

35. How is transmittance related Lo opacity?

a. transmittance = log(
(1-opacity)
b. transmittance/opacity = — nayl
‘ % opacity = 100% — % transmittance
% opacity = % transmittance — nagql

36. A transmissometer will provide information on mase emissions from a pollutant source for
a given time period if:

a. The neutral density filters are calibrated to 3% and the particle characteristics do not
change.
b. A reference light source is used and the particle characteristics do not change.

o

The manufacturer supplies a calibration chart.
d. The optical density can be correlated to grain loading and the particle charactenstics
remain unchanged.

37. If a post-leak check of a Method 5 train gives a value of .032 cfm,
the test should be:

Rejected without question.

Accepted without question.

Accepted, if Viy, is corrected, using the lesk rate value
Accepted, if Vi is modified by averaging the pre-test and
post-test leak rates.

o e
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The Iollowing.questions are related to the diagram of the Method 5 Sampling Train. Questions
vary in complexity from simple identification of equipment to others that test understanding
and comprehension of equipment usc.

-

22 12 s

l’__.\—-r—— 5 ] M
2 == A0\ AN Y
AMEA AN 1
B UaUnEnl):
21 , 20
' 18 15
| §
o 16
= Q]
19
ﬁ— 17

38. When performing an FPA Method 5 test, in order to draw a sample through the sampling
train at a controlled rate, the by-pass valve is:

Turned all the way off
Tumed clockwise from a fully open position
Turned counter-clockwise from an off podition

g & &9

Turned to a fully open position
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39.

40.

41.

42.

43.

What is the function of the orifice meter in a Method 5 test?

a. [t is used to eliminate correcting the sample volume to standard conditions

b. It is used to determine the value of K of the isokinetic rate equation during the test
¢. Itis used to determine the flow rate of the gas through the sampling train

d. Itis used to determine the flow rate of the gas in the s*ack

In the EPA Method 5 Sampling Train, what are each of the impingers filled with and what is
the correct order?

a. 1 — 100cc Hgo,
b. 1 - 100cc Hy0,
¢. 1 — 100cc Hq0,
d. 1 - 200cc "20,

Dry, 3 — 100cc Hol, 4 — Silica Gel (100g)
200cc HoO, 3 -- Dry, 4 — Silica Gel (200g)
100cc Hy0, 3 - Dry, 4 — Silica Gel (200g)
200cc Ho0, 3 - Dry, 4 — Silica Gel (100g)

!
i

N NN
l

!
!

All leak checks for the sample train should be conducted:

a. From the nozzle inlet with all train components at operating temperature
b. From the filter inlet at room temperature

¢.  From the probe inlet at ambient ternperature

d. From the nozele inlet at ambient temperature

The post-test leak check at the highest vacuum recorded during the stack test is:

a. Anunnecesary and useless procedure because it is not required by present
, regulations
b. A possible source of error creating particulate penetration through the glass mat filter
c. Required in the August 18, 1977 Federal Register revisions to Method 5
d. The work of a novice tester unaware of the possible problems

The August 18, 1977 Fedcral Register gives guidelines on the type of sampling probe liner
that may be used in the Mcthod 5 sampling system. [t recommends that probe liners be:

Borosilicate glass

Borosilicate glass or stainless steel

Quartz glass or stainless steel

Borosilicate or quartz glass; stainless steel with the approval of the administrator

an - o=
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. A4, The Federal Reginter gaidelines for Method 5 migeest s pre-teat leak chieek of the sampling train.
‘The et recommendations are:

a. A leak check of the entire system at operating temperature and & vacuum gage reading of
15in. Hg

b Aleak check of the entire system at a vacuum gage reading of 14 in. Hg
A ieak check at the filter inlet at a vacuum gage reading of 14 in. Hg and maximum leak
rate of 0.02 cfm ‘

4. Aleak check at the filter inlet at a vacuum gage reading of 15 in. Hg and maximum leak
rate of 0.25 cfm

45. The F-Factoris:

a  Used to determine the concentration of the stack gas

b. Pemnitted by the Federal Register to convert ein.ssions
data for FFFSG into the units 1b/106 Btu,

Used to calculate the stack gas volumetric flow rate

Used to determine the (pmr) pollutant mass rate.

a0

46. The EPA Method 5 Sampling procedure specifies that the out-of-stask filter temperature
(unless stated otherwise in the subparts) be maintained at

. a. < 250°F
b. == 250°F
c. No greater than 248°F + 25°F
d. 250°F

47. Maintaining the filter at this temperature: is:

a. Part of the definition of “‘parti¢ulate™ as the method is written
b. Necesary to prevent sulfate fon‘!nation on the glass mat

c¢. The best temperature to assure a leak-tight filter holder

d. Easier than setting it at any other temperature

48. The desired flow rate through the Method 5 Sampling Train is 0.75 cfm dry air at 68°F and
29.92 in. Hg. These conditions are designated by a single term A Hg. Solving the orifice
meter flow rate equation for a A Ha that meets the stated conditions we find:

2
a. A Hg = Ym e. A Ho = 09244
. . .2
Ky, 2 K
h. O Hg= 1 d ANy =Ym [ pm] 2
2 o o
I\l'n l'\m ’Im
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PROBLEM #1

Stack diameter:

Downstream to nearest disturbance:

Diameter:

ANSWERS TO ADDITIONAL PROBLEMS

Given as Homework
(See Workbook pages 175-181)

16H

Upstream to nearest disturbance:

Diameter: Upstream:

-

125" =
16"

Downstream:

54"

125"

54" = 3,37 eq. Dia = 8 pts

7.81 eq. Dia = 10 pts
»

From Figure #1~1 of Federal Register, calculate 10 traverse pts.

1lst Traverse
Diameter

2nd Traverse
Diameter

choose 12 traverse pts.
multiple of 4.

Because the nuuver has to be a

Sample Point

Circular Stack

Cistance from

Number %4 Diameter Sample Port

Opening in.
1. 1A 0.044 0.70"
2. 2A 0.14% 2.33"
3. 3A 0.296 4.,73"
4, 4A 0.704 11.26"
5. 5A 0.854 13.66"
6. bA 0.956 15.29"
7. 1B 0.044 0.70"
8. 2B 0.146 2.33"
9. 3B 0.296 4,73"
10. 4B 0.704 11.26"
11, 5B 0.854 13.66"
12, 6B 0.956 15.29"

45 .
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PROBLEM #2

. v =k c |/ TstP - K = 85.49
8 P Pl 5y p
8's C, = 0.845
T, = 303 + 460 = 763 °r
Ap = 0,15
— 31
Ps = 30.3" Hg
My = 0.44 (%CO,) + 0.32 (%0,) + 0.28 (%N, + % CO)

< 4
o
]

0.44 (14.2) + 0.32 (5.0) + 0.28 (80.8)
= 6.248 + 1.6 1+ 22.62
30.47

n..":

=
o
0

Ms N Md

(30.473 (1-0.07) + 18(0.07)

28.34 + 1.26
29.59

(1-B._ ) + 18 B
ws ws

=
]

non

(763) (0.15)
(36.3)(29.59)

<
I

= (85.49) (0.845) v/

114.45

= 72.24
‘ 2 896.79
= 72.24 v0.128

= {25.81 ft[secJ

Tstd ) Ps
Q. = 3600 (l-Bws) ve Al 5

s (avg) std
o (23
3600 (1 0.07)(25.81)(A) (763 79.97
(K}
Diameter = lg— = 8" radius
Area = 1 r2 9
_ 2 - 201 sq. in. = 1.40 ft
= (3.14)(8) 144 sq. in./sq. ft
. . | 528)(30.3
3600 (1-0.07)(25.81) (1'40)<763>(29.92>
= 8.48 x 10% £t /hr.
Q, = (v)(A) = (25.65 ft/sec)(1.40 ft%)
= 35,91 ft3/sec.
. ' (35.91 ft3/sec)(3600 sec/hr.) =11.29 x 10S ft3/hr.
v 46 _
Q &‘)4




PROBLEM #3

TsAp
v =KC K = 85.49
8 PP PsMs P
C = 0.842
p , o
T_ = 300 + 460 = 760 °R
Ap = 2.5" H,0
P, = 30.1 +(_1s.q)
13.6
= 28.99
M, = 0.44 (%CO,) + 0.32 (% 0,) + 0.28 (% N, + % CO)
% €O, = 17
%0, = 2
%N =100 -19=8]
= 0.44 (17) + 0.32 (2) + 0.28(81)
= 7.48 + .64 + 22.68
= 30.8
M_= M, (1-B ) + 18 (B_))
= (30.8) (1-0.12) + 18 (.12)
= 27.10 + 2.16
= 29,26
v = (85.49)(0.842) }/169)(2.5)

]

(71.9826)

0

(71.9826) (1.4965) =

28.99) (29.26)

107,72 ft/sec.
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PROBLEM #4

H20 collected ain impingers: 75 ml
H20 collected in the silica gel: 25 g
Volume = 40.20 ft3

P o= 30.0" Hg

T, = 100 OF + 460 = 560 °R

kv VP (40.20) (30.0" Hg)
(a) Vm(std) h3Y ? m (17.64) (1) 570
= 37.991 SCF
®) Veestay = K1 VeVyp)
=(0.04707 £t>/ml) (75ml)
= 3.53 ft3
@ v - e
wsg (std) Kz (wf wi)
o =(0.06715 £t3/g) (25 g)
= 1.18 fto
@) B vwc(std) + vwsg(std)
w8 Vic(std) ¥ Vusg(std) t Vin(std)
»
L .
= 3.53 + 1.18 = 471 = 1103
3.53 ¥ 1.18 # 37.99  42.70

.1163 x 100% = 11.03%

18

<

v




PROBLEM {5

4p
- I/awiﬁﬁélh
(a) CP(S) Cp(std) Ap(s)

0.31
= 0.99 5342 = 0.851

(b) M

L]

0.44(%002) + 0.32(%02) + 0.28 (ZN + 7% CO)

0.44 (13) + 0.32(6) + 0.28 (89)

(]

5.7« + 1.92 + 22.4

Hi

= 130,04 1b/1b-mole

(c) M_= (l~BwS) M, + 18 Bws

d
= (1-,1) 30.04 + 18(.10)
= 27.036 + 1.8

28.84 1b/1b-mole

= |/ Ts(ayg)
‘ (d) VS = KpCp ﬂ_ V;p
8 s
—

810 -
(85.49)(0.851) (29.00) (28 5%) l/o.59

(72'75)(‘/‘2%‘3‘6 (l/o.59 )

(72.75) (0.984)(0.768)

.
fi

— l
[54.98 ft/sec|

il

1std Ps

Ts(avg) \ Pstd

: . 5281(29.00
3600 (.9)(54.98)(1200) <§T6)<§§j§§)

4

(ey Q 3600 (l~Bw5) vy A

it

it

3600 (.9)(54.98) (1200) (.0652) (0.969)

-——— - e e e e

[1.35 « 10® pscry

it
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'PROBLEM #6
‘ P + AH (29.5) + 1.5

Bar ———

T 560
m

(a) Vm(std) = KIY Vm 13.6 = (17.64) (1) (50) 13.6

= 46,64 DSCF

sz = Kl(vf_vi)

0.04707 (100) = 4.707 SCF

p . b.707 4,707 0919
(b) Boe = 4707 ¥46.66 = 31.343 034
0919 x 100% = 9.19%
_ 100mg , _ .100 ) 3
(e) €y 46.46 £t - 46.46 fro = 0.00215 g/ft
(0.0215 g/ft3) (15.43) = 0.033 gr/DSCF
(@ %1 - 100 x 25B{std) Tstd
‘ - XT NP 8 min., (60 sec/min) A (1-B )
std s s n WE

100 (760) (46.64)(29.92)
(528) (48) (29) (60) (60) (.00034) (1-.0919)

=1.06 x 10° = 0.1297 x 103
817 105

= 129.7 %1




LESSON PLAN

TOPIC: WELCOME AND REGISTRATION

COurse 450 - Lecture 1
LESSON TIME: 30 minutes
PREPARED BY DATE 10/2/78

Giuseppe J. Aldina

Lessen Goal:

L4

Allow students to introduce themselves to th-= class; determine the actual

level of job experience in the class ~ the number of stack tests in which
each student has participated.

~

Lesson Objectives:

Each student should know:

1. The following information:

a. Organization presenting the course
b. Organization providing the funds for the course (e.g. - EPA Manpower
' and Technical Informatioan Branch)
c. Organization providing the course materials (e.g. Northrop Services, Inc.
under contract to EPA)

[ 2]

The name of all instructors and theilr affiliation

3. The nqme"and employer of each student in the class

!

4. Phone numbér where a student may receive messages

/

5. Requirements [or passing the course
a. Completed registration card
b. Pre-test
¢c. 95% attendance - minimum
d. All laboratory work completed and turned in
e. Post-test - 70Z minimum passing grod
f. Critique

6. Teaching method in the course - problem solving using the basics
learned in these lectures.

7. All c¢lass materials

a. Workbook

‘ b. Manual




'. C. Quality agsurance document
d.  Agenda
e. Selected handouts
f. Note paper
g. Federal Registers; 8/18/77; 2/23/78
h. Registration card
i. APTI chronological course schedule

j. EPA Traineeship Program Brochure

7. Location of
\
¢ a, Restrooms

b. Refreshments

8. Address and phone nunver (919-541-2766) of EPA - APTI
MD-20, Research Triangle Park, N. C. 277i1 as the place to contact
concerning course matericls and the CPA air pollution training program.

. Support Materials:

1. Student materials package

2. Blackboard and chalk




~

CONTENT OUTLINE /&

Course: 450 Lecture l
Lecture Title: WELCOME AND REGISTRATION "4 prote”

Qhasaﬁﬁ

$’“OUM~9

I. Introduce instructors
A. Names and affiliation
B. Experience

C. Areas of expertise

II. Explain relationship between the orpanization presenting the
course and EPA-APTI-MTIB

i

III. Logistics of the course location
A. Message phone number
B. Restrooms
C. Refreshments and restaurants
IV. Introductions - have each student stand
A, Let student give name and employer
‘ B. Have the student describe stack test experience
1. Number of tests or years in stack testing
2. Level of participation
a. Observer
b. Engineer in the fileld
c. Report writing

C. Have the student describe what he hopes to get
from the course

V. Description of teaching methods

A. Training

1. Course directed at training students to perform
a specific skill

2. Methods used in the course will be explicit
not implicit




CONTENT OUTLINE &, [™ares

" Course: 450 Lecture 1 3
[3 R ) d
Lecture Til/e: WELCOME AND REGISTRATION ¢ prOTE

fmll\yg

B. Instructors
1. Will be there to help student become trained

2. Will add their experience and expertise to the
training

3. Encourage questions
c. Approach
1. Teach the basic math and sampling techniques
2, Solve new problems by applying these fundamentals
vl. Course requirements
A. Completed registration card
B. Pre-~test
Cc. 95% attendance - minimum
. D. All laboratory work completed and turned in
E. Post-test - 70% minimum passing grade
F. Course critique completed and turned in
VII. Materials - have students check that they have
A. Manual
B. Workbook
C. Agenda
D. Quality assurance document
E. Federal Registers; 8/18/77; 2/23/78
F. Note paper
G. Registration card

H. Selected handouts

I. APTI Chronological Course Schedule

J. EPA Fellowship Program Brochure

54




—
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\

Course: 450 Lecture 1 %," 3
] . 9)
Lecture Title.  ygLCOME AND REGISTRATION " prot

Poge..3____ of

o
—ced
m
o

A.

VIII. Pre-test and registration

Explain that the pre-test

1.

Tests what they know as they enter the course
Does not count in the final course grade

Will be correlated to post~test grades to measure
actual learning in the course

Students should not guess at answers

Registration card - completely filled out

Begin the pre-test and tell students to take a break
after the test

Collect all tests and registration cards -~ grade tests
promptly and report low, high, and average grades




LESSON PLAN

. TOPIC: INTRODUCTION TO SOURCE
SAMPLING

COURSE: 450 - T.ecture 2

LESSON TIME: 1 hour - 15 minutes
PREPARED BY" DATE

J. A. Jahnke 9/20/78

Lesson Goal:

To introduce the student to the symbuls and commcn Scurce sampling
terms to be used in the cnurse. To introduce the student to the
basic EFA Method 5 Train and the basic concepts of gas physics
needed for the comprehension of the course material.

Lesson Objectives:

The student will be able to:
1. Locate the goals and objectives of the course in the course manual,

. 2. De! < the symbols and common source sampling terms used in the
course,

3. Recognize the basic features of the EPA Method 5 sampling train.
4, Write the expressions for pollutant mass rate and emission rate,
using symbols for stack gas concentration, stack gas volumetric

flowrate, and heat input rate,

5. Recognize the pitot tube equation on sight and understand the
relative importance of the parameters in the equation.

6. Write the ideal gas law equation and be able to describe the
effects of changing pressure and temperature on a gas volume,

7. Recognize the form of an ideal gas law correction equation.

8. Recognize the importance of Bernoulli's principle gas viscosity
and gas Reynold's number in source sampling.

Student Prerequisite Skills:

Basic mathematice

Level of Instruction:

£

College Undergraduate Science 97




Intended Student Préfessional Background:

High school math and high school or collgge general science.
w

Support Materials and Ednipment:

1. Course workbook
2. Course manual
3. Projector

Special Instructions:

This lecture lays the foundation for the rest of the course. Stress

on the ideal gas law equation is important. It has been found necessary
to review the Method 5 Sampling Train before Lesson 2, since some
students may not be familiar with the terminology in the lecture. The
detailed explanation of the sampling train in Lesson 3 supplements this
earlier introduction.

References:

None.
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CONTENT OUTLINE & ™ v ]

Course.: 450 Lecture 2 S f
Lecture Titfe: INTRODUCTION TO SOURCE SAMPLING 24 prote”

O agenct

MM~3

The purpose of this lecture is to introduce the students
to the FPA Method 5 train, source sampling terminology, the reasons
for obtaining Method 5 data, and to review the ideal gas law

equation.
I. Review of course objectives students to turn
to page 3
A, Symbols and terms -~ objectives workbook
R. Calculations
C. Equipment familiarity
D. Isokinetic sampling
E. Doing the source test
F. New methods
II. Methods of source sampling
A. Methods of monitoring source emissions slide
L2-la-f
1. M
. anual Turn to page l4

f workbook
2. Extractive-continuous °

3. In-situ-continuous

4. Remote sensing

5. Long path

6. Vigible emissions observations

TILI. B. The manual method for particulates - EPA methods 1.2-2
1. Review Method 5 Train - show flow Diagram on page 18

2. Define each of terms used - pitot tube, orifice
meter, etc.

3. Define isokinetic sampling -

iso - same as, kinetir - pertaining to
motion. State that purpose of M5 traln
is that v_ = v

n 8

4, Show slides of train 1.2-3
[.2-4
. Point out significant features - 1.2-5
orifice meter, fine control knob, fillter 1.2-6
holder




Course:
Lecture Title:

450 Lecture 2 %M y

INTRODUCTION TO SOURCE SAMPLING ™% pooreS

Page 2___ of 3

NOTES

I1I.

Nomenclature

A. Symbols and subscripts

1.

2.

Review symbols and subscripts -~ defining
important terms such as Ap, A&H, AHQ, etc.
\

Stress that they are using English units since
equipment is designed that way - not a course
in metric conversion

Define standard temperature = 68°F and pressure =
29.92 "Hg - define absolute T in R and absolute
pressure

Pollutant mass rate and emission rate

1.

Reason for doing Method 5 test - to obtain
concentration, pollutant mass rate, emission rate

a) Concentration g
_ quantity of pollutant (mass)
€s = quantity of effluent gas (volume)
units: grains/ft3 lbs/f'r3 ”5i§m§“
note: 7000 grains =1 1b
b) Stack gas volumetric flow rate 6;

quantity of effluent

q = Bas passing up stack (volume)
s time

Q = AvV_ = fel x fr o= fr°

s S 8 == —-

hr

area of stack stack gas velocity

60

Nomenclature on
pages 10-13 ol work-H
book

Write on chalk-
board or
OH projector

Write on chalk-
board
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'
¢) Pollutant mass rate B—ﬁx—f;
! quantity of pollutant (mass)
= _ passing up stack !
;
PiTs time

lbs , grains , grams
hr hr hr

d) Relationghip of the three units

1bs frtz/ 1bs Stress units and

unit cancellation
hr hr

|
i

e) Emission rate - NSPS units are given in terms ot

‘ the weight of emissions/10° Btu heat I1nput
pmr -
Eo= "‘Q'*g = % %
H QH

6
= heat input rate = 10 Btu

See coul se manudgl
Hr

Page Y=5

- SRS

1()6 Btu

P

t]

_ . | |

voj
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Course: 450  Lecture 2 S :
. ., s '
Lecture Title: INTRODUCTION TO SOURCE SAMPLING “*0*”
f) Review of pollutant mass rate L2-9
1.” Refer to slide - pointing out the Page 14 of work-
large number of variables in the test book
2.” Point out necessity for isokinetic L2-10
sampling
3.” TI>int out pitot tube equation - make L2-11 !
no attempt to derive — point out variables ;
[Memorize] %
Comes from Bernoulli's principle ;
i
1
v i
:
EPA ;
M2 M2 M3 i
M4

Will do these in the laboratory

4.° Re-emphasize importance of emission rate

calculation - This is the END RESULT

Qn
1v. Gas physics -~ review of concepts
A. ldeal gas law
1. Ilmportant in course
PV = o RT PV = uRT
3
review terms R = 21.83 (in. Hp) (tt )

ib-mole "R
review mole concept

molecular weight in
grams or pounds

mole =

2. A trick

¢ Z; concentration
t,

By now, students
iaru somewhat tired
and almost satu-
‘rated - but this is
Berlitz and the
instructor mist
press on

Write on board

Few students under-—
stand the concept
of the mole -
stress [ts import-
ance Iin chemistry

Ask students what
| ¢ is
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]
B. Correcting pressure or volume to standard conditions - .
very important '
1. Do this derivation ;
'
T 4
std , Ts
= nR — v = nR ==
corr P stack [
Std 15
to
std
for the same number of moles (molecules) ot gas,
what volume would these molecules occupy at
standard conditions, rather than stack conditions?
"t 2ol
EJ }-
vorr _std 5 lsud
R T p .l.
V-’.‘, n £ «wtd &
I)
o
. P
= V ..5 - _b:..t_d.
. IS ) *
corr 5 }std 13
Very important to ur lerstand this - essent wal for
understanding operation of Method 5 tr-fn
C. Other terminology of gas physics L2-14
! ' Refer students to

1. Bernoulli's principle

2
1/2 mivT + mg 2h + VAp =0

Pitot tube equation derived from this expression

2. Viscosity - n

3. Revnolds' number - N,
2

3

{‘ourse Manual -
Chapter 2
page 240
Thev are now too

saturated to dabsorb:

any more mathe-
smatices - Take a
break-next lecture
tov he vhow and
tell vasing ottt
~Note: Students
who have had oo
Tprevious experi-
Cence in soutvce
sampl ing will
et whoat prer o

tay -

F. mean, bv
Tuesday dtternoca-
Review the dJdeting -
tions on ocoasion
throughont the

COUrse.,

v ——— o s o e r— —t o = e

0,
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LESSON PLAN

TOPIC: gpA METHOD 5 SAMPLING TRAIN

COURSE: 450 - Lecture 3
LESSON TIME: 1 hour
PREPARED BY'Giygcppe J. DATE 9/15/78 «:1,

Aldina

Lesson Goal:

To familiarize the students with the equipment used for EPA Method 5

Particulate sampling; point out construction details required in the

\igust 18, 1978 Federal Register; illustrate equipment design factors
‘luencing sampling accuracy and convenience.

Lesson Objectives:

The student will be able to:

1. List the construction and calibration requirements for the Method 5
sampling nozzle

’ Z. List the nozzle, probe, pitot tube, and thermocouple placement
requirements to minimize aerodynamic interferences

3. List the approved construction materials for the nozzle probe,
pitot tube, and probe liner

4, Describe the probe locking system for preventing ..isalignment in
the gas stream

5. Describe the advantages and disadvantages of various types of
sample cases and glassware

6. List the advantages and disadvantages of various materials used
in constructing umbilical lines

7. Describe the advantages of magnehelic gages for pressure measurerents
and list the requirements for using these pages in an EPA Method 5
Sampling System

8. Compare the cost effectiveness ¢f the -Hmograph and calculator

Student Prerequisite Skills:

None

65 *
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Support Materials and Fqulpment:

1. Course Workbook

2. _ 8/18/57 Federal Reglister

3. Slide Projectbr

4. EPA Method 5 Sampling Train - Nutech

Special Instructions:

None

References:

Federal Kegilster - Vol. 42, No. 160, August 18, 1977. "Standards of
Performance for New Stationary Sources - Revision to Reference Methods 1-8."

The purpose of this lecture is to familiarize you with EPA Method 5
sampling equipment and lts construction requirements given in the 8/18/77
Federal Register. The descriptions will start with the sampling nozzle
and proceed through the sampling system to the Meter Console.

‘ At the end of this l!ecture you should be able to:

1. List the coastruction and calibration requirements for the Method 5
sampling mwozzle

2, List the nozzle, probe, pitot tube, and thermocouple placement
cequirements to minimize aerodynamlic interferences

3. List the approved constructien materials for the nozzle probe,
pitot tube, and probe liner

4, Degscribe the probe locking system for preventing misalignment in
the <as stream '

5. Describe the advantages and Jdisadvantages of various types of
sample cases und glassware

O 19t the advantaves and Jisadvantages of varicus materials used
in constructing umbilical lines

7. Describe the advantapges ot magnehelic pages for pressure measurements
and list the requivements for using these papes in an EPA Method 5
Sampling System

¢

o ot the nomoer ot oand ealeantator

R, Compare the cont oo

Hr6
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Lecture Title  EPA Method 5 Sampling Train

I. The Sampling Nozzle Ref. ¥R 8/18/77
page 41777,
A. Must be made of 316 SS cr glass paragraph 2.1.1
and p 41781 para-
1. Seamless tubing graph 5,1

(Calibration) :
2. Other materials must be approved by the Administrator ;
]

B. Must be button-hook on elbow design - unless Administra- Show nozzle during

!

' tor approves otherwise discussion and |
illustrate |

1. Must have sharp, tapered leading edge calibration }

PR

' 2. Taper must be on the outside with < 30° taper angle
3. Constant internal diameter should be preserved

: C. Range of nozzle sizes should be on hand - 0.32 -~ 1.27 cm
! ID suggested

D. Calibration - Record results in laboratory logbook

1. Calibrated before initial use in the field

e e me

2. Using micrometer measure ID to nearest 0,025 mm ,

(0.001 in)
i a. Measure 3 separate dlameters {
t

b. Average the readings

‘ c. The difference between the low and high numbers
shall not exceed 0.1 mm (0.004% in) or
nozzle must be reshaped

! 3. Nozzles that have been nicked, dented or corroded
must be reshaped and recalibrated

4, Each nozzle must have a permanent Identification

i
[ |§ The Pitot Tube - "S" Type is recommended; others may be used yith
! Administrator approval ;

' A. Construction details and callbratton procedures are
covered in the lecture on Reference Method 2
I
B. Position in relation to the sampling nozzle s of interesdt

here (page 41764 FR 8/18/77) PRI

i e sV ide 1724
(use =wtide 1L7-4)
1. The nozzle entry plane must be even with or below
i
‘ _ pitot orifice |
2. Centerline of oritice and nozzle must agree

.

3. Minimum separation for 1.3 cm diameter nozzle and
Q pitot tube is 1.90 c¢cm
. 67
74
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Lecture Title: EPA Method 5 Sampling Train " b0
c. Position of pitot tube 1in relation to the sampling probe L3-2
sheath and thermocouple is also important. | (use slide L7-5)

l. The probe sheath end and pitot orifice opening must
be separated by a distance of 7.62 cm.

2. The Thermocouple must either be offset 1.90 cm at
the pitot tip or be no cleser than 5.08 cm to pitot’
orifice. '

i 1II. The Sampling Probe

A, 2.54 cm in diameter 1s most useful and prevents probe illustrate poilnts
from becoming a flow obstruction in the duct. This is  discussed with a
; covered in more detail in RM 2 lecture. ~< " ’'sampling probe
R4

1
t

B. Should be 316 SS or equivalent

]
N

—

c. Pitot tube should be firmly welded to the probe.“)This
helps prevent pitot misalignment

D, The probe should be designed to prevent accidental Refer to RM 2

misalignment in the gas stream discussion of pitod
tube misalignment

1. During use it is common to handle the sample train error
and probe

e m . e~

2. Very easy to misalign some sampling systems

— Ay —— v WS oo

3. A good probe will not allow itself to be twisted
into misalignment

} 4. Misalignment causes errors in velocity measurement
1
5. Full evaluation of possible errors owing to mis-

alignment covered in RM 2 lecture Compare Nutech
| Probe -~ Sample
i k. Probe should be designed to protect the liner and prevent Case interface
| accldental breakage . to some other.
i ! Nutech System workg
: l. Nutech System - glass liner i{s not exposed to thes& very well,
i and easy breakage |
' |
i 2. Other systems - glass liner is more exposed to |
; breakage .

. lhe Probe Liner . Reference: page
' 41777 FR 8/18/77,
A, Must be borosilicate or quartz glass tubling ' paragraph 2.1.2
1. Must have theating system (agable of maintaining exi
gas temperature of 120° + 147C (2487 + 25°F)
@ |
a. Exit temperatﬁre calibrated as shown in APTD-
0576
b. Administrator may specify other temperature
Q rpgn'{ rement g v

ERIC 68 ~
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2. Borosilicate glass liners used up to 480°Cc (900°F)

3. Quartz glass liners used from 480°C - 900°C
(900 - 1650 °F)

T — a————— > & .-L.

B. Stainless steel liners (316SS) may be used with the
approval of the Administrator

V. The Sample Case

A. Federal Register requirements

. PO

1. Filter heating system capable of maintaining a
temperature around the filter holder of 120 + 14 °c
(248° + 25 °F)

2. Temperafdre.gage capable of + 3¢ (S.AOF) accuracy :

B. Desirable featyres Nutech Sample case
) ot incorporates many
1. Light weight _ of these features.:
: - It is good for clags
2. Good insulation — hot and cold areas illustrations.
. 3. Positive probe aligmment locking system

4, Easy accessibility to all parts '

5. Good glassware protection

6. Good electrical system

! 7. Reasonably accurate thermostat for filter chamber
and probe heater

8. Single point monorail attachment

9. Durability
10. Flexibility for vertical or horizontal stack traverges

4

11. Somet imes two plece construction is added convenienee -
able to separate heated filter and cold impingers
C. Glassware — 2 types; decision on use {8 personal prefereoce
i 1. Ball joint
a. Standard type
b. w;rks well

c. Must use non-volatile silicone grease

d. Grease 18 inconvenient, Messy, and can
contaminate sample or catch particulate

69 77
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2. Compression Fittings(screw type) )

J" AGENC‘

qﬂ‘”

COU/se: 450 Lecture 3
Lecture Title. gpp Method 5 Sampling Train

v— Ra e

a. More convenient

b. Reduced contamination probability

c. Eagjer to clean

d. Can, however, increase breakage

VIi. The Umbilical Cord

- -

A. The umbilical cord is simply a bundle of lines for:
1. Vacuum tube - .
2. Pitot tubes |
3. Electrical connections

B. It is recommended that:
1. Keep it simple - don't add too many lines

‘ a. Makes it heavy

b. Hard to repair a broken line when so many are
wrapped together

—aime e -

P N LI

2. Use heavy rubber vacuum tubing for the pump-impinger
connection

a. Not cut easily
b. Not easily melted or burned

3. Use Tygon for the pitot tube lines for the same
reasons as B2

ViI. The Meter Console

A. Meter console encloses the gas metering system illustrated
on page 41777 FR 8/18/77 TFigure 5.1

1. An enclosed system is not required but is usually

; easlest to use '

2. It is recommended that the metexr console be a simplq

system containing :

‘ a. Flow control valves !

b. Pump i

c. Dry gas meter with dialfafe caiibration of 0.1!

" CFM/Revolution 1
ERIC 70
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d. Pitot tube differential pressure gage

3. Communication systems and thermo-couples are cheaper
and more useful as separate components

— e rate

a. Lower initial cost
b. Easier to repair and check

¢. Can be used for other applications without the
full sample train

B. Desirable features
1. Light weight

2. Reliable leak free pump preferably oil lubricated
fiber vane

3. Easy readability
4. Good temperature controls

5. Averaging dry gas meter thermometer (must be
. accurate to + 3°C (5.49F) )

6. Rugged construction
7. Good carrying handles
8. Magnehelic differential pressure gages
a. FR 8/18/77 allows magnehelic gages when they ,
agree with 3 oil manometer Ap readings in the
duct within 5% |
b. Very reliable when properly calibrated
C. Easier to rgad
d. Less sensitiﬁe to vibrations
e. No need to continuously recheck zero setting
Vill. The Nomograph

A. This course covers the derivation of the isokirn  *ic rate-
equation

! 1. Nomograph is used to solve the equation ftor AH !

. based on the stack gas variables \
!

2. A calculator can solve the equation more uvcurately%

!

B. Nomographs must be calibrated :

71 ’]_
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EPA Method 2 Sampling Txain.

1. Check scale alignment

2. Check accuracy

Nomograph is an expensive specialized slide rule

1. Calculator is more accurate and more easily reset

{

2. Calculators can be used to work up other data.
Nomograph does only one calceunlation

This lecture has covered an overview of the EPA Method 5
Sampling Train. We have

Identified individual components
Listed FR requirements

Pointed out some advantages ard disadvantages of
different equipment designs

~1
t

’\’
[t
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LESSON PLAN

TOPIC: DISCUSSION OF LABORATORY
EXERCISES

COURSE: 450 - Lecture 4

LESSON TIME: 90 minutes
PREPARED BY: OATE: 10/2/78

Giuseppe J. Aldina

Lesson Goal:

Provide the students with explanations of the laboratory procedures to be
performed in the Monday afternoon Laboratory.

Lesson Objectives:

The student will be able to

1. List the procedures for applying reference Method 1 at circular and
rectangular stacks

. 2. List the steps involved in performing an "g'" type pitot tube
calibration

3. Describe the procedures for wet bulb-dry bulb moisture estimation

4, Calibrate the meter conscle orifice meter when the dry gas meter has
been calibrated against a reference volume standard.

Prerequisite Skills:

None

Support Materials and Equipment:

1. August 18, 1977 Federal Register 3. slide projector

2. Blackboard and chalk 4 .450 workbook
—_————

73




Special Instructions:

Refer students to FR during the lecture so they may mark important items

References:

Federal Register - Vol. 42, No. 160, August 18, 1977. "Standards of
Performance for New Stationary Sources - Revision to Reference Methods 1-8."

The success of the afternoon laboratory sessions depends upon a thorough
understanding of the methods and procedures used. The experience gained in
this laboratory will be very useful when actually performing an EPA Method 5
test or any other type of sampling. You (students) will calibrate an "S"
type pitot tube, calibrate the meter console orifice meter, perform wet bulb -
dry bulb moisture estimates, and apply Method 1 guidelines for sample and
velocity traverses. After completing the lab you should be able to:

1. Select a sample site and sampling traverse poinis following
Reference Method 1 Criteria

2, Describe and perform the calibration of a Type S pitot tube
3. Calibrate an orifice meter

4. Estimate the percent moisture in a stack gas

74
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I. Reference Method 1 Lab exercise
covered on page 21 :
A. Principle in the workbook

1. Aid in making representative measirements from a
! stationary source

a. Pollutant emissions
b. Total volumetric flow rate ;
2. Stack cross-saction 1s divided into equal areas
3. A traverse point 1is located in each equal area

B. Applicability — The method may be applied to flowing gas Note paragraph 1.2
streams in any duct, stack, or flue except under any of page 41755, 8/18/77

the following circumstances: FR
1. Cyclonic or swirling gas flow (defined on page A description is |}
41758 paragraph 2.4) exists in the duct covered in the :
procedures section,
2. The stack is smaller than 0.30 m (12 in.) 1in of this lecture :
’ diametgr or the cz-ross -gectional area is less than (E1).
0.71 m~ (113 4in.")

3. The measurement site 1s less than 2 duct diameters )
downstream or less than 0.5 diameters upstream
from a flow disturbance [

c. Description of Laminar Gas Flow

1. Laminar gas flow is a theoretical concept - it may
never exist in actual practice

2. Laminar flow in a duct 1s described in this

drawing: A hand drawing on
the board 1s more
effective, here,
than a slide

1 - — — — — s —— e— ¥

3. The "Bullet" shape of the gas is caused by friction

| a. Gas layer closest to the stack wall disgipates' This should remain

some energy as friction and slows down - simple - try not tg
i get bogged down
b. The layer of gas above the boundary layer {n fluid dynamics
. proceeds to glve up some energy contacting '
the slower more viscous boundary layer

7
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Course: 450 lecture 4
Lecture Title: Discussion of Laboratory Exercises

¢. This action proceeds ~ theoretically - in a
symmetrical manner across the gas velocity head

4. 1t is easiest to measure the velocity pressure of
a gas when it is in a flow pattern approximating
i laminar flow

D. Flow Disturbance

1, A flow disturbance is a

-
A —

a. Bend in the duct

b. Expansion or contraction of the duct Note: Laminar flow
m§y not exist ever
c. Visible flame but at 8¢ and 2¢
the assumption 1is
2. At 8 duct diameters downstream and 2 diameters made that the flow
upstream of a flow disturbance reasornably resemblas
Laminar

a. Velocity head profile is assumed to resemble
Laminar conditions

‘ b. The minimum number of sample points may be used

3. Draw flow disturbance at 8¢ and 2¢ % = diameter

4
/

u 8¢ 2¢ Point out that thesa
-— >l are minimum criterid
- There can be more

than 8¢ and 2}

|
i
!
j
|
i

When sampling at this
point the minimum # of
{ pts may bhe used - 12 pts.

76

b i ——

Ity




T

1
]
!
:
}
t

Page 3 ___of Q0

CONTENT OUTLINE " NOTES

B C’aurse 450 Lecture 4 M

Lecture Ti1/€.' pigcyssion on Laboratory hxercises’ pROV

_«.ﬂw"‘ ~ 3
"4 A GE HC(

\.

4. When sampling at a site other than 8¢ and 2¢

a. You will have to use the chart on page 41756
to determine the number of traverse pi..
required

b. You may not sample at a site that does not ‘
have at least 2¢ downstream and 0.5¢ upstream
of a disturbance

E. Procedures ~ Clrcular stacks

- e A

1. Determine the following

a. Duct internal diameter ~ is it larger than
0.3 meter ?

b. Cyclonic flow condition using the Type 5 Use pltot tube for
pitot tube demonstration; See
page 41758 (directly
1) Prepare differential pressure gage below Figure 1.4)
. 2) Connect pitot tube to the gage

3) Position pitot tube orifice openings
perpendicular to the plane of the stack,
cross-sectional area-orifice is parallel

to the gas flow

mes - e e - #

4) At this point the '"S" tube should show
")" reading on the gage. (Equal forces .
will act on both orifice openings) '

a—c—a

5) If the gage does not show "0" rotate the
pitot until a "0" reading 1s shown

6) Record the rotation angle from the
original pusition

7) Repeat the procedure for all traverse pts.
&) Assign traverse pts which require no
rotation to reach "Q" gaye reading a

value 0.

{ 9) Average all readings. 1f the average of
all rotation angles s greater than 10

the duct has an unacceptable flow condition
. Co Duct diameters of "straight run' from all
disturbances
2. Based on duct diamerervs straight ruu locate the
sampling site 77
Q
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a. Choose the most convenient site H

b. 8¢ and 2¢ not always possibie

c. Choose a site that will allow the least number

of traverse pts.

3. Use the graph on page 41756 to determine the number :
of traverse pts. for sampling. Use the graph given ;
tor the appropriate duct interunal diameter
a. Remember when reading the graph that both :

upstream and downstream diameters from a
disturbance are important
b. You can always sample more traverse pts but
never are you allowed to sample less than the
minimum shown on the graph
c. The number of pts. must be a multiple of 4 !
t
d. This number is the total traverse pts. Haif of
these are on each traverse diameter
. 4. Calculate the percent diameter ianto the duct from
the stack wall for each traverse point. Refer to Figure

1-3 on page 41758.

a. Use the table 1.2 on page 41758

o total tgaverse pts _ pts/diameter
C. Find the pts./diameter in the table and

multiply actual duct ¢ by the decimal % shown

L.M)L F.:
duct ¢ = 100 ¢m

total traverse ptr = 12
traverse pts/diameter = 6

1st pt = 100 em » 0.044 4.% ¢m trom stack wall into the

duct

4.6 ¢m into the duct

[

2nd pt = 100 cm x 0.146

5. Locate the traverse pts on 2 perpendicular Refer to page
diameters one of which is in the plane f highest 41757 paragraph
ant fcipated dust concentration 2.3.1 for details

‘ 6. Note guides for location of traverse pts. within
2.5 cm of the stack wall in paragraphs 2.3.1 and
2.3.1.1 78
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Aeaif

F. Procedures - Rectangular Ducts
1. Check for cyclonic flow

2. Calculate duct ~guivalent diameter

2 1w

De * Tow

Check 450 workbook
problem section
which describes
balanced matrix

“, Determine the duct diameters of straight run i
i

4. U'aec rhe apprcpriate graph on page 41756 to-determink

Y. ¢f traverse ptus. procedure
page 165
5. Refer to Table 1-1 for the required Balanced Matrix
II. Calibration of the "S" type pitot tube l.ab exercise
‘ : covered on page 24
A. The complete details of the reference method 2 will be in the workbook

covered in lecture seven. |

1 All Federal Register requirements will be highlight#d.

2. Today we want to give the procedur«s for calibratio
' cf the "S8" tube in the laboratcry T

B. Equipment
1. Standard pitot-statirc tube or ~andtl Tube.
2, Inclined oil manometes (use only one)
3. Calibration duct

a. Must have at least 8¢ and 2¢ straight run from
disturbances
15

b. Capable of steady gas velocity of y lsec

(30-40 ft/sec)

c. Ports must be arranged so Prandtl Tube and
"g" Tube would be at the same point in the
gas stream

4. Type S pitot tube attached to the sawpling probe
tube used in Wednesday's source sampling lab, including
the sampling nozzle.

5 Laboratory data sheet workbook page 26
C. Procedures
. | . Record identification numbers of all equipment used
2. Level and zevo the manometer
79
o J. Check Probe-Nczzle-Pitot tube parations and recor

8o
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4. Leak check the system
a. Prandtl tube and tubing to manometer

b. Pitot tube and tubing ‘to manometer

c. Recommended leak check is pusitive pressure at
impact opening and negative pressure at static!
opening to 7.6 cm (3 in) H, 0

d. Leak check should be stable for 15 seconds :

5. Check the calibration duct for cyclonic flow

6. Mark Prandtl and "S" tube so they will be at the
same print in the duct

7. Mark legs A and B of the "S' tube

8. Insert Prandtl tube Make suce students
‘ ' keep all pitots
a. Record Ap (when reasonably steady) properly level and
aligned in the ducf.
6 b. Remove the tube
9. Insert leg A of the "S'" fube

a. Record Ap
b. Remove
10. Insert Prandtl tube ,
11. Insert 14g B of the "S" tube
12. Repeat 8-11 until 3 paifs of readings are completed
13. Measure duct static pressure
14. Record

a. All Ap readings

b. Duct static . 2ssure
¢ Duct gas temperature
d. Actual barometric pressure at the site
|
80
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M Course: 450 Lecture 4 %, S
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Lecture Title. Discussion on Laboratory Exercises™"
15, Calculate
- a. C for the "S" tube for each reading C = 0.99
P I)(Std)
. Ap.
C = C, ., std
P(s) P (std) -/-\-—p(——f—)--
T (8) :
b. Calculate average Cp for leg A and leg B |
c. Average deviation for leg A and B
. = |
n|c -C _
CoHeey ] |
3 <7 (.01 ! -
d. Deviation between leg A and B ;
) = “- - ( ; i
' PA PI‘, <7 .01 ‘
!
16. Calcalate ¢
‘ a.  velocity (m/sec) '
t
, I M, = 29 for drv
II]' A -
= e /8 | iy
Vg = l\p\. I)L/p M VI\ p avy l
5 S I
b. Volumetric f{low rate (1113/’Ii')l11')
Ansume B o {)
| td I _ | ws
G = 3600 (v ) A tI-B ) R _ 3 l tor this calenlatid
, s 5 S ws ’ T
- std s
I, Wet Bulb - Dry Bulb Moisture Estimate pasie 27 in workbook
A The Wet Bulb-I**v Bulb Technique for rofsture estimat fon
is used in thi; laboratory
1
1. Reference Method 4 will be discussed latern l
l
2. Wet Bulb=Dry Bulb fs cacsy and can give o pood et im%t(-
vt the H )() content ot the stack gae !
! K. The 2 H O in the stack T< by Dalton': Law of tarciad
1 Pressuroe ,
\/'IH RY L ;
g 1. " B Kot G ot component pattial
! W ) Ses l T TS Ve .-
A I e proesicut e Lo bl svabom presand
‘ P workbook  chows e cabeesdb ar vt the oy g
\'.l‘.H‘{; H.“'SH)’, knnwh-d,-(- ol
~1
N |
It




~ CONTENT OUTLINE &,

R
Course: 450 Lecture & ’1,4' &
Lecture Tille: pygcussion on Laboratory Exercises’

O

a. The saturated VIP.H 0 at constant temperature
and pressure 2

b. Latent heat of vaporization for H20

3. The % H,0 can be found using

2
V.P. :
a. The calculation Bws =5 > Page 30 of Workbogk
abs

Note: The wet bulb+
dry bulb procedure
does not work in
acid gas streams

h. Psychometric chart page, page C-22 of Course Mgnual

¢. Nomograph page 32 of Workbook
Procedure
1. Take dry bulb température
2. Take wet bulb temperature

a. Preferably using the same thermometer or one
very similar

b. Cover entire area inserted Into the duct with
a cotton wick, tightly wrapped around the

thermometer

¢ Saturate wick in HZO before inserting into the

duct
d. Watc h temperature rise carefully
e When temperature rise stops rocord the tempera
t. Temperature will contimne to rise atter the

nm!nontary pause

3. i"se anv procedure piven in B Cross check procedute
for aprdement 1t Interested

V. gritice Meter Calibration

Al

APTD - 0376 calibration procedaves i v P et
catibration tor

I. it ioe meten

Pty pas meten

|
{IH L
|

wert Bheodk e iy

Thie oy pras et

'v\:"l"' \-Jl'li whin tin
I [ B TN SR I PRI R I
o n MO i

1oy thee e b

- -—

Paboratory exere fae Wil o dartren creby o tiphir e
{. Woel (ot metoer widbl et b d
g MMy pas meter corpoect feair bactor o Meby hoaes b
et rmined avainst g opirometon
— )Y v
k‘\
t,

.
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. Coursée. 450 Lecture 4 % £ R
. Lecture Title: Discussion on Laboratcry Exercis@b( moﬂ'd\
3. We will calibrate orifice meter for the desired ~ :
flow rate
C. Orifice meter AH, 1s a calibration factor. It is the
pressure differegtial across the meter which allows
0.75 CFM flow rate at 29.92 in, Hg Barometric pressure
and 68°F.
D, Workbook shows equations use | Workbook page 33
T °R AR
mn m P M s
!
2. Solving for AH at given conditions |
|
2 i
e (075 EEI‘.‘:) (20.92) (29) _ 0.9243 !
@ Km 528 K % !
m : !
E. Procedure i
1. Follow lab instructions i
2. Use form on page 36 of workbook l
3. Solve equations &H , should fall within 1.5 - 2.1 1nl
HZO or there is pr vbably a mistake ;
Closing Comments :
|
A, A large amount of Information has been presented very '
quickly ;
1. A great many things to cover, however, {t confusion Experience has
oxists ftaill all come together by Wednesday shown this is very
trae
2. DONOT heceme disconraged
. FLaboratory will be
1. Heot e
: ol
v instructors will help witio all problons :
it o owibE opet s e boomt oo the Db s ven pat e :
apply vourseld ;
|
[ Ko sitren Lo tenrd tlhe worthosk oo tuite s Voo willb e doig
Fither have stadont
i it pre osurvev SN SO SRS B do o thies ter the by
[)US‘-iHll(' situaticn
e e e e e o | ceepe b | {rorwi at the duct o oy
w4 caomdpoien cxiat ing

}
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Course. 450 Lecture 4 %"
Lecture Title: n %4 ppote®

"
g

&

Page 10 of ﬁ

NOTES

3. Pitot tube calibration
4, Moisture estimation
5. Orifice calibration

6. Volumetric flow rate

Ri

Sheet on page 41
to be turned in on
Wednesday morning.
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LESSON PLAN

TOPIC: ISOKINETIC SOURCE SAMPLING )
i
COURSE 450 - Lecture 5 \1 ¥
LESS™N TIME 1 hour 15 nminuteg
, PREPARED BY OATE 8/20/78
J. A. Jahnke f

Lesson Goal:

To present the concept of isokinetic sampling, providing the rationale of why
it is necessary to sample isokinetically for particulate matter.

Lesson Objectives:

The student will be able to:

1. Define isckinetic sampling

2. Illustrate why isokinetic sampling is necessary when sampling for
‘ nmarticulate emissions

3. State how the particulate concentration given by the Method 5 train

will ¢hange when the sampling is performed over isokinetically

s

4. State how the particulate concentration given by the Method 5 train
will change when the sampling is performed under isokineticallv.

Student_trerequisite Skilis:

Ahility to maltiply and divide

Support Hatcriagﬁ_qpﬁﬂﬂqquy@qu:
1. Course workbook

2. Sitde projector




Special Instructions:

This lecture is the first of a sequence of three lectures given on
isokinetic sampling, Tuesday morning. The three lectures work extremely
well together, if presented with a proper appreciation of how fast the
students can grasp the concepts.

References:

None

s I
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Course: 450 Lecture 5 %" ,‘\d?
Lecture Title: Lsokinetic Source Sampling "¢ prote’
I. Review of previous day's material To warm up the clads
it has been found
A. Ask following questions concerning M5 sampling train. ! necessary to first
. review some of the
1. Where is the orifice meter? previous day's
: material. Conduct
2. Where does one read Ap? , AH? | this part as a
| question and answeJ
3. What is Ap related to? . session.
4. What is AH related to? f L5-1
5. What is AH.? — students did this Monday laboratory[ Note: These
but were ngt formally presented with it in lecture.; questions are
I gslanted so that th+
/TmAH student may be
Qu = Km V--* better able to
P M
comprehend the
Q2 PM Tuesday morning
m m m :
AH, = —7 lectures.
@ K T
m m
2
AR = (.75) (29.92) (29.0)
Gl
® @ ok’ (460 + 68)
6. What is the isokinetic sampling condition?
v =V stress this!
n s
7. What happens in the impingers?
8. Does the same amount of gas (volume) go through the
nozzle as goes through the orifice meter, per
unit time? .
9. How does the pressure and temperature change from
_ the nozzle tc the orifice meter?
10. What is pmr, E ?
11. Write the pitot tube equation
12. What is the expression for a volume correction?
I1. 1sokinetic sampling [5-7
_ » Turn to page 45 of
A. Definitions ana principles workbook .
1. Isokinetic
‘ a. "1so" - denotes equality, similarity, uniformity
b "kinetic" - nertains to motion
87
ey
Y
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Course.: 450 Lecture 5
Lecture Title: 1sokinetic Source Sampling

CONTENT OUTLINE &"
\v/2

3
P ‘g
&

4\\
"¢ ppot®”

2 - 4|

Page

NOTES

c. TIsokinetic sampling is where velocity of’ gas
through probe nozzle is equal to stack gas
velocity

« 2. Principles
a. Large particles tend to move in same initial
direction — have enough inertia to deviate

from strreamliine pattern

b. Small particles tend to follow streamlines

c. Intermediate size particles are somewhit

deflected.

2 )

..‘..... - %\’/“\_—“‘__—

) °
d. This is watered down aerodvnamics for purpose

of this lecture — a large particle 75 wm in
diameter — small particle ~-. . um in diameter

(This corresponds with EPA's feelings for
large and small particle definitions -- but you
may get some argument)

B. The Example
tration collected?
Note: Assume a4 largpe particle weivhs 6 s units

and that we bave b osaeall particie weivhing
R

miss units

Mass rate = M = (4xb)r i 00D .
n minute
. S I
Flow rate = = 1 tt /minute
n
) . rass rate through nozzic
Joconcentration = s e e e RN
volumetric ilow rate throush nows
41 mass undts/mieTte
o 3,
ft /mimftoe
ot

1. 1007 Tsokinetic sampling  what would be the conceny

Draw
board

|
|
|
l
|
i
|
|
|
|

Reter

on chalk

back to
{.5~2

#ﬂ

ERIC B
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Course.: 450 Lecture 5
Lecture Title: 1Isokinetic Source Sampling ‘4 prote®

- 24.1 mass units

£t

2. 200% Isokinetic L5-3
Larger volume collected per unit time — large
particles not sliced out by nozzle, are lost. All
smaller particles in volume are collected.

v = 2v
n 8

Qn = 2 ft3/min

. (4x6)+(8x.03)
L.C o=
n 2

24,2 oy, ] Mass units
= 2 AN —,3 —

ft
Over isokinetic sampling gives concentration lower
than true
3. 50% 1sokinetic ; L3-4

Smaller volume collected per unit time large
particles don't follow streamlines, but punch into

nozzle.
vn = Vs
Q. = .5 fLB/min

n !

. _ gxo + (4x. 03)
Co T TS

=48.2 mass minutes
ft3

Under isokinetic samplim: pives hivher concentia- |
t.ion than true. ‘

4, Generalizations;

a. 100% 1sokinetic gerts v opresentative particuldte
0 distribution on fiiter
b, Over isokinetic -get lower weipght ol particie
per amount ot volume doe o loss or lavee
part {cles through Inertia oftects 14
Q BY

J3
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Caufse.. 450 Lecture 5 ?%\ (f
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Lecture Title: 1sokinetic Source Sampling "0 ppote
¢. Under isokinetic -get more weight of particles
per amount of v lume due fo addition of large |
particles punching through streamlines. |
[
d. These are generalizations — may have exceptions
in special cases — refer to references given om
page 47 of course workbook. '
C. The Question — Problem is, how does one sample isokinetigaliy?
— Given the EPA Method 5 trailn, how is it set up So that:
Vo= Vg ? Go Immediately on
. to next lecture.
i Class should still
be fresh and

interested. Don't
take a break, or
attention will be
lost.,

e - ——

1V}
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LESSON PLAN

-

TOPIC:THE ISOKINETIC RATE EQUATION S\@ED S1y

COURSE: 450 - Lecture 6
LESSON TIME: 1 hour 15 minutes S
PREPARED 8Y: J, A. JahnkeATE 9/20/78| <4, p

Lesson Goal:

To derive the isokinetic rate equation for the EPA Method 5 train, from [:j
basic principles of the ideal gas law, and to present methods for its
solution.

Lesson Objectives:

The student will be able to

1. Recall the basic equation for establishing the isokinetic rate,
AH = Kap.

‘ 2. Expiain iiat gas passing through the sampling train undergoes changes
of moisture ~ontent, temperature, and pressure.

3. Explain that the isokinetic rate equation is derived from the
requirement that v_ must equal v_, and that one obtains the final
expression by subs%ituting the p§tot tube equation and orifice meter
equation and by making proper corrections for pressure, temperature,
and molsture content.

4. Recognize the fact that a separate ~quat . ecxists for the determination
of the nozzle diameter

5. Calculate the value of Dl, the nozzle diameter, given the appropriave
I
input data, using a calculator or a szlide rule

6. Calculate the value of K and 4H, given the appropriate Input data,
using a calculator or a slide rule

7. Calculate values of Dn’ K, and ol using a source sampling nomograph

8. State the assumptions of the source sampling nomograph
9. Check the accuracy of the sour samn!ing nos ograph and recognize

the erfect of errors in computed AH values on test results.,

93




-~

Intended Student Background:

High school math Aﬁd high school or college general science, Attendance
at lst day laboratory mandatory for comprehension of this lecture.

Support Materials and Equipment:

1. Course workbook
2, Slide projector

3. Pocket calculator with square root function, for each student —
or slide rule to do extended calculations

. One source sampling nomograph for each student

Special Instructions:

Some students may "turn off" when they realize you are going to derive an
equation. Never tell them that you are doing a derivation — just do it as
1f it proceeds logically out of the last lecture — don't make a big deal

out of it. Approximately } of the class will be lost or won't care about
the equation after the derivation is finished (depending upon your
precentation abilities). Immediately after the derivation, the students

are to calculate the problem given on page 59 of the workbook. The students
that didn't care, will now care very much, egpecially if you go around from
student to student to see how they are doing.

References:

Yergovitch, T. W., '"Development of a Practical Source Scmpling Slide Rule',
JAPCA 26 #6 June 1976, pp 590-592

94
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] . *}
Lecture Til/@. the Isokinetic Rate Equation U prote”

I. Derivation of the Isokinetic Rate Equation L.6-1

A. OAH = kAp — The relationship between v_ and v . Note that

get Ap from pitot tube — Set the AH calfularedfrom this
equation with the orifice meter. This makes v = Vv, This 1is the core oJ
Ask following questions: course. Once the
student underagand
1. On what oil manometer do we read Ap? t this concept, he 1
Ans. - red half way home to
doing the method.
2. On what 0il manometer do we read AH? Slower students
Ans. - Yellow oil manome’er may not grasp this
until Wednesday
3. How is the AH set? Ans. - with fine control af terncon,

knob. (students should know this from lab,
but v % the class will not understand it ;=t)

B. Q = . v = Av_ under isokinetic conditions L6-2
n nn n s

What 1s the agea of the nozzle?

Therefors
Qn = 4 v is the volumetric flow rate through the
nozzle
C. What 1s the volumetric flow rate through the orifice meter? L6-3

qQ =k Ebfﬁiﬂ This equation was
m m PmMm used in Monday
afternoon lab and
should have been
D. If the stack gas contained no moisture, how would Q reviewed in lst %
be related to Q ? Would it be the same? No — becallse hour Tuesday mornif
have change of temperature and pressure through the trail. ‘
P T L6-4
-8

n m
8 m

95




Course: 450 Lecture §
Lecture Title: 1sokinetic Rate Equation

For lecturer's
information
don't give in
class unless
agked

E.

Since T
PV =n RT PV = nRT
an 8 8 mam m m

n_=n (since have no HZO)

m
ote ]
e n P

P T
m 8

vm or Qn - PT Qm_
s m

o
o
B |®

N-ow, if stack contains moisture

n_ (1 - Bws) =n (1 - me)

n (1 - Bwa) =0

of moles of gas at stack conditions is made up of
combustion gases and water. The fraction ot
combustion gases (1 - Bws) times n_, gives n . {

Flow rate corrected for T, P, and moisture, is now

Qn-(l‘me_) s Tmooq
1 -8B T P
we m 8

Since

o

PV = nRT »V =n_ RT B
s n 8 8 am m m

(1 -B_)
Psvn (1 - B ) nmRT¥
ws
vam
but n = ﬁfm-
96

i
if use silica gel i.e. the numbe%

L6-5

L6-6

Do not give this
derivation in
lecture unless
asked. It 1s too
involved and you
will lose most ot
the class 1if you
give it — it would
also waste too muc
time.

\

h

b
e §
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NOTES

Course: 430 vecturc 6 03
Lecture Tille: The Isokinetic Rate Equation 4 paort
therefore
(1-B ) PV
m m
Pa'n " T -3, ) xr. Mg
m
v - (1 - me) Pst v
n (- Bwa) PsTm m
(1-B_) T_ P
Q" TTEy T P %
- n - ws) Tm Pa N
G. Solution 1is then:
(1-B ) TP T AH
qQ = wim sm n
n (1-B ) TP m P M
ws ms mm
substituting for Qm
H. Now substitute for Qn L6-8
L Dn2 v = (- me) Tst Km TmAH
4 8 a- Bws) TmPs Pm”m
I. What is the pitot tube equation? L.6-9
T ap
)
v =K C
8 PP PSM8
J. Substitute L6-10
M 2 T Ap (1-B ) T P TmAH
_n K C 8 wim 8 _m Km
4 pp PM (i-B ) T, P, PM_
v
97
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4 5| NOTES
“Course: 450 Lecture 6 R & -85 =
¢
Lecture Title' the 1sokinetic Rate -Equation e pron®
K. Simplifying L6-11
4 mg_C (1~Bws) Mm TmP8
A =Py 0K (i-B_)2 M_ TP ap
m wm 8 ‘s m
L. Note moisture relationships for molecular weight L6-12
Mm - Mh.(l - me) + 18 me
Ms - M.d (1 - Bws) + 18 Bwa
M. Substitute to obtain Isokinetic rate equation L6-13
4 ¢\ ¢ - )? 188 T} T
oM = ¢ D_ ("KE p) (1-B o) [Md(l_me) 18 B mps} R
- Z - P
4K, (1-B ) M,(1-B ) + 1€ Bws1 TP, )
N. Now want to get above equation into a working form using /L6-14
all of our constants and variables -
.
Define AH, as the orifice pressure differential that
gives 0. 79 cfm of air at 68°F and 29.92"Hg
0. Substitute values into orifice meter equation L6-15

".'mz P
m
&R = 2 T Mm
K m
m
AH L (.75 cfm) (29.92 in, Hg)(29.0)
= (460 + 68°F)K <
AH@ .9234
K
m

98
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5?ourse, 450 Lecture 6 ﬁ% df
Lecture Title' The 1sokinetic Rate Equation e ppion®”
P, Assume the following “L6~16
B =20
wm
L9244
Mg =% 7
m .
!
K = 85.49 i
Q. Lﬁokinetic rate equation working form L6-"/
= -~ I
o = {846,720 “anc ? (1.8 0% M4 T Do boap
P M T P
<3 8 m |
“R. Similarly, one can derive an expression for the nozzle
' . diameter
1 L6-18
D ,.\/(.)'035 Ul (l-me) \/ s 8
n Tme (l—Bws) PsAp
o™
S. Immediately turn to page 53 of the course workbook and Do not take a

have the students do the lecture problem.

Ans:
M, = Md(l-Bws) + 18 B .
M, = 29 (1-.12) + 18 (.12) = 27.7
1
V/0.0357 QP \ I TwM !
D = _— nm _1 \/__§___9__
n Tmcp ) (l-Bws) PSKE
.
(0.0357) (.75) (30.0) 1 (gzgg_ 27.7 !
= (540) (.85) .88 (29.6) (.80)

= .241

break

N\
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Course: 450 Lec .
Lbcture Tit /6 The Isokinetic Rate Equation " paot€”

NOTES

11,

‘ choose .25" nozzle
then
My

M
8 8

4

s = |846.72 D 2amc 2 (1-B )2
n @p w8

Tm
T &p

"d'm'd

g

+ {awen a0t Lascon?con? B(39) (29} o

= 2,59 4p

AH = 2,59 Ap

T. Ask questions:

What do you do if Ap = 1.0
.30
.60

Say if moving probe from traverse point to traverse poin
— get new Ap's at each point, calculate and set new AH's
at each point.

How do you set the AH?

Using the nomograph to solve the isokinetic rate equation

A, The nouwograph - A type of slide rule to do the calculati
gi .en in I, Show several types of nomographs. Show
several types of other slide rule calculators. Mention
prices - Nomograph $140

Slide rule $40 + $140

B. Assumptions of the nomograph

1. Assume

C = ,85

p
T = 530°R

m

Mg = 1.84" H,0 100

—

Tell the class to
choose a .25" nozz]
after they have
coipleted the firsT
part of this
calculation

i
!
1
1

T

" Now take a break.

! Have each student

i pick up a nomograpq
during the break.

P18

e
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NOTES

Using the nomograph

1.

\Y

P =P =29,92"Hg
n

8
M, = 29.0
- .05
w8

Substitute into

M T P
- by ¢ 2 2 M m s
AH 846.72 Dn AH@Cp (l-Bws) v T P Ap
8 8 m
get
Dﬂ4
AR = KoC 7 Bp
8
K. = 5.507 x 10°
@ = 5, x 10
C is a correction factor
¢ Factor
a. ¢ factor corrects for AH@, Tm’ b 4 Hzo, PB, and

b. C does not correct for Cp or Md

Compute C factor using data for previous lecture
problem

C should = .91 or .32

Turn nomograph over — compute nozzle diameter
D = ,241

n

Compute K and AH using nomograph and choosing nozzls
diameter of .25"

K = 2.59 when Ap is set = 1

Show use of nomograph to obtain AH from Ap's

Nomograph check for scale alignment., Fill in table

11d
given in slide 101

St S m—

L6-19

Ask students value
of C factor they
obtain.

L6-20
work along with
students., Ask
students for valuesd
obtained.

L6-21
Ask for student
comments.

104
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. Course: 450 Lacture 6 @ Mf —

. - 2
Lecture Ti/ ,‘.’" The Isokinetic sate Equation « "‘?‘f' —
%
D. Errors in calculating AH -
) 1. Calculator and equation, the beat way
a, Problems with battery discharging
b. Punching numbers or operations incorrectly
(Magnetic and programs minimize this) |
C. Soiling with fly ash (put calculator in plasti&
bag) ‘
2. Nomograph
a. Can get errors up to 10% of true for AH values|-
this will contribute approximately a 5% error
to the % isokinetic.
b. Check out nomographs at pretest meeting.
c. Many stack samplers are used to nomographs and
find them tc be more comvenient than calculatofs.
¢ 3. slide rule calculators

a. More accurate than nomograph, less accurate
than calculator.

b. Smaller, convenient
c. Problem with scales moving.
4, Microprocessors
a. Available through Radar - Glass Irnovations.
b. Expensive.

Ce Save some work, but stack sampler not doing
much during this period of test anyway. i

5. Choice of AH calculation méthod is that of individupl -
just be sure that method is done correctly.

III. Assign homework problem - page 57 of Workbook. Ask to hand in INOTE: It is

page 59, with answers, Wednesday. gsufficient to do
problems 1 & 3.

102
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v | LESSON PLAN

ToPic: Review RM1; RM2; RM4; RM3

course: 450 Lecture 7

LESSON TIME: 2 hours 30 minutes
PREPARED BY: DATE: Q
Giuseppe J. Adlina 10/2/78 %4, p RO‘eo

O
%

Lesson Goal:

Illustrate to the students the proper methods for completing RM1 and RM2.
Explain the RM4 method for moisture determination. Explain the RM3
procedures for gas analysis.

Lesson Objectives:

— The student should be able to:

1. Fully describe and perform RMl procedures

2. List all Federal Register requirements for pitot tube calibration,
. construction, and use

3. Describe RM4 procedures for moisture determination
4. Use RM4 equations for calculation of Bws
5. List the procedures for RM3 gas apalysigs
6. Calculate and mathematically define
a. M

d

b. M
s

C. 7% Excess air

Prerequisite skills:

None

Level of Instruction:

College undergraduate science




Intended Student Profesional Background:

General Seience : ‘ | \

Support Materials and Equipment

l. FR 8/18/77 4. 450 Workbook
2. Blackboard and chalk 5. Standard pitot
3. Slide projector 6. S-type pitot tube
7. Orsat apparatus
Special Instruction: \

:

Point out the important sections to the students in FR 8/18/78. This
lecture has a great deal of latitude. Students generally show interest
in-all sections, Concentrate on areas of greatest student interest as
indicated during the lecture. i

References:

%

Federal Register - Vol. 42, No. 160, August 18, 1977. "Standards of

Performance for New Stationary Sources - Revision to Reference Methods 1-8."

This lecture is divided into several discrete sections:

I.

II.

I1T1.

Iv.

Review of the Sample and Velocity Traverse Procedures for RM1
Dc ~ailed Evaluation of "S" Type Pitot Tube Calibration and RM2

Discussion of RM4 - Determination of Moisture in Stack Gas

A. Procedures'

B. Calculations

Discussion of RM3 - Gas Analysis for COZ’ Excess Air and Dry
Molecular Weight

A. Procedures

B. Calculations

After the RM3 discussion we will proceed to the laboratory for practice
in using the Orsat apparatus for gas analysis.
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I. Review of RM! procedures
(The review should be done with the.instwuctor drawing the
schematic diagrams necessary for RM1 procedurea from
FR 8/i8/77., Class input should be requested to assist in
making the drawings). _
|
II. Reference Method 2 - Determination of Stack Gas Velocity and {
Volumetric Flowrate
A. Principle
1. Average stack gas velocity is determined from the Note: V_ may be
gas density and average velocity pressure head appgoximated
T .
T = KC s . [;p b Assuming PS 30;
8 PP PsMs Average’ Ms = 30
& cy = 0.8
v = 2.46'\/Tsﬁp
2. The gas velocity and stack cross-sectional area are
used in calculating the average standard dry gas
. volumetric flow rate

g

T
— - , std )
Qs = 3600 (v s) (As) ‘I-Bws) P ) T
std

()

B. Applicability

1. Not applicable to sampling sites that do not meet
RM1 criteria

2. 1f cyclonic flow exista

a. Install gas straightening vanes
b. Calculate the total volumetric flecwrate
stoichiometrically

C. Move to another sampling site
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Standard or Prandtl Pitot tube design specifications Slide L7-1

1. The Standard or Prand!l pitot tube has specific
design criteria accepted by the National Bureau
of Standards

2. (Point out construction details shown on the L7-1
gslide)

3. The constructisn of thies tube following these criterqa
has shown

a. Turbulence around the measuring orifices it
does not occur to any significant gmount c hat
could affect readings

b. Gas stream orientation sensitivity is gréatly
reduced

c. The calibration coeffici:wnt (C ) is generally Note: It 1is more

0.99 + 0.01 convenient and
clearer to students
4, The C of the standard pitot tube may be determined | to refer to C_ as
. by NBg, however, the FR allows the user to assume the calibratign
Cp = 0.99 + 0.01 coefficient

5. An "S" type tube must be calibrated against a Prandt]]
or standard tube

6. The Prandtl tube is not generally used for source
sampling

a. Static pressure taps may be plugged in a heavy
particulate gas stream

b. The long impact opening section is difficult
to get into standard diameter ports

D. The "S" type (Stausscheibe) pitot tube ' g

1. The Federal Register now includes construction Slide L7-2
details for the "S" type tube

2. The Federal Register describes

a. Proper tube alignment

b. Appropriate sizes of tubing for construction
. c. Preferred plane of ° > orifice openings Slide L7-3

d. Proper configuration with the probe and sampling
nozzle to minimize aerodynamic interferences

108
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Slides L7-4

L7-5
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Page 3__of 1l

NOTES

3. When all construction and placement requirements
are met the baseline coefficient C_ for the "S"
type may be assumed to be 0.84.
(Refer to FR page 41764, paragraph 4.1 and 4.1,1)
Ask class laboratory groups:
1. How many calculated a Cp different than U.84?
2. How much different?
3. What conclusion would they draw?
E. Calibration of the "S" type tube
1. Equipment
a. Calibration duct
1) Proper port openings
2) 8 and 2 diameters minimum

. 3) Capable of steadygas flow

a) Single pt. calibration 700 m/min
( 2000ft/min) or about 30-40 ft/sec

b) 4 pt. calibration - variable from
180-1525 m/min(600-5000£ft/min) at
regular intervals

b. Pitot tubes

Inclined manometer - sensitivity is stated
in paragraph 2.8 FR page 41762

d. A mock-up port surrounded by circular graph
paper is shown in these slides so we may
discuss misalignment errors of the '"S" type
tube.

109

Note: FR language
states "eliminate"
interferences,
referenc.s specifi-
cally state
"minimize"

Students should
recognize the need
€or calibration of
the "s'" tube Cp'

Slide L7-6

L7-7
L7-8

Note The single
pt. calibration is
accurate to +3%
above 305m/min

and + 6% from
180-305 m/min. A
4 pt. calibration
is therefore
preferable

L7-9

L7-10 - No need to
dwell on sensiti-
vity just refer
students to FR 1f
necessary.

L7-11; L7-12

111
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2. Procedures
a. Check for duct blockage
(length of Probe) x (Probe 2
2%> \in duct __\diameter x 100
Duct arxea
b. Check for cyclonic flow - pitot tube may be used L7-13;
as in JR or streamers can be effective L7-14
c. Remember if the pitot tube is oriented as shoun ! 17-15
a proper flow condition is indicated by a zero
reading on the manometer
d. The velocity profile across the duct may L7-16, 17, 18, 19
resemble these readings
e. Mark the standard pitot tube and ''3" type so L7-20
they will be at the same place in the gas
3tream
£, Insert the standard tube with the "S'" type L7-21
tube removed and record the Ap
g- Insert leg A of the "S" tube and record AP 1.7-22
h. Repeat this procedure for leg B
i. Collect 3 sets of readings for leg A 1.7-23, 24, 25
and B at each velécity used for the calibration
j. Plot the data for the readings L7-26
a. This is actual NBS data for an "S" type
tube calibration
1
c. =l—
P K
b. K plotted against Reynold's Number gives
a very detailed description of all gas
parameters
c. It is sufficient for source sampling L7-27

purposes to plot K versus gas velocity

110
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3. Misalignment errors

a. During the course to this point we have i L7-28
ntioned misal |
mentione salignment errors ! L7-29
t
1) The "S" type pitot tube does not measure
the correct gas velocity vector unless L7-30
it is aligned parallel with the stack -
wall - perpendicular to the gas flow
gas flow

}

2) Turning the pitot tube out of perpendiculaﬁ - |
giving it a yaw angle - produces veloc¢ity i vaw angle

using an "'S" type tube and rotating it through
o
90" of yaw angle we can plot the data

measurement errors i L7-31
3) We will evaluate yaw alignment errors. | gas flow
Pitch errors are much less critical and |
do not become evident unless gross pitch i pitch
error is made i angle
|
|
. b. Examining the theoretical pressure distributioni 17-32
in a duct and the AP readings we would get ; L7-33
|
|

Stop on slide L7-33 and point out % error in velocity
readings versus degree yaw misalignment. Cyclonic gas
flow creates the same problems.

This should strongly
point out to the
student the need
for careful align-
ment of the "S"
tube and the
problems caused by
cyclonic flow.

Ask 1f there are questions on the method

1II. Discussion of Reference Method 4 - Determination of Moisture
Content in Stack Gas

It is neczssary to determine stack gas moisture content s
measured volumes can be corrected to dry standard conditious
and the volumetric follow rate of the stack gas can be calcu-
lated on a dry basis.

A, Principle -~ Reference method only
1. A gas sample is extracted
2. fhe moisture in the gas is removed by passing through
’ the cooled impingers (as in Method 5 train)
3. The volume of H.O removed is measured volumetrically
or gravimetrically 111
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B. Appliciability
l. The reference method using the Mechod 5 sampling

train is designed for accurate moigture determination
in the stack gas

The reference method is ofter conducted simultaneously
with pollutant emissions mesasurement

a. Method 4 is actually combined with Metliod 5 !
during a particulate run l
i

b. Only the H20 tr,pped in the combined run is
used for réference method moisture determination

Ce This means that even if RM4 is run along with
Method 5 only the H,0 in the Method 5 train is
considered referencé method moisture

The reference meti,od can yield questionable results
in saturated gas streams or &treams that contain
H,0 droplets i

a. Under these cunditions a second HZO determinatiob
is made :

{

b. The second H.0 determination may be done using
stack temperature and a psychrometric chart \

or vapor pressure tables or by alternate method |
approved by the administrator :

C. We used wet bulb - dry bulb
1) Makes a good estimate of H20 in the ges
2) Quick

3) Only H,O in Method 5 is actual RM H,O0
so wet“bulb-dry bulb is a good way to

a) Save time

b) Cet H.O estimate for nomograph
calcu%cations

) Could be used as 2nd method for HZO
in saturated gas streams
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c. Procedures
1. RM4 procedures use the RM5 s.mpling train

2. The RM4 system requires RM5 operation with the
following variations

a. Samplé at a constant rate + 10% {
b. Traverse at least 8 pts in the duct

C. Sample rate maximum = 0.021m3/m1n (0.75¢fm)

d. Minimum simple volume = 0.6 scm (21 scf)
!
e, Run time shall = RM5 run time i

3. Since we will be operating RM5 this discussion will
be all that we alot to RM4

D, Calculations

. 1. The lIdeal gas law
m

PV M RT

2, Solving for volume
mRT
v PM

3. Substituting pHZOvliq = m

p Hzovliq RT
Ve = TPH

4. Then at standard conditions the H,0 collected in the
impingers can be converted to standard cubic volume

by:
VG - vy PH,0 RT
a. Vwc -
(std) Pstd MH20
113
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b. Replacing known terms and solving

\Y a K, (V. - V)
wc(std) 1 *'°f i
K, = 0.04707 £e3/ml"
|
K, = 0.001335 m3/ml §
: |
5. The same equation is solved to convert grams of H,0

caught in the silica gel to vapor with the simpli%iea

equation written:

v
wsE(geay T Ko (g = WY

K2 = 0.04715 ft3/m1

K, = 0.001335 m>/ml

6. The dry gas volume metered at standard conditions 1is

(Pbar + _&H ) (Tstd>

Vm = Vm 13.6
(std) P(std) Tm

7. The mole fraction of HZO is then

Vwc + vwsg
- (std) (std)
wSs \Y) + V + V
WE (std) WSB (5td) M(std)

1V. Reference Method 3 - Gas Analysis for Carbon Dioxide, Oxygen,
Excess Alr, and Dry Molecular Weight

RM3 gas analysis ylelds data used in calculating the percent
| excess alr in a duct; stack gas molecular weight; and process
emission rate using the F-Factor.

A. Principle
I. A gas sample 1s extracted from the stack
a, Single pt. grab sample
b. Single pt. integrated sample
C. Multi pt. integrated sample

' d. Multi pt. grab sample

114

This is the equationj
in the Federal
Register. To be
completely correct
it should include
a dry gas meter
correction factor (YP

Note: Tell the
class that we will
cover the sample
procedure and
calculations then
go to the lab to
practice the Orsat
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2. The sample is analyzed for COZ’ 02, co Slides
using an Orsat analyzer or Fyrite L7-34 = Orsat

L7-35 = Fyrite
a. The Orsat must be used for

1) Excess air calculations

2) Emission rate calculations based om the

¥-Factor F-Factor:

b. Fyrite may be used when only the dry molecular E= Cst 20.9-%0
weight of the gas is needed covered later in
the course

B. Applicability

1. Applicable for CO,, O , excess air, and dry
molecular weight aete%minations from fossil-fuel
combustion processes

2. May be used at other processes where other compounds
are present in the stack gas 1f these compounds
are not in high enough cuncentration to effect the

. results

3. Other methods and modifications may be used with
administator approval

C. Procedures - Emission Rate and Excess Air

1. Check the FR subparts for appropriate procedure

Sample probe no

a. Single pt. grab sample > “loser than 1 meter
to stack wall
b. Multi pt. integrated sample N\ At least 8 traverse
pts in the duct,
C. Multi pt. grab sample Follow RMl
procedures

2, The procedures given here are for emission rate
and excess air determinations

a. The data for these procedures is the most
critical

b. 1t is good practice to use these procedures
for all determinations

c. These collect the greatest amount of data

115
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3. Sample'train - draw train shown on page 41769

FR 8/18/77
4. Train operation - general for all procedures _
|
‘a. Leak check the train at 250 mm Hg (10 in Hg) 1
| fo.lowing paragraph 3.2.2 page 41770 %
i H
; b. Position the probe at the traverse pvint !
|
; C. Furge sampling lines
|
. .
l d. Sample at a constant rate and equal length l
i of time at each traverse point g
] e. Sample for the same period and simultaneously :
( as the Method 5 sample '
{
£, Collegt at least 30 liters (1CF) of stack gas
g Analyze using the Orsat
5. Orsat Analysis
a. Analyze sample within 4 hrs after extraction
b. Leak check the Orsat See workbook
Page 67
1) Bring bubbler solutions to reference marks
2) Bring burette solution to mid scale and This requires
record reading thorough instructor
iexplanation
3) Let apparatus sitr for 4 minutes !
4) I1f all solutions still at reference marks
leak check 1s OK. Find any leaks noted
C. Analyze the stack gas
1) (‘.02 read directly as %CO2
2) 02 is cumulative so
%0, = (€0, +0,) - %C0,
3) CO 1is also cumulative so
. 7C0 = (C02 + ()2 + C0) - (AO2 + /,(,()2)
4) N2 is determined by difference
100 - (CO2 + O2 + C0) = % N2
116
41 4 .-
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d. Calculations
1. Dry molecular weight (Md)

M

q " 0.44(%C02) + 0.32 (%02) + 0.28 (%Nz) + 0.28(%C0)

2. Apparent wet molecular welght (MS)

M, o= Md(l-Bws) + 18(Bws)

3. % Ex-ess Air
%0~ = 0.5 (%C0)

ZEA = 2
x 100
0.264(%N2) - Zoz + 0.5(%C0)

Proceed to Orsat Laboratory - The Orsat- Lab is designed for
practice only. Students will need instructor demonstration
of Orsat procedures and careful attention during the practice
session.

117

This is the correct
equation FR 8/18/77
page 41771 Equation
3~1 1is wrong.

119



L L1 R
[ 358N o]
Yy mhen 2d
Wipsrtasnt

T O B I
R T L e e

H

ST e |

s
T ey

WOSALIGAMENT
ERHIRS

* f







LESSON PLAN

TOPIC: CALCULATION AND IﬂTE!PRETATi%N
OF X ISOKINETIC

COURSE: 450 -~ Lectur2 8
LESSON TIME:1 hour 45 minutes
PREPARED BY: 7, Jahnke DATE:9/21/78

Lesson Goal:

To present the concept of X isokinetic, derive the expression given for % I
in the Federal Register, and present the method used for evaluating the
adequacy of source tests which are not 1002 isokinetic.

h

: :8son Objectives:

The student will be able to:

Locate the equations for ZI in the Federal Register and in the course
workbook.,

Explain how the ZI expression 1is derived.

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

Illustrate the effect of underisokinetic sampling on the measured
pmr, relative to the true pmr.

Illustrate the effect of overisokinetic 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 % isokinetic and whether the emission rate value
is above or below the standard.

Student Prerequisite Skills:

Ability to multiply and divide and to have deductive reasoning ability.

Level of Instruction:

College undergraduate science

121
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Intended Student Professional Background:

%b‘ " High school math and general science.
Understanding of previous day's material is important for this lecture.

5

Support Materials and Equipment:

1. Course workbook

2. Federal Register - Vol. 42, No. 160, August 18, 1977. "Standards of
Performance for New Stationary Sources - Revision to Reference Methods 1-8/

3,  "A Guideline for Evaluating Compliance Test Results"- A Monograph
by R. Shigehara

4, Slide projector
Special Instructions:

This is an important lecture for agency people. The latter part of the

lecture, however, is difficult for some reople. One should proceed carefully

and slowly in this presentation. Hand out the monograph by R. Shigehara N

at the end of the lecture - not before, or everyone will immediately turn v
off. For those who don't understand the lecture, the monograph will serve

as a "cookbook'" procedure for them.

References:
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1. Derivation of the % Isokinetic Equation L8-1
Page 72 in workbood
A. Expression given in Federal Register
! Refer to 42 FR 41782 August 18, 1977
' Equations 5-7 and 5-8
B. %I indicates how well the source tester was able to
achieve the AH's required for isokinetic sampling. z
C. %I is not an indication of the accuracy of the test. Stress Point C. |
Ex. - If one drops the filter paper and loses particulate
matter, this does not show up in the ZI calculation

D. %1 value is ilmportant to source tester and agency operator .
since it provides one of the bases for accepting or ‘
rejecting a test, as given in paragraph 6.12. 5

1. 1f 90 < %I < 110 tests are acc.ptable These concepts are i

_; - B difficult for some I

: 2. 1f E < standard and %I < 90, test can be accepted. students. Explain

! (on approval by Administrator ) later, at end of 2

lecture. t

3. If E > standard and %I > 110, test can be accepted )

(on approval by Administrator) i

[

1 E. Derivation

L
#
<

v
1. 21 = ;—‘l x 100 "definition" 18-2
s )
2. From the equation of continuity L8~3
%
i Yn T A
i
! 3. Qn from collected data | L8~4
+V i
n SwW mecer corrected !
|

i where 8 = sampling time period

123 l
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4. Correction of volume metered at orifice, tc stack L8~5

conditions
AH
- ( P4 A
Vorifice - b 13.6
P T
corrected s m
to

stack corditions

)

meter

5. Correction for water collected in impingers

v o

P
le H.,)O =

and

SwW mH20

RT
sw = Ve pHO MHO

S

6. Substituting T & P correction into Qn

E

(

Al

13.

)]

T \

O === | V K, + =
n PS [ 1c 3 'Im
0

=.00267 in Hg ft'/ml "R

the volume of water vapor at stack conditions.

stress that all ar
really doing 1is
relating the volum
of gas going through
the orifice meter
to that going
through the nozzle

Note:
VLC = yolume of

liquid collected if
impingers and siliqa
gel., Silica gel
volume obtained
from weight differ-
ence using Fig. 5-3
42 FR 41780
Aug. 18, 1977.

]18"’ ()

1.8-7

point out value of
K., in paragraph
612 so they will
bel leve you.
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!
7. Substituting into %I expression L8-8
Vn Qn
%] = — 100 = —p— 100
v v_A
s s n
T, [: Vm ‘}
2 = == + = ( P +-————-)
PS 3 T b 13.6 100
A_ ov
n s
8. %I - Federal Register Expression 1.8-9 ‘
i
\Y
m AH
100 T_ [vlcx3 + 3 ( P+ 13.6)} |
AL = mP A
60 6 vS s n
9. %I FR expression from intermediate data .8-10

91 = K Tsvm(std)
° 4 P v A 6(1-B )
s s n ws
K4= 0.09450 for English units
10. Special features of the expression

a. An is in ft2 or m2

(42 FR 41781 paragraph 6.1 nomenclature)

b. values for A should be extended to 4 or 5
decimal places - be wary of rounding off.

C. A source test observer should check the values
of A, B
valu@s cin have a great effect on the value of
%1. A source tester may attempt to alter the
value of %I by modifying these input values,
so that the test will be approved without
question. The student should be warned about
this. 195

N correc@ed back to

and V. ., since small changes in the

Note that all this
is, is

vn
—= x 100
v

S

shere v 1is obtaindgd
from V which is

nozzle conditions.

{
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F. Acceptable results L8-11
1. Review of pmr
m
por = AV Pmr is an older terminology.
Vn 88 For pmr calculate by the
-’ concentration method.
pmr is calculated by the ratio
Qs of &rcas method.
. 2. Effect of non-isokinetic conditions on the pmrmeasuted
v value .
i _L8-12
, a. First consider small particles < 1l um under
§ or over isokinetic sampling will not matter, good review of
| since particles will follow streamlines and Tuesday morning
m will not vary concepts
V .
b. Second, consider large particles > 5 um :
under isokinetic sampling + get too high a i
concentration because large particles punch
' into probe and collect too much mass for a
smaller volume. This varies as 1/v
Over isokinetic campling - get too low of a
concentration because get too few large
particles for the larger volume collected.
This varies as 1/v
c. If plot pmrmeasured vs the % isokinetic,
pmr true
obtain the plot of given on page 76 of wOrkboo* 18-12
d. An actual particle distribution will lie ;
somewhere in between. |
e. Question: This is an extremeﬂy

If a test 1s done at 80% T and the value of the
emission rate is below the standard, should the¢
test be accepted or rejected?

Answer:
Accepted, since 1f the test was conducted at l
100% 1, the value of the emission rate would

be even lower. This is obvious from the graph

126

important point.
Efforts should be
made to see that t
students understange
this.

Point out on graph,
difference of

por at
meas.
80%

at 1007%

> pmr
P measur ed

127
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f. Question: '’ same comment
If a test is done at 120% I and the value of the
‘ emission rate is above the standard, should the
’ test be accepted or rejected?
: PMr easured 2° 120?
5 Answer:
i Accepted, since if the test was conducted at < ;
‘ 1007 I, the value of E would be even higher : PO asured at 100
. and still above the standard .
i X
!
' g. Question:

- -—

LW AL LTI . P Pt . © B e

-

In the previous question, if the results of
the test meant that a $5,000,000 piece of
control equipment would have to be installed,
would you still accept the test?

Answer:

Debate

Note that if a test is not 100% Isokinetic, the
value for C_ will be wrong. The above arguments
are for an agency's use.

I1f a source operator needed the information to
size a particulate control device, the above
arguments are useless in giving him the right
answer. Paragraph 6.12 is only a consideratio
to be used for agency test approval, and doesnTt
have too much to do with the value of the X
emission rate. i

<

Note also that if a test is 100% isokinetic, ii
no way does this imply thac the value of C_,
pmnr, or E obtained, 1s the true value. Errors
other than those due to not achieving the
calculated emission rate may arise.

These may be the following:
1. Wrong input of variables into isokinetic
rate equation will give wrong AH's. This|

however, will not appear in % I calculatign.

2, Errors in nomograph will similarly not shgw
up in % I calculation.
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G. Causes of a test not being 100% isokinetic several reaaohs
why a test may be out of isokinetic, are:

1. Moisture guessed wrong in setting isokinetic samplihg
rates.

2. Inability to follow rapid fluctuations in Ap and
corresponding calculated AH's. Negative flow

3. Heavy grain loading — plugging filter so can't
achieve AH's at end of the test.

4, Large temperature variations not corrected iun rate
calculation

: 5. Leak in pitot or sampling lines (broken probe,
: lopsided filter, broken frit)

H. Handout — "A Guideline for Evaluating Compliance Test
Results' - A Monograph by R. T. Shigehara.

- ‘ This is EPA policy and may be used as a guideline for
administrative approval of tests < 907 or > 110%
isokinetic.

- —t——— . .
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LESSON PLAN

TOPic: SAMPLING TRAIN CONFIGURATIO
DEFINITION OF A PARTICULATE

B

COURSE: 450 Lecture 9
LE SSON TIME: 15 minutes
PREPARED 8Y: DATE:

Giuseppe J. Aldina 10/2/78

Lesson Goal:

To point out to students the legal and scientific definitions of
a particulate. Show students how sampling train is set-up and how physical
operation can affect the particulate definition.

Lesson Objectives:

The student should be able to: 0

1. *Write the Federal Register definition of a particulate given in
the NSPS regulations.

2. Describe the sampling train parameters effecting the definition Eil
of a particulate.

3. Define "particulate" for the sampling train configurations given
on page 78 of the workbook.

Prerequisite Skills:

None

Level »>f Inatruction:

College undergraduate science

Intended Student Professional Background:

General Science

Support Materials and Equipment:

1. Federal Register - Vol 43, No. 37, February 23, 1978, Part V, "Kraft Pulp Mills"
2. 450 Workbook
3. 450 Manual

%*Originally given in FR 12/23/71. Has been updated several times in various

FR's. Best example is FR 2/23/78 Part V, page 7584 Introduction.
131
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procedures for particulate source gsampling. We have nresented the

bulk of the procedures required to get a sample from a stack gas. Now

we want to direct more attention toward the type of sample we take and

the various parameters which can effect the final emissions calculations.
This lecture beging this phase of the course. We will define a particulate
both legally and scientifically. '
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1. Legal Precedent — The Clean Air Act

A, New source performance standards

1. The Clean Act gives EPA a mandate to protect our
air resources

2. The Act sets the policy for Standards of Performance . Refer to manual,

page 9-1 for pre-

cise language

a. The term "Standards of Performance' means a stan
dard for emissions of air pollutants which
reflects the degree of emission limitation
achievable through the application of the best
system of emission reduction which (taking into
account the cost of achieving such reduction)
the Administrator determines has been adecuately
demonstrated.

e

b. This is important for it indicates political
and economic realities which are reflected in
the subparts pertaining to emission sources

. e e -

. Ask 1if anybody

‘ B. Legal definition of particulate -~ FR 12/23/71 page 24878 . knows this for
Subpart D, § 60.41, (") Federal and state

"particulate matter means any finely divided liquid or reguiations

solid material other than uncombined water as measured

by Method 5."

. S

Ask 1f anyone
readily distin-~
guishes the
difference

C. The legal definition refers to the scientific definitien
for particulate

1. The legal definition is stated in (B)

2. The scientific definition is given by RM5

3. Remember that the subparts give specific guides and
requirements for sampling procedures at an affected

facility
4. These are all related to the Clean Alr Act mandate

a. The act does not state complete elimination
of air pollution must be achieved

b. NSPS requirements are written with control
equipment technology and cost in mind

C. The sampling methods can measure total
emissions from a cource |

d. The subparts specify the sampling methods used
to test emissions
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e. The point is that the sampling method
may not measure all emissions from source -
It tests emissions as required in the regulationF

f. The regulations may vary to give the 8ource some
economic relief i

£ D.  Example

1. The nominal ogeratigg tempgraturg of RM5 filter
holder Is 120" + 14 °C (248" + 25 F) }

L]

However, the FR 10/6/75 page 46258 § 60.46, 5(b)
states that RM at a fossil-fuel fired steam

generator may hage a fi%ter holder and probe '
operating at 160 C (320°F)

Does this effect the particulate catch?
3. Yes

‘I' Why?

4. At 320°F SO. and sulfuric acid mist will pass |
through the“filter into the impingers

a. RM5 includes particulates caught in the nozzle,
probe liner, and on the filter mat

b. SO2 can form sulfates on the filter gat at
temperatures below approximately 270 F

c. HZSO can be condensed on the filter mat o
and ?n the probe at temperatures below 250 F

d.  320°F assures neither 50, or H,S0, is included
in the particulate catch

1) An ESP alone would have a tough time
Controlling these to meet NSPS

2)  An ESP and scrubber would surely handle

this problem but can be expensive.

3) This strategy 1s now in line with the
statement of reasonable cost factors

134
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S. These items illustrate all the points we have
discussed

a. There is a legal and scientific definition
for a particulate

e b. The scientific definition is RM5S

c. Particulates caught in RM5 are determined
~ partly by |
1) Operating temperature of the probe filter

2) Portions of the train analyzed
II. Sampling Train Configurations

A, The sampling train set -up, operating temperature, and
segments analyzed effect the definition of particulate

B. We want to examine several sampling train configurations
to determine the effect on the definition of a particulats

X
‘ 1. This may be important in designing source sampling |
experimerits

2. It is important to be sure a sampling train meets
the requirements of state and federal agencies :
when doing compliance testing

3. It gives snme background for possible modifications
to a sampling system that may

a. Make the Jjob easier

b. But not effect the particulate catch we would
get using the straight RM5 system

C. Sample Trains (workbook page 783 Get the class to
join in describing
l. Reference Method 5 - Particulate defined the particulate
catch for each
a. Probe - filter temperature system

b. Analysis procedures

2. Configuration 1 - Particulate defined

a, Condenser conditions
‘ b. Analysis procedure
135
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3. Configuration 2

a. Probe-filter temperature

b. Second filter may have particulate at condenser
{ conditions

l

c. Analysis

|
4. Method 17 {Configuration 2) ;Hand out Feb 23, 19a8
FR on Kraft Pulp
a. Stack temperature Mills at this point,

b. Analysis

c. May yield results significantly lower than RM5 |

This "definition of a particulate' discussion points out the
important legal and scientific aspects of the part.:ulate
sampling method and its relationship®to the Clean Air Act
mandate. The discussion shows that careful preparation must
go into planning stack tests ta meet test goals, agency
. regulations, and allow reasonable sampling procedures. This
leads us into the discussion on designing a stack test and
performing our laboratory.
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" LESSON PLAN

TOPIC:  DISCUSSION OF SOURCE
SAMPLING EXERCISES

. P ) COURSE: 450 Lecture 10
LESSON TIME: 1 hour 15 minutes
T .

PREPARED BY: DATE
Giluseppe J. Aldina 10/02/78

Lesson Goal:

To familiarize students with the procedures for designing, planning,
and performing a stack test; the basic operation of the EPA Method 5
sampling train; and present a usable report writing format.

Lesson Objectives:

The student should be able to:
1. List the steps involved in designing a stack test

9. List the information necessary in a pre-survey of the stack

. test site

3. Recall the planning steps for a stack test
4. Recall a usable report writing format

5. Describe the basic procedures for performing an EPA Method 5
test including £1lling - 't data forms and making calculations

Prerequisite Skills:

Knowledge of operating requirements for RM5 procedures and equipment
(RM1, RM2, RM3, and RM4)

Level of Instruction:

College undergraduate science

Intended Student Professional Background:

General Science

Support Materials:

1. Manual page 7-1 ‘ 3. Programmed calculation sheet
. 2. Workbook pages 80-81, 79

137
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Special Instryctione:
This lecture is an explanation of the manual and workbook flow
charts, outlines and exercises for the EPA Method 5 test

References:

None

This lecture will center on discussion of the flow chart on workbook
page80-81. This flow chart contains our thoughts and opinions on
every aspect of planning and performing a source test. After we have
discussed the items on page 80 we will go on to the workbook laboratory
exercise on page 82 . Writing a source test report will be covered last.

138
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I. Designing a stack test
A, Determine stack test necessity

- 1. A stack test for compliance to regulations is obvioug Use flowchart
and these notes

2. Often stack tests yleld valuable process operation ! for the discussior
data

A% Research the literature - Refer tou [low chart secticn

1. This is extremely important

2. Provides information as given in flow chart

C. Stat. test objectives

1. With test necessity and research it is now possible
to write complete test objectives

2. Objectives are extremely important
. a. Every experiment in sclence has objectives
written prior to beginning the work
b. Experiments are then designed to meet the
objectives
C. Experimental work then evaluated in terms of

meeting, proving, or disgroving the objectives

d. Treat each stack test as an original scientific

Stregs t I; t -
experiment - 1T IS an original experiment regs this poin

Take no part of
the test for

D. Design the experiment - follow the flow chart descriptioni

granted
E. Do a pre-survey - follow the flow chart NOTE:
This is not to imply
i. A pre-survey is cften overlooked that Method 5 1s an
experimental method.
a. To cut costs [t has been well
proven and documentd
b. 1t i{s assumed there will be no problema over the past 10 yrg.
The statements are
2. A pre-survey given to Instill an
attitude which 1s
. Can save time and money in the long run held by the authors,
‘ b. Makes the job easier
¢ Allows much better planning and experiment
design
F. Finalize test plans - follow the flow chart
Q 139
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G.

H.

Prepare equipment - this is obvious and we have been
doing the type of preparation necessary in our laboratori

1. An important point to make is for the test team

to carry plenty of epare equipment
2. Test all equipment before leaving for the job site
Confirmations
1. Travel and accommodations are extremely important
2. Be sure the process is operating at desired level

before starting travel

Arrival at the site - follow flow chart

Inform plant contact of your arrival

Review the test plan with all persons involved in
the program

Confirm sampling site and process operation

This concludes the first part of our lesson concerning the design
and planning of the source test. Now we want to proceed to '
the laboratory exercise on page 84. in the workbook to cover
items on performing the source test.

Equipment preparations

A,

Check the nozzle

1.

2.

Round tip opening

Calibrate the nozzle using a micrometer as described
on Monday morning

The sampling probe

1'

2.

These items have been done by the laboratory staff
to save time for sampling

They should b. checked routinely prior to use

Sample case - again this has been done by the staff

140
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The impingers are filled by the staff and assembled

The procedure is straight forward and you will get some
hands on experience during the disassembly at the end
o* the test

Check the umbilical line and meter console

e Y —re S ad o v oy bt ad bt

The sampling train leak test

1.

2.

The completely assembled sampling train 1is now ready
for a leak test

For clarity we will go directly on with the leak tesf
a. At an actual test several tasks could be
performed while waiting for the train to

come up to operating temperature

b. A suggested sequence will be presented after
we cover the leak test

Bring all train components to operatirg temp.

Turn the fine adjust valve fully ccunter clockwise -
open

Be sure coarse adjust valve 1is closed
Turn on the pump

Seal nozzle opening

Slowly open the coarse valve - fully open

Turn the fine adjust valve (by pass valve) slowly
in a clockwise direction

Watch the vacuum gage as it proceeds toward 380 mm
(15 in) Hg

a. Do not exceed 380 mm Hg

b. If you do exceed 380 mm Hg
1) Slowly relesse vacuum at the nozzle or
2) Leak test at the vacuum reached

C. Do not turn the fine adjust valve counter
clockwige at anytime during the leak test

141
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11. Time the leak rate using the dry gas meter and 3 ‘This is the basic
a stopwatch. The leak must be less than 0.00057 m / method in the FR.
min (0.02 cfm) The procedure
described therein
is « s glaborat
12. After timing the leak rate & more eiaborate

a. If it passes requirements record the leak rate
and slowly release vacuum at the nozzle

b. 1f the train has an unacceptable leak release
vacuum at the nozzle then

1)‘ Track down the leak

2) Re-test

11. Organization on the stack and in the lab

A.

B.

Turn to the flow chart on page 80.

We have covered to thils point

1'

2'

3'

4,

Equipment calibration
Laboratory preparations before testing
Train assembly

Leak testing

Several of these items can be gofhg on simultaneously

1.

2'

This will save time which 1s important on site

Suggestlons are

a. 1 Techniclan assemble equipment for the test

b. 1 Technician take measurements for RMI
requlrements

C. Team leader prepare data forms and cquations

After taking RM] data

a. Team leader makes RMI calculations
b. Technicians assemble traversing system
142
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4, RM]1 data completed

5'

10.

a. Mark traverse points on probe
b. Do wvelocity traverse - quick preliminary
C, Do H20 estimate

While the train is coming to operating temperature
for leak test

a. 1 Technician prepare RM3 equipment

b. Team leader sslve isokinetic equations and
f111 out data sheets ’

C. 1 Technician prepare other sampling trains for
runs 2 and 3

When ready perform leak test

After leak test

a. Add ice to the impinger bath

b. Record dry gas meter starting reading

c. Inform plant of test about to start

d. Position equipment at point 1 in the stack

e. Record all data and calculate AH desired

f. Start test and record time

The t¥ain remains on during the traverse in the port

a. 15 seconds before time 1s up at a traverse
point m re train to next point - this allows 4p
manomet.r to stabilize

b. Record time interval readings

c. Calculate new AH from Ap

When the port test uvime 1is over stop the train then
{nove to next port

Repeat the procedures outlined for each port

143 143
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11, Be constantly awave during the test of:
a, Test times

b. Dry gas meter revolutions

C. Stack temperature ;

d. Cample case temperatﬂre

e. Pump vacuum

£. Impinger temperature

g AH versus Ap readings
D. At the end of the test

l’ 1. Remove the sample case and probe from the stack
with the pump off

2. Record
\ a. End time
b. Dry gas meter final reading

3. Let the train cool then seal the nnzzle. Clean-up Clean-up 1is not
should be done in a laboratory or other clean area| done in lab except
for measuring H,0.
2
Procedures are
given in manual
page 5-12.

III. Data sheet and calculations
A, Data averages

1. Dry gas meter volume sampled - V = final - initial
dry gas meter reading

2. Average AH - straight arithmetic average
3. Average square root of the Ap readings
4. Average stack temperature
B. Calculations - use programmed sheet and explain to studentls
IV. “Report writing - manual page 7-1.

A, This is straight forward and can be doune by following the

. manual sections.

B. If time is tight instruct students to read the section

as homework 144
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LESSON PLAN

TOPIC: CONCENTRATION CJRRECTIONS AND
PROBLEM SESSION '

COURSE: 450 - Lecture 11

LESSON ~IME: 1 hour 15 minutes
PREPARED BY: J.A. Jahnke DATE: 10/2/78

L.

Lesson Gnal:

To introduce methods of correcting emissions data from combustdor sources to
different types of standard conditions.

Lesson Objectives:

The student will be abie to:

1. Discuss the relationships that exist in fossil ruel-fired
' boilers between excess air, % 02, and % CO2

2. Define excess air

3. Correct a particulate concentration to standard temperature
and pressure

4. Correct a particulate concentration to 50% excess air using
two methods

¥
3. Correct a particulate concentration to 12% C02 m
6. Correct a particulate concentration co 67% O2

Student Prerequisite Skills:

Ability to multiply and divide

Intended Background:

General Science

Level of Instructions:

College undergraduate math

145




1. Workbook

2. Manual

3. Slide Projector
4, Calculators

Special Instructions:

This 1s the firat lecture Thursday morning. The pace of the course
has been rather rapid and perhaps overwhelming to some students.
Lectures on Thursday are intentionally slower paced so that the students
may have an opportunity to digest the material and ask questions on
points previously covered which may not be clear.

References: S

Course Manual - Appendix “

146




“s(”llw 'y

u Course. 450 -~ Lecture 11 3 '
’ 475 CONCENTRATION CORRECTIONS AND 4y pov-
Lecture Title. Lol ety SESSTON ¢ P e
I. Correction of concentration to standard temperature and Page 98 Workbhook
pressure L.11-1
A. pid this in first lecture, using ideal gas law |
derivation is: i
corr Mqud s MPq
std o )
}
!
T {
VCorr std !
std  _ Pstd - Tstdps E
Vs Eg ¢ std :
P i
s !
v - s std
corr s PqthS
° )
s S std s
i corr VCO r s IsTstd
' c__=c Tetd's ' l
) corr s PsTstd ‘

B. Need to first correct data %o standard temperature and
pressure before doing other corrections

. ———— s

C. In EPA reference methods:
Standard Temperature = 68 F

i Standard Pressure = 29,92"lg '

lI. Excess Air Correctlons

A. Stoichiometric air vs. excess afir

|

|

!

1. if you burn carbon stoichiometrically, what do you geq?
|

Gas, just C02 and N, left over.
' - Lil-2

|2

Boiler operation - most combustion sources can't run
stoichiometrically, need more air.  VFuel in combus— |

tion zone of boiler will deplete Immediate region of
‘ ! oxygen. New fuel entering region will lack enough
oxvgen to burn completely and will have incomplete
combustion. Need to add excess air. i

Q 147 1,1'7




tration can be reduced by dilution and a source
could pass a concentration standard by doing so.
These corrections bring emissions to a common
referent, accounting for such dilution.

X

"y .
ENT DUTLlNE oé\tnw e, Page 2. of _b__
: - 5
y . & i I
450 — Lecture 11 % — i
. CONCENTRATION CORRECTIONS ‘-.,”*'\
SESSION e e e s e m————
- 1
3. When adding excess air, get different percentages Point on graph ‘
of CO, and O,, based upon type of fuel and amount '
of excess air. ‘
B. Definition of Excess Air: L11-3 {
Y )
. « JVolume Excess Air ;
1. %ZEA Theoretical Volume 100 :
required for complete combustion ;
}
2 v EA = * 02 — .5 (% C0) x 100 Refer to Appendix !
' -t "264(% N)-{% 0, ~ .5(%C0)] in Manual for 5
derivations. Willj
not derive in 1
C. Correcting a concentration Lo 50% excess air. class. PageD-~l i
1. Between 1920-1940 many coal combustion sources i
operated at about 50% excess air. Today m.st '
sources operate at much lower excess air. }
’ t
!
2. Excess air, 3C0,, %0, corrections used to correct i
‘ : for dilution of the %lue gas. Note that a concen- ]
t

- — =

3. 507 excess ailr correction L11-4
- Cs (100 + % EA)
Cs = 150
50
b
; 4, 507 excess air correction from Orsat data L11-5
; C_
' ¢ - . 8
: s 1.5(%0.)— .133(%N,)— .75(%CO
50 1 2 2
— 51 . —

5. The equations are derived in Appendix of the manual..
. They are not equivalent expressions. In fact, both

! functions are not good functions and are not contin-:
uous. They will give diffevent values for arbitrary;
values of %0,, ZNZ, and %CO, but are almost identi-
cal combustioOn sources. I

i

Q 148 1485
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I1I. Correcting to 12zcoz L11-6
A. Used in NSPS for municipal incinerators and by some states
for some other sources.
B. C, = 'c'a 12
12 %CO2
C. The correction may cause a significant error in the reported
emission rate, due to errors in determining XCC, by Orsat.
; One collaborative test contracted by EPA had a between
: test team deviation of concentration value of " 15%. When
corrections were made to IZZCOZ. deviation jumped to almost
q 25%.
!
1V. Correcting concentration to 6Z oxygen L11-7
1. Some standards are written in t.rms of an oxygen correction
instead of a 002 correction
2. ¢, - €5 [20.9 - 6.0]
: 3. Some standards may be corrected to 3%02 instead of 6%.
' Change 6 to 3 in this case.
! 20.9 is the % 02 in air.
! V. Practice in performing concentration corrections. _ Page 100
g + Workbook
! A. Perform calculations page 100
of workbook - example given. . Allow 30 minutes
for problem.
- Have students
{ take a break
! after they have
i finished.
|
B. Answers - Problem I in workbook 111 in answers in
Table after most
students have
| finished first
| problem. Help
those who are
having difficulty.
Orsat Analysis c
50
Test | % Q, PMR c, From
Number | EA %CO, | %0, | %CO %N, DSCF/min.| gr./min. | gr./DSCF C’12 % EA | Raw Orsat Data
1A 10 133 2.2 0 84.3 14,300 10,000 .699 631 513 .607
1B 46.9 9.7 7.1 0.2 83.0 19,400 10,000 .b15 .837 .505 .502
149 14
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l écturé 7.'/¢ " prOBLEM SESSION  onon . _
I
! C. Answers - Problem I1 in workbook Fill in answers
in table (on
chalkboard or
overhead) after
most students have
finished. Let
the others work
until they get ]
- the correct answers
Orsat Analysis (:'50
P—'
Test % Q, PMR C, From _
Number | EA #CO, | %0, %CO | %N, | DSCF/min. gr./min. | gr./DSCF 0'1, % EA | Raw Orsat Data
2A 48.6 121 71 0.3 80.5 18,000 13,000 722 .716 716 J12
28 100 9.1 10.6 0 80.3 24,000 13,000 542 714 723 J21
D. Note the differences ju answers — for coal fired boiler, Refer to Fig. 11-2
‘ ; answers all close. Why? Not so for oil fired boiler. - coal combustion has
‘ the characteristics

of 12% CO, corre-
sponding Eo approx-
imately 6% 0, at
50% EA.

011 does not. I

EBJk; 150 .1:5()
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LESSON PLAN

b

4+ TOPIC: LITERATURE SOURGES

‘COURSE: 450 Lecture 12

LESSON TIME: 30 minutes
PREPARED BY: DA