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Notice

This is not an official policy and standards document. The opinions and selections are those of
the author 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 (USEPA).
Usage of This Manual

The Central States Air Resource Agencies Association (CenSARA) is one of several multi-
jurisdictional organizations (MJOs) operating for the U.S. Environmental Protection Agency
(USEPA), through the Air Pollution Training Institute (APTI), to update more of the frequently
used APTI courses. The primary objectives of the MJOs are to:

Promote the exchange of information between the States;

Serve as a forum to discuss regional air quality issues of common concern;
Share resources for the common benefit of the member states; and

Provide training services to their member air pollution control agencies.

APTI provides courses on air pollution control technology, ambient air and source monitoring,
and air quality management. Historically, APTI designed courses that meet the job training needs
of governmental agency personnel and others in the field of air pollution. This requires a
thorough examination of both the materials for instruction and the characteristics of the student
audience. Based on studies conducted by APTI of those who have participated in the various
training courses, courses were developed and revised to provide training that enables every
student to achieve specific course objectives. A basic goal of APTI was to provide training that
will enable a student to do specific jobs in his or her home environmental agency. However,
recently APTI has taken a new direction and has given money to the various MJOs, of which
CenSARA is one, to update needed training course for their member states.

CenSARA meets these training needs of its member states by identifying, designing, developing
and delivering needed, cost-effective, responsive, and focused educational opportunities for state
and local air agency staff. Agenda and course materials are obtained from a variety of sources
including EPA, colleges and universities, regional training consortia, and individual instructors.
Yet, due to changes in environmental regulations, the implementation of new policies, and the
advancement of technologies, agendas and course materials become out-of-date. When this
happens, staffs’ ability to enhance skills, knowledge and abilities are constrained, limiting their
ability to excel in the dynamic field of air pollution control. So by providing up-to-date, high
quality educational opportunities for staff, their chances to greatly enhance their skills,
knowledge and abilities is significantly improved.

Consequently, CenSARA announced a Request for Proposals (RFP) to the environmental
training community to solicit technical proposals and cost bids to review current compliance test
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and observation programs within the USEPA and to update as necessary the content title,
agenda topics, course length, instructor and student manuals, lectures involving presentation
slides, classroom and homework exercises, and other handouts and materials for EPA’s APTI
Course 468 entitled: “Monitoring Compliance Test and Source Test Observation.” In response
to CenSARA’s RFP, EnviroTech Solutions, William T. “Jerry” Winberry, 1502 Laughridge
Drive, Cary, North Carolina 27511, jwinberry@mindspring.com, 919-467-2785, was awarded
the contract to update EPA’s APTI Course #468. Mr. Winberry is the author of this Student
Workbook and every attempt has been made to represent the most recent advances in sampling
and analytical methodology

DISCLAIMER

This material has been developed and assembled to provide training associated with EPA’s APTI
Course #468 entitled: “Monitoring Compliance Test and Source Test Observation.” It is not
intended to be used for regulatory purposes, or to be a substitute for, nor interpreted as official
Agency policy. Every attempt was made to reflect the technical state of art and regulatory
information as of the date of this publication. This is not an official policy and standards
document. The opinions and selections are those of the author and not necessarily those of the
EPA. Any mention of produces or organizations does not constitute endorsement by the EPA.
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Course #468
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Student Workbook (SW)

The Central States Air Resource Agencies Association (CenSARA) is one of several multi-
jurisdictional organizations (MJOs) operating for the U.S. Environmental Protection Agency
(USEPA), through the Air Pollution Training Institute (APTT), to update more of the frequently
used APTI courses. The primary objectives of the MJOs are to:

Promote the exchange of information between the States;

Serve as a forum to discuss regional air quality issues of common concern;
Share resources for the common benefit of the member states; and

Provide training services to their member air pollution control agencies.

APTI provides courses on air pollution control technology, ambient air and source monitoring,
and air quality management. Historically, APTI designed courses that meet the job training needs
of governmental agency personnel and others in the field of air pollution. This requires a
thorough examination of both the materials for instruction and the characteristics of the student
audience. Based on studies conducted by APTI of those who have participated in the various
training courses, courses were developed and revised to provide training that enables every
student to achieve specific course objectives. A basic goal of APTI was to provide training that
will enable a student to do specific jobs in his or her home environmental agency. However,
recently APTI has taken a new direction and has given money to the various MJOs, of which
CenSARA is one, to update needed training course for their member states.

CenSARA meets these training needs of its member states by identifying, designing, developing
and delivering needed, cost-effective, responsive, and focused educational opportunities for state
and local air agency staff. Agenda and course materials are obtained from a variety of sources
including EPA, colleges and universities, regional training consortia, and individual instructors.
Yet, due to changes in environmental regulations, the implementation of new policies, and the
advancement of technologies, agendas and course materials become out-of-date. When this
happens, staffs’ ability to enhance skills, knowledge and abilities are constrained, limiting their
ability to excel in the dynamic field of air pollution control. So by providing up-to-date, high
quality educational opportunities for staff, their chances to greatly enhance their skills,



knowledge and abilities is significantly improved. Consequently, CenSARA has taken the
initiative to update EPA’s APTI Course #468.

The updated Course #468 is targeted primarily at agency personnel who have the responsibility
to monitor compliance test and source test observation of various FRMs and SW-846
methodologies. The revised course materials provide the best available and most current
information as well as relevant example exercises to improve the knowledge and expertise of
agency observer personnel. The desired outcome of this effort is that agency staff be able to
properly observe compliance test and perform source test observations to protect public health
and the environment by developing an understanding of EPA’s stack testing programs and
strategy, various stack test methodologies for quantifying HAPs from industrial processes, and
associated quality assurance/quality control activities and requirements.

The specific objectives of updating APTI Course #468 materials include:

e Explain why sampling of source emissions for PM and HAPs is important in air pollution
control agency programs;

e Define symbols and common terms used in the application of FRMs 1-5 and SW-846 source
sampling;

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

e Understand the construction, operation and calibration of the component parts of the FRM 5

particulate matter sampling train;

Define “Isokinetic sampling” and illustrate why it is important in sampling for PM;

Understanding the “working™ isokinetic rate equation and its derivation

Learn how to use specific software for determining isokinetic sampling rates;

Apply FRMs 1 through 4 in preparation for applying FRM S at a source to characterize PM

emissions;

e Understand how the “S-type” pitot tube is constructed and standardized and how it is applied
in source sampling;

e Understand the difference between systematic error and precision as applied to source test
measurements;

e Properly assemble and leak check a FRM 5 sampling train;
Describe the operation of the VOST, Semi-VOST, Acid Gas and FRM 201/201A sampling
trains;

e Describe what are “condensibles” and how the FRM 202 sampling train operates to measure
condensibles; and

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

One of the products of the #468 update is the Student Workbook (SW). The SW provides copies
of visuals presented in each technical lecture. Contained in this SW are the visuals for the each
of the Sessions and lessons presented in APTI Course #468, as outlined in the Table of Content.
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
U.S. EPA APTI ’
Compliance Test and Source Test y
Observation /", Measurementof
APTI Course #468 Introduction Source Pollutant
o Emissions
Methods for

Manual Sampling
| . Measuring Emissions

Extract samples from
‘various points in stack.
Analyze samples in lab.

* Manual Sampling

Procedures described

by federal reference. C - - -
- * Continuous Monitorin
methods (FRMs) &
L Oftsite » Remote Sensing

EPA Manual Federal Reference
i o Method 1

m Used for source compliance testing
Selection of sampling

= Describe actual testing procedure traverse points

w Found in Code of Federal Regulations

Lesson 1
1



#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
Method 2 Method 3
/ T % Determination of Determination of the dry molecutar weight
I ;7 stack gas velocity and of flue gas (using Orsat apparatus

volumetric flow rate measuring %0,, %CO0,, and %CO)
(using Type S pitot /-w’ii Ty

tube)
~~ 7 Method4 P Method 5
Determination of . o Sampling method for
moisture content of particulate matter
stack gas (isokinetic collection
(by condensation of particles on a filter)
method)
Method 6 Method 7
Sampling and analytic

Determination of NOy
emissions (colerimetric
phenoldisulfonic acid
method)

method for defermining
$Q, emissions (barium-
thorin titratiom)

Lesson 1
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
Method 8 _
FRM 10 Determination of CO
Determination of H,SO, FRM 11 Determination of flourides
(iuT;:,i;c:—osr(z; gng:s[:r::ts) FRM 12 Determination of inorganic lead
z emissions
FRM 13, 14 Determination of H,S
FRM 15 Determination of H,O, COS, CS,
FRM 16 Determination of total reduced
sulfur
FRM 17 Determination of particulates

(in-stack filtration method)

FRM 23
FRM 26
FRM 29

FRM
201/201A
FRM 316

FRM 202

SW-846
Methods

Determination of dioxin/furans
Determination of HCI/CI,

Determination of nmulti-metals
Determination of PM-10

Determination of formaldehyde

Determination of condensables

Determination of volatiles, semi-
volatiles ete.

Objectives

m [nstruct on a vast number of methods
found in EPA’s Federal Register methods
(FRMs) and SW-846 test methodology

m [nstruct Agency personnel in the proper
observation and measurement techniques
for quantifying particulate and gaseous
stack emussions

Objectives

u Focus on groups of compounds
= Volatile Organic Compounds (Vi 0Cs)
s Hydrogen Halides and Halogens

= Pacticulate Matter (Total and Spedated) and
Condensibles

8 Inorganic-base Compounds (Lead and Metals)

m Update changes associated
with FRMs 1-5

What We Will Cover
Monday, Day 1

Lesson 1
3




#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Introduction

What We Will Cover
Tuesday, Day 2

What We Will Cover
Wednesday, Day 3

What We Will Cover
Thursday, Day 4

What We Will Cover
Friday, Day 5

Course Materials

& Student Workbook

= Contains the course agenda and copies of selected
sldes presented in each of the topic areas

m Student Manual
wu APTI Cousse #450 Manual and Checklist

Course Materials
& Federal Reference Method 5 Manual
= Operatng Maaual

u Agency observation checklist,
and vacous reference materials

e Federal Register containing FRM 1-5
a Course CD- Contains Over 90 Stack Testing
Entries

& Laboratory Guide Manual

Lesson 1
4




#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Introduction

Historical Questions?

= How do we define particulate matter?

= How do we define VOCs?

u Do stack testing firms need to be certified ox
individual testers need to be certified?

u How do we deal with onsite changes to
Federal Reference Methods (FRMs)?

Historical Questions?

& How do we define “condensible
particulate matter (CPMs)?”

= Should our state stack observation
program be documented?

= How many test should be requited when
sampling batch processes?

m What guidelines are available for oasite

rejection of a “compliance test?”

Historical Questions?

& How do we report VOC emuissions?  As
“C,” as “propane,” as “VOCs?”

& What requirements must be met inorder
to allow a method specified under one set
of regulations (Le., incinetator) to be used
for a different set of regulations (Le.,
HON rule)?

Lesson 1
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Introduction

Historical Questions?
Historical Questions? ‘ o
m As an Agency inspector, what guidelines
u During compliance testing, what are available to help me make correct
guidelines are available for allowing a decisions between “Regulatory Science”
“procedure-based method” to become a and “Measurement Science?”
“performance-based method?” = How do we implement good non-EPA
u Are there gﬁdcﬁnes available to : : programs that haven’t been certified by
determines if a source test observation the Agency into a State Agency program
has been performed correctly? that can’t be any more strict than the
EPA program?
Isokinetic Sampling Rate

Constant Sampling Rate (CSR)
and Real-time Methods

Methods

Particulate Sampling Methods

Stack Test Methods

Why Develop Stack Test Methods and
What is the Drving Force In The United
States?

Lesson 1
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Introduction

Objective of Stack Testing

m The objective of performing a stack test is
to determine the pollutant mass rate
(pmar) or emission rate (B) of pollutant
being emitted to determine whether
compliance limits are being met

Measurement Units

Concentration ¢ (ppm, gr/dsct)
Stack gas flow rate  Q (dscm)
Pollutant mass rate pmr (Ib/hr)
Mass emission rate E (Ib/10¢ Btu)

Process weight rate E (Ib/lbs product
produced)

Pollutant Mass Rate

PMRs = e

QS J Cs
Hin
Vo= Kpcp(x@)a Vin
Obtﬂif;\/lcpi;rw Ap’ Obtain A[{@a Dn’
oP B P T, A

What is the Driving Force?

m New Source Performance Standards
(NSPS-1970)

= National Emission Standards for
Hazardous Air Pollutants
(NESHAP-1977)

m Prevention of Significant Detenoration
(PSD-1977)

What is the Driving Force?

m Resource Conservation and Recovery Act
(RCRA-1978)

m Boiler and Industrial Fumace
(BIF-1990)

m Clean Air Act Amendments
(CAAA-1990)
= Maximum Achicvable Control Technology
(MACT)

= Tide I Hazardous Air Pollutants (HAPs) list of
188

Why Have Title III
Hazardous Air Pollutants?

w Section 112 of CAA established

standards for only seven hazardous air

pollutants to date

m Asbestos, mercury, beryllium, vinyl -
chloride, benzene, radionuclides, arsenic

L.esson 1
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Introduction

Why Have Title III
Hazardous Air Pollutants?
= Additional controls needed for large

number of toxic substances not covered
in Section 112

Title ITT
Hazardous Air Pollutants

= Tide III
= Establishes a list of 188 designated substances to
be regulated
a Requires sources to apply maximum achicvable
control technology (MACT)

Title ITT
Hazardous Air Pollutants

= Provides that EPA may require additional controls
after MACT to 10 restdual ask levels at the
property line (Daving detection limits lower)

w [istablishes a program associated with accidental
releases

Title ITI
Hazardous Air Pollutants

= Requires MACT for all major sources > 10
tons/year or 25 tons/ycar for combination of
toxics

w Requires emission reductions of 75 to 90% below
current levels through MACT controls

Title ITI
Hazardous Air Pollutants

o Impact on Industry
= Application of maximum achicvable control
technology (MACT)
= Standards are technology-based

a May have to control after MACT to 106 risk level
at property line

Example of
MACT Standards

@ Subpart FFFF (Misc. Organic Chemical
Production and Processes [MON])

& Subpart DDDDD (Industrial,
Commercial and Insttutional Boilers and
Process Heaters)

& Hazacdous Ozganic NESHAP
(HON) Rule: Regulates SOCMI

= 370 Facilities
m 111 of the 188 Tide 11T HAPs

Lesson 1
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
Where Do We Find Where Do We Find
the Test Methods? the Test Methods?

u Federal Test Methods- Methods are
those (Federal Reference Methods and
others) spedfied in the applicable
standards as the test methods used to
demonstrate compliance with emission
limits or quantitate emissions in meeting
regulatory initiatives

www.epa.gov/ttn/emc/tmethods.html

Regulations

u 40 CEFR Part 60, Appendix A
Standards of Performance for New
Stattonary Sources (.e., NSPS), Federal
Reference Methods
(00 Sectes)

New Source Performance
Standard (INSPS) Reference
Methocpig—OO‘ Series

Regulations

® 40 CFR Part 60, Appendix B
Performance Specification Test (PST)
Methods (00 Sedes)

m 40 CFR Part 51, Appendix M
State Implementation Plan (SIP) Methods
(200 Seres)

Performance Specification Test

‘ (PSTS)-OO‘S"e:ies

Lesson 1
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Introduction

State Implementation Plan
(SIP)- 200 Series

Clean Air Act
and It’s Amendments

m 40 CFR Part 61
National Emission Standards for

Hazardous Air Pollutants (INESHAP)(100
Series, Appendix B)

m 40 CFR Part 63
Maximum Achievable Conatrol
Technology (MACT) Methods
(300 Series, Appendix A)

National Emission Standards For
Hazardous Air Pollutants
(NESHAPs)- 100 Series

Lo s(A8F e
Radon-222

Maximum Achievable Control
Technology (MACT)-300 Series

Hexavalent .- ¢
Chromiym ™ >

Maximum Achievable Control
Technology (MACT)-300 Series

Categories of Stack
Test Methods by EPA

u Category A: Methods proposed or
promulgated in Federal Register

® Compliance Methods for
40 CFR Parts 60, 61, and 63

w Category B: Source category approved
Alternative Methods™

» Compliance Methods for spedific applications with
approval from EPA

Lesson 1
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
Categories Categories
m Category C: m Category D: Historical Conditional
“Other Methods” evaluated Methods which may bé useful 1a limited

by EPA; This category includes test
methods which have not yet been subject

applications until more supporting
information is provided.

to the Federal rulemaking process.
Example Category Example Category
Stack Test Methods Stack Test Methods

m Category A (FRMs):
FRMs 1-29, FRM 100s,
200s, and 300s

m Category B (Approved Alternatives):
ALT-007 (use of dilutton probe in
Methods 6C, 7B, 3A, 10 and 20)

m Category C (Conditonal): Particulate (PM
Screening) Method; conditional test
method for Acrylonitrle; halogenated
organic method; Method for isocyanates

Example Category
Stack Test Methods

= Category D (Preliminary Methods): PRE
5-Determination of oxides of nitrogen
from stationary sources (UV Instrumental
Analyzer)

Where To Locate EPA’s Test
Method Categories

m All categortes of methods found on

mwww.epa.gov/ttn/eme/tmethods.html

Lesson 1
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Introduction
Resource Conservaton SW-846 Stack Test Methods
And Recovery Act (RCRA)

w SW-846 is the compendium of analytical
and test methods used in determining
regulatory compliance under RCRA

u(http://www.epa.gov/sw-840)
How Do We Define HAPs General Classification

w CAAA of 1990, Tite IIf now contains a of VOCs

list of 188 HAPs containing both organic

and inorganic analytes Classification ' vap?r:;r:l:sum BOim:'%POim
w Defining the 1?8 HAPs according to Volatiles (VVIV) - 104 <200°C

® Vapor Pressuce (in mm Hg at 25°C) Semi-volatiles (SV) | 10-to 107 200 - 500°C

= Boiling Point Temperature (°C) Particles (NV) <107 ’ > 500°C

 Boiling Points of Boiling Points of
Volatile Organic Compounds Volatile Organic Compounds

Methyl ctiyl keyt 9 « Benzene (80) o-xylene (144}
e ethyl keytone 5 . .
oot |- e i
= Acetone (56) m-xylene (132} Ethyl benzene (136)

n-Butyl acetate (126)

Ethylene glycol
monomethyl ether (124)
«— Butanol (117)

“= Formaidehyde (-19) Toulene {112)

Lesson 1
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#468 Compliance Test and Source Test Observation

VP (0.1- 380 mm Hg)
BP (< 200°C)

Session #1: EPA Test Programs/Agency Compliance Introduction
Boili .
Sermivot (.)llhgg P01.ntz of . General
emi-volati rganic Compoun . .
mi-votatile Litg p s Classification of HAPs
:’:;'::zﬁ&;sﬂ - |~ 2,4 Toulene dilsocyanate (251) Number of
HAPs in
Volatility Class Class
Volatiles (VV/V) 106
Semi-volatiles (SV) 65
Ethylene glycol (197} Non-Volatile (NV) Particles 17
Phenol (182) —
Ethytene giycol monoethyl Total HAPs 188
Methyl amyl ether acetate{156)
ketone (150) —[1492C|— Cumene (152)
Example of HAPs Example of HAPs
in Each Volatility Class in Each Volatility Class

VP (107 to 10-T mm Hg)
BP (200 to 500°C)

VOLATILE SEMI-VOLATILE (65 HAPs)
Benzene 76 mm g 80.1°C Benztdine 10 mm Hg 402°C
Xylene, ortho 5mm g 144.4°C (Captan 1r mm Hg 479°C
Hydraztae 16 mm Hg 113°C Phosphorus 102 mm Hg 280°C
Hedrochlone acid 23 mm Hy e Mercury Compounds 107 mm Tig 356°C.
Example of HAPs General Classification
in Each Voladlity Class of VOGCs
VP (< 107 mm Hg)
BP (>500°C i ;
{ ) Classification ' Vapor Pressure Boiling Paint
mm Hg °C
NON-VOLATILE [Particles] (17 HAPs)
. o Volatiles (VVIV) >101 <200°C
3,3 -Dimethoxybenzidine 10" mm IHg 458°C
Antitnony Very Low 656°C Semi-volatiles (SV) 10'to 107 200 - 500°C
Coronene 10 mmHg  525°C Particles (NV) <107 >500°C
Lesson 1
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

EPA’s National Stack Strategy

Compliance Test and Source Test

Observation
EPA’s National Stack Testing

; amntegs STl
RIEIE s

Vs

Purpose/Goals

® Recognize importance of stack testing as a
primary method for determining whether
facility has ability to comply with CAA and
continues to be in compliance with emission

& [mprove uniformity in how tests are
conducted, evaluated, and reported

a Improve coordination with states/locals

= [ nhance ove

sight

Lesson 2
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

EPA’s National Stack Strategy

Major Issues Addressed By
Guidance
® Time Frame
= Waivers
= Notification
m Observation
= Representative Testing Conditions
m Stoppages
m Postponements
m Test Reports

Whete We Are

m Interim Guidance: February 2, 2004
m Final Guidance: September 30, 2005
n Subsequent rulemaking to allow for extensions
in testing deadlines in Force Majeure events
u Parts 60, 61, 63 of General Provisions
amended May 16, 2007
u Consolidated Federal Air Rule (GP Part 65)
amended August 27, 2007

® Draft Guidance Revision: November 2008

Definition

x Definition and “Scope of Guidance” sections clarify
guidance applies only to tests conducted for
compliance purposes under NSPS, NESHAP, and
MACT programs:

Any Performance Testing Conducted for the Purposes of

Compliance Monitoring Strategy
(CMS)

x Provides national consistency in developing stationary
source CAA compliance monitoring programs while
allowing states/locals flexibility 1o address local air
pollution/ compliance problems

States/locals submit CMS plans biennially 1o Regions

Enter compliance evaluation results in AIS

Sources covered are Title V majors and svathetic
minors that emit or have potenual 1o emit cimissions at

or abpve 80 percent of Tide V major source threshold
ISMB0s)

CMS

m Agency should conduct, or require facility
to conduct, a stack test:
- Whenever the Agency deems
approptiate
- Where there is no other means for
determining compliance with emission
limits
m Report date and results of all stack tests in
AFS, and adjust HPV status, if necessaty

* High Priority Violations Policy

(HPV)

m Designed to prioritize violations for federal,
state, and local agency enforcement efforts

m Covers definition/identification of HPVs,
timely and appropriate enforcement response,
penaltes, and reporting in AFS

m Applies to any major source, any synthetic
minor source and any source, major ot minor,
upon mutual agreement between EPA and
state/local at their discretion

Lesson 2
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Session #1: EPA Test Programs/Agency Compliance EPA’s National Stack Strategy

HPYV Policy

m HPV status is triggered by failure of a stack test

® Violatons of emission limits for pollutants for
which facility is not designated as a “major
source” may not rise to HPV status, but stll
must be addressed

m If fail test, facility must:  Document failute
Submit report
Resolve condidons
Test again

Time Frame

= Current regulations do not provide for extensions of
test deadlines, except in the event of a force majeure
= Violation of requirement to stack test
= Violadon of requirement to demonstrate.
compliance with underlying standard
= Faijlure to conduct test established in permit or
enforcement document
= Violation of permit or enforcement documnent
= May be a violation of underlying requirement
= Concern that only way to grant additonal time to test
is through formal enforcement action regardless of
circumstances

Time Frame (Cont.)

testing deadlines due 1o cireumstances bevond facilidies’
control
= Currenty, four scenarios for how delegated agencies

should respond to facilities not tesdng by deadline

= Scenarios range from *Force Majeure events”
bevond control of facility 1o those instances where
the factlin: knowingly and wilifully violues wst
requirement

= rior o [oree

Guidance takes into account inability o meet regulatory

Force Majeure Event

= [orce Majeure rules for Parts 60, 01, and 63 of The
General Provisions and Part 05 (Consolidated Federal
Air Rule):

m Allow an extension of the deadline by which
source owners or operators are required to conduct
an initial or subsequent test required by applicable
regulations in the event of a Force Majeure

Uinder such circumstances, no vinkigon and thus

noe necd o use entorceniont discredon o extend

deadline

atcd vonsisient with the

» Guidance 1s be

Rules

"Waivers For Identical Units

m Text includes pertinent regulatory
references

u Criteria for determining when stack tests
for identical units may be waived

® Concept that margin of compliance may
not have to be significant where the
emissions variability of identical units is
low

Notification

m Sufficiency of both the tming and content
of the notification 1s discussed

m Text clarifies that notficaton is not
necessary if test is outside scope of
guidance, unless potendal for applicable
limits to be exceeded

m Clarifying language on submittng site-
specific test plans and the contents of such
plans

Lesson 2
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Session #1: EPA Test Programs/Agency Compliance

EPA’s National Stack Stratigy

Observation

® No requirement that agency be present for
tests. However, whenever possible,
delegated agencies should obsetve

m If agency unable to observe test, review of
test protocol even more important

m If timely notification and opportunity to
observe not provided, results may be
rejected

Representative Testing Conditions

» Guidance reinforces Agency position that the CAA

requires continuous compliance with emissions limits

except where explicitly excused

Tests should be performed under those representatve

conditions that:

= Represent the range of combined process and

control measure conditions under which the facility
expects to operate (regardless of the frequency of
the conditions)

= Are likely to most challenge the emissions control
measures of the facility with regard to meeting the
applicable emission standards, but without creating
an unsafe condition

Soot-Blowing

® Guidance consistent with and relies upon
past Agency position for including soot-
blowing

® Emissions from soot-blowing cannot be
discarded as the result of an upset
condition

® Erroncous to stop sooeblowing tor the

purpose of conductng a stack test

Stoppages/Postponements

= No regulatory provision allows stoppage, except for
force majeure event
= Depending on circumstances, facilicy may be in
violaton of requirement to conduct test, underlying
requirement, or both
a [fin jeopardy of failing test, violation of both
= Currendy, Guidance states that if facility is forced 1o
stop due to a force majeure event, agency should
evaluate circumsiances to determine appropriate
it needed

enforcement response

went with ruler

wf 1 cons

m Cuidance s beine

8 Postponemenis should be weared similar w siopy

= [{ fail to complete tess within required time, violuion

o TCGUITCIICTIE U Test

Test Reports
¥ Information necessary to adequately
document results
® At a minimum, test submittal:

& NSPS: Within 180 days after inital
startup date or within 60 days after
reaching maximum production rate

a NESHAP: Within 31 days after test
completed

& MACT: Within 60 days after test
completed

Data Reporting

® Minimum Data Requirements (MDRs) for reporting air
compliance monitoring and enforcement activity
u Stack test data reported into national air data system (AFS)
u Testdate reported with compliance determination from results
= Compliance status updated, as appropratc
= High Priority Violator (IHPV): failing test for poliutant for
which facility is mnjor
r Testdate is to be reported within 60 days of event
® Test results reported as pass, fail, or pending
u Tests nmay be reported as pending for up to 120 days from
test date
u Reporting of stack test pollutant
= Mandatory for federal reporiers
= Optional for state reporters

Lesson 2
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Session #1: EPA Test Programs/Agency Compliance EPA’s National Stack Strategy

Reported Tests

® State reporting of tests conducted
= FY 2008: 13,642*
= Y 2007: 15,476
= FY 2006: 14,292
u EPA reporting of tests conducted
= Y 2008: 16*
= Y 2007: 55
= Y 2006: 77
= Most tests reported as pass or fail within 120
days

Reported Tests

Reported test failures
= [Y 2008: 619*
a Y 2007: 809
Amongstates, vadation in number of failures vs. total tests
conducted*
w [FL: 1235 tests — 8 failures: AL: 1976 tests - 23 failures
a GA: 862 tests — 40 failures; NJ: 105 tests — 33 failures; TA:
426G tests — 73 fajlures
[For sources that failed, data issuc concerning compliance
status. For FY "07:
a 48% listed “in violation”; 20% listed as FIPV

*States/EPA have until 12/1 to report FY 08 data

Additional Information

m Robert Lischinsky

lischinskv.robert@epa.gov
202-564-2628
® [nternet Address:

htp:/ S www.epa.gov/Compliance/ resources/pol

MOUTOTING Gty stackiesting. pd
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EPA’s Compliance Monit. Strategy

Compliance Test and Source Test
Observation
EPA’s Compliance Monitoring
Strategy (CMS)

CMS’s Full Compliance
Evaluation

x A Full Compliance Evaluation is a
comprcheansive evaluation of the compliance
status of a facility

= A review of all required weports, and to the extent
necessary, the underlving records. This includes all

nonitored dai reported o the regulatore agency

1051 FUPOTTS, ¢

CMS’s Full Compliance
Evaluation

® Anassessment of conwol device and process

operatng conditons as appropriate.
m A visible emission observation as needed.
® A review of facilite records and operating logs.

® An

easimen: of process parameters such as teed
] Fy ~ et t feed

aterial composiions, and process s,

CMS’s Full Compliance
Evaluation

& An assessment of conuol equipment performance
parameters(e.g., water flow rates, pressure drop,
temperature, and ¢lectrostatic precipitator power
levels).

= A stack test where there is no other means for
determining compliance with the emission limits.

CMS’s Partial Compliance
Evaluation

» A Partial Compliance Evaluation is a

documented compliance assessment focusing on
a subset of regulated pollutants, regulatory
requirements, or emission units at a given

facility. A Partial Compliance Evaluation should
be more comprehensive than a cursory review

of individual reports. [t may be conducted solely
for the purpose of evaluatng a specific aspect of
a facility, or combined over the course of a year
(ot up to three years at mega-sites) to satisfy the
requirements ot a 'ull Compliance Evaluation.

Lesson 3
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Session #1: EPA Test Programs/Agency Compliance EPA’s Compliance Monit. Strategy

CMS’s Investigation Evaluation

w An Investigation can be distinguished from the
other two categories in that generally it is limited
to a portion of a facility, is more resource
intensive, and involvés a more in-depth
assessment of a particular issue. It usually is
based on information discovered during a Full
Compliance Evaluation, or as the result of a
targeted industry, regulatory or statutory
initiative.

Frequency of Evaluations

u A Full Compliance Evaluation should be
conducted, at a minimurn, once every two years
at all Title V major sources except those
classified as mega-sites and once every five years
at synthetic minor soutces that have the
potential to emit 80% of Title V sources
threshold. For mega-sites, a Full Compliance
Evaluadon should be conducted, at a minimum,
once every three years.

Frequency of Evaluations

® An on-site visit should be conducted, at a
minimum, once every five years at all Title V
major sources to ensure a compliance presence
in the field, verify record reviews, observe
modifications or new construction, and identty
any major permit deviatdons.

Elements of the CMS Plan

m CMS plans should be submitted biennially,
consistent with the current EPA two-year MOA
planning process.

® The content of CMS plans will vary depending
upon whether States/locals develop and
negotate aliernaves to the minimum

E‘r'\:u‘ uencles.

Elements of CMS Plan

w In those instances where States/locals meet the
recommended minimum frequencies and do not
develop and negotiate alternative approaches,
the plan should include the following clements:

u A facility-specific list (including the AFS
identification numbers) of all Title V major sources.

= A facility-specific list (including the AFS
idendfication numbers) of all synthetic minor
sources and a list of those facilities covered by the
policy.

Elements of CMS Plan

a A description of how a State/local will address any
identified program deficiencies in its compliance
monitoring program.

x [n those instances where the States/locals
propose alternatives to the recommended
minimum frequencies, States/locals should
provide a more detailed plan.

m [ can’t meet two year commitmients, notify the
Region and revise their CMS plan accordingly.
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Session #1: EPA Test Programs/Agency Compliance EPA’s Compliance Monit. Strategy

Compliance Monitoring Report

m General information--date, compliance
monitoting category (Le., FullCompliance
Evaluation, Partial Compliance Evaluation, or
Investigation),and official submitting the report.

m Facility information--facility name, location,
mailing address, facilitycontact and phone
number, Title V designation and mega-site
designation

Compliance Monitoring Report

m Applicable requirements--all applicable
requirements including regulatory requirements
and permit conditions. '

u Inventory and description of regulated emission
units and processes.

m Information on previous enforcement actions.

Compliance Monitoring Report

m Compliance monitoring activities--processes and
emission units evaluated; on-site observations;
whether compliance assistance was provided and
if so, nature of assistance; any action taken by
facility to come back into compliance during on-
site visit.

& Findings and recommendations relaved 1o the

facility during the compliance evaluaiion.

High Priority Violators

® December 22, 1998 Memo
= This memo eliminates use of the terms “Significant
Violator™ and “Significant Violation” and
substitutes the term “High Prionty
Violation” (FIPV) in describing violations.
= EPA expects that all viclatons of air palluiion
s ihe FIPY

criterid or not, will he addressed be Stares,

regulations, whethor mocin

local agencies, or TP TP A

ngthonty Violators

= Agency High Prority Violaton actvities shall be
designed to identify and to expeditiously return to
compliance those violating sources that the agency
believes are environmentally most important, namely
the HPVs.

= [n accordance with the revised Policy Framework
for State/ EPA Enforcement Agreements issued by
the Deputy Administrator on August 23, 1986 (and
its three addenda), this national policy serves as the
framework for State specific agreements reflecting
the parties’ mutual expectations.

HVP Applicability Determination

(See Resource
CD, Session 1:
EPA’s HPV
Workbook)
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EPA’s Compliance Monit. Strategy

Definition of High Priority

m Failute to obtain a PSD permit (and/oz to install
BACT), an NSR permit (and/ ot to install LAER
or obtain offsets) and/or a permit for a major
modification of either.

Violation of an air toxics requirement (i.c.,
NESHAP, MACT) that either results in excess
emissions or violates operating parameter
restrictions.

Violations

Himits.

Definition of High Priority

m Substantial violatdon of the source's obligation to
submit a Title V permit application.

m Violations that involve testing, monitoring,
record keeping or reporting that substantially
interfere with enforcement or determining the
source's compliance with applicable emission

Violations

Matrix Criterion 1:

Matrix Criterion 2:

Matrix Criterion 3:

Matrix Criterion 4:

Matrix Criterion 5:

HPV Determination Using

Matrix

Vialation of aliowable emissions fimitation. detected by stack
testing

Viofation af applicable emissions limitation. detected by coatings
analysis, fual samples, other process materials sampling., or
raw/process materials usage reports

Violation of parameter fimits where parameter is a direct
suTogate for an emissions limitation, detected by
cortinyous/perindic parameter maonitoring

Exceedance of applicable non-opacity standard, detected by
£:S

Exceedance of applicable opacity standard {detected by COMS
of by VE)

Definition of High Priority
Violations

w Violation by a synthetic minor of an emission
limit or permit condition that affects the
source's PSD, NSR or Titde V status.

m Violadon of any substantive term of any local,
state or federal order, consent decree or
administrative order.

= Substantial violation of the source's Tide V
certification obligations, e.g., failure to submit a
certificaton.

Definition of High Priority
Violations

m A violation of an allowable emisston limit
detected during a reference method stack test.

m Clean Air Act (CAA).violations by chronic or
recalcitrant violators.

& Substantial violation of Clean Air Act Section
11 2®: requirements {for permitting authorities
ihat are notimplementing agencies under
Scctton FE2r) program, imited 1o source's
fafture 1o <ubmin Sccion T2y visk management

plang,

Violations and Method of
Detection

m Violation of Allowable Emissions Limitations
u Reference Method Stack Testing or
u Coatings Analysis, Fuel Samples or Other Process
Material Sampling
= Violation of Parameter Emissions Limitations

= Continuous/Periodic Parameter Monitoring

Lesson 3
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Session #1: EPA Test Programs/Agency Compliance EPA’s Compliance Monit. Strategy

Violations and Method of Standards For Violation

Detection
x Violation of Applicable Standards (non-opacity) u Standacds For Violations (See Resource CD,
u Continuous Emissions Monitoring (where the CEM Session 1: EPA’s High Violations P olicy)

is certified under federal performance specifications)
u Violation of Applicable Standards (opacity)
= Continuous Opacity Monitoring or
® Method 9 Visual Emissions Readings

SO2 9 Mo/
VOGS

Logic Flow For Stack Testing Timely and Appropriate
Violation Enforceable Timeline

(See Resource CD, Session [: EPA’s HPY Workbook for
Examples) (See Resource €D, Session 11 EPA’s HPV Workhook for
Examples)
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Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

(JOIIlp ltance Why Compliance S
Test and Test and Observati
Source Test Identfy  pje
Observation Bvaluate Pollutants
’ | Evaluate Test
Role of the Agency VAR pesults
Inspector/Observer
by prescribed
EPA Federal Reference
Methods (FRMs)}
) ) Groups Involved In A
Example of Typical Industries Compliance Test

« Coal-fired Power Plants
« Asphalt Plants

* Gas Turbines

m Officials of the facility being tested

m Consulting stack testing team

® Agency officials in which the
facilinv 1s located (Le., State Air

» Gasoline Terminals
« Coating and Printing Facilities
« Secondary Aluminum Quality Division)

s Cement Plants

Step 1: Objectives, Protocols and

Source Test Time-line :
' Pre-site Survey

r—g Identify Purpose T .
_ Reseér:h Background Information EstabllshTeOb]ecﬂves s J::s:\:;
;q;w :'besignExperiment - . - ons
' “ Pre-test Survey and Safety Evaluation Develo§ ,Desantool p SﬁmeTest
Fasks H Finai Preparation 2’;?:;:3 Ag‘zl::;:or i

Approval ¢

_ Field Sampling and Data Collection
ﬁ Sampie Recovery
- Analysis
H Report

Time
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Role of The Agency Inspector

Step 2: Equipment Preparation
|

Equipmentand Chemical-
Preparation - Equipment
- :Calibration

Step 3: Pre-test Confefehcerand
Evaluation

" Calculate Dnand “K”
- ¢ Factor .

-Start Source Test

Step 4: The Test

Train o
sCalculate Sample Points
UsingFRM1 .
sMarkSampling Pointson
. Prohe

Step 4: The Test

mpl
sleak Check Pitot Tube Lines,
Meter Console, and Sampling
Train & -15 Hg (Max. Leak Rate
- of0,02 CFM) B

«Clean Port Hole and Position -
| Train At 1= Polnt

#Fill Out Field Test Data Sheet
) to include

Step 4: The Test (Cont'd)

|
ke o ] stant Source Test At 1+ Sampling T
oint 5
s Gasl !+ Record Sampling Point Number Rﬁg’,’,,“;",:d
P and Start Time on FTDS Control
— +Observe and Record Ap on FTDS Equipment &
" take eCalculate &H Using "K" Factorand Parameters ©
Material % Set AH Using Coarse/Fine Knobs -
samplesit B oRecord Other Parameterson
Necessary : FTDS: DGM Reading, Ts, DGM
4 Temperature, Pump Vacuum, Filter
Temperature, Impinger Temp. etc.
oMaintain Isokinetics (AH = KAp)
atAll Times
*Repeat for All Points on Traverse
For Two Diagonals

At Conclusion of Test (Last Point)
sRecord Stop Time and Final BGM
Reading
sRemove Sample Train From Source
sLeak Test Sampling Train at Highest
Vacuum (in. Hg) Achieved During
Test, Leak Rate Should Not Exceed
: 0.02CFM
sSample Clean-up and Recovery for
Probe Rinse, Filterand
Impinger/Silica Gel Components

Repeat Preceding Steps for A Total of |
Three ParticulateSamplingRuns
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Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Step 5: Sample Recovery

. Sample Recovery of FRM5 Train .

Step 5: “Sample Recovery (Cont'd)

'SEparate Probe and Filter By Capping
Baﬂ Fittingon The Probe and

Openmgson'rhv F‘lter -

Gel vaery’

- Probe Sheath and
. Nozzle ..~

oDissemble “sMeasure
 Filter: Impinger
oFilter Mat
Placedin Clean,
TransportDish -
- WithCOC

Impinger/Silica

*Remove Nozzle and
Ball FittingCaps
oCiean Probe With
NozzleIn Place With
. Brush/Acetoneand
Brush 3 Times, Col!ect

Into Marked O

Remove Nézzlé anﬁ
: Inspect Probe Liner

«Clean Nozzle Again
- Wil Bmsh/Acetone .

*FilterMat

. Impmger
Waterin
Marked
Constant - |

Weight2 0.5 |} gna]!ysw (1f

of Silica Gel

+ oWeighto
Nearest 0.5 gm

" «Clean Probe

Step 5: Sample Recovery (Cont’d)
|

Function of Staclk Test Observer

- Gas Moisture . ;

Again With .
7 - AlsoUsing -

‘Brush/Acetone
and Recover Into
“Marked Container

Evaporate, -
- Dessiccateand
Weigh To Constant =
‘WeightAsWim :

(}almlate Particulate Concentration’
* Based Upon Total Mass mliected
Di

“..the principle function of the stack fest
observer is to evaluate the
represeitativeness of the compliance test in
which emissions are sampled nwhile the

plant operates under fypical conditions

constidered yepreseiitative of day-to-day

T S _—
GRETaloNs.

The Inspector’s/Observer’s Role

® Be Present! (Phone insp. and windshield
insp. are discouraged)

® Have a Plan, Follow the Plan!

= 3-Tier Inspection

® Observations — “familiar’” with 40 CFR 60,
App. A, Methods 1-4,5; 1. Velocity Protile,
2.Leak Check, 3.Clean-up 4. Observer
Check-list

& Operations of facility

® Sample train recovery and data acquisition

Inspectors Do’s and Don’ts

= Ask intelligent questons
that add value

® Become “familiar’” with
test methods rules and
test plans

w Show Up! Presence is
critical

= Be cridcal but reasonable

u Reward “quality tesung’™

N

“Urmmpire’ a test

® Challenge a test w/o good

g £

cause

® Be unresponsive o
requests

® Hesitant 1o say “[ don’t
have an answer”

n Be Careless

L.esson 4
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Role of The Agency Inspector

Seven Areas of Responsibility of
Agency Personnel

= Familiarize: Agency observer establishes
contact with the source and becomes familiar
with operations, emissions, and applicable
tregulations. S

m Division of Air Quality Reviews Scheduled
Source Test: May be part of compliance test or
annual test requirements

u Division of Air Quality Establish
Methodology: Identify testing methodology as
prescribed by regulations and receipt of testing
plan from facility or contractor

Seven Areas of Responsibility of
Agency Personnel

= Division of Air Quality Reviews Final Test
Plan: Pre-test meeting benween Division
personnel, test team leader and facility to finalize
test plan.

u Actual Compliance Test: The facility
Operagons Personnel and Division of Air
Quality Test Personnel observe testing

methodology.

Seven Areas of Responsibility of
Agency Personnel

m Review of Test Data: Division of Air Quality
determines compliance and official notification
are determined.

m Continuing Enforcement of Compliance:
Follow-up inspections are undertaken, using
data gencrared from source test as a “haseline™

for comphance PUIPOSTS.

Compliance Evaluation In Terms
of Five Criteria

® Process and control equipment must be
operated in such a manner as to produce
representative atmospheric emissions

= Location of the sample port and sample points
must provide samples representative of the
atmospheric emissions

Compliance Evaluation In Terms
of Five Criteria

® The sample collected in the sample train must
be representative of the sample points.

x The sample recovered and analyzed must be
representative of the sample collected in the
sample train

8 The reported results must be representative of
the sample recovered and analyzed

I.esson 4
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~Session #1: EPA Test Programs/Agency Compliance ‘Role of The Agency Inspector

Role of The Observer

Division of Air Quality Personnel ) . _ _
. t
Involved In The Testlng m Determine whether source test is required

m Coordinate process operation

u Phase 1: Preparation and planning ,. Coordf?ate cor}.trol ¢qu1p‘rr‘1‘er1t‘ opetauokr}
u Phase 2: Conducting the test = Coordinate tesm]g fr?e&;od?;og}f R
m Phase 3: Recovery, transport (Optional), = Document all activities during the testing

and analysis of the samples (Optonal) program

. m Review test reports
u Phase 4: The observer’s compliance test p

report

Role of The Observer Role of The Observer

m Specify Division requirements

m Make decisions regarding test x Derermine acceptability of testing
methodology, process and control ‘ methodology
cquipment operation and reporting = Compile summary report of test
requirements .
' B Review (est report and make

B Derermine representanveness of process :
Determine representagveness of proce ecommendation

and control equipment operaton

Observer Behavior Observer Techniques
= The observer should do all within his power to = Do not write on process charts and
see that testing is successfully completed graphs
m The observer should work cooperatively with = Do not turn knobs and dials
the source and consultant = Do not collect unnecessary data
= The observer must be specific and forthright in = Do not touch or adjust testing equipment

his request . . .
= Do not quesdon tester or interfere during

m The observer must be respectful of the critical times of the test

positions of the other parties involved
= Do not conceal unacceptable acts or

procedures

Lesson 4
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; — Phase 1: Preparation and -
* ‘Contact Plant Personnel Planning

What to Do?

= Division of Air Quality must clarify for the plant
representatve and stack test teamn leader procedures
to be followed (i.e., compliance test guidelines)
u Identification of Federal Reference Methods
(FRMs): PM, Condensibles, Filter Temp,

d Dete neAdéquateAc Inorganics, Organics etc.
. and Electrical Supply

Identify Adequate
Sampling Locations

& Operadon level of process during testing (..
“baselining” the control equipment/source)
® Data acquisition and reporting of process and

test methodology parameters

Check Safety Reqiii ements

Phase 1: Preparing and Planning

Ethanol Plant — Methods 5, 25A

m Block-style flowchart is adequate for our
needs for “baselining”

® Do not need design-oriented piping and
instrumentaton (P&I) engineering
drawings .

B ()nl\ S‘_\‘\\'I,Cln C(JII]P‘)HCH(S I]Ct’.d 2@ ‘hL‘
block-stvle rather than actual drawing ot

equipment

Ethanol Flowchart Utility of Preparing a Block-Style
Flowchart
= Jdentifies health and safety hazards (L.c.,
high temperature, high positive pressure,
fugitive leaks, slippery/wet surfaces etc.)

Stack 1 Stack 2

m Facilitates compliance evaluation

® Document operating conditions with
reference to previous compliance test
(“Baselining” the process!)

DDGS ® Simplifies communications with plant
Product personnel
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Symbols Used in Block-Style
o Flowcharts
m Solid line............. Solid or liquid stream
uTwo kPa:ralIcl Solid Lines.....Gas stream
o ,Squar‘e or Rectangle....... Major equipment
: i'ReVér$eTrizihgle ....... Gas emission point
x Circles with “T” inside. .. Actual temper.

m Circles with “SP” inside. ...Static pressure

Phase 1: Preparing and Planning

m Division of Air Quality review of

‘Verify Correct Test Methods|
I-‘or Reg\;lated Source

What To Do?

submitted test protocol
~ Finalize Test Schedule m Deviation from standard sampling
EEN : . ; procedures
- T@”“ N m Operation ot facility
i - ReviewAll : )
- Calibration Requirements m [dentificadon/discuss of rest methods

T m [dentificarion and discussion of sampling
- Identify Variations from -
deral Refe Meth focation
' & Calibrarion of all monionog cquipment
Phase 1: Preparing and B E

i What T Have Opening

Planmng at 1o . Pre-TestMeeting
Do? ——

m Observer’s Needed Documentation

a Checklist for Federal Reference Methods (I'/RMs)
and SW-846 Methods (See Resource CD)

& Checklist for air pollution control equipment

_Observe Equipment Setup

- ‘Observe Leak hecks,
Preliminary Measurements, Y

= Checkdist for facility operation parameters

= Pretest Meeting

# Finalize sampling plan Smplmg °’S

u Establish “Baseline” conditons N .
. . et Determine “K” Factorand -

* Coordinate testing schedule Review Field Test Data Sheets|

# Checklist for pretest meeting
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bse rvef Activities
O What To

-Observe preliminary velocity traverse Do? e
elta p and Calculate]

and cyclonic flow check ; . DeltaHe
) . A - Using “K-factor”
« Observe nozzle size determination ; '

* Review approximate molecular
weight and moisture determination

_ -~ FineAdjust Knob

« Review “K-factor” determination - Observe CheckingSﬁg‘:ic ;
. Parametersew “K-factors™

Phase 2: Conducting The Test

e Obéewe 15t Test

= Observer’s Checklist (See Resource CD)
Observe 2nd Test = Health and safety requirements
m Tentative testung schedule

: m Facility “baseline” conditions
Observe 3rd Test ’

m Update stack test methodology checklist
" Observe CﬁeckingStaék & Handling irtegular sitwarions, potental
arameters'new “K-factors™ problems and their solutions

m (alibravon torms/checklise

What to Watch

m Review records of equipment
calibration (pre-test/QC)

m \Watch cyclonic flow check and
preliminary flow traverse

‘Recovery
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Session #1: EPA Test Programs/Agency Compliance ~ Role of The Agency Inspector

. . Examine
Examine Probe Nozzle, Pitot,

And Thermocouple Design m Type-S pitot tube offset 3/4 inch to

x Center of nozzle and pitot opening aligned side of nozzle

u Impact pressure sensor of pitot above nozzle m Thermocouple offset 3/4 inch to
opening side of pitot or set back 2 inches

from center of pitot opening

What to Watch What to Watch

m Nozzle ID calibrated; 3

m Vacuum/pressure leak check
measurements within +/- 0.004 inch

m Check traverse point marks, # is

correct and withia 1/2 inch m Check dry gas meter with restricted

orifice: also a gamma check

What to Watch Sample Train Leak Check
= Pitot tube leak check; both (+) and m Pre-test should be at 15 inches Hg
(-) sides (check at pressure vacuum m Post test at vacuum >/ = max.
> 3 inches water and stable for at vacuum reached during the test

least 15 seconds)

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Role of The Agency Inspector

Sample Train Leak Check

m Leak rate < 0.02 cfm acceptable

m Leak rate > 0.02 cfm; either record
leak rate and correct sample volume
or void the test run

What to Watch

m Check sampling port is sealed

m Look to see thatinclined manometer
is level all the time

m Check that sampling train is being
moved at the correct time and set at
the correct traverse point

What to Watch

m Check that the operator is recording
temperatures and setting sampling
rate at the proper times

® Reagents stored properly; ie at
correct temperacure and protected

from sualight

What to Watch

m Sampling isokinetically; Is AH on
meter box equal to AH on field data
sheet?

m Check o Isokinetic rate equation at
various points during the sampling

scheme: AH = K AP

What to Watch

u Check that sampling system
temperatures are within specifications:

u Probe temperature
u Fijter temperature
= Sorbent temperature

u Impinger train temperature (iced?)

What to Watch

s Watch sample recovery
u Nozzle rinse
s Probe rinse
® Front half filter housing rinse
= Filter tecovery
= Resin recovery

u Proper labeling/storage of recovered

samples

Lesson 4
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#468 Compliance Test and Source Test Observation , -
Role of The Agency Inspector

Session #1: EPA Test Programs/Agency Compliance

:Whatk to Watéh

n :Sarn'ples propctly,idedﬁﬁed and vtied
to specific sample runs ,

u Chain—oyf-custody properly preparéd '
and maintained with samples

What to Wafch

w Field and trip blanks prepared
properly and shipped with field
samples o

m Documentation retrieved and signed

Phase 2: Conducting The Test

m Observe “First Test” [tems
m Configuratdon/preparation of train
m [nigal leak check
m Positioning at 1st sampling point
. m Record initial data/opcmtiori meter box
m Calculation of “K factor
w \eritication of isokinerics

' Movement ot probe to other sampling

poinis/ports

VI observauons

Phase 2: Conducting The Test

w Observe “First Test” [tems
w Facility Operation (i.e., “Baselining”)
u Fuel flow meters
® Process mornitors
% [Fuel consumption
® Dara from contintous emission monitors
(CEMs)

® Control equipment monitors

2 B8P fvoliage. current, rapping e e1¢.;

® Doz houses 7 n, bag failure logbook et

a Wt serubbers ipH, flow rate crc.}

Phase 2: Conducting The‘Té‘st

u Observe “Second Test” [tems

® During second test, record and observe process and
pollution control equipment data/operation

w Verification of operation of Method 5 train and
recorded data

= Movement of probe to final sampling points

m Final leak check/observation of filter condition

= Sample recovery and “chain-of-custody (COC)”
documentaton

w Final VE observation

Phase 2: Conducting‘ The Tcst

u Observe “Third Test” [tems

x During third test, record and observe process
and pollution control equipment
data/operation :

' Verification of operation of Method 5 and
recorded data

' Observation of continuous emission monitor
systems (CEMSs) and recorded information

u Final leak check/ train recovery of filteér and
impingers )

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

.ty

) ) Adequate Testing
Hennepin County Energy Center Support?

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Method 5 PM Test

R IET v

Lesson 4
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Role of The Agency Inspector

1ance

EPA Test Programs/Agency Compli
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance ; Role of The Agency Inspector

Stack Test Observation

; , AR ' S‘e't-kUp,kLekak Checks, Operations
is a Team Effort | OE ,

and Clean-up Essential

Operations - Data Acquisition,

Proper Operations are Critical You Have To Be There!

"Study, Then Pass the Gaals
. % 2 s R

Load, production limits
and temperatures

Method 20

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Mobility While Ensuring QA/QC
_Your Responsibility!

Process or Boiler Upsets

When to test, when not to test

Dark Plumes or White PIumes?

Visible plume... or water vapor?

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Testing Issues

m Safety first — climbing, weather, platforms
» Port scrapping and stack liners
» Fthanol Plants — VOC Emissions

» Flow Disturbance (i.e. Cyclonic Flow)

Safety...

(OSHA 29 CFR 1910.23)

Lesson 4
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#468 Compliance Test and Source Test QObservation

Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Weather is Critical
Dress According!

Be safe up there!
(OSHA 29 CFR 1910.23)

h
SRR T
REEETRE

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Check railings,
platforms!

Are fhey safe?

(OSHA 29 CFR 1910.23)

Be careful!

Clear visibility...

Enhances safety!

Be careful!

Lesson 4
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Communications are Essential Testers use Harnesses!

Make time for SAFETY/ State inspectors should toot

Respirators. .. ; Scaffolding or Ladders

s

Always Buckle Up!

B Observe Recvexy of ozzle;

What To S Probe and Front Half of Filter §

Do? L Assembly

Observe Recovery of Filter '

‘ The Test

Recovery

Observe Recovery of
Impinger Solutions

ser\ Labeling of Recovery|
Dishes and Completion of
Chain-of-Custody

Lesson 4
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Role of The Agency 'Inspec.tor

Phase 3: Recovering,
Transporting, Analyzing Sample
® Observe final sample recovery and document
(i.e., filter, impingers, silica gel)
L ‘Qhkscr‘_ve‘ propetly marking of
©' samples/containers
“w Observe completion of Chain-of-Custody
€oQ)
® Observe sample analysis (i.e, FRM 3/4/6 etc) if
possible, and audit sample analysis

Phase 4: Observer’s Compliance
Test Report
= Use standard report fd“:fhat ‘

= Cover all areas of responsibility

- = Present information inlogical manner

= Make determination of representativeness
of the compliance test data

= Include field documentation and observer’s
checklist

Observer’s Report Format

= Cover
= Plant name and location
= Source sampled
m Data sampled‘
® Testing tirm
= Control agency
m Certification
= Cernfication by observer(s;
u Certification by author if not observer

B (Ccruficanon by key agency personnet

Observer’s Report Format

® Introduction
= Agency name
® Purpose for observer’s report
= Purpose for test
® Plant name, location and process type
m Test dates
® Pollutants tested
B Applicable regulations
B Agency sections and personnel directly

involved

Observer’s Report Format
®m Summaty of Representativeness of
Data
mCompliance test protocol
mCalibration of sampling equipment
mprocess/control equipment data
mSampling/analytical procedures

mCompliance test report

Observer’s Report Format

m Facility Operaton ;
s Description of process and control device
= “Baseline” conditions
s Observer’s facility data (Chécklist)
= Representativeness of process and control device
u “Baseline” conditions for agency inspector
= Sampling Procedures
= Acceptability of sample port and point locadons
u Compliance Test Protocol
= Calibration of sampling equipment
® Observer’s checklist (pre-test, test, recovery)
= COC review

Lesson 4
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#468 Compliance Test and Source Test Observation - ;
Session #1: EPA Test Programs/Agency Compliance - Role of The Agency Inspector

Observer’s Report Format

® Test Report
= Intcoduction

Emission Test Problems

= Summary of results

& Facility operation .

= Sampling procedures Encountered by Agency
Astendices’

e Inspectors!

= Appendices
s Copy of pertinent regulations
& Related correspondence
& Compliance test protocol
u Observer’s checklist
& obscrver’s test log
& Other related matedal

Typical Level of Resource
Allocation by State Agencies®
(i.e., State of Pennsylvania)

Typical Level of Resource £
Allocation by State Agencies
(i.e., State of Pennsylvania)

Agency Hours Utilized in Effort

95 % of protocols are Agency

reviewed u 25 % of hours on Protocols
80 - 90 % of tests are Agency 'm 25% of hours on Observatons
observed = 38 % of hours on Reports

95 % of reports arc Agency reviewed

Protocols & Observations -
This isn’t

rocket science!

Lesson 4
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance

Protocols & Observations
Protocols

= Goal - To minimize problems in the field
® Identify required sampling train components &
procedures.
= Filters, Nozzles, Purges, etc.

= Detection Limits, Interferences, ctc.

= Ensure method is properly tuned for the source.

Protocols & Observations g

Observations

» Ensure the methods and protocols are followed.

Frequency of Field
Problems

‘Ftequency of Field Problems

Internal Audit

& 1999 - 47% of the test observations resulted in
significant corrections by State of Pennsylvania
agency observers

Frequency of Problems (o)

EPA Inspector General Audit of 1999 tests

w Test Observations - Agency made significant
corrections in 57 % of the test programs.

= Test Protocols - Agency found 86 % of the
protocols to be deficient.

a Testing Programs - Agency required of the test
programs to be repeated for at least one parameter.

w Test Reports - 26 % of the reports required
significant correction, clarification or were rejected
by Agency.

Lesson 4
24
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#468 Compliance Test and Source Test Observation
Session #1: EPA Test Programs/Agency Compliance

Role of The Agency Inspector

Frequency of Problems om)

EPA Inspector General Audit of 1999 tests

m Testing Programs - Agency required of the

test programs to be repeated for at least one
parameter.

m Test Reports - 26 % of the reports required
significant correcdon, clarification or were
rejected by Agency.

And they know
we’re looking!!!

Types of Problems Found

pol

9

Types of Problems Found

m Pre-site survey errors (?)

= Sample recovery & handling errors.

= Equipment errors

® Procedural errors

® [irrors caused by inexperienced and/or
frusirared testers.

Types of Problems Found (o

Errors Attributable to the Pre-site Survey
{ or lack thereof )

x Unacceptable Sample Locations

- Port Locations Inadequate
- Upstream & Downstream
Measurements Wrong
- Stack Diameters Measured
Wrong

Types of Problems Found .

Errors Attributable to the Pre-site Survey
( or lack thereof )

m Equipment & Electrical
Needs/Limitations -
Lquipment Clearances

- Port Diameters -
Traversing needs (vertical)

L.esson 4
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#468 Compliance Test and Source Test Observation

Session #1: EPA Test Programs/Agency Compliance Role of The Agency Inspector

Types of Problems Found o

Sample Recovery and Handling Errors

u Unaccepuble recovery locations
w Improper reagents and equipment
w Inadequate procedures

= Shipping errogs

Types of Problems Found (o

Equipment Errors

+ Operating ranges/calibration gases
+ Poor condition or not calibrated

¢ Incorrect train components

+ Improper methods

Types of Problems Found ()

Procedural Errors

+ No cyclonic flow checks

+ Failed pre-test leak checks

+ Marked wrong traverse points
+ Not maintaining isokinetics

+ Temperatures not maintained
+ Recovery procedures wrong

Types of Problems Found (o)

Inexperience or Frustration Errors

¢ You name it.
¢ End of Day Syndrome (EDS).

Favorite Follies

,

Favorite Follies

Method 25
+ Everyone complained about the
method.
+ They claimed it didn’t work.
+ Couldn’t pass the audits.
< Analysis was flawed.
¢ You name it, we heard it.

Lesson 4
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Role of The Agency Inspector

Favorite Follies
Method 25 Requirements

< 1 hour tank {eak checks

<+ 5 min: train leak checks @ 10 mm.
<+ 30 min heat-ups

< 10 min. purges

¢ Dry ice

< probe and filter @ temp.

Favorite Follies o
Method 25 Errors

< 1 hour tank leak checks not done.
¢ Could not calculate the allowable leak.

< Tried to quantify leak with a vacuum gauge.
< Attempts to skip the 30 min heat-ups and

10 min. purges
< Try to start before dry ice was onthe t
< Didn't have dry ice and wanted to use
ice.

raps.
H,0

Favorite Follies o
Method 25 Errors
+ Attempts to skip the 30 min heat-ups and
10 min. purges
+ Try to start before dry ice was on the traps.
< Didn't have dry ice and wanted to use H,0

Favorite Follies «u
Pitot Problems
+ Consultant didn’t do the pitot tube
leak check.

+ The observer requested it be
conducted prior to preliminary wark.
< Consultant chose to leak check after

¢ Lost 1 hour on preliminary work, 2
haurs finding & fixing the leak.

s
e
vy

preliminary work. T

‘W

ice.
, Favorite Follies
Another Pitot Problem
< Asphalt Plant test initially not
observed.

+ Consultant called and reported
cyclonic flow @ 80 degrees.

+ We checked prior test report for
indication of cyclonic flow.

< Report indicated no sign of cyclonic
flow.

Favorite Folnes (cont.)
Another Pitot Problem

+ Two Agency people went to the site.
Consultant claimed to be an ex-
regulator.

< Pitot tube was in very poor condition.
< Very poor traverse procedure.
< Agency personnel determined cycloni

C

flow to be, on average, greater than 20

degrees.

Lesson 4
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Session #1: EPA Test Programs/Agency Compliance

Favorite Follies o

Paper Board Plant

+ Protocol was approved with acceptable
sampling locations.

+ Three locations tested simultaneously (1
horizontal and 2 vertical)

Paper Board Plant

Favorite Follies )

’ required. Testing delayed 1 week.

+ Protocol contained inaccurate
information. The sampling locations
were not acceptable and extensions were

+ The consultant was not traversing the
vertical port location. Run voided. 2
hours wasted.

Favorite Follies )

Refinery Test

+ Not observed

+ Consultant believed ammonia was
interfering with their NOx analyzer
because their analyzer didn't agree with
the facilities CEM.

+ To fix the problem they placed an
ammonia scrubber in-line.

Refinery Test

Favorite Follies o

+ Agency identified the scrubber in the test
report.

+ Agency suspected that NOx would also be
removed. Consultant disagreed.

4 Agency conducted a converter efficiency
test on their NOx analyzer while switching
the same ammonia scrubber in and out.

¢ NOx was removed & the test was
repeated.

Favorite Follies

Sewage Treatment Plant Test

& H,S test during which the
consultant elected not to do the
optional (but recommended)
calibrations between runs.
+ Consultant wanted to "save” .
time. ’{t,\
< Entire day scrapped due to failed
post-calibration.

Gypsum Plant Test

Favorite Follies

+ Sampled while process was not

+ Sampling train took a dive!
+ Improperly aligned probe and pitot

+ Filter & impinger temps. above method

& Port locations not consistent with

operating.

assembly.
criteria.

protocol. Tests postponed!

Lesson 4
28



#468 Compliance Test and Source Test Observation
Role of The Agency Inspector

_Session #1: EPA Test Programs/Agency Compliance

Favorite Follies

Gypsum Plant Test
o Filter & impinger temps. above method
criteria.
+ Port locations not consistent with
protocol. Tests postponed!

Favorite Follies @)

General Source Test

< Incorrect impinger solutions for the HCI
trains.

< Cascade impactor used instead of
cyclone for PM-10 as identified in
method

# Stainless steel filter support used when
Teflon was required for the metals
train.

# Particulate train was traversed
incorrectly.

Solutions ???

Solutions ?7?7?

Possibilities

< Certification of individual testers and
consultant companies (see Source
Evaluation Society (SES)
recommendations!)

< Facility awareness and communication

¢ Adequate regulatory oversight

Solutions 7?77
Certifications

+ Would likely not solve the problem
alone

+ Must have a significant regulatory
hammer to accomplish goal

+ Would allow companies looking for a
consultant to request a minimum level
of expertise on their job and in their bid

< You must remember that there are
significant dollars wrapped up in the
collection of the samples.

Solutions ???
Facility Awareness & Communication

+ Facilities could report their experiences
to a “system” which could aid in the
future selection of a qualified
consultant

-+ Facilities should also pay close
attention to delays in testing programs
and their causes. Billing of “down-
time” can then be easily quantified and
confirmed

Lesson 4
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Solutions ???

Adequate Requlatory Oversight

Solutions ?7??

+ What % of errors is acceptable?

+ We see about 50% and they know we're
coming out to observe.

Adequate Regulatory Oversight

~ g Training of facility personnel in
+ At:80 - 90 % of the tests programs . .
observed, only about 5 - 10 % of the test stack testing issues may
programs have unobserved errors. Some i i
of those are found in the test report be requi red!!!
reviews

The Truth is “UP” There!

Lesson 4
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Properties of Gases

Compliance Test and Source Test
Observation
Properties of Gases

Properties of Gases

w Temperature

m Pressure

x Atomic Weight

u Molecular Weight and Moles
m Avogrado’s Number

w [deal Gas Law

u Moving Gases

Temperature

Degrees Fahrenheit: °F
Degrees Cendgrade: °C
°C = 5/9F-32)

CF = 9/5 PCH 4+ 32

Absolute Temperature

Degrees Rankine: R
Degrees Kelvin: I
R = °F + 45949

N = °C + 273.10

Absolute Pressure, P

= 2
P = 1 b + Pg
P, = Barometric pressure
P, = Gauge pressure

Units of Pressure

in. Hg atmospheres
mmHg torr

in. FILO  pascals

Lesson S

1
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Session #2: FRMs 1-5 Methodology Properties of Gases
1 Atmosphere = EPA Standard Pressure
and Temperature
29.921in. Hg
39.90 ft H,0 B _
14.701bs/in.? P = 2992 in. Hg
760 mmHg T,g= 20°Cor68°F
1 torr
for source testing
Atomic Weight Molecular Weight, M

The sum of the atomic weights of all
A number that indicates how heavy the atoms in a molecule
(on the average) an atom is compared

MW of CO
to an atom of another element
: . 12+ 16=28
(Assign carbon atomic wt = [2) ‘
n = number of moles 1 gram-mole =
1 mole =

6.023 x 102 molecules

The molecular weight of a compound
(Avogrados’s Number)

expressed in Ibs (Ib-mole ) or in grams
(g-mole )

1 mole of CO =28 grams

Lesson 5
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Session #2: FRMs 1-5 Methodology

Properties of Gases

1 mole = Avogrado’s Number

worth of molecules
(6.023 x 10%)

Occupies
224 L
At O° C and 1 atmosphere

1 mol helium at STP 1 mol xenon at STP
Volume = 224 L Volume = 224 L
Mass =400 g Mass = 1313 g

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

The Ideal Gas Law

The Ideal Gas Law

Absolute Absolute
Pressure Temperature

PV =nRT

N

Ideal Gas Law
constant

Volume
# moles

R

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

(in. Hg) (ft)

R = 2183 ——=2  ~
. (Ib-mole) (°R)

Lesson 5
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Properties of Gases.

Correcting Volume to Standard

Conditions
Ts
Vs stack nR P
s
Vs std = nR _T_&
Pstd

Dividing top by bottom gives

Properties of Moving Gases

= Velocity
o Volumetric flow rate
B [sokinetic sampling

® Pollutant mass rate

Teq P
Vstd = Vs : :
Pstd Ts ’
Velocity

Vo=t see or ft/hr

. ft
Velocity, v, —

Sec hr

Determined by Method 2 using the Type
S pitot tube

The Pitot Tube Equation

s(avg)

PM,

v =K,0,(80),,

Lesson 5
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~Session #2: FRMs 1-5 Methodology

Properties of Gases

Volumetric Flow Rate
Q = v, A
P
Sec sec
or
£
hr hr

Isokinetic Sampling

—E—' x100

FRM 5 Isokinetic
Rate Equation

T\/ (std) Psld
TstdvseAnPSGO (1 - Bws(est))

Vo AH
T oo SV miave! v
o o E\’ fer {Trw(avﬁ? JED T 6Jj|

%L, =100

)

3~

60 8 VP

FRM 5 Isokinetic Rate Equation
(Simplified)

Doy J 0.0358 Qum D
Tmcp (1 (esl)) Ps Apesl

M, T. P.
AH :{846‘72 D4AH,, C2(1- B,)? T»_ n } AP

T P,

Pollutant Mass Rate
(pmx)

pmr = cgQqg

Where: cg = the pollutant
concentration

Concentration, cg

m Quantity of pollutant (mass)
C == =
5 \Y Quantity of effluent gas (vol)

Units: g/m?, Ibs/fe, gr/ft,
ppm
Note: 7000 grains (gr) = 1 1b

Lesson 5
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~Session #2: FRMs 1-5 Methodology

Properties of Gases

Emission Rate
(Combustion Sources)

Q, | 10° By

Where: Qg = heat input rate in units
of Btwhr

lbs Ibs ﬁ5/
hr jiZ8 hr
Fedaral Referance Method § Equations
;)« W 8440 ENCOIEI0 (180 (e HernCT]

NTET-B L A,

B o GunCa
Gt J00 O N A TP S TP ]

Vo R Ly} ~Ee
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~Session #2: FRMs 1-5 Methodoelogy : Stack Test Basics

Compliance Test and Source Test
Observation EEE] e
Stack Test Basics E-;mm

»
i
’
3
1
b
H
3
3
3
3
3
H
3
]
L3
1
1
[
3
H

‘g‘ Isokinetic Sampling Methods
w8
£

g
E_
£5
83
23
gc
wdlhe
ou
3
-

“Isokimetic
Methods:

FRM 26A

W23 B7W

-1

- . Hydr o
PARTICLE DIBMETER, miercs Hydrogen ||
iHalogens | |

ATHEEPHERIC PARTICLE DISTRIBUTION fomm)
%me  DEPORITION |—)

Basic Definitions

+ Source Sampling for
Particulate Emissions

= Source sampling methods are used to
determine emission compliance with
regulatory statutes

= C (ppm, gr/dscf), pmr (Ib/hr), E (Ib/108
Btu or Ib/lbs product produced)

Lesson 6
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- Stack Test Basics

Pollutant Mass Rate

P[MRr=C-Q: N )

Obtain Cp, Ty, AP, Gp4ain AH@, D,

M, P, B

P,,T,, AH

ws?

How Do We Define Particulate
Matter?

= TPM?

= FPM?

n FPM—I?

= TPM-PM10? -

u FPM-I-PM10?

u CPM?

u MCEM?

Definition of Particulate Matter

= Total Partculate Matter (TPM): The
sum of the filterable particulate (i.e.,
front half of the FRM 5 sampling
train) and the condensable particulate
matter (i.c., the back half of the FRM
5 sampling train, including water and
organic soluble extractions, Method
202)

Definition of Particulate Matter

w Filterable Particulate Matter (FPM):
The mass of the filterable particulate
matter (i.e., front half of the FRM 5
sampling train) that is kcaptured on the
filter at a temperature of 248 F +/-
25F

Definition of Particulate Matter

m Filterable (In-stack) Particulate Matter
(FPM-I): Particulate matter as
measured by FRM 17 at stack
temperature and pressure

= Total Particulate Matter PM-10 (TPM-
PM10): Sum of the filterable PM-10 as
measured by FRM 201 and 201A and
the condensable particulate matter
determined by FRM 202

Definition of Particulate Matter
= Filterable (In-Stack) Pasticulate Matter
‘PM-10 (FPM-I-PM10): Particulate
mattetr with an aerodynamic diameter

of < 10 micrometers as measured by
FRM 201 or 201A ‘

= Condensable Particulate Matter (CPM):
Particulate matter captured in the back
half of the FRM 5 sampling train,
including water and organic soluble
extraction components, Method 202.

Lesson 6
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Session #2: FRMs 1-5 Methodology Stack Test Basics

Definition of Extractable

Particulate Matter Basic Definitions

m Methylene Chloride Extractable
Particulate Matter (MCEM): MCEM S o .
involves methylene chloride rinse of the = Isokinetic Source Sampling
probe and filter holder, extracting the
condensable hydrocarbons collected in

m“Tso0” as denoting equality,

similarity, uniformity. “Kinetc” is
the impinger water and rises after the .. i
.. _ defined as of, pertaining to, or
filter to the silica gel, all residue )
determined gravimetrically after due to motion

evaporation of solvents (i.e., FRM 315)

x AH =K Ap

Isokinetic Sampling and Bias

znla :a::.afu
peeef

® To obtain average pollutant

concentration, need parameters:

& Quantity of mass emitted from stack

m Total quantity of volume from stack

= [sokinetic sampling provides best
approach for accurate data

= Pollutant mass rate (pmt)

mpmr, (Ratio-of-areas: A, rato A

rmpmr, (Rato-of-conc.: m rato A)
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

Stack Test Basics

100 % Isokinetic

200% isokinetic

Vn=2Vs

100% isokdnetic

Vs=Vn

Sub-Isokinetic (50% )

50% isokinetic

Vn=1/2Vs

Nozzle Misalignment

Nozzie misatignment

Isokinetic Sampling

\Y
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Session #2: FRMs 1-5 Methodology Stack Test Basics

FRM 5 Isokinetic

In Otrder To Take An Isokinetic )
Rate Equation

Sample, We Must....

- m Calculate the motion of the gas "
stream passing by the sampling
system, and ,

m Recreate that motion in the sampling
system '

History of FRM 5

FRM 5 Isokinetic Rate Equation
= 1970 FRM 5: Filterable PM @ 248 F

(Simplified) -
m 1982 FRM 5A: PM @ 108 F for Asphalt
Roofing, Pre-collector cyclone and
O | S0P [T
T C(1-8B P A ® 1986 FRM 5B: Nonsulfuric Acid P
moe ( WS(ESt)) s APest with Sampling and Volitilization of Filter
@ 3N0 1
AH=4846.72 D4 AH,, C2 (1 - B2 My Ty, Ps AP w Roserved FRM 3C: Small Ducts
v M, T, P {Reserved;
w 1984 FRM 5D PM @ 248 T from
Posiove Fabric Filters
History of FRM 5 History of FRM 5
- i m 1988 FRM 5G: PM @ 90 F from wood
198 & ST w] -
"1 ).83 : Ri‘\,i SE: PM @ 248 F from stoves using a dilution tunnel with 100-
Mineral Wool Plus Captured mm series filters
Condensible in 0.1 N NaOH (TOC) w 1988 FRM 5H: PM from wood stoves
m Total Catbon @ 1740 F stack with 1% filter @ 248 F, then

impingers followed by 274 filter @ 68 F

m [norganic Carbon @ 300 FF
m 1999 FRM 5I: Low level (<50 mg) PM

sC =C +C ) - . A

t o C ) . _ using FRM 5 sampling train with 47-mm

& 1986 IFRM 5FF: Non-sulfuric acid filter @ 248 F and paired sampling trains
PM @ 320 F with water rinse and (< 10%)

ammonium sulfate substraction
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#468 Compliance Test and Source Test Observation : ; ‘
Session #2: FRMs 1-5 Methodology Stack Test Basics

FRM 5 Sampling Train

Errors in pmr Calculations
Using FRM 5

aT: 1.4%

= DGM: 1.0 %

mP;: 0.4%

mP : 04%

m P 02%

B B 1.0% Affeces “o [so

BAH: 5.0%

w100

e Delea Fl 0 1.5 %%

F edetdlﬁReference Methods
(FRMs) 1 through 4

m Used in other teference methods

m Used to determine
w Number of sampling points (FRM 1)
m Stack gas velocity (FRM 2)
m Stack gas molecular weight (FRM 3)
m Stack gas moisture content (FRM 4)
m Stack gas patticulate matter (FRM 5)

u All have available checklist

Lesson 6
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Session #2: FRMs 1-5 Methodology

FRM 1

Compliance Test and Source Test

Observation
FRM 1 Sampling/Velocity Traverse Points

FRM 1 History

= 1970 Promuigated

m 1983 Reduced Number of Traverse
Points

m 1986 Alternative Procedure for Site
Selection

= 1989 Method 1A, Traverse Points in
Small Ducts

FRM 1

m Method 1 specifies both the sampling
site location and the location of the
sampling points to which the source
tester will measure a representative
sample

= Pollutant emissions

m Total volumetric flow rate

Lesson 7
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methoedology ; FRM 1

FRM 1 Basic Principle FRM 1 Sampling Site Locations

u “...the more convoluted the ductwork,
the more points
will need to be tested.”

m Representative measurement
= Modifications to FRM 1
mRectangular stacks
uOnly measuring velocity

mStacks smaller than 12 inches

Particle mass concentration profile, mg/m? FRM 1 Siting Criteria

Boatis downstream
from rocks. Rocks
are upstream from
boat.Boatis
upstream from falls.
Falls are
downstream from
boat.

Gas velocity

profile, m/s (:;?‘

Profile area

The position of objects relative to a boat

FRM 1 Applicabilityf

Ideal Siting Criteria o ‘, m > 12” diameter duct, stack
o S m Not for use in cyclonic, swirling
A | }J‘ u Not for sample locations
ff‘ e _ - J m< 2 Diameter downstream from flow
’ "’ e Zn..:umf ‘B disturbance
| poaill

; < 0.5 Diameter upstream from flow

Port is downstrapm of A disturbance

Pod ts tpsiream of B

u Check “as built” drawings for external
and internal interferences above and

below sampling port locations ]
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology FRM 1
Exceptions to FRM 1 Exceptions to FRM 1
(Can’t use FRM 1) (Can’t use FRM 1)
= #1: Cyclonicorswirling k - = {#3: Measurement site is'less than 2
gas flow (>20 ,c;fe,’g‘_ree‘\s) o duct diameters downstream or less

than 0.5 diameters upstream from a
flow disturbance
{(Use Alternative Procedure, Section 2.5}

= #2: Stack smaller than 030m (12”)in
diameter or cross-section area is less
than 0.71 m? {113 in?), Use Method 1A

FRM 1 Flow Disturbance Stack Extensions Required
= Bend in duct = When stack is too short for proper port
m Expansion or contraction location
inthe duct = Straightening vanes are needed to
= Visible flame remove cyclonic or swirling flow

m Possible down draft from wind blowing
across stack

Sampling Location

= Determine the upstream and
downstream disturbances

= Measure the distance the sampling port
is from those disturbances

= Divide the distance by the diameter of
the stack

= |deal location is 8 downstream and 2
upstream

Lesson 7
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#468 Compliance Test and Source Test Observation

FRM 1

Session #2: FRMs 1-5 Methodology

FRM 1 Siting Criteria

2 duct diameters upstream

of a flow disturbance, the siting

criteria states

= Velocity head profile is assumed
to resemble faminar flow

m At 8 duct diameters downstream and

FRM 1 Siting Criteria

mThe minimum number of
sampling points can be used

w8 or 9 for 12-24 in. stacks
m12 for > 24 in. stacks

L FR ,;1'?Siting Guidance

for particulate traverses and velocity
traverses (Figure 1-1 in Federal
Register})

= Federal Register provides

Federal Re'gister)

® Federal Register provides illustrations
for minimum number of traverse points

focation of traverse points (Figure 1-2 in

TOCTORRETERS O FROW FLOTW DTS TORIDUTCE (0 AT

s 1.0 1.5 20

f | | P [
* HIGHER NUMBER 1S FOR :

RECTANGULAR STACKS OR DUCTS H
40 —

s
240825

al

STACK DIAMETER >0.61 m (24 in} {“
12

BTN RURBER U [0V ERSE POTTS:

* FROM POINT OF ANY TYPE OF DISTLRBANCE :
(BEND, EXPANSION, CONTRACTION, ETC)  STACK DIAMETER = 0.3

P8 IS [N B AN E N

T B
10 — : Borg9 -~

TO 051 m {12-24 7} )

|

2 3 4 5

DUCT DIAMETERS DOWNSTRIAM FROM FLOW OISTURAANCE® (DISTANGE B)

€ 7 8 9

N
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#468 Compliance Test and Source Test Observation

- FRM 1

Session #2: FRMs 1-5 Methodology

T TR e TS TR TR T T - R
as 1.0 15 20 o 2
1 [ ] { | oot
N ‘ KH!GH’ER NUMBER (S FOR
a0 RECTANGULAR STACKS QR bucts
30 -
20 —
1 STACK >0.81 m (24 b}
A R b
10— l Bocs L
" mﬁ%&m STACK DAMETER = 030 TO 0.61 m (12-24 inj )
. A Y I B
2 3 4 5 8 T 8 ] 19
DUCT CIAETERS DOWNSTREAM FROM FLOW DISTURBANCE* (DISTANCE B}

o (Eaioentof sk inmelar ko

‘ Humber of (raverse poinis on 2 damer

Traverse poie on a diameter v
[ 274 & e 124 1 [1sm [22]2

] { }

I

| S 24| 16 15[ 147 13| 11| 11
I, 87 571 4% u\ 33) 35} 232
3 el g y 18| 99| 85| 75/ 67| 6L 55
I . 26 | 177 | 145 | 125 103' 97| 87| 73
s 250|201 | 139 | 146, 129 | 145§ 135
g 356 | 891 220 | 108165 | 146§ 132
7 644 | 3661 233 | 236 20.4 [ 180 | 151
5 750 | 634 | 375 e 194
9. W5| B2} B0

8237311625

nslaa
!

Smoke Stack Crose Soction
with Yreeerse Points Indicaled

FRM 1 Equal Areas

= The circular duct is divided up
into four equal quadrants, each of
which is divided into equal areas

= Traverse points are then located
at the centroid of these areas

m Two perpendicular diameters

= One diameter must be in the “plain of

the bend.”

Pt &0, App. Bieth. t

B s& Distance,
% df dizmeer

40 CFR Ck. 1 {7-1-89 Edilion)

2
5
5
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology FRM 1

FRM 1 Location
of Traverse Points

m Percent distance of traverse point from
inside wall of duct determined from
Table 1-2 in Method 1

m>24" stacks, no traverse point within
1inch

m <24"” stacks, no traverse point within
0.5 inches

FRM 1 Rectangular Ducts

m [n the case of rectangular ducts, an ~ D =
“equivalent diameter”, De, is used in ¢ (L+ W)

the siting and traverse point
consideration

w De = 2LW/(L + W)

& Must use balance matrix

Rectangular Duct
3X4)
e o i e i @
e i o i e i @
o i o i @ | o
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Session #2: FRMs 1-5 Methodology

FRM 1

FRM 1 Verification or Absence of
Cyclonic Flow
= CYcIonic,ﬂbw may exist (Section 2.4)
 - After sty,xc’h dévices as cyclohes and
inertial demisters following venturi
scrubbers

m In stacks having tangential inlets or-
other duct configurations which tend
to induce swirling

Cyclonic Flow Determination
(Ducts >4in.)

m Equipment
m Manometer
mType S pitot tube/level indicator

m Procedure
m “Null” reading; O.K.
m Determine delta p if not “nul
m Acceptance avg. Ap < 20 degrees

[II

FRM 1 Alternative Measurement
Site
Selection Procedure

m Applies at sites < 2/0.5 siting

m Must use “directional probe” to
measure “yaw” and “pitch” angles at
more than 40 traverse points

m Calculate Resultant Angle (Ri)

mRi = Arccos{{cosYi){cos Pi)]

mif Ri < 20 degrees, then can use
sample location

Method 2F Equipment

m 3D Probes
m Spherical
sEasy Leak Check
mMore Sensitive
mless Costly
& Prism {DAT)

Lesson 7
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Session #2: FRMs 1-5 Methodology

FRM 1

3-D Probe Measurements

m P1: Impact Pressure
m P2-P3: Yaw Angle
m P4-P5: Pitch Angle
m P1-P2: Total Vélocity

3-D Probe Measurement

m Position probe at traverse point and
verify position of “scribe line.”

m Pre |eak check

m Record yaw and pitch angles at each
traverse point

m Calculate resultant angle

m Post leak check

3-D Probe Measurement

|II.

mYaw to “null”; Record gauge reading
yaw angle (Yi) at traverse point.

m Record gauge reading pitch angle and
determine pitch angle (Pi) from
calibration curve.

= Complete for each traverse point.

e Calculate Resultant Angle (Ri)
uRi = Arccos[(cosYi)(cos Pi)]

Pitch Angle Curve

(F1Ca libration Curve)

® F1 = (P4-PS)/(P1-P2)

= Manufacturer plots F1 vs. Pitch Angle at
Qualified Wind Tunnel at Two Flow
Rates (60 and 90 ft/sec)

Pitch Angle (degrees)

25L

15 |~

-5

25 |

-0.60 0.00 0.60
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

FRM 1

3-D Probe Measurement For
Acceptance Criteria

w Calculate Resultant Angle {Ri)
mRi = Arccos[{cosYi)(cos Pi}]

= Measurement location is acceptable if
= Ri
uS,=10 degrees

avg= < 20 degrees

Role of the Inspector
FRM 1 Activities
m Verify duct > 12 in. diameter for proper
equipment selection
m Verify duct dimensions
m Verify upstream/downstream distances

w Check for blockage (Feel, look into duct
for blockage)

Role of the Inspector
FRM 1 Activities
m Verify required number of points
= Adjust the required number of points if
required (0.5in. <12 in.;
lin.> 12 in. to stack wall
w Check for cyclonic flow (average of < 20
degrees for all sampling point)
m Observe “Alternative Site Selection”
verification

Major Points in FRM 1

m Limitation of method (Sec. 1.2)

m For rectangular stacks, equivalent
diameter (Sec. 2.1)

= Minimum number of traverse points
{Sec. 2.2.1)

e For particle sampling, one diameter in
plain of bend (Sec. 2.3.1)

Major Points in FRM 1

= Relocation of traverse points
(Sec. 2.3.1.1)

= Definition of cyclonic flow
(Sec. 2.4)

= Verification of absence of cyclonic flow
{Sec. 2.4)

Major Points in FRM 1

m Alternative Measurement Site Location
(Sec. 2.5)
m Directional flow sensor and resultant
angle (Sec. 2.5.1.1)
m Post leak check required at 3 in.
water (Sec. 2.5.3.3)

Lesson 7
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#468 Compliance Test and Source Test Observation

10

Session #2: FRMs 1-5 Methodology FRM 1
Major Points in FRM 1 FRM 1 Inspector Tools
m Alternative Measurement Site Location = Tape measure
(Sec. 2.5) Continued m Field Observation Agency Checklist
= Calculate resultant angle at = Type S pitot tube (cyclonic flow check])
each traverse point (Sec. 2.5.4.1) and level indicator
u Calibration of directional = 3-D pitot tube (alt. meas. site) and level
flow sensor (Sec. 2.5.6) indicator
FRM 1 Tips FRM 1 Tips
= Measure the stack diameter = |f measurement site location is after
from each sampling port and average venturi scrubber or stack
values has tangential inlets, verify absence of
= Find in-stack restrictions by using cyclonic flow
gloved hand and visual inspection of = If stack is < 12 in., do not
internal area use this method (Use FRM 1A)
& Don’t forget to take into consideration s |f measurement site location
the nipple of the stack or inner liningin <2D/0.5 D, don’t use method
calculations
" 'FRM1 Tips Dismiss Stack Test FRM 1
m Add first and-last traverse
points together to get internal
stack diameter and compare to m Stack geometry not measured properly
calculated value {Wrong number of points)
= Don't forget to add nipple diameter to m Failure to identify cyclonic flow
calculated traverse points m Failure to consider small ducts
= “White-out” is an excellent
tool for marking probe
|
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Session #2: FRMs 1-5 Methodology FRM 2
- 40 CFR
Compliance Test and Source Test s
Observation ) _
Protection of Envirenment
FRM 2 Method Pollutant Mass Rate
PMRs = ¢
QS | Cs
Method 2 S
Determmation of fictimnis
stactf. aas velocity — Hin
and vo!ynwelfi’c tawe o ) /X(“vg)
ey P A e Vi
;T e .
R 3 =T T T
Obtain C , T , Ap, . .
" P Obtain AH@, D,.
© : Bws’ pm’ ’]“m’ ‘A}[ 4

Envronmentct PTOCHoN Agancy PL 60, ADD. A Mam, T

oo it s
X yos

ta—par
LT antns stee

IEETE0 IMTCRHALALT FRCT
LXYERL S e ibotmasy

FAVE 21 Type S 0m04 mtow ommmameter wuscmnby,
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Session #2: FRMs 1-5 Methodology FRM 2

FRM 2

® This method is applicable for
measurement of the average velocity of a
gas stream

= The average gas velocity in a
stack is determined from the gas density
and from measurement of the average
velocity head with a
Type S (Stausscheibe or reverse type)
pitot tube

FRM 2 History

= 1970 Promulgation of FRM 2

= 1983 FRM 2A in Small Ducts

= 1983 FRM 2B Stoichiometty Flow

= 1989 FRM 2C Std Pitot Small Ducts
x 1989 FRM 2D Rate Meter

x 1996 FRM 2K Landfills

= 1999 FRM 2F 3-D Yaw/Pitch Angle
= 1999 FRM 2G Type S/3-D

x 1999 FRM 2H Wall Effects

Can’t Use FRM 2

® Failed siting criteria (Mininum of 2/0.5
diameters)
® Duct/stack < 127

m Cyclonic flow exist at locaton

& [nstall o hienmg vanes

FRM 2 Pitot Tubes

= Fach type pitot tube measures an impact and
stagnation pressure and combines the
measurements to obtain a velocity pressure
& Size of manometer requires:
m Ap>0.05 * water, then 0-10 * manometer
adequate
B Ap<0.05 ~ water, then use manometer with
(0005 Adivision {Le., micro-manomerey
= Ap<t(L0T “water, then use high sensinivit

iransducer such as Hasting Thermo Probe

- Interference-Fre
' Arfﬁhgement
s Pitot tube distance to nozilei >3/4
inches for Y2 nozzles
= Center of nozzle and pitot tube opening
aligned
= Thermocouple location to pitot tube > %
inch for 3 inches
m Back-recess thermo. > 2 inches

m Gas sampling assembly > 3 inches from
pitot tube

Type S Pitot Tube

Design criteria for assigning

C, = 0.84

Lesson 8
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Session #2: FRMs 1-5 Methodology S ; FRM 2
an?gmgse
e ads
Adside plaris g S
i [e— Face opening —
105 a;:i; :‘SW_‘- ' 'pl’ar?es g

B-sids plane — _ér.._ _Agorg8

Savping Samping Statie pressire

Verification of Geometry of Type
'S Pitot Tube To Assign 0.84

= 0 1 and 2 (+/- 10 degtees)
i B 1and 2 (+/- 5 degrees)
.7 = </=0.125 inches

& W = </= 0.031 inches
= P, and P, 0.263 to 0.375
= D, =0.188 to 0.375
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FRM 2

Session #2: FRMs 1-5 Methodology

Type S Pitot Tube
Calibrate Using a
Standard Pitot Tube
and
Wind Tunnel

2 danesy
ez

Pitot Tube Calibration Data Sheet
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Session #2: FRMs 1-5 Methodology

[

Velocity Measurement Procedures

Leak-check pitot tube and differential pressure
gauge.

For circular stacks less than 10 ft in diameter,
two ports are sufficient. Use four ports when
stack diameter is greater than 10 fc.

Pitot tubes longer than 10 ft should be
structurally reinforced to prevent bending of
tube and misalignment errors.

Identfy each sample port and traverse point
with a letter or number.

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

Veloc1ty (cont.)
Care should be taken to prevent touchmg the

‘pitot tube tip to the sxde of the stack.
- Plug unused samphng ports and seal port .

bemg used as ughtly as possible. B
After traverse “chieck differental’ p[essure .

- gauge; repeat traverse if zero has shifted.

If hquld droplets are present, use a liquid trap
in positive pressure leg of pitot tube.

A post-test leak check is required after ecach
run of the pitot tube and velocity pressure
system.

Pitch Angle

Yaw Angle

Velocity'E’tror vs. Yaw Angle
For a Type S Pitot Tube

E 1524 misec
L AL

& 457 e
/‘%%”{;V‘Sﬁi

/ Persert velociy error

Average Velocity Over Cross-Section

Federal Reference Method 2
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Session #2: FRMs 1-5 Methodology ' - FRM 2

Average Stack Gas Dry
Volumetric Flow Rate

Ty P

Q. = 3600 (1 - Bm(wg))vs(ﬂg) A

s(avg) * std

— 5

Static Pressure Measurements

Pressure probe and gauge
825 . steel (ube

< QE i
Standard pitot tube \, ﬂ r
I ~ Manonteter Lbj

{

Type S plottibe

Stack Pressure (P,)

Barometric Pressure
Barometric pressure during testing is obtained by:
Instrument
w Mercuty, aneroid ot other barometer
(with required sensitivity)
Other
¥ Obtain barometric pressure from nearby
Narttonal Weather Service staton
fstaton pressure; and adjust for
clevation differcoces between sampling

sire and weather staton.

Pressure Probe and Gauge
Static pressure measurement must be
accurate to within 1 in. Hg (13.6 in. H,0).
Pressure sensors typically used to measure
static pressure during testing include:
® A piezometer tube and mercury

or water-filled U-tube
manometer
= The static tap of a pitot tube
® One leg of the Type S pitot
“tube

Applicability
Method 2 is applicable only at sites that:

= Meet the criteria of Method 1

= Do not contain cyclonic or non-parallel

flow

Lesson 8
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FRM 2

Alternatives When Unacceptable
Conditions Exist

(Subject to approval of the Administrator)

m Install straightening vanes.

s Calculate total volumetric flow rate
stoichiometrically.

= Move to a measurement site at which
flow is acceptable.

s Use procedures as desctibed in Method 2

for cyclonic flow.

Type S Pitot Tube Inspection
Data Sheet

m With the S-Type pitot tube, determine
whether it meets the design specifications
to be able to assign a Cp of 0.84

= C,may be determined in conjunction
with standard pitot tube

m Identification number sctibed on pitot
tube

FRM 2 Velocity Equation

FRM 2 Inspector Tools

m [ evel indicator

m Modular pitot tube

m [and-held manometer
m Pocket barometer

m [ [and-held digital chermometer

and thermocouples

FRM 2 Inspector Tools

s Bull’s eye level
m Field observation agency checklist

® Stack sampling nomographs
for field estimations

m 3-D pitot tube

Major Points in FRM 2

m 0-10 in. manometer for > 0.05 Ap

m < 0.05 Ap, use 0.005 in. divisions

» Thermocouple and magnehelic calibration
required

m Type S pitot tube: configuration,
calibration, and leak check

Lesson 8
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FRM 2

Major Points in FRM 2

= FRM 2 not applicable at sites
not meeting FRM 1 (Sec. 1.2)

m FRM 2 cannot be used in cyclonic ot
switling flow (Sec. 1.2)

m Alternative guidance
® install straightening vanes
= calculate flow stoichiometrically

= select another locaton (Sec. 1.2)

Major Points in FRM 2

® Type S pitot tube should have a known
coefficient (Sec. 2.1)

m Ident. # on pitot tube (Sec. 2.1)

m Acceptable design specifications allow C,
of 0.84 (Sec. 2.1)

m Standard pitot may be used, but must

demonstrate not plugged during use (Sec.
2.1)

Major Points in FRM 2

m Design specification of

Type S pitot tube (Fig, 2-3)
m Manometer specificatdons

of 0-10 in. for >0.05 Ap (Sec. 2.2)
m Provides guidance on use of more

sensttive gauge (Sec. 2.2)

m Provides calibragon ot magnehelic gauge

(Sec. 2.2}

Major Points in FRM 2

m FRM 2 provides guidance on adjustment
of barometric pressure with altitude (Sec.
2.5)

m Need to take static pressure measurement
only oace during
the test (Sec. 3.4)

& Must verity the tace opening aligniment,

measure and record (See. 413

" Major Points in FRM 2

» Guidance with Type S pitot tube
in association to probe/nozzle/
thermocouple placement (Sec. 4.1)

u Calibrate against
standard pitot tube at 3,000 ft/min
(Sec. 4.1.2.3)

Major Points in FRM 2

m Must leak check all pitot lines
(Sec. 4.1.3.1)

m May calibrate Type S pitot tube
at source (Sec. 4.1.5.1.1)

Lesson 8
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Session #2: FRMs 1-5 Methodology ; o ‘ FRM 2
Major Points in FRM 2 FRMs 2F, 2G, and 2H
= Must verify that probe sheath interference New Flow Test Methods
is < 2% of area of stack (Sec. 4.1.5.1.3) = Method 2F: calculates axial velocity (3-D
® May use of C, for Side A or B or may Probes)
average (Sec. 4.1.6.1.1) & Method 2G: calculates “near-axial”

velocity (Type S or 3-D probes)

= Method 2H: Wall effects
(Type S ot 3-D probes or default wall
effects adjustment factor)

Dismiss Stack Test FRM 2

® Pitot tube leak check at 3 ““ water failed
& Pitot tube geometry not to specificadons

® Pitot tube orientation during test not
proper

Lesson 8
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Session #2: FRMs 1-5 Methodology FRM 3
Compliance Test and Source Test FRM 3
Observation
FRM 3: Gas Analysis Molecular Werght Method 3
Dotermination of the dry matecutar weight of
S PR A e
Rl Principle
Protection of Eavironment A gas sample is collected by one of the
following methods:
u Single-point grab sampling
m Single-point integrated sampling
m Multi-point integrated sampling
Principle . .
TR Applicability
The sample is analyzed for the following :
components: '
m Catbon dioxide (CO,) For deterrrﬁn.ing dry n'.xolecular weight
‘ ] ’and excess air correction factor from
= Oxygen (O,) fossil-fuel combustion sources
= Carbon monoxide (CO) (if
necessary)
Lesson 9

1



#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

"FRM 3

Sampling Procedures
u Single-point grab
u Single-point integrated
u Multi-point integrated

Analytical Procedures
u Ogsat (Method 3)
u Automated (Method 3A)

Federal Reference
Method 3 History

= 1970 FRM 3 Promulgated
m 1986 FRM 3A Insttumental

m 1990 FRM 3B Orsat for Correction
Factor and Excess Air (F_-Factor)

w1996 FRM 3C Landfll Gas

Federal Reference
Method 3

® (5as analysis: measuring percent of
O, and percent of CO, to detetmine
the dry molecular weight of the flue
gas (using Orsat Apparatus)

Orsat Analyser

:Three-&'ay intef valve 1o manioikd

finket value ta CO pipetie

i {  inlet vave to O, pipetie

; { finiet vaive 10 CO, pipette
f

. banifold
{ Volume
refecence mark

——Water acket

Leveing
battie

Flaxibie kube
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FRM 3

FRM 3 Sampling Techniques

= Single point grab sample
= Single point integrated sample

® [ntegrated multi-point sample

Single-Point Grab Sampling
Sample point should be a centroid
of the cross-section ot at a point at
least 1 m from the wall of a large
stack.

Place probe securely in stack and
seal sampling port to prevent
dilution of stack gas.

Purge sample line and attach to
analyzer.

Aspirate sample into analyzer.

Single-Point Grab Sampling
Train

Proba FlaxMe bubing To enatyzer

Squeere bub

Lesson 9
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FRM 3

 Single-Point Integrated
o Sampling Train

Figure 3-2._ Iatogeated Cas-Sampling Train_

Single-Point Integrated Sampling

1. Sample point and probe placement 1s
same
as for single-poiat grab sampling.

2. Leak-check the flexible bag.

3. Leak-check the sampling train.

Single-Point Integrated Sampling

4. Connect probe to train and purge the
system.

5. Connect evacuated flexible bag and begin
sampling. '

6. Sample at constant rate; collect 30 to 90 L.
of gas simultaneous with pollutant
emiIssion test.

Multi-point Integrated Sampling
Train

Muiti-Point Integrated Sampling

Multi-point Integrated Sampling

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

&

Locate sampling points according to

Method 1.

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

4. Collect 30 to 90 L of gas simultaneous with

pollutant emission test.

Multi-Point Continuous

Integrated Sampling
w Particulate sample and variations

m Modified Method 5 sampling

m VOST sampling

m For concentrations given to specific
conditions (i.e., 12 % CO,, 6 % O,)

m For emission rate calculations (-
factor)

= For molecular weight determination

Lesson 9
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Orsat Analyzer

Three-way inlet valve to manifold
inlet value to COr/ plpeﬂe
/ fn!et value fo O, pipette
inlet vame 13 CO ‘pipetfe
Sample intet C TR

Orsat Analyzer

GANRC

[ecRis

-, Leveling
R 5 ) botile
e Side View of .
VRt SR
ihie fube
Orsat Analyzer Reagents
Reagent: Gas Confining Solution
A solution containing sodium sulfate,
sulfuric acid and methyl orange
Reageant: Carbon Dioxide Absorbent
A solution of potassium or sodium
hydroxide
Orsat Analyzer Reagents Fyrite Analyzer
Reagent: Oxygen Absorbent
A solution of alkaline pyrogallic acid or
chromous chloride
Reagent: Carbon Monoxide Absorbent
A solution of cuprous chloride or a
sulfate solution
I
Lesson 9
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Fyrite Analyzer . _
y e Ahalyzer Dry Molecular Weight Equation
D, = 0.44(%%CO,) + 0.32(%0,) + 0.28(%N, + %CO)
. Where: My = dry molecular weight
e : %o, = poreent CO, by volume (dry basis)
g 1 = %0, = porcentO; by volume (dy bt
Fiter (glass waal) e eyl Gy
AL e : 044 = molecular weight of CO; divided by 100
032 = roleculc weight of O, divided by 100
0B = molecular weight of N, divided by 100
028 = molecular weight of CO divided by 100
}f Prabe Q
_—
Gas absarber
Method 3 Data Uses Method 3 Data Uses
m Calculate molecular weight of the stack o )
gas ® FEmission rate calculation
L B = [{RM 19 contains the equation to determine a heat input
m Emission rate correction based emisston concentration
& FRM 20 contains the equation to correct an emission rate
toa % O, or % CO, E =C, F;[20.9/(20.9 - %O, )]
o = Cal(20.9 2405, )/(20.9 - %0, .0
Problems with FRM 3
Method 3A

- mLeak in pump or bag
Determination of O, and CO,
Concentrations in Emissions from
Stationary Sources

m Process gives off CO,or O,
& Cement plant- Cannot validate F,

= FGD scrubber- Cannot validate F,

® [ncomplete combustion cannot (Instrumental Analyzer Procedure)

validate F_- Too low for fuel

® Processes removing CO, or O,

Lesson 9
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FRM 3

Applicability

For the determination of O, and CO,
only when specified within the
regulations

Principle

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

Analyzer Operating Principles

CO, Analyzers
. Nondispcfsivc infra-red
- Polarography
O, Analyzers
- Paramagnetism
- Polarography

« Flectrocatalysis

/SRS
/ - Rested e
s [ Catimtion vihe

ra
- ;
Heszd @
] m‘s‘z&mﬁe i /

Cadrstion ? u
Ll @enam;:mtim G‘*[‘
L

ronte!
» Y S
i T W N 0 1
LI
.
otstuee Samue
fremoval systorn /f 533 AT
//
/. Sampte ilow
“oco!l v

Bry-pass s
ke v

ve
|
-

Performance Test Procedures

® Calibration error check
® Sampling system bias check

= [nterference response check

Lesson 9
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Session #2: FRMs 1-5 Methodology FRM 3
Performance Test Criteria Performance Test Criteria
Calibration Ertror — Intetference Response
m <+ 2% of span for zero, mid, <% 2% of span
high range gases
= (0) (40-60) (80-100) % of span For CO @ 500 ppm
. SO, @200 ppm
Sarnphng System COZZ @ 10%
Bias Check — 0, @209%
m <+ 5% of span for zero and high
range gases
Method 3A
Method 3B
Test Procedure
m Sample collection Gas Analysis for the Determination of
. . . Emission Rate Correction Factor or
® Zero and calibration drift Excess Air Using the Orsat Analyzer
test
The Fuel Factor
Applicability
For determining CO,, O,, and CO 209 - %0,
from a gas stream from a fossil-fuel Fo = o
combustion process /OCOZ
Lesson 9

8



#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

- FRM 3

Percent Excess Air Equation

VA %0,-0.5%CO 100
“EA =
0.264%N,—(%0,~0.5%CO)
Where: %EA =  percent excessive air
%0, = perceat O, by volume (dry basis)
%CO = perceat CO by volume (dry basis)
%N, = perceat N, by volume (dry basis)
0.264 = ratio of O, to N, in air, V/V

FRM 3B F, Factors
Coal: Anthracite 1.016-1.130
Coal: Bituminous {1.083-1.230
Oil: Distillate 1.260-1.413
Oil: Residual 1.210-1.370
Gas: Natural 1.600-1.836
Gas: Propane 1.434-1.586
|Gas: Butane 1.405-1.553
Wood 1.000-1.120
Wood Bark 1.003-1.130

FRM 3 Major Points

= Applicability to FFFSG (Sec. 1.1.1)
= Method modifications (Sec. 1.1.2)

= A multi-point sampling method/
Ogsat at cach point

m Using CO, o O, and
stoichiometric calculations

= Assgning value of 30.0

FRM 3 Major Points

= Sampling at constant rate and same
time as FRM 5 (Sec. 4.3)

= Analysis time 8 hours (Sec. 4.4)
® [cak-check Ogsat (Section 6)

m [ Factor (Method 3B)

m Can’t use Fyrite (Method 3B)

FRM 3 Major Points

m Sampling approaches (Sec. 1.2)
m Leak-check Tedlar bags (Sec. 2.2.6)

= Sampling point in the stack for single

point grab (Sec. 3.1)

= Multi-point integration:
>24 in. 12 Prs; <24 in. 8 Prs

FRM 3 Inspector Tools

m Field observation agency checklist

m Stack sampling nomographs
for field estimations

m Fryite-type combustion
gas analyzer

Lesson 9

9



#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM 3

FRM 3 Tips

sampling port (0.1 in./100 fr)

m Don’t fotget to take into account
cotrection for altitude location of

m Stack gas pressute also requires
determination of stack static pressure

FRM 3 Tips

m Leak check sampling bag

m [ eak check sampling train lines
before sampling

m Leak check Orsat analyzer

= Minimum 12 sampling pts. (>24 in.)

= Analyze ambient air
(0,= 209 + 0.3%)

a Analyze against protocol gases
(*0.2%)

a [{ Calculation

u Nomograph veaficaton

: P /13.6
® 4 m Minimum 8 sampling pts. (<24 in.)
FRM 3 Tips FRM 3 Tips
m Validate analytical data = Analyze bag sample within 4 hours

= No more than 20 separate analysis for
a given set of reagents

m Three separate analysis for each bag
a t 0.3% if CO,>4%
" 0,<15%

u then + 0.2%

m Tedlar bag found to be leaking

value

Dismiss FRM 3 Stack Test

® [Failed to calibrate Orsat analyzer

mF_outside of +/- 5 % of calculated

» 0,/CO, outside of typical range

Lesson 9
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Compliance Test and Source Test
‘Observation
FRM 4: Determination of Moisture
Content in Stack Gases

Satyt200t (R

Protection of Environmeat

FRM Method 4 Applicability

Method 4 o A
For determining moisture content of
Determination of

moisture content of stack gas.
stack gas

(by condensation
method)

Two Methods in FRM 4 Reference Method

u Reference method

(FRM 5 Condenser Methodology)
u Approximate Methodology

u FRM 6 Impingers

w Wet Bulb/Dry Bulb

= Nomographs

u Used for accurate determination of
moisture content

= Usually conducted simultaneously with
a pollutant measurement run

u Results used to calculate the percent
tsokinetic and pollutant emission rate

Lesson 10
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FRM 4

Moisture Sampling Train

Procedure
(Reference Method) 1. Determine traverse points using
Method 1.

2. Select sampling time such that
minimum gas volume of 21 scf will be

collected at rate no greater than 0.75
cfm.

3. Leak-check sampling train (optonal).

Procedure

impager raf GAKNAL may be repaey
try 2 erpivaiers conenser

4. Maintain sampling rate within 10% of
constant rate

o

After sampling, leak-check sampling
' £ g
train {mandatorv).

Vertty the constant sampling rate.

Federal Reference Method 4

Volume of Water Vapor Condensed

. (VF _Vi )pw RTsld

we(std)
Pstd M w
= K, (Vr -V )
Where: K, =0.001333 m*/ml for metric units

=0.04715 ft*/ g for English units

Lesson 10
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Session #2: FRMs 1-5 Methodology FRM 4.
Volume of Water Vapor
Collected in Silica Gel Sample Gas Volume
(wf - W, )RTstd Vv =V Y = w
wsgfstd) Psfde i (st b} m (Pmd )(Tm)
V_P
= KZ(W’--‘“{I) :K1Y —
) Tm
Where: Ky =0.001335m?/g for metric units Where: K3 =0.3858 K/mmHg for metric units
=0.04715 /g for English units ’ —17.64 R /in. Hg for English units

FRM 4 Calculation

+V
B = welstd) wsg(std)
eV 4V +V

welstd ) weg(wid} misid}

RM 5 Sampling Train

moinger ran optional, maybe replaced
Stack by an ecuitvalent conden ser

S
PRk 1 i
reanometer {4 |

Approximation Methods
Used to estimate percent moisture to
aid in setting isokinetic sampling rate
using:
« Wet bulb- dry bulb

* Partial pressure technique
(at saturation)

* Approximation sampling method

~

Wet Bulb — Dry Bulb Method

Measure the wet bulb temperarure.
Measure the dry bulb temperature.

Estimate moisture content using
psychometric chart

or

Calculate moisture content

Lesson 10
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FRM 4

fFigue 3
Séggk Test A;mrgen?entl’ﬂr Exemisa 3
= wel Bufb - Dry Bub Technigue
i

o
HMaoisture teasurement

Temperature

1T 17 1T 17 1T 1

Dry bulb —

Wet bulb

[nflection
Area

Taw Ry, % |
GO U @ w a 3]
{*y\;(k\\J\ \\47\\#1
4 D Oy O
4D a
< AP P T nnt
.‘o"&‘ =/ % ™ .|
™ 73 I~ I~ ~ I 4
& <<<< <><><>‘7{><><\2<\\>ﬂ\\> 3
. NG NA NI ‘ﬁ o
Qf‘;, o 4754 yraped ’<\,<>\\><\\\J/<\
AR TR
.y 5 <<>A>‘Jvd\‘;>< NOPEEUN PR TN T ‘J
SEBE DA PR e ~ ML =
‘:Qéx::a>ﬂ<<>db<\:’<\\>2>' kAL NN p<ln
=3 » 2 ped L £~ o N
e R R R TN TN
pet Ak Ny P »
ESEESARS ;\::<>:z<:<$iq SR |
ISR o e S R AR I I N T
“ 9 @ » “ ® 10 e
T O

v.p.

RN e caturated wi

Moisture Equation
(Wet Bulb — Dry Bulb)
v.p.

B\VS: P

S0P [0 TP et

Partial Pressure Method

= Assume saturation.

® Attach temperature sensot to refetence
method probe.

® Measure stack gas temperature at each
traverse point.

® Calculate the average stack gas
temperature.

® Determine moistute fraction using
saturation vapor pressute table.

Where: B,

S.V.p-

P

Moisture Equation —
Partial Pressure

S.V.p.

Bws = P,

= proportion (by volume) of
water \*ﬂpor ina gTIS mixture

= saturated vapor pressure of water at
average stack temperature

= absolute pressurc of the stack

[.esson 10
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FRM 4

Moisture Sampling Train-
Approximation Method

Procedure

1. Place 5.0 ml of distilled water in each
impinger

2. Assemble and leak-check sampling
train.

3. Sample at a constant rate of 0.07 cfm
until 2 sample volume of 1.1 {6 is
obtained.

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

FRM 4 Equations

| B o Ve (std)

ws
I/m( std) + we(std)

Calculating % Moisture Under
Saturated
Gas Stream

G HLO) = (0001 = BL/T + 3908600 /P 1))

FRM 4 Key Points

& Reference Method: Condenser Approach
(Sec. 1.2)

m Approximaton Method: Method 6
impingers, wet bulb/dry bulb, charts (Sec.
1.2)

& Saturated gas streams may give
questonable results (Sec. 1.2)

FRM 4 Key Points

& Design of train (sec. 2.1.2)

m Number of traverse polnts
(sec. 2.2.1)

& Minimum sample vol. (21 scf) and
sampling rate (0.75 cfm) (Sec. 2.2.2)

= Sampling at a “constant sampling rate”
(Sec. 2.2.4)

Lesson 10
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FRM 4

FRM 4 Key Points

m Leak rate determined from filter (Sec.
2.2.6)

volume (Sec. 2.2.6)

= Approximate Method is Modified
Method 6 (Sec. 3)

w Excess Leak: throughout test or adjust

FRM 4 Key Points

m Two calculations for saturated/
moisture droplet gas stream

u One measurement op
saturation conditions

= One measurement on
impinger technique
m Lower of these two values
used in calculations

FRM 4 Inspector Tools

® Hand-held digital thermometer
m [Field observaton agency checklist

m Stack sampling nomographs
for field estimations

FRM 4 Tips

m Don’t forget to wipe moisture from the
outside of each impinger before weighing

= Do not weigh U-tube connectors

m Condensibles other than water leads to
positive bias in results (i.e., acid aerosols
and condensable organics)

FRM 4 Tips

m Typical moisture ranges
u Coak: 5-15%
u Oil: 8-10%
u Gas: 8-10%
® After wet scrubbers: 4-70%
u Wood: 15-30%
u Kilns: 30-40%
w Sewage shudge incincrators: 3-30%
= Use wet/dry bulb and nomographs
to verify moisture

& Stack gases that are supersaturated or no
demisting
Lesson 10
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Cofnpliancé Test and Source Test

‘Observation
FRM 5: Pacticulate Emissidns

Federal Reference Method 5

Lesson 11
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rain

FRM 5 Sampling T
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Particles Fine l Coarse
[ Smog J deuds&fog ' Fe:cn sand '
[ lf!yggh — ’SiZ(S of typical
Small, Discrete masses of solid or [ asmospheric dust | Human naic airborne particles
R . B o compared to common
liquid matter [ tesuscatdusca mes | materials

Examples: dust, smoke, mist, and i
fl)’ IlSll [v-—~ Bacterla . 444!

Tabacco smoke Il
0.01 0.1 1 10 1

Micromaters

00 1000

It would take 10,000
particles, each

1 micrometer (um)
in diameter, laid end
to end, to stretch
across the width of a
! , J small paper clip.

10.000 um

£ OMAL G of Q. 1994

Particles collect moisture
as they move through
moist air of upper
respiratory region,

making them heavier
and causing them to
strike walls of threat,
nose, etc.

Collect in upper
part of respiratory
system

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

Lesson 11
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FRM 5

Particles 1-10 pm
Collect in most
Collect in middle remote portions of
part of respiratory lungs—the air sacs
system—the (or alveoli)
tracheobronchial VRS Bronchiole
region ‘ Atveolar ducts
. Alveoli (air sacs)
~Alveolar wall
Air sac
Bronchiole ANVEOUS) Health Effects - Nontoxic Particles J
: Cancentration :
of Particles in pg/m? ; Ef{ec(w
2000 pgfmwith 0.4 ppm SO, Increase in dealas dum lo bronchitiz
{2444 avg) episcdes of several i
_d_a-/s duraton

1000 jg/m® with 0.25 ppm: SO, ;
{241 avg} during episodds

200 pofm® with 0.21 ppm §C,

Particles with diameters of 0.5 pm (annniovg)
or less float in the air sac and e ——
many are expelled with the next 652 com
breath. ‘

How Do We Defi icul
ow Do We Detine Particulate Dcﬁnition of Particulate Matter

Matter?
’ 2
" I'PM m Total Particulate Matter ([PM): The sum
" FP M2 of the filterable particulate (i.e., front half
w FPM-I? of the FRM 5 sampling train) and the

= TPM-PM10? condensable particulate matter (ie., the
a FPM-I-PM10? Paclkéliffof the FI;M 5 sa_mplilngl ;rain,
including water and organic soluble
>
= CPM: extractions, Method 202)
u MCEM?

‘Lesson 11
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Definition of Particulate Matter

w Filterable Particulate Matter (FPM): The
mass of the filterable particulate matter
(i.e., front half of the FRM 5 sampling
train) that is captured on the filter ata
temperature of 248 F +/-25F

Definition of Particulate Matter

w Filterable (In-stack) Particulate Matter (FPM-I):
Particulate matter as measured by FRM 17 at stack
temperature and pressure

= Total Particulate Matter PM-10 (TPM-PM10):
Sum of the filterable PM-10 as measured by FRM
201 and 201A and the condensable particulate
matter deteomined by FRM 202

Definition of Particulate Matter

= Filterable (In-Stack) Particulate Matter PM-10
(FPM-I-PM10): Particulate matter with an
acrodynamic diameter of < 10 micrometers as
measured by FRM 201 or 201A

= Condcensable Particulate Matter (CPM): Particulate
matter caprured in the back half of the FRM 5
sampling train, including water and organic soluble
extraction components, Method 202.

& Methylene Chloride Extractable

Definition of Extractable
Particulate Matter

Particulate Matter (MCEM): MCEM
mnvolves methylene chloride rinse of the
probe and filter holder, extracting the
condensable hydrocarbons collected in
the impiager water and tises after the
filter to the silica gel, all residue
determined gravimetrically after
evaporation of solvents (t.e., FRM 315)

|
History of FRM 5 History of FRM 5
= 1970 FRM 5: Filterable PM @ 248 F w 1985 FRM 5E: PM @ 248 F from
= 1982 FRM 5A: PM @ 108 F for Asphalt Miceral Wool Plus Captuced Condensible
Roofing, Pre-collector cyclone and in 0.1 N NaOH (TOC)
trichloroethane (TCE) dnse a Total Carbon @ 1740 F
= 1986 FRM 5B: Nonsulfuric Acid PM = [norganic Carbon @ 300 F
with Sampliag and Volitilization of Filter aC =C +C
320F CoE
@ . = 1986 FRM 5F: Non-sulfuric acid PM @
= Reserved FRM 5C: Small Ducts ) . .
- i , 320 F with water rinse and ammonium
(Reserved) sulfate substraction
= 1984 FRM 5D: PM @ 248 F from
| Positive Fabric Filters

Lesson 11
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History of FRM 5

= 1988 FRM 5G: PM @ 90 F from wood Emission Generation Categories
stoves usiag a dilutton tunnel with 100-
mm sedes filters = Transportation

= 1988 FRM 5H: PM from wood stoves = Stationary source fuel
stack with 1* filter @ 248 F, then bust
impingers followed by 2 filter @ 68 F com us. on

= 1999 FRM 5I: Low level (<50 mg) PM = Industdal processes
using FRM 5 sampling train with 47-mm = Solid waste disposal
flter @ 248 F and paired sampling trains = Miscellancous
(< 10%)

Stationary Combustion Sources Stationary Combustion Sources

it o

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

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

m Sources include commercial, institutional,
industrial, and steam-clectric power plants.

m [fuels used include coal, oil, patural gas, and
wood. Other fuels such as liquefied natural
gas, PIOPANE, Process gas, cte. may also be
used.

Industrial Processes Industrial Processes

Emit pollutants in the course of manufacturing products

m Mijor sources include chemical
processing, food and agricultural
industdes, metallurgical and mineral
product factories, petroleum refining,
petrochemical plants, petroleum storage,
and wood-processing industties.

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

Lesson 11
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FRM 5

Solid Waste Disposal

‘Solid Waste Disposal

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

Emission Generation Categories

= Transpostation

x Stationary source fuel
combustion

= [ndustral processes
= Solid waste disposal

m Miscellaneous

Lesson 11
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FRM 5 Sampling Train

Basic Operation of FRM 5

m [sokinetic Source Sampling

= “Ts0” as denoting equality,
similarity, uniformity. “Kinetic” is
defined as of, pertaining to, or
due to motion

e AH =K Ap
Isokinetic Sampling and Bias Isokinetic Sampling and Bias
= To obtain avetage pollutant m [sokinetic sampling provides best
concentration, need parameters: approach for accurate data
mQuantity of mass emitted from stack m Pollutant mass rate (prmr)
mTotal quantity of volume from stack mpmr, (Ratio-of-areas: A, ratio A)
wpmir_ (Ratio-of-conc.: m, ratio A,)

Lesson 11
8



#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM S

oolo vssncle
Orabﬂr

V=V,
100% fIsokinetic

100 % Isokinetic

100% isokinetic

Vs=Vn

Sub-Isokinetic (50% )

50% 1sphnate

Over-Isokinetic (200%)

Nozzle misalignment

200% isokingtic
Va=1/2Vs Vo=2Vs
Nozzle Misalignment AH =KAp

100% isakinetic

Vs=Vn

Lesson 11
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Isokinetic Sampling

%o Isokinetic = — x100

In Order To Take An Isokinetic
Sample, We Must....

m Calculate the motion of the gas
stream passing by the sampling
system, and

m Recreate that motion in the sampling
system

FRM 5 Isokinetic
Rate Equation

TV, o P
%Iim:100 s (std) ™ std

TstdvseAnPSGO (1 - Bws(cst))

100 T,

0, —
Yol Goa =

v A
v, + mlavg) P. +
s(avg) 3 e G bar

600V, . PA

FRM 5 Isokinetic Rate Equation
(Simplified)

.. | 00358Q.pP, [TM,
n(est)
lv Tmcp (1 - Bws(est)) PsApest

M, T, P
- R 2 d '‘m's
AH {846.72 DidHeC(1- B gy Pm}AP

FRM 5 Isokinetic
Rate Equation

the cote understanding of FRM 5
isokinetic sampling
u Reading the “Ap” from the pitot tube

box allows one to sample isokinetically

u The relationship between “v,.” and “v_” is

and setting the proper “AH” on the meter

FRM 5 Nomograph

N

Lesson 11
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FRM 5

FRM 5 Isokinetic Rate
Equation

AH ={846.72 D, AH,C,'(1 - B, _Mﬁf-%ﬂ'%} AP

FRM 5 Operation

Setting A H Based Upon A p
Observation and Calculated K Factor

AH

K="">=K.D, ‘AH,C, (-8} ML,
Ap

MTP,

Fadoral Reterence bethod 5 Equations
M m 8400 LTI Pl 5208 (4w NCT

O KOP. tTM
VG- v e,
- — [T
T &P
‘*'1:»,’ \

Mg To P
AH = & 846.72DHLC(1 - By —“—L—‘—}Ap

/ M. T P

SENE

PO e Oy

e 2600 -l AL TP TP

FRM 5 Causes for not Meeting 100%
Isokinetics

= Heavy grain loading, causing plugging of
filter so can’t achieve proper AH

= Large temperature vagations
not corrected in isokinetic rate equation

' FRM 5 Causes for not Meeting 100%
S Isokinetics
& Moisture value wrong in setting
preliminary isokinetic rate equation
= nability to follow rapid fluctuations in Ap
and corresponding calculating/setting AH

FRM 5 Causes for not
Meeting 100% Isokinetics

m Leak in pitot or sampling lines
(broken probe, lopsided filter, broken
frit)

& Preliminary selection
of wrong nozzle size

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology | FRM 5
Difficulty in Difficulty in
Maintaining Isokinetics Maintaining Isokinetics
u Plugging of filter by particles m Filter disc plugging
u Filter becoming wet: u Nozzle too small/large for
low box temperature velocity of stack gas
m [mpinger stem too restricted

FRM 5 Sampling ‘Train FRM 5 Sampling T'rain

Isokinetic Sampling and Bias "~ POLLUTANT CONCENTRATION
x To obtain average pollutant '
concentration, need parameters:
= Quantity of mass emitted from stack
= Total quantity of volume from stack
m Isokinetic sampling provides best

approach for accurate data
u Pollutant mass rate (pmr)

= pmr, (Ratio-of-arcas: A, ratio A)

. POULUTANT CONCENTRATION

& pmir, (Ratio-of-conc.: m, ratio A )

Lesson 11
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

FRM 5

Errors in pmr Calculations

FRM 5 Principle

Using FRM 5
mT: 1.4% . . o
= DCM: 1.0 % m Particulate muatter is drawn isokinetically
from an applicable source and collected
Py 0.4% on a glass fiber filter maintained at
wP_: 0.4% regulated temperature
=P 02% (usually 120°C +14°C)
w B, 1.0 % Affects % Iso = The particulate mass is determined
s AH: 50% gravimettically after removal of
"D 1.0% uncombined water
w Delta Hy: 1.5%
FRM 5

FRM Method 5 Limits

® Particulate matter (PM) target catch as a
concentration or amount of an analyte

m “Broat Half” is defined as particulate
emissions

= Fifter Temperature

that can be determined with a specific u 248°F
degree of confidence to be different from m320°F
zero = Isokinetic Sampling
m Velocity,,, .. = Veloctty
m90% - 110%
Required Sampling
FRM Method 5 Limits

x Designed for PM catches of > 50 mg

m Limits for FRM 5
= Practical quantitation limit (PQL) of 3 mg
= Methdod detection linit- (MIDL) of 1 mg

m Target catch for FRM 5 must be no less
than 3 mg; If less, go to FRM 51

m Sampling duration: 60 —120 miautes

® Sampling rate: 0.50-0.75 dscfm

= Minimum sampling volume: 30 — 60
dscf

m Review 40CFR60/61 for minimum
sampling duration, volumes and
filter/gas temperatuses

® Minimum sample volume dependent
on analyte MDLs and expected
concentrations

Lesson 11
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#468 Compliance Test and Source Test Observation
-Session #2: FRMs 1-5 Methodelogy

FRM 5

Sampling Train Components

mThe probe assembly
m'The sample box
= The umbilical

x The meter box

FRM 5 Sampling Train

FRM 5 Sampling Train

FRM 5 Sampling Train

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM 5

eeoloooo:aeole
Feeep

100 % Isokinetic

© 100% isokinetic

Vs=Vn -

Sub-Isokinetic (50% )

eo@ Gassteam g @ :

o %
'._,_w (XY ] \/<t>

Over-Isokinetic (200%)

Nozzle Misaligﬁment

Norzle misalignment

_________ 4. @
50% 's(“;‘-':;‘; 7 200% wokinete
Vo=1/2Vs Viu=2Vs
AH =KAp

100% isakinetic

Vs=Vn
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM 5

Isokinetic Sampling

.V
% lIsokinetic= — x100
S

FRM 5 Isokinetic
Rate Equation

Tsvm(std)Pstd

%l = 100

100 T,

o, =
A’!ﬁnal -

TstdvseAnPSGO (1 - Bws(est))

V(v AH
savg) 'E(svu: + [‘T—"‘:%]E’ bar ¥ 135]:!
m{av:

60 0 V,(puq)PsA,

avg)

FRM 5 Isokinetic Rate Equation
(Simplified)

Doy | 00358 QP [TM,

'V Tme (1 - Bws(est))vps Apest

MT. P

m

My TP
AH{ 846.72 B, AHg G, (1 - B 2= _S} AP

FRM 5 Isokinetic
Rate Equation

the core understanding of FRM 5
isokinetic sampling
& Reading the “Ap” from the pitot tube

box allows one to sample isokinetically

u The relationship between “v,;” and “v_”

is

and setting the proper “AH” on the meter

FRM 5 Nomograph

]
i

S
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#468 Compliance Test and Source Test Qbservation

Session #2: FRMs 1-5 Methodology

FRM 5

Faderal Reforence Mathod § Equstions.
.40 XD 220 (S 0208 (N WCOY

T PR
= s
E . \

My T P
- 4 2o g g2 —ud Im Fs
m_{&e.n}ma a(1-By) W7 }AP

G f KL | TM
TL Bl % pag,

A A
N r) m H
e ("“' ( - | ST NIy
mn Gty
Gl = 3600 (1B VAL kP I TPl
VxR ( g}

o e
2= (i) Yemen M e
o AT Voo K A B Pl
g oK' '
Lo}
o)
™

Voot Ki Vi

FRM 5 Sampling Train

FRM 5 Sampling Train

Sampling Train Components

®The probe assembly
® The sample box
= The umbilical

& The meter box

The Probe Assembly

w Nozzle

w Pitot Tube

= Thermocouple
s Probe liner

= Probe sheath

The Probe Assembly

Tubring Supported
- Free foating aliows theresal
sxnansion of the rhidusl tbes
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM 5

FRM 5 Sampling Probe

u Typical diameter of 2.54 cm
a Should be stainless steel or equivalent

= Probe design to prevent accidental

a Pitot tube must be firmly welded to probe
i " monitored

FRM 5 Sampling Probe

= Probe design to protect liner
= Materal of construction determined by
temperature/compounds being

= Borosilicate glass liners up to 480 C

* Borosilicate or quartz glass

temperature of 120° C

misalignment in gas stream
& w Quartz liners up to 900 C
u Teflon linecs up 1o 350 C
Probe Liner FRM 5 Sampling Probe

» Heating System to maintain exit gas

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

= Must have heating system capable of

maintaining gas temperature of
typically 120 C +/-14 C

m Temperature must be calibrated

Probe Sheath

m Usually stainless steel

m Pitot tube welded to sheath
to prevent misalignment

® Protects liner from breakage

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology , ' ~ FRMS

FRM 5 Ceramic Probe Heater

FRM 5 Sample Nozzle FRM 5 Sample Nozzle
m Seamless stainless steel tubing or glass or
Teflon = Range of nozzles (0.32-1.27 cm ID)
u Other materials approved by  Nozzle must be calibrated
administrator

a Measure 3 readings using micrometer (take

= Button-hook/elbow design average)

i s Low/ high readings not exceed 0.004 inches
a Shacp/tapeced leading edge (<30 angle)

» Cogstant internal diameter

Lesson 11
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#468 Compliance Test and Source Test Observation

FRM 5

Session #2

Sampling Nozzle

Backer

0-Ring

2 ath

Ring Prcbe
St
/

[«}
=

FRMs 1-5 Methodology

FRM 5 Sampling Nozzle

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRM:s 1-5 Methodology __ FRMS

| FRMS Sémple Nozzle

& Nozzles that have been nicked, dentéd, ot
cosroded must be reshaped and
recalibrated

= Each nozzle must have a permauent
identification '

FRM 5 Isokinetic Rate Equation
(Simplified)

D X sO. P, W Doeet | oosssa.p, [TM,
nest) V¥ TC,p (1 - Busiesty) YPs APes
¢ Tmcp(l——Bws)m p ( t)V Pest

MdTP
M, T

S

AP

AH= 84672B,4HgC, (1- B,.) g

FRM 5 Nozzle/Pitot
Tube/Thermocouple
Orientation

® Must meet certain design and
configuration specifications

 [nspect during each test to vedfy
orientation

Lesson 11
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#468 Compliance Test and Source Test Observation ‘
Session #2: FRMs 1-5 Methodology ~ ~ FRM 5

Type S Pitot Tube
Design cutena for assigning

C, = 0.84

A-side plarie

&

n ! l.
B-side plane ;

\ L e (D) Lo s
1o T = e
" ind foncd ©d H :
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology ~ . FRM 5

Verification of Geometry of Type
S Pitot Tube To Assign 0.84

w o 1and 2 (+/- 10 degrees)
w 31 and 2 (++/- 5 degrees)
w 7 = </= 0.125 inches
W= </5 0.031 inches

w P, and P, 0.263 to 0.375

w D, = 0.188 to 0.375

Type S Pitot Tube Inspection

Data Sheet
= With the S-Type pitot tube, determine
whether it meets the design specifications

to be able to assigna C, of 0.84 f ) Tj?(avg)
» C, may be determined in conjunction v s K P C D Ap avg
with standard pitot tube ])S M s

FRM 2 Velocity Equation

w Identification number sctibed on pitot
tube

|

Sampling Train Components

m The probe assembly
= The sample box
mThe umbilical

® The meter box

Lesson 11
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#468 Compliance Test and Source Test Observation

~ Session #2: FRMs 1-5 Methodology FRM 5
The Sample Box FRM 5 Heated Filter Box
Heated Filter Box
- Heating element to maintain filter temperature of
120°C m Filter heating system capable of
- Filter Holder maintaining temperature typically 120 C
+ Flexibility for vertical and homizontal traverses +/-14C
« Insulated
Impinger Box = Temperature gauge capable of +/-3 C
+ Provide support and protection for glassware = May be separate from irnpinger system
- Insulated

- . . L for convenience
- Holding container for ice to cool impingers

Lesson 11
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#468 Compliance Test and Source Test Observation :
‘ FRM 5

Session #2: FRMs 1-5 Methodology

FRM 5 I?Ieated Filter Box FRM 5 Impinger System
Desired Features
u Light weight, good insulation ‘= Material of construction depends upon
 Positive probe alignment locking system compounds being’tested
. I . w Glass, Teflon, stainless steel
m Easy accessibility to all parts . : , . ,
Gﬁ 4 electsical svsten ; , u Design should allow for additional space
" booddlectacat system o for impingers beyond FRM 5
. WabMW/ flexibility for vertical and requirements
horizontal stacks m Need for water drain tap

FRM 5 Impinger Assembly

Lesson 11
25



#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

FRM 5 Stainless Steel Impinger
Assembly

FRM 5 Filter/Impinger
Transport Case

Lesson 11
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodelogy

FRM 5

Problems

& Leak in sampling train:
low gas volume (correct or void)
- m Filter/probe tempcréture
~ not within specification-
= Contamination duting sampling/recovery
* (nozzle scraps on nipple,
dust falls on filter)

Problems

= Non-Isokinetics
w Range outside of 90<I<110
w If <90, bias high (large particles)
© wIf>110, bias low (high sample volume)

= Multiply E by < 90: corrected dacs not pass limit:
accept test i

» Multiply E by > 110: corrected not greates than
mit accept test

FRM 5 Train Components/pmt
Error

P, +59%

= Ap: + 2.4%

® Moisture: + 1.4%

m Nozzle diameter: - 2.0%

m [sokinetic rate: - 5.0%

Sampling Train Components

®'The probe assembly
®'The sample box
® The umbilical

®The meter box

The Umbilical Line

[ 'S’amplcyf‘linés
u Pitot lines
u Electrical connections

m Covered in a protective
sheath

FRM 5 Transfer Line

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology FRM 5

FRM 5 Sampling Train

FRM 5 Sampling Train

The Meter Box FRM 5 Meter Console Desirable
Features
= Pump = Light weight
D = . .
) ry.gas meter m Reliable leak free pump
m [nclined manometer for Ap and AH

readings = Good temperature controls
= Rugged construction/

® [Flow control valves
good carrying handles

m Ports for integrated gas sampling

FRM 5 Meter Console Desirable
Features

= Accessibility to components
and fuse compartment

= Communication system

m Hasy to read digital readouts

Lesson 11
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FRM 5

FRMs 1-5 Methodology

#468 Compliance Test and Source Test Observation

Session #2

e e
* e

W onia

FRM 5 Dry Gas Meter
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology FRM 5

FRM 5 Digital Meter Box

FRM 5 Sampling Train

Errorsgl PmrFCa;culauons What Are the Significant Errors
. .T : 1.4% SIng M5 With FRM 57
g DSGM 1 O % u Before obtaining the answer, the tester or
wp | 0.4 observer needs to know three things to

s 00 determine what is important in significant

" P 04% errors with FRM 5:
- Py 0.2% w What is the data to be used for (Le., proof of

nB. - 1.0% Affects % Iso compliance, proof of violation, engineenng

. Aw[si 509, cvaluation etc.)?

i . Q0
xD: 1.0%
w DeltaHy: 1.5%
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30



#468 Compliance Test and Source Test Observation

~Session #2: FRMs 1-5 Methodology FRM S
What Are the Significant Errors Source Compliance
With FRM 5?2 = If test results show compliance:
= Any magnitude of bias in the data that increases
) . measured results (high bias), accepted as
= Know three things (cont’d): compliance
= What are the direction and miagnitude of agy = (10 % for high bias and 5 % low bias)
 biasesp - R S u If test results shows violation:
= Whatis the :fccepmblc bm.s)that will be allowed * - u Any magnitude of bias in the data that shows
before rejecting the results? violation of standard, then test data can contain
any level of low bias
u (10 % for low bias and 5 % for high)
o Example #1
(Stack Temperature)
= Asphalt plant with concentration standard
0f0.04 g/scf

» Team measured stack temperature at 350
F, but correct temperatlure was 320 F

= Queston: How much error?
u From Table, -0.4 % /10 F
u Therefore, -1.2 % total error

u Little effect!

Example #2
(Orifice Meter)

® Dy dog food plant

= Allowable mass emissions 5 Ibs/hr

x DGM “Y” determined to be 0.91, but
tester using 0.97
u irom Table, 1.0 % ercor for each 0.10
= Therefore, 6 % bias high ecror

= May want to reject test!

Calibration Laboratory for DGM “Y”
and Orifice Meter “AH@”
Determinations

Lesson 11
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

FRM 5

FRM S Flex Train

ERM 5 Recovery

w Note final DGM reading
m Leak check sampling system

= Remove probe from sampling train
= Sample train removed to recovery area
s Nozzle removed and brushed 3-6X

with acetone into sample bottle

Lesson 11
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology

FRM 5

FRM 5 Recovery

u Probe brushed and rinsed with
acetone 3-6X into sample bottle

u Front half of filter brushed and rinsed
with acetone into sample bottle with
nozzle/probe tinse

= Filter removed carefully and placed
into petri dish. Filter disc scrapped to
remove filter particles which are
added to dish

FRM 5 Recovery

x Liquids in impingers measured either
by weight or volume-normally
discarded. Can be saved if further
analysis required

= Silica gel weighed either in impinger
or returned to sample jar

FRM 5 Sample Recovery Items

Method 17

In-stack Filter
Applicability

In sources where particulate
matter concentration is
independent of temperature
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology FRM 5
“““’_bd: 1.7 FRM 17 In-stack Filters
FRM 17 Flex Train
e emmye. e .
==\ e o T Automatic
Federal Reference
Method 5 (AFRMS5)
Automatic Sampling Train
:  nk TE ng AST Features
AS’
= Automatically adjust
isokinetic rates
m Automatically records flow rates,
temperatures, and pressures
m Calculates all data; no
manual manipulation
m Available in Method 5 or
Method 17 configurations
‘Lesson 11
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology

FRM 5

AST Benefits

a No mistake sampling

m All calculations are
microprocessor-based

= No manual data, no recording errots

m Results = time and money savings

AST

+ Same components
as typical Method 5

+ Probe with various finer
materials heated by 48 volts DC

+ Sample box/ice bath contains
node boxes for control of heaters
and sensors for temperature and
pressure

AST

+ Glassware
« “Standard” impingers
+ Umbilical cable

= Carries electronic signal
and sample gas

+ Control console

= Houses microprocessor, pump,
gas meter, and transformer

AST Applicable Methods

= Any isokinetic test procedure
a Particulates - Method 5 or 17
® Aerosol mists - Method 8
a Fluorides - Method 13A or B
= Halides and halogens - Method 26A
m Metals - Method 29
e PCDD/PCDFs - Method 23

AST Applications

a Aluminum industry
primaty reduction plant
sources include
8“Pot” line roof vent monitors
Method 14 for HF - long duration
test procedure usually over 24 hours

mAST can provide unattended

operation over entire test

Other AST
Aluminum Applications

& Catbon bake

sMecthod 315 for organics -
tests ate 2-4 hours duration

m Baghouse/scrubbers

s Numerous test locations with long
duration

Lesson 11
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Session #2: FRMs 1-5 Methodology

FRM 5

AST Aluminum Applications

m Eliminates data calculation errors
m No increased labor requirements

m Use of AST has improved
data quality

AST Applications

m Power plants
mUsed for Method 5 ot Method 17
particulates flow rate RATA’s
m Chemical process

mAll EPA methods, plus some
research and development

AST Measurements

u Automatically monitors
and displays
mStack gas temperature
mVelocity pressute of stack gases
m Absolute stack gas pressure
mStack gas flow rate
mSample gas flow and volume

& ’ercent 1sokinetic

Method 51 Low PM
Concentrations

= [nitial Federal Register notice - December
30, 1997

= FRM 51 promulgation in 1999 with
Maximum Achievable Control
Technology (MACT) Hazardous Waste
Incinerator (FIWT) Rule

= EPA contact: Dan Bivins (919) 541-524+4

= Application - Calibrating PM CEMS
® Accuracy improved through:
= Improved sampling handling
procedures

= Light weight sample filter assembly
which is weighted entirely

& Use of low residue grade acetone

Method 51 Low PM Method 51 Low PM
Concentrations Concentrations
= Validated for Hazardous Waste = Description
Incinerators (HWI) u [sokinetic sampling using FRM 5 sampling

equipment

u Paired sampling trains

= Lightweight out-of-stack filter (47 mm)
assembly in FRM 5 hot box

= Eqtire filter assembly weighing

u Design for stack with < 50 mg PM
(below 45 mg/dscm, ~0.02 gr/dscf)
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Session #2: FRMs 1-5 Methodology FRM S
Method 51 Low PM Method 51 Low PM
Concentrations Concentrations
= Componeats: w Limits for FRM 5
= Pyrex filter mlet . o o
«Viton seal sin mPractical quantitation lunit (PQL)
& of 3 mg
= 47-mm filter paper .
aStainless steel filter frit aMethdod detection limit (ML) of
®47-mm stainless steel clamp 1 mg
= Held together by Teflon tape seal m Therefore, the target catch must be >
& Designed to be weighted as a single unit 3 mg by adjusting sampling time or
sampling rate
FRM Method 51 Potential FRM Method 51 Quality Control
Interferences (QC) Requirements
= Attention to filter housing during & Same as FRM 5
handling, sampling, and port changes = Recommended field bias blank train.

Similar train, taken to field, prepared,
leak checked, and recovered but no

& Balance room conditions
mRelative humidity < 50 %
mSame person perform weighting

before and after test

sampling of source emissions
& Relative standard deviation
#RSD=100%|(C,-C | /(C,+C,)

mElectrostatic charges minimized
mAcceptable imits of < 10%

during sample weighting

FRM 5 Sampling Train
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology Review of Laboratory Exercises

U.S. EPA APTI
Compliance Test and Source Test
Observation
Review of Laboratory Exercise

Sogprd Fram ;aL'-B

Ten (10) Laboratory Stations Ten (10) Laboratory Stations
x Station #1: Nozzle Diameters w Station #4: Stack Gas Velocity and
u All readings within 0.004 inches Volumetric Flow Rate
® Station #2: DGM YDetermination = Assume Traverse Points from Station # 10

= Temperature ® R & Assume Bws = 3 %, Md = 30, Ts = 750
w Station #3: Orifice AH@ Determination = Station #5: Pitot Tube Calibrauon

T ' ® Sample point is 6 inches into duct
= Temperature * R mpic o du

Ten (10) Laboratory Stations |

o S ‘ R , m Station # 8: Mecthod 5 Sémpling Train
= Station #6: Stack Gas Moistute u Leak Checking with Fine/Coarse Valve

u Three Methods. m Leak Check to < 0.02 cfm
& Wet Buld /Dry Bulb Calculations

Nomoprant ® Sample Source Simulator for PM
= No graph . . . - . . -
OB ® Station # 9: Isokinetic Rate Equation Using

® Psychrometric Chart
’ Isocal Spread Sheet

w Station #7: Pitot tube Insp ection ® Enter all required data in “Bright Yellow
= {eep Pitot Tube Level Boxes”

' m Assume Bws of 5 %

m Station # 10: Traverse Point Determination
m Use 12-24 inch diametet stack
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Review of Laboratory Exercises

FRMs 1-5 Methodology
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#468 Compliance Test and Source Test Observation
Session #2: FRMs 1-5 Methodology Review of Laboratory Exercises

FRM 5 Sample Nozzle

= Nozzles that have been nicked, dented, ot
cortoded must be reshaped and ‘
recalibrated

m Each nozzle must have a permanent
identification '

FRM 5 Isokinetic Rate Equation
(Simplified)

0.0358Q_P,, T.M,
Tme (1 - Bws(est)) psApest

Dn(est)

AH = $846.72D,*AHgC % (1 - B,,)?

Meter Box

Impinges train optiodtal, may be replaced
by an équivalent conaenser

Classroom Stations | .

‘wStation #1: Nozzle Diameters
= All readings within 0.004 inches
¥ Station #2: DGM ¥ Determinaton
= Temperature ® R

m Station #3: Orifice AH@ Determination

= Temperature ® R
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#468 Compliance Test and Source Test Observation : , :
Session #2: FRMs 1-5 Methodology Review of Laboratory Exercises

Classroom Stations

m Station #4: Stack Gas Velocity and
Volumetric Flow Rate

= Assume Traverse Points from Station # 10

x Assume Bws =3 %, Md = 30, Ts = 75°F

x Staton #5: Pitot Tube Calibratdon

= Sample point is 6 inches into duet

Leak-free connectors

Temperature sensac

Pitot Tube Calibration

Calibrate in wind tuanel against T
i ) Fu— O SNy
standard pitot tube ‘Ly‘r—- e N
i ] Cunveg of \
i miend urcion <[ | |2
. £
r >D 2
! Stanc haes
U RN
Hemisphercd'
BN
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Session #2: FRMs 1-5 Methodology

Review of Laboratory Exercises

Calibration Duct

Pressure probe-and gaugs

‘ '0.25 M sleel fube
’ Type S pitat tube
I -

H

Standard pitot tube
|
i
i

]
! R
"y

! f4anometer
i i

4

] 7

H
\\\‘/. PAanometer
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#468 Compliance Test and Source Test Observation

Session #2: FRMs 1-5 Methodology Review of Laboratory Exercises

. Stack Gas Moisture
Classroom Stations S
Approximation Methods
m Station #6: Stack Gas Moisture

= Three Methods * Used to estimate percent moisture
® Wet Bulb/Dry Bulb Calculations

= Nomogtaph * Wet bulb- dry bulb
= Peychrometric Chart ’ » Partial pressure technique

m Station #7: Pitot tube Inspection
= Keep Pitot Tube Level

Wet Bulb — Dry Bulb Method

t.  Measure the wet bulb temperature.

N

Measure the dry bulb temperature.

5. Estimate moistate content using
psychometric chart

- s
{ l ‘ i t } @0 % e e a 3
- N JA ST RABGR i
B OB il o AR
g T T A AR PR
2 5 & AR e,
® DAY CETNCE T 23 >
| 7 AR
g“—‘ o “ 4»44?1-:\‘7\ '<'~ >\‘H>(§\~\ I~
! & < L1
2 wet butb < RPN BT R +
i 3 - ] = §§;; ISP ~5*><\:><2\7\;*>< 2 \;w
B (ni&cﬁﬁqn,' o PPN R L BRI N T NI
Alea FeS AN RQERNAE InIBI=EN AR AR LS Al
. R I I
L] e AR R NN R
™ P “ » u * w w
Time D"w'h;-’cﬁl','f
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Review of Laboratory Exercises

Session #2: FRMs 1-5 Methodology

Moisture Equation
(Partial Pressure Method)

v.p.
Bws= P—

Where:  v.p. = svp.—

t-32

©0.000367P)ts- X 1+ 1571 )

s.v.p.= saturated watcr vapor pressure at the wet bulb
temperature

|3 = absolute pressure in the stack

ts = dry bulb temperature

ty = wet bulb temperature

v.p. = water vapor pressuce

If Gas Saturated, Then...

= Measure stack gas temperature at each
traverse point.

= Calculate the average stack gas
temperatare.

m Determine moisture fracdon using
saturation vapor pressure table.

Moisture Equation —
Partial Pressure

B S.v.p.
ws T
PS
Where:B,, = proportion (by valume) of water vapor in

Classroom Stations

& Sration #06: Stack Gas Moisture
u Three Methods
= \Wet Buld/Dry Bulb Caleulations
& Nomograph
® Psychrometric Chart

a Staton #7: Pitot tube Inspecton

& Neep Pirot Tabe Fevel

Lesson 12
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#468 Compliance Test and Source Test Observation ,
Session #2: FRMs 1-5 Methodology ~ Review of Laboratory Exercises

TR PRV

At h

ot et onms i iy Pt ot
L102 p tme, Sos smmsang pimat parmaas to
Jiompmstmet i
3 ¥ et acon vomss ok g ot st hmeit: gt
v phebipralan ¥y

——

ot - Mg satitosst rabine ot

Y e
B

e ey 10T

2-18 January 1997

Verification of Geometry of Type
S Pitot Tube To Assign 0.84

w0 1and 2 (+/- 10 degrees)
w3 1and 2 (+/- 5 degrees)
w2 = </=(0.125inches
W = </= 0.031 inches

w D, and Py 0.263 10 0,373

e D, =0.188 w0 (L375

Laboratory Stations

m Station # 8: Method 5 Sampling Train
m Leak Checking with Fine/Coarse Valve
' [eali Check to < 0.02 cfm
® Sample Source Simulator for PM
m Station # 9: Isokinetic Rate Equation Using
Isocal Spread Sheet

o
3
1
i
b

m Enter all required data in “Bright Yellow
Boxes”
m Assume Bws of 5%

a Station # 10: Traverse Point Determination

m Use 12-24 inch diameter stack

[Lesson 12
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#468 Compliance Test and Source Test Observation

Review of Laboratory Exercises

FRMs 1-5 Methodology

Session #2

Laboratory Stations

in

Tra

/Coarse V.

02 cfm

ling

Samp
F

5
h

fethod

ki

he
ecl

ion # 8

Stat

alve

ne

t

ng wi
to <0

ak Chec
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LN
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Y

“hi

eak
ampl

imulator for PM
etic Rate

S

e Source
#H9
al Sp

Ent

tion Using

Equa

in
et

She

{sol

cad

r

SOC

I

t Yeltow

gh

in “Bri

equired data

I

erall

Boxes”

5%

s of

® Assume Bw
w Stagon # 10

mnaton

Traverse Point Determ

se 12-24 inch diameter stack

1
i

a [
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#468 Compliance Test and Source Test Observation o
Review of Laboratory Exercises

Session #2: FRMs 1-5 Methodology

Laboratory Stations

Determine the
Number and location of sampling
points

= Station # 8: Method 5 Sampling Train
® Leak Checking with Fine/Coarse Valve
m Leak Check to < 0.02 cfm
= Sample Source Simulator for PM
m Station # 9: Isokinetic Rate Equation Using
Isocal Spread Sheet
= Enter all requited data in “Bright Yellow
Boxes”

= Assume Bws of 5 %
m Station # 10: Traverse Point Determination
= Use 12-24 inch diameter stack

1 ft diameter duct Ideal Siting Criteria

m Exhaust enters 10.75 ft from outlet (4. —— &
X
® Sampling port 1.75 ft from top Py 2 3« s 6 Zfs RN
| sy

Port is downstream of A
Port is voswream: of E

Buct Dismtars Upstresm rom Pl Sisturbianca (Distance A} )
o5 1a s 20 2 QUESTION:
= 1 T T T I T T
““Higher numbar I for rxctanguler stscka or duela

2 - Vezsuremant |
s -~ ENQ
a
g m How many points need to be sampled ?
.E 0 _
Eal i
] 1% Stack diamotr > 0.61 a (24 in}
£ 12 7
=

10 ) gorg |

Stack dlameter = 0.30ta 0.81 m (12 - 24 i) —)

0 | \ 1 |
2 3 4 5 8 7 8 3 10
Duct Disrmoters Doemstream bam Flow Diztwbance (Ciztanca 8)
Page B5
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#468 Compliance Test and Source Test Observation
Session #2: ‘FRMs 1-5 Methodology | ~ Review of Laboratory Exercises

P1. 60, App. Melh. {

Trzvrse  CHsarce,
P % of gameter

Cross-Sectional . 40 CFR Ch. 1 (7-1-69 Edition)
s
Layout and : 2
- - s k
Location of Traverse Points
—

U.S. EPAAPTI

Traverse Point Location .
Compliance Test and Source Test

Traverse Points in Circal

, [P ———— Observation
Traverse pokt on a diamafer
2 ] e € ¢ 10 112014 116 [ 16 [0 | 2 |
; ] Revi “Laboratory Exerci
e Y R RS eview o aborato xercise
0|6 [12s] wes{ wal g9 8x) 75[ 87| 60| 85 .
A]704 | 3231 26 |77?‘45} 125 w9 97| 87 73 i[j,?',.—»\ e, ctl‘\'—‘b

wajery ||
3 658 | 2

£QE
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

: DéﬁningVOCs

U.S. EPA APTI
Compliance Test and Source Test
Observation

Course #468

Detining Volatile Organic Compounds
(VOCs)

How Do We Define HAPs

w CAAA of 1990, Title III now
contains a list of 186 HAPs
containing both organic and

inorganic analytes

= Some State and Fedeml Reégulations ate
based upon VOC emissions, not TOC or
TNMOC

m The terras TOC, VOCs, NMOC:s etc. are
often erroneously applied interchangeably

m There is no straightforward way to
measure the VOC emissions since there is

no way to separate all VOCs by vapor
pressure

CAAA 01990 Number of HAPs in Organic Compounds
Each Volatility Class a Organic compounds (OCs) are those
Number compounds which have a carbon-carbon
of HAPs bond
Volatility Class in Class on
Volatile (VV/V) 106 (56%) = Toxic air pollutants are those pollutants
SemiVolatile (SV 65 (35% known or suspected to cause caacer Ot
emi-Volatile (SV) (35%) other serious health effects
Non-Volatile [Particles] (NV) 17 (9%) ® Many organic compounds are toxic air
188 pollutants
Testing for VOCs Difficult

Testing for VOCs Difficult

m All of the reference methods for
otganic compounds have inherent
limnitatons that restrict their
applicability

= There is no one method that can
satisfy characterization of organic
etnissions from an industrial soutce

Lesson 13
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Defining VOCs

Historical Definition of VOCs

= 1970-1980’s: Vapor pressure > 77
mm Hg. CAA of 1970 provided for
NAAQS for HCs

m 1971: EPA’s develop SIP program
including definition for VOCs (~ 77
mm Hg)

Historical Definition of YOCs

m Late 1980’s: Photochemical reactivity
(40CFR51.100) and excluding freons

1 1990’s: Clean Air Act Amendments
of 1990 definition of hazardous air
pollutants (FLAPs), including VOCs

40CFR51.100

m “Volatile organic compounds (VOC) means any
compound of carbog, excluding carbon
monoxide, carbon dioxide, carbonic acid,
metallic carbides or carbonates, and ammonium
carbonate, which participates in atmospheric
photochemical reactions. This includes any such
organic compound other than the following:

& Methane, cthane, methylene chlonde, CHCs, T{CFCs,
s, ce.

Organic Chemistry

w .. Organic chemistry is the chemistry of the compounds
of carbon.”
m Historically, chemical compounds were divided
into two groups:
= Inorganic compounds were those obtained from
minerals;
= Organic compounds werc those obtained tfrom
animal sources, that is, from materals produced by
living ocganisms. They all contain the dement

carborn,

Historical Definition of VOCs

m 2000’s: Variqus state agencies define
VOCs (0.1 mm Hg to 77 mm Hg)
by:

®Vapor Pressure (in mm Hg at
25°C)
uBoiling Point Temperature (°C)

General Classification

of VOCs
Classification Vapor Pressure Boilir:g Point
mm Hg C
Volatiles (VV/V) > 101 < 200°C
Semi-volatifes (SV) 10tto 107 200 - 500°C
Particles (NV) <107 > 500°C
Lesson 13
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs Defining VOCs

Boiling Points of
Volatile Organic Compounds

« Benzene (80)
Methyl ethyt keytone (79) |
+— Hexane (69)

Methaanol {64} —
+ Acetone (56)

= Formaidehyde (-19)

Boiling Points of
Volatile Organic Compounds

o-xylene (144)
Kylene {mixed isomers} (138)
xylene(138}
m-xylene {132) ~ Ethyl benzene (136}
-Butyl acetate (126}
Ethylene glycol

manomethyl ethec (124)

=~ Butanol (117)
Toutene (112}

Boiling Points of .
Semi-volatile Organic Compounds

Hexamethylene-1,

6-diisocyanate {255) + 2,4-Toutene diisocyanate {251)

= Ethylene glycol {197}

Phenol (182) —~

.. Ethylenc gtycol monoethy!
cther acetate(156)

Methyl amyl
-~ Cumene (152}

ketone (150) [“1_@“7_0,

Six (6) Key Factors to Consider in
Test Method Selection

1. The chemical composition of the
VOCs being tested

2. The expected concentration range
of the VOCs being emitted

3. The chemical propetties (L.e., vapor
pressure, boiling point, solubility
ete.) of the emitted VOCs

Six (6) Key Factors to Consider in
Test’Method Selection
4. The characteristics of the effluent
(i-e., temperature, moistute, %CO,
etc.)
5. The advantages and disadvantages
of each of the test methods

6. The state and federal testing
requitements documented in their

regulations

Methods Associated with
- Monitosring VOCs
w FRM 18: Individual Organic
Compounds by Gas Chromatography
m FRM 25: Measurement for Total
Gaseous Nonmethane Organic
Emissions
m FRM 25A: Total Gaseous Organic
Concentration by Flame Ionitzation

Analyzer

Lesson 13
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs Defining VOCs

" Methods Associated with
Monitoring VOCs

m FRM 25B: Total Gaseous Organic
Concentration by Non-Dispetsive

Methods Associated with
Monitoring VOCs
m SCAQMD Method 25.3/EPA’s CTM
035: Low-level Concentration of
VOCs
m SW-846, Method 0010 and 0030:

Infrared Analyzer (NDIR) Semi-volatiles and volatile organic
compounds respectively
m FRM 315: Polycyclic Organic Matter
(POM) by MCEM
Definitions Definitions

m Volatile Organic Compounds (VOCs):
Otrganic compounds that participate in
atmospheric photochemical reactions
and have vapor pressure (vp) > 10!
mm Hg

= An organic compound that participates
in atmospheric photochemical
reactions. The exempt compounds are
listed 1 40CFR51.100

m Semi-volatile Organic Compounds
(S8VOCs): Organic compounds with
v.p. 107 to 107 mm Hg and b.p 200-
500°C

m Those organic compounds which can
be quantified by SW-846, Method
0010 and analyzed by SW-8406,
Method 8270D

Definitions

m Polycyclic Aromatic Hydrocarbons
(PAHs) ot Polycyclic Otrganic Matter
(POM): Otganic compounds with
more than one benzene ring and
which have a boiling poiat > 200 C

s Methylene Chloride Extractable
Matter (MCEM): Organic
compounds which ate extracted by
MeCl,

Definitions

= Total Hydrocarbons (THCs): Sum of
total organic compounds containing only
Cand H

= Total Non-Methane Organic Compounds
(INMOCs): Sum of all VOCs and all
exempt compounds excluding methane

m Total Non-Methane/Non-Ethane
Organic Compounds (TNM/NEOCs):
Sum of total VOCs and exempt
compounds excluding methane and

ethane

Lesson 13
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Defining VOCs

Definitions

-m FRM 18 results can be converted to mass
emission rates since this method reports
concentrations in terms of the actual
organic compounds. We know the
‘molecular weight of each analyte along
with volumetric flow rate fo. get VOC
mass flow rate.

m Total Organic Compounds (TOCs):
Organic compounds detected by a flame

Definitions

m Hazardous Air Pollutants (HAPs):
Those compounds identified in the
Clean Air Act Amendments of 1990,
Title III list of 186 HAPs

ionization analyzer (FIA)
Applicability of Organic . e
pplicabiiity of Vg Applicability of Methods
Sampling Methods
F C .
RM Fone. Range FRM | FRM | FRM
FRM25B 0.5-10 % 18 25 25A
FRM 25 50 ppm-10 % Measures... VOCs [TGNMO| THC
FRM 18 1ppm—-1% Principle... GCIMD | GC/FID FID
FRM 25 A 50 ppm—-1% Carbon Resp... 1:1 1:1 Var.
e e e e |
Method 25.3 <1 ppm Results Exp As;) VOC | AsC |CalGas
| (CTM035)
Applicability of Methods
Emission | Emission As |Facility
VOCs Propane tsphatt?mms'
unknown/vari Cement Plants
able o
- |Resource Rec
Single VOC > | Thatsingle | DaKeries
75 % voC SOCmt
Single VOC < |Surrogate |Surface Coat
75% Graphite Art
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#468 Compliance Test and Source Test Observation ‘
Defining VOCs

Session #3: Stack Testing HAPs Utilizing FRMs -

- Method 0011

Reporting of Emissions?

= “As Carbon?”

= “As TGNMOCs?”
= “As Propaner”

= “As VOCs?”

= “As THCs?”

Lesson 13
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Defining VOCs

Reporting of Emissions

= FRM 18, because of the GC/MS analysis,
reports results in terms of the

* concentration of specific organics

u FRM 25 is a method for measuring total
gaseous nommethane organic compounds
(TGNMOCs) with a GC column and
FID. Therefore, a one-to-one résponse
of all catbon atoms 111 the sample are as
methane (Le., catbon counter) .

Reporting of Emissions

= FRM 25A involves determining total
hydrocarbons concentrations by
introduction of the sample directly into
the FID without a2 GC step to speciate.
Results ate expressed in teérms of the gas
.used to calibrate the FID (usually
methane or propane). FRM 25A does
not provide a one-to-one response for all
of the carbon atoms present in the

sample.

Reporting of Emissions

= FRM 18 results can be converted to mass
emission rates since this method reports
concentrations in terms of the actual
organic compounds. We know the
molecular weight of each analyte along
with volumetric flow rate to get VOC
mass flow rate.

Reporting of Emissions

= For FRM 25, we need to know the VOC-
to-carbon weight ratio to get VOC mass
emission rate. ;
= Methanol molecular weight = 32
= Carbon molecular weight = 12
m32/12 = 2.67 VOC to cartbon
weight ratio. We would multiply
everything by 2.67 to caleulate
VOC mass emission rate

Reporting of Emissions

w Converting FRM 25A results to “as
VOCs” mass flow is similar to FRM 25
except one must take into account not
only the molecular weight factor, but also
the relative response factor (RRF) for the
FID between the analytes in the gas
stream and the calibration gas.

Methane - {1:0 1.00
Propane [1:0 1.00 |
Formalde [1:1 0.00
Methanol |1:1 0.40
Ethanol |2:1 ~|0.70
MEK 4:1 0.75
Ethy. Ox [2:1 0.50
co 1:1 0.00 |
Lesson 13
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs Defining VOCs
Suggested Reporting of Suggested Reporting of
Emissions Emissions
= If composition of the effluent is known

® For federally regulated source (i.e., NSPS,
NESHAPs, MACT etc.), report VOC
emissions according to the specific
subpart

= If VOC emissions are unknown, highly
variable nature, the results should be
reported in terms of propane (e,
Incinerators, boilers, asphalt plants,
cement plants, and recovery boilers etc.)

= If composition of the effluent is known

and a single VOC > 75%, then emissions
reported in terms of that compound (i.e.,
SOCMI facilities etc.)

and a stngle VOC < 75%, then emissions
reported in terms of a surrogate
compound (L.e., surface coatings, graphic

arts etc.)

Suggested Reporting of
Emissions

w [{ testing is for control device efficiency,
then emissions can be reported “as
carbon” or “as VOCs.”

® [f testing is to determine if a source is
subject to a regulation whose applicability
is based upon VOC emission rates, to
determine compliance with VOC
emission rate standard, or to set permit
fees, then the results must be reported “as

VOCs” rather than “as carbon.”

Suggested Reporting of
Emuissions
= This means one has to take into account
molecular weight (MW) and for FRM
25A, relative response factor (RRF) in
determining VOC emission rate.
mReporting as carbon in such
circumstances would understate the
impact of the emissions on the
environment and therefore, would lead
to tncorrect conclusions regarding

compliance or rule applicability. J

Reporting of Emissions

Example Calculagon |

Calculating the VOC mass emission rate from a source
emitting mostly cthanol (C,H,OH) using EPA Method
25A data in terms of propane. ..

Ko BMW, NG, 0
fo L MW ¥ MRFen
31T atoms g kMW 3 L RRF

I Ci0n

BLour

Reporting of Emissions

Example Calculation 2

Calculating the VOC mass emission rate from a source
entitting mostly cthanol (C;H;OH) using EPA Method
23 data in terms of carbon. ..

Sl s Oy ]
653 /,isl“f)(on], e,

;
i
1{_G-8, T _ImCR,0H
" 3953210 © i {ecaom ., T hear
| i

5

oy,

el e o

W5 g © {001 177
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

U.S. EPA APTI
Compliance Test and Source Test
Observation

FRM 18

Jofy 1, 2001

Protection of Enviroament

Direct Interface

Direct Interface/Dilution

Solid Adsorbent

Tedlar Bags

ASI‘H'VC)’ Canister Sampling

Applicability

& Provides concentration data on approximately
90% of total gaseous organic mass emitted
from an industrial source

= Does not include techniques to identify and
measure trace amounts of organic compounds
(< 1 ppm), such as those found in building air
and fugitive air emission sources

Applicability

a FRM 18 is a generic method which is wide
open for quantifying speciated organic
compounds

m FRM 18 is a “self-cectifying”
method.....”performance-base” method! Most
all other VOC methods are “procedure-basel”

u “Regulatory science” vs. “measurement

7

science

Lesson 14
1



#468 Compliance Test and Source Test Observatidn
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Applicability

u FRM 18 will not determine compounds that
are
w Polymeric (high molecular weight)
% Analytes that can polymerize before analysis

® Analytes that have very low vapor pressure at stack
or instrument conditions (< 10-* mm Hg)

Overview Items

w FRM 18 requires analysis of an EPA audit
cylinder prior to sample analysis

= FRM 18 strongly suggest/requires petfotming
pre-survey to help identify
analytes/ column/detector [All tentatively
identified compounds (T1Cs) with peaks >
5%]

& FRM [8 requires conducting a recovery study
to meet 70-130 %%

Overview Items

s FRM 18 identifies only those analytes for
which sampling and analysis is specifically
conducted

& FRM 18 can’t be used if emissions are
unknown
= FRM 18 (CH3OH MW=32) 100 ppm x 32 = 3200
® FRM 25 (C,MW'=12) 100 ppm x 12 = 1200
= Error: 02 %

Principle

u Based on separating components of a gas
mixture in a gas chromatographic column and
measuring separated components with suitable
detector (i.e., FID, ECD, PID, MS, IT etc.)

w Uses retention time (RT) as the identdification
technique compared to standards

Overview [tems

= FRM 18 provides concentration {usually in
terms of “ppm”) for speciated organics

® Mass emission rate can be provided as long as
FRM 1 and 2 are incorporated into the

monitoring program

Overview Items

= FRM 18 requires calibration of analytical
system with 3 standards which bracket the
concentration of the analyte in the source
u Neat
= Gas cylinder diludon
m Flash vaporization
w FRM 18 requires determination of RRFs tor
cach analyte

L.esson 14
2




#468 Compliance Test and Source Test Observation :
FRM 18: Speciated VOCs

Sessiony#S‘: Stack Testing HAPs Utilizing FRMs

Overview Items

= FRM 18, for tube sampling, requites
determination of collection efficiency (CE).
Tubes (800/200 mg) with no mote than 10%
of analyte concentration on back portion

Overview Items

m FRM 18 pushes you to using direct injection,
Tedlar bags or adsorbents as sampling options

® FRM 18 allows correction of emissions to
“Recovery Studv” results: Reported emissions
= FRM 18 Conc./R

2 For solid adsorbent, no more than 10%% of

analvte found on back rube

Method Criteria

® Range: 1 ppm to upper limit of GC detector
(saturaton of detector limiting factor; upper
limit can be extended by dilutdon)

® Sensitivity: minimum detecton limit or signal-
to-noise ratio 3:1

Overview Items

m FRM 18 tequires determination of recovery
study for all methodologies
= Directinterface: Mid-level gas at probe thenanalyzer/2
injectons (+/- 10%)
® Bags: Of the 3 sample bags, choose one and spike all
analytes into bag (40-60 % of avg. conc. of 3 bags).
Recovery 70-130 %

= Adsorbenttubes: Two sampling trains: Spiked/40-G0 % of
expect conc. and unspiked; three runs; 70-130 % recovery

Overview Items

u All tubing used in the sampling train must be
Teflon...no Tygon tubing allowed

® Aluminized Mylar bags are recommended for
low concentration bag sampling because of low
permeation rate

m Canister sampling can oaly be used during

survey, not for compliance application

Method Criteria

m Precision: 5 to 10% RSD of mean value
(usually 5% with experience GC operator)
m Accuracy: 10% audit sample value
« EPA audit samples are available

= Candace Sorrell (919-541-1064), email:
sorrell.candace(@epa.gov

= Must conduct recovery study

= 70-130 % recovery criteria

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

Interferences

= Resolutdon interferences
{may be eliminated by GC column selection
and column physics)

= Contamination of analytical systern (checked
by petiodic analysis of blanks)

Interferences

= Cross-contamination from analysis of high to

low concentration (prevented by purging
system between analysis)

= Water vapor ,

(correction factor developed)

FRM 18 Overview
= To determine the concentration of discrete
volatile organic compounds (VOCs) 1n the
sample
m Generic GC method
® Pre-survey recommended/ required

m Contirms identity of target analytes and
concentration > 5 % peak height

o Qualiiative by R, quandaiive by internal/external

calibrasion wechnigue

FRM 18 Overview

® For speciated VOCs

= Any combination of

= Sampling techniques, GC Columns, and detectors
(Wide open method)

m Source decides combination
as long as recovery criteria are
met (70-130%)

8 Recovery PCF{()I‘IT]L‘(I ONCe poer sourcy

FRM 18 Sampling Methods

m Integrated bag
m Glass sampling flask
= Adsotbent tubes

w Charcoal

w Silica Gel

= Florisil®

= CarboTrap® 300

w Tenax® TA

(Must pecform recovery study for each sampling approach)

FRM 18 Sampling Methods

m Liquid Trapping Media
= Sulfuric acid for amiges
x Cadmium hydroxide for
reduced sulfurs compounds
x 2 4-Dinitrophenylhydrazine
for aldehydes and ketones

Lesson 14
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

FRM 18 Sampling Methods

® Direct Interface: Sample continuously pumped
to gas chromatographic (GC) by heated line
w Analysis conducted on discrete
gas samples from sample loop ( ~ 1mL)

w All compounds must be separated by one
column/detector combination

FRM 18 Sampling Methods

= Dilution Interface: Same as direct interface,
but used with extremely high conceatrations of
target analytes

Using FRM 18

= Know The Characteristics of the Source (Pre-
Survey)
m Specific analytes known
® Chemical and physical properties of emissions
known {.e.. BP, VP etc)
® Matrix of source known {le., % H2QO, stack

termaperature, part. loading ce.

m Pertorm sur uon, Tedlar bags

O Cars Al YOS with peaks = 37

Using FRM 18
x Select Sampling and Analytical Finish for
Targeted Analytes
= State of PA flow chart
= Determine analytical finish for TICs

» For solid adsorbents, select through literature resin
and tube design

& Breakthre colume, desarptinn efficiency, capacity f

adsarbent, d of 800 mg/ 200 mig

B Perform laboratory evaluation for analvre

recovery {Not required by FRM 18]

Using FRM 18
= Perform An Audit of EPA’s Gas Cylinder for
Target Analytes (This is 2 Performance
Evaluation [PE] Audit)
= Analysis must agree within 10 % of cemified gas
values
& Three analysis must agree within 10 % of each
other
& Calibrate all Sampling Components

® Dry gas meters, flow meters, thermocouples etc.

Using FRM 18
= Conduct Recovery Study (Once/source) For
Selected Methodology
= Direcr Interface: Mid-level gas at entrance of
probe; Must meet 5 % recovery
w Tedlar Bag: Spike 1 bag at 40-60 % of emission
standard; Must meet 70-130 % recovery

= Tube Sampling: Two sample trains, 3-runs, one
train spiked (40-60% mass); Must meet 70-130 %
recovery

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

Using FRM 18
= Sampling
» Verify non-cyclonic flow at sampling
location
w If mass emission required, perform FRM 1
and 2

u Sample

= Assemble sample train, Leak check, Purge probe,
Sampleat constant mtc/singlc point, Take necessary
data during sampling, Post leak check, Fill out COC,
Chill samples if applicable

Using FRM 18
= Calibration of Analytical System and Analysis

a Calibrate system using minimum of 3 standards
that bracket the concentration of analyte in source

w Determine relative response factor for each target
analyte

» Must identify all TICs > 5 %

# Determine collection efficiency of 1 tube by
analyzing back section. No more than 10 % on
back section

u Correct data to recovery study value

Sampling Flask/Canister

= Samples can be collected in
pre-cleaned 250 mL double-ended sampling
flask or canisters
= Cleaning of flask: methylene chloride, soap
solution, furnace (500 C for 1 hour)
= Sampling performed by cither:
= [vacuated tlask procedure

& Purgcd flask procedure

Evacuated Flask/Canister
Sampling Procedure

m Flasked/canister cleaned
m Attach “T-connection”
to inlet of flask/canister

= Atach 6 mm O.D. borosilicate sampling probe
with 12 mm O.D. enlargement at end
containing glass wool plug for particle control

& Probe placed > 1 meter from side wall of stack

Evacuated Flask
Sampling'Ptocedure
m Use rubber suction
bulb to purge probe

m Open stopcock to fill flask/canister

= Heated canister used by NCASI for
quantifying methanol, xylenes, acetone,
benzene and methy! ethyl ketone (MEK)

u SCAQMD Method 25.3 applicable also

Purge Flask
Sampling Procedure

m Attach end of flask
to a rubber suction buth

m Attach probe used in evacuated flask
procedure to inlet of flask

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs : FRM 18: Speciated VOCs
Purge Flask Flexible Bag

Sampling Procedure Sampling Procedure

m Purge flask, then close ; - = Prc-sufvey samples collected in Tedlac® or
stopcock near suction bulb aluminized Mylar flexible bags
= Close stopcock neat probe ‘ = Flexible bag certification
® Tape stopcocks to prevent leakage ¥ Use new bag
® Leak check all bags

Flexible Bag

SC i
Sampling Procedure Bag Sampling

® Assemble sampling train

m Leak check both the
bag and container

u Check for contamination
by filling with aitrogen

B Analyze 24 hours later with GC ® Place probe > 1 meter from inside wall

® Purge probe line

® Fyacuate container

containing flexible bag

Lesson 14
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs - FRM 18: Speciated VOCs

Bag Sampling

Sample three bags (proportional sampling to
stack flow, single point sampling)

Analyze bag in triplicate

m Spike one of the bags for recovery
determination

m Store for hold time period

® Analvze in triplicate

Recovery ;Study Fot Bag
Sampling

m Recovery must be 70-130%; Field values
adjustedto recovery value

m Must analyze performance evaluation (PE)
sample (EPA Audit Sample) prior to analysis of
stack gas sample

= Audit analyses must agree with
the audit concentradons within 10%

Lesson 14
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Bag Sampling with High
Condensation Stacks

® Heat sampling box containing sample bag to
stack temperature

= Maintain temperature
of bag until analysis (Similar to heated canister
approach}

® Add dropout impinger to collect condensate
{must be analyzed for VOCs along with bag
analysis)

Direct Interface
Sampling and Analysis

= Apparatus: Sample probe (~ 6.4 mm), sample
line, sample pump, sample valve, flow meters,
and heated box

= Assemble équipment
and leak check

a Heat sample probe, line, and sample box to 1
to 3°C above
stack temperature

Direct Interface
Sampling and Analysis

® Perform analysis of mid-level calibration gas
through the sample line behind probe oudet.

& Response should be +/- 10% of true value and
two readings must be within +/- 5%

Direct Interface
Sampling and Analysis

= Response to calibration gas
analysis should be accurate
to within 10 %
= Reconnect probe, analyze stack gas
= \nalvsis of stack gas must agree with the nwo

analyvses w within 374

Direct Intetface/Dilution
Sampling-and Analysis

a Same apparatus as direct interface excepta
dilution system is added between heated
sample line and the gas sampling valve

& Apparatus arranged so ecither a 10:1 or 100:1
dilution of source gas can be directed to the
GC analyzer

Direct Interface /Dilution
Sampling and Analysis
= Verify accuracy of dilution system by analyzing
calibradon gas with agreement within 10 % of
expected value

= Analyze low concentration calibraton gas into
analyzer twice

= Analysis should be within 5 % of cach other

Lesson 14
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Adsorbent Tube Procedure

® Samples are collected in adsorbent tube
containing specific amounts of adsorbents
packed as primary and secondary sections
(Dual bed tubes)
= 800/200 mg for charcoal tubes
= 1040/260 mg for silica gel tubes

Adsorbent Tube Procedure

u Tube design left up to user and selection of
resin as long as:
= Breakthrough volume determined;
= Desorption efficiency determined; and

= Capacity of adsorbent determine under stack
conditions (l.e., temperature, moisture etc.)

Adsorbent Tube Design

# Adsorbents such as Tenax® GC or XAD-2%
can also be used

= Typical tube design is
90 mm X 6 mm

® Dual sampling trains

& Dual components of tubes (< 10% in back
tube)

& Auditanalvsts of /- 10%

Nature of Ideal Adsorbents

= Very high surface area
® [rregular shape

= Non-polar

= Non-reactive

a Cyranular

N’@tt@re of Ideal Adsorbents

a High capacity

x Ipert

& Non-corrosive
m Readily activated

m Easy release

Advantages of
Adsorbent T'echnology

s Small sample configuration

s First element in sampling train
= Large selection of adsorbents
a Better water management

= [arge database

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

Typical Adsorbents

® Organic polymer adsorbent
m Inorganic adsorbent

u Carbon adsorbents

Classification of Adsorbents

® Weak (50 m*/g)

u Tenax®, Carbopack C®, Anasorb®
= Medium (100-500 m?/g)

x Carbopack B®, chromosorbs
= Strong (> 1000 m?/g)

u Carbosieve S-111®, Carboxen®

Typical Organic
Polymeric Adsorbents

m Tenax-GC® or Tenax-TA®
m Porapack Q¥
w Carbon molecular sieve

m XAD? serdes

Weaknesses of
Tenax® Adsorbent

& Poor desorption of
highly polar compounds

x Possibly retains O, leading
to sample oxidation

x Limited o specific range of VOCs

Weaknkesses of "
Tenax® Adsorbent

m Possible background contamination

8 Low breakthrough volume for
many of the analytes of interest

Weaknesses of
XAD® Series Adsorbent

& Thermal stability questionable

® Breakthrough extensive for < C7

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

Inorganic Adsorbents

= Silica gel
= Alumina
m Fluorisil

m Carbon molecular sieves

Weaknesses of
Silica Gel Adsorbent

= Limited use in high moisture stacks
® Thermal breakdown of silica gel

m Solvent extraction
means dilution of sample

Weaknesses of Carbon Molecular
Sieve Adsorbent

= Holds onto very
volatile compounds

m Solvent extraction means dilution
& Desorption efficiency decreases with analvtes
that have boiling points (BP) > 100°C

Limitation of
Carbon Base Adsorbents

= High surface area
causes artifact formation

= High background
contamination possible

= Very high affinity for water

= High catalytic activity

Carbon Adsorbent

x Activated carbon
m Carbon molecular sieve

= Carbonaceous
polymeric adsorbents

Limitation of
Carbon Base Adsorbents

& Incomplete sample recovery
during solvent extraction

® lmpurities in solvents
used during extraction

m Solvent extraction means dilution

Lesson 14
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Common Adsorbents Used in Air
Pollution Studies

= Carbon

m Tenax-TA®

u Porapack Q®

= Polyurethane foam

Common Adsorbents Used in
Air Pollution Studies

m Carbon molecular sieve

n XAD® Series

n Carbosieve S-111® /Carbotrap® /Carbotrap C®
(Carbotrap 300®)

Adsorbent Selection-Capture
Process (Analyte Boiling Point)

m Carbosieve S-IIL ® for VOCs
with boiling points between
-15°C to 80°C

m Carbotrap® for VOCs with boiling points
between 0°C to 100°C

& Carbotrap C¥ for VOCUs with boiling poins
between 8§0°C o 230°C

Adsorbent Selection-Capture
Process (Analyte Boiling Point)

® Tenax-TA¥ for VOCs with bolling poiats from
30°C to 200°C

® NAD-2% for VOCs with boiling points from
120°C to 3530°C

Supelco Carbotrap® 300
Carbonaceous | Heavy Organics
B
Carbotrap & material > Cq)
Carbonaceous
&
Carbotrap material C;to Cy,
o Carbon
Cargjlslgeve molecular C,to C;
sieve

Adsorbent Recovery
Two Process Recoveries

u Thermal Desorption
= Entre sample analyzed
& More readily automated

= Only one analysis

Lesson 14
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#468 Compliance Test and Source Test Observation : -
Session #3: Stack Testing HAPs Utilizing FRMs ‘ FRM 18: Speciated VOCs

Adsorbent Recovery Solvent Adsorbent Tube

Extraction Sampling Train
= Solvent Extraction m Heated probe (~ 6 mm L.D.), in-stack or out-

= Able to adjust concentration of-stack filter (heated), flexible tubing, leakless

= Replicate analysis sample pump, rotameter, and adsorption tube

= No thermal desorbtion m All temperature and flow measuring devices

breakthrough products must be calibrated
= However, dilute sample

Active Sampling System Utilizing Single Tube Design-
Solid Adsorbents Glass/Stainless Steel
Adsorbent

Stainless steel tube

Tenax® Flow Vacuum
cartridge controlier pump

Adsorbent

X

Glass tube Glass wool

Multi-bed Adsorbent Trap

—

Sampling flow Desorption flow

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs S - FRM 18: Speciated VOCs

Adsorbent Tube Sampling

m Strengths
= Sample compact and easy to use

= Sample returned to
laboratory for analysis

w Good sample storage time

Adsorbent Tube Sampling Breakthrough Volume

® Weaknesses = Breakthrough volume is when the analyte
w Quantitative recovery poor enteting the adsorbent bed is also feaving the
& Breakthrough possible adsorbent bed at the same rate

of interested analytes

= Moisture may effect sample recovery

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

A A. Perchloroethylene
B B.. Ethylene Dibromide
100}~ C
Y} C. Trichloroethylene
D. Ethylene Dichloride
1ol
o -
E
3
s
™
I | I :
20 40 60 80 100

Temperature %

Published Breakthrough
Volumes (at 20°C)

m Vinyl Chloride 06L/g
= p-Dichlotrobenzene 820L/g
x Chlorobenzene 184 L/g
x Benzene 36L/g

Carbon Tetrachloride - 27 L/g

Safe Sample Volume

w Safe sample volume is the published
breakthrough volume (liters/gram of
adsorbent) divided by 1.5 tmes the weight of
the adsorbent used in the system

Published Safe
Sample Volumes

= Viayl Chloride <10L/g
u p-Dichlorobenzene 290.0L/g

a Chlorobenzene 740 L/g .

m Benzene 140 L/¢g

& Carbon Tetrachloride 11.0L/g

Adsorbent Tube Sampling

m Determine “breakthrough volume” in order to
calculate sampling time and volume

m Perform recovery study of the analytes of
interest during the actual field test

» Two identical sampling
trains collocated in stack

Adsorbent Tube Sampling

® Recovery study (I'wo sampling trains)
w One train spikes (all compounds of interest) and
the other unspiked train
w Amount of analvie spiked should be 40-60% of
mass expecied to be collected by unspiked train

m [Field data adjusted with recovery value (R)
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Adsorbent Tube Sampling

® Sample the stack gas with the collocated
sampling trains for
a total of 3 runs

m Determine the fraction of
spiked compound recovered (R)

w Criteria of 70<R<130% must be
met in order for sampling technique to be used
for specific analyte

m < 10% in back half of adsorbent tube

m Audit analysis agrees within +/- 10%

Direct Interface Sampling

m Weaknesses
x GCar site, can't integrate sample, non-steady state,
poor recovery

Tedlar® Bag Sampling

u Weaknesses
u Tedlar® bags awkward and bulky for shipment,
stability of compounds, can’t do polar

Direct Interface Sampling

= Strengths

» Sampling provides for
immediate analysis

» Minimize loss or alteration to analytes during
sampling

u Method of choice for steady state processes when
duct temperature
is below 100°C and organics suitable for GC

analysts

Tedlar® Bag Sampling

m Strengths
u Sample collected over time and has same
compounds and concentrations as stack emissions
x Sample may be rerurned
to Iaboratory for analysis

u Muluple analvsis

Recovery Studies

m Dircect Interface: Mid-level calibration point
for 1 analysis (+/- 10%) repeated twice (+/-
5(%1)

® Bags: After three analysis, choose bag, spike at
40-60% of avg. concentration (70-130 %
recovery), field data adjusted to R value

s Solid Adsorbent: Two identical sampling
traius, one spiked and one unspiked, 70-130 %o
recovery, field data adjusted to R value

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated VOCs

Which Sampling
Technique Should Be Used?

u Direct Interface: Excellent, provides real-time
data if all analytes can be separated by one
column/detector combination

® Dilution Interface: Same benefits as direct
interface; excellent if high concentrations of
target compounds are present in stack gas

FRM 18
Adsorbent Tube Sampling

= Any commercially available adsorbent is
allowed

= May use water knockout
impinger before adsorbent

FRM 18'
Adsorbent Tube Sampling

m Desorption/analysis usually performed in lab
= May perform solvent or thermal desorption

= [f solvent desorption, analyze each in
triplicate

Which Sampling
Technique Should Be Used?

m Adsorbent Tube: Excellent if concentratons
of target compounds are sub-ppm levels

= Bag Sampling: Everybody’s favorite; cheap;
excellent when more than one detector is
needed; excellent for explosive environments

FRM 18
Adsorbent Tube Sampling

m Must perform dual sampling trains, one spiked
and one unspiked

® Three dual-sampling trains constitutes a test

FRM 18
Adsorbent Tube Sampling

m If thermal desorption,
analyze each sample once

m Recovery of PE must be 70-130%

Lesson 14
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

. Adsorbent Tube Sampling

_.®Method appiicable to most
sampﬁngippcgrams when
v wi0or Iesscompounds L
I"c‘ompoﬁ‘rfl‘d‘s, are known
. fairly high vapor pressire
atroom temperature

FRM 18
~Adsorbent Tube Sampling

.= ppb to ppm levels dependent on
-use of adsorbent or Tedlar® bag
w mass balance around
system is required
= should not be used after
combustion source unless compounds identiftable

FRM 18 Pre-sutvey Requirements

® A pre-sutvey shall be performed on each
source to be tested to obtain all information
necessary to design emission test

® Pre-survey optional if target compounds are
known

FRM 18 Pre-survey Requirements

= Only place where canister
sampling is allowed

» Typically grab sample, qualitative analysis,
GC/MS for identification

m Canisters can be used during pre-survey

FRM 18 Pre-survey Requirements

® Obtain stack temperature
and temperature range

® Obtain approximate
particulate concentration

® Obuin static pressure
and water vapor content

FRM 18 Pre-survey
Sample Train Selection

m 250 mL double-ended glass sampling flask
(specified
cleaning procedures provided)

m Method 7 evacuated flask

m Tedlar® or aluminized
Mylar flexible bag

® Adsorption tubes

® Specially-treated canisters

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 18: Speciated VOCs

FRM 18 Pre-survey

FRM 18 Pre-survey
Sample Analysis

Sample Analysis

& Heat pre-survey sample

& Sclect GC columns based upon manufacturer’s
to duct temperature

recommendation
® Sclect GC conditions for good resolution by
varying conditions after 1st injection

= Analyvze pre-survey samples
using retention time (RT)
g
compared to calibration standards

Lesson 14
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Session #3:. Stack Testing HAPs Utilizing FRMs

- . FRM 18: Speciated VOCs

Criteria for Pre-survey
and Sample Analysis

® Prepare calibration standards
by proper technique

® Determiné optimum GC settings

1 Obtain reteation times with repeatability of
+0.5 seconds '

Criteria for Pre-survey
and Sample Analysis

m Use smaller sample
loop or dilution if necessary

= [dentify all peaks > 5%
of the total area (le., tentatively identified
compounds [TICs])

; Preparation of
Calibration Standards

a Liquid standard in
desorbing solution

® Direct analysis of NIST reference gases or
commercial certified gas mixtures

Preparation of
Calibration Standards

m Gas dilution from high concentration of gas
cylinder
using calibrated rotameters

u Direct syringe-bag diluton for known quantity
volatle liquid material

Prepatation of ‘
Calibration Standards

® [ndirect syringe-bag dilution for known
quantity of less volatile liquid materials

FRM 18 Final Sampling
and Analysis Procedute

= Constder safety and soutce conditions, select
appropriate sampling and analysis procedures
(use direct interface if source
< 100°C and organics suitable
for detection)

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 18: Speciated YOCs

FRM 18 Final Sampling
and Analysis Procedure

m If source has high concentration
(> 100 ppm), then select direct dilution
interface technique

FRM 18 Compliance Test
Direct/Dilution Interface

® On-line, on-site GC

= Real-time analysis

= Triplicate injections, three concentrations of
each target compound for generation of
calibration curve

FRM 18 Compliance Test
Direct/Dilution Interface

m Calibration gas must be
certified to 2% accuracy by manufacturer

m Method 205 allowed

FRM 18 Compliance Test
Direct/Dilution Intetface

m Recovery study basically leak check, 70-130%
recovery

m Five consecutive samples
cquals a run

FRM 18 Compliance Test
Direct/Dilution Interface
m Post-test calibration check

w If > 5% difference, use both curves

= If < 5% difference, use first curve generated

FRM 18 Summary

® Source has great flexibility in choosing
sampling/analytical methodology (as long as
reCOVery criteria are met)

& Encourage direct/dilution interface: real-time
data, less chance of sampling loss
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Session #3: Stack Testing HAPs Utilizing FRMSs FRM 18: Speciated VOCs

FRM 18 Summary FRM 18 Reporting Results

w Any detector, including mass spectrometer,
may be used

® Any adsorbent is allowed s Reported Results = (Measured concentration,
as long as recovery met ppm)/ R

» Analyte recovery x R = Recovery = (m)(V)/S
performed once per source u S = Theoretical mass

m Canisters are not allowed as
a compliance test technique

Lesson 14
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

U.S. EPA APTI mo
Compliance Test and Source Test priner
Observation | Protection of Environment

FRM 25: TGNMOs as C

Family of Method 25s Applicability

= Method 25 applies to the measurement of
volatile organic compounds (VOCs) as total
gaseous nonmethane organics (TGNMO),

m FRM 25: Total VOCs
condensable and non-condensable, as carbon

= FRM 25A: Iastrumental FID
= FRM 25B: Instrumental NDIR

tn source emisstons

m FRM 25C: Landfill Gases m This method is not applicable for the
m FRM 25D: VOC Waste Sample determination of speciated VOCs or organic
m [FRM 25E: VOC Waste Sample particulate matter
Method 25 FRM 25 Timeline
= Applicability ;
= Osginally developed for determining the percent = Orlgmal Proposed 10/05/79
mdupti(jg of VOC mpissi@nsi achicvc.d by emission - Promulgated 10/03/80
control devices for automabile and light-duty truck 1 = Amendment 11/07/86

surface coating operations .

= Concemns = Addcé ﬁlt(cir hca;mg system
3 < t o)

» Complex method u Redc‘stgnc ucon‘ cnsate trap

= Specifted oxidation catalyst

= Use as last tesort
= Specified new sepasation column

= Use FRM 18 first as survey ool _
® Corrections 04/07/88
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 Applicability

= Concerns

= Notapplicable for measuring concentrations of
VOCs or mass emissions of VOCs from sources
whose concentrations are < 50 ppm

w Possible bias when:

% CO, X % H,0 > 100

u As water freezes in the trap, CO, is trapped out
prematurely. The CO,, when reduced to methane,
is counted as VOCs in the analytical system

Method 25 Applicability

a Concerns

= Not applicable for measuring emissions from
sources whose principle solvents
are chlorinated hydrocarbons

u Generally, for any situation where

amore simpler procedure is more accurate

» High organic droplets in gas stream can cause high
bias or data varability

Method 25 Applicability

a Concerns
w Source which has a complex flue gas flow
= Moisture content of the exhaust gas is much higher
than what is found in the audit sample

® The presence of orgasic and inorganic particulates
in concentrations larger than those found in the
audit sample

a Presence of droples, ar, and wax acrosols

Historical Method 25 Common

Problems
u High gas sample moisture content and

freezing of trap
8

Probe exit and filter temperatures not within

specifications

m Non-constant sample flow rate

u Usc of Method 25 for measuring low levels of
VOCs tfrom source

w Neasurement m ducts contaning organic

H P D
Lll'()'l)iCL\

Method 25 Principle

w A gas sample is withdrawn from the stackata
constant rate through a chilled condensate trap (dry
ice temperature) by means of an evacuated sample
tank (> 4 L)

a Condensate trap is 3/8 “ stainless steel packed with
glass wool

w TGNMO are determined by combining the analytical
results obtained from independent analysis of the
condensate trap and sample tank fracton

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 Applicability Method 25 Applicability
= After a combustion source where compound
x Applicable to all sources where VOC conversion takes place and identification is difficult
emissions are to be expressed as carbon (C) = A mass balance is not required

& To be used where there are (i.e., capture efficiency is not determined)

too many solvents being
emitted simultaneously

a No speciation required

Method 25 Interference Method 25 Advantages
u Gives constant results from
® Organic particulate matter source to source whether sarmple composition
will interfere with the analysis; therefore, a is known or not
Earﬂcu{f{ te dﬁl'tcr @ay k 0 " & Sample train does require
‘be required (ie., in-stack or out-of-stack) heated probe and filter, but is less complicated

than FRM 5 hardware

Met:hod 25 stadvantages o , Method 25 Summary

& Withdraw emission sample from
stack through chilled condensate
trap (dry ice) into evacuated cylinder

" Wﬂ[ not ﬂeld true mass emxssmn rate nor
instantaneous results

% No real time data (sample must be, (ctu:ﬂcd to .

Jaboratory for analysis) » Analyze contents of trap
= High moisture and CO, together can cause and cylinder separately

m Oxidize organic content

interference ;
1 (%CO)(%H,0)>100 gives potential high bias of trap to CO,
(EPA Guidelines) : m Reduce to methdne, measure with FID
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 Summary Method 25 Apparatus

® [nject portion of cylinder sample into GC to )
separate non-methane organics, oxidize NMO = Sampling System
to CO,, reduce to methane, and measure with = Probe (260 °C)
FID = Filter (250 °C +/-5°C)

® Combine results (condensable and non- u Condensate trap (-78 °C) for condensables

condensable) and report as total gascous
nonmethane organics (TGNMO)

= [Flow control system

= Sample tank for non-condensables

Lesson 15
4



#468 Compliance Test and Source Test Observation

: TGNMOs

FRM 25

ng FRMs

71

Stack Testing HAPs Utili

-
-

Session #3

T,

Lesson 15



#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25: TGNMO

o

Lesson 15

6
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25: TGNMOs

Calibration of
Sampling System

& Sample tank volume (Measute to nearest 5 mL

or5g)

= Volume of sampling train from probe tip to
sample tank valve (This volume maximum
should be 100 mL)

Method 25
Sampling Train Preparation

w Leak check the tank (#1)

® Assemble the sampling train

m [cak check the entire
sampling train

Method 25
Train Preparation

& Assemble sampling system; immerse
condensate trap in dry ice ~ 30 minutes before
sampling

x Plug probe tip

Calibration of
Sampling System

& Sample tank: Within 5gor 5 mL

& Sample train volume: No limits (< 100 mL)
= Rotameter:- Not calibrated

® Thermometers: Within 3°C of true value

® Barometer: Within 0.1 in. Hg of mercury-in-glass

barometer

Method 25
Train Preparation

® Evacuate sample tank to 10 mm Hg. Record
on field test data sheet (FITDS). Setaside and
recheck within 1 hour. Should be within 2 mm
of previous reading

® Just before train assembly, measure tank

vaduaum

Method 25
Train Preparation

® Evacuate sampling system from probe tip to
valve to 10 mm Hg

u Close purge valve, tutn off pump, wait 10
minutes

® Record A P. Vacuum should not change more
than 2 mm to be acceptable

Lesson 15
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FRM 25: TGNMOs

Method 25
Train Preparation

® Calculate maximum allowable pressure change
based on leak
rate of 1% and compare to-measured A P

® Record findings on FTDS

Method 25 Sampling

m Mark probe for point of
average stack gas velocity
(probe £ 36 in. as specificed in FRM 25)
m Check dry ice level (Maintain as high level as
possible)
w Calculate flow rate, record time,
set flow rate, probe temp, and filter

Method 25 Sampling

m Attach trap to sampling train
w Position probe tip perpendicular
to stack gas flow (Take plug off end)

w Purge sampling train, then adjust flow rate

Method 25 Sampling
® Record sample tank vacuum, tflow meter
settings, and temperatures at 5 - minute
intervals on FTDS
® Sampling must be £10% over duration of
sampling rate between 60-100 mL/min (i.c.,
3.6 to 6.0 L of total sample acquired)

m After sampling, record final readings

Method 25 Sampling

® Recover components, disconnect sample tank,
record tank vacuum
® Disconnect condensate trap,
scal both ends with brass fittings
& Record final readings on
FTDS and chain-of-custody
® Pack trap in dry ice during
storage and shipping

Simplified
Schematic of
NMO Analyzer

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOS

Method 25 Sample Analysis ; Method 25 Sample Analysis .

= Non Condensables

® Condensables in the trap are vaporized aad ,
x The non-condensables sample in the original field

- oxidi , s . ,
. dized to CQZ . sample tank (#1) is injected into the analyzer
- and-collected in a separate (#2) evacuated tank ' ' , :
RIS . . ) x Methane, CO, CO,, and NMOC are separated,
= The CO; (which are the original condensablc and the NMOC fraction is then back-flushed, "
otganics from sampling) in #2 tank is then oxidized to CO,, reduced to methane and d?tected
injected into the NMO analyzer, reduced to with an FID

methane, and detected with an FID

Method 25 Apparatus Method 25 Apparatus
u NMO Analyzer

® Analytical System
® GC with back-flush capabilit:

x Oxidaton system for recovery and conditioning of

» Oxidizing/ reducing catalyst
condensate trap contents Q g/ reducing ¥

Ji @ 400 C
» Heat source (I\[u @ 400
= Oxidation catalyst (chromia(@ 650 C) = FID
IR

® Non-dispersive infrared analvaer {

red canister

w Intermediate evacua
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Initial Performance Check of
Condensate Recovery and
Conditioning Apparatus
w Carrier gas and auxiliary
oxygen blank {< 5 ppm contaminants)
m Catalyst efficiency check with 1% methane

2200

stem performance check

Condensable Organic Fraction
Daily Performance Tests Recovery

x Condensable organic - S
> & Recovery of condensable organics is

recovery system . .
accomplished in two stages

w Leak test
a Condensate trap is purged of CO, (< 5ppm) while

& System background test . . - . -
’ cooling the trap in dry ice and put into original
& Oxidation catalyst efficiency test field tank (#1)
x NMO analyzer daily calibration = Condensate organics are volatilized and converted

catalytically to CQO» which is collected inan

u CO, response calibration (CO./methane)
intermediate collection vessel IC\ or #2) for

a NMO response calibration (Propane) .
analysis

Lesson 15
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25: TGNMOs

Condensable Orgamc Fractron
- Recovery

| Trapipurge an‘ jsample
tank pressuﬂzatxon :

& Set zero air flow to 100 mL/min
n Attach the. sample tank (#1) to the condensatc -
ttap recovery system' - )

o Mcasure sample tank pressure

k m Immerse the condensate
o trapmcrusheddrynce .
o Ll Observe IR response to CO,

Condensable Orgamc Fractron
‘ Recovery

‘to minimum level of < 5 ppm k

= Pressurize sample tank (#1) to 1060 mm Hg
absolute pressure and detach

Condensable Organic Fraction
Recovery

u Recovery of condensible organics

= Attach an ICV (e, #2 ank) to the trap recovery
systemn and evacuate to 10 mm Hg

m Set auxiliary oxygen flow to 150 mL/min

= Switch 4-port valve to collect position

Condensable Organic Fraction

Recovery

= Remove condensate trap from
dry ice and allow to warm to room temperature

= Heat trap by placing it in a furnace at 200°C

Cdﬁ&ensable Organic Fraction
Recovery

® Recovery of condensable organics
= After NDIR analyzer indicates a CO,
concentradon of < 10,000 ppm, begin heating the
tubing that connects the condensate trap to the
oxidatgon catalyst with a heat gun

Condensable Organic Fraction
Recovery

= Contnue trap heating and purging unul the CO,
concentation is below 10 ppm

= Pressurize the ICV (i.e., #2) to approximately 1060
mm Hg

Lesson 15
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zing FRMs

‘Stack Testing HAPs Utili

-
-

Session #3
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs o FRM 25: TGNMOs

‘Method 25 Apparéltus

x Method 25 NMO Analyzer Apparatus
% GC withi back-flush capabxhtv
= Oudtzmg catalyst (19 % chromia on alumina @ 650 C)
e Reducmgcaml)st Ni @400 C) '
=FID

Method 25 Sample Analysis

u Both Tanks (#1: Sample) and #2 (ICV)

= Sample in both tanks (#1 and #2) are injected into
the NMO analyzer

= Methane, CO, CO,, and NMOC -are separated,
and the NMOC fraction is then back-flushed,
oxidized to' CO,, reduced to methane, and detected
with an FID

= Original tank #1) only NMO quantified

Simplified
Schematic of
NMO Analvzer

" Method 25 Analysis ' Method 25 Analysis

® 1CV (i.c,, #2) Analysis u After detection of any NMOC, return column
= Attach the ICV (#2) to the oven temperature to 85°C_
10-port gas sampling valve ‘ x Record the CQO, peak area and NMO peak area
& Purge Samp[c loop * = Repeatanalysis two additional times

= When detector response rewums to near baseline
after COy peak, back-flush and increase column
oven temperawire

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs ; ; FRM 25: TGNMOs

Method 25 Calculations

Method 25 Analysis
m Sample Tank (#1): Same as [CV (#2) = Sample volume
w Inject triplicate samples from the sample tank and = Noncondensable organics
record the values obtained for nonmethane w Corideasable organics

organics only
m Total gaseous

w Perform three analyses and average the NMO . .
noniethane organics

values .
m Percent recovery

m Relative standard deviation

= EPA provides audit sample

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25: TGNMOs

Method 25 QC Checks

1. Oxidation Catalyst Efficiency Test
1% CH,
Oxid/Red. Cat. Unheated (R1)
Oxid Cat. Heated (R2)
Oxid. Cat. Eff. = Rl - R2/R1X 100

Method 25 QC Checks

2. Reduction Catalyst Efficiency Test
1% CH;,
Oxid. Cat. Unheated + Red. Cat Fleated (R4
Oxid./Red. Cat. Heated (R3)
Red. Caw Eif. = RY/R3 X 140

Method 25 QC Checks

3. NMO Response Lineatity Test
20, 200, 3000 ppm propane standard
Response Factor (RF) within 2.5 % over tunge, then lincar

espesnse

‘Method 25 QC Checks

4. CO, Response Linearity Test and Inital
Calibration
50, 500, 10,000 ppm CO, standard
Response Factor (RIF) within 10 % over range, then linear
response

Method 25 QC Checks

5. NMO Analyzer Performance (ppmC)
Std #1: 50 ppm CO, 50 ppm CH,, 2 % CO,, 20
ppm Propare
Std #2: 50 ppm Hexane
Std #3: 20 ppm Toluene
Std #4: 100 ppm Methanol\

Criteria: +/- 5%

Lesson 15
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 QC Checks Method 25 Daily QC Checks

1. Leak test of condensable recovery system (<
10 mm Hg for 10 minutes)

2. System background check (Syringe of gas <
10 ppm COy)

3. Oxidation catalyst efficiency check

6. Condensible Organic Recovery System Check
Stage #1: Carrer Blank Check (< 5 ppm)
Stage #2: Oxidizing Catalyst
Stage #3: Known Organic Concentration

4. CO,analyzer response

5. NMO response check

Method 25 Guide Method 25 QC Checks

= Make sure tanks, traps, and sample trains are

clean {< 1 ppm)

® Analyze confirmation preferred EPA Audit Sample (2)
u [eak check sampling trains in the field, even Between 50 % below standard and 100 % above
though theyv are checked in the lab standard

= /- 20%, of known concentradon

Method 25 Guide . Method 25 Guide

& Sctup sampling train properly
a DO NOT over-tighten the filter or the swage
fittings

a [eak check cold (minimize heating/ re-cooling
system)

& Leak check before adding trap

® [eak check canisters before use in feld s [f there is a leak, go to last fitting disturbed

= Use logical approach to find leak

& [eak check with rotameter completely open ) ) )
®» Isolate specific areas in the sample train

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 Guide

a Get most accurate pre-test and post-test
barometric pressures, tank vacuums, and
temperatute possible

m Used in sample volume

Method 25 Guide

m Monitor both sample flow and
tank vacuum with the rotameter and gauge on
the unit

® Vacuum gauge is not accurate,
but used as an indicator of proper sampling

Method 25 Guide

m Seal both arms of the trap with
the brass caps and pack the cooler with
sufficient dry ice to ensurc the temperature is
maintained until receipt at the labs

Method 25 Guide

m Use small pellets of dry ice around the trap to
increase contact to trap organics

= This will generate better results
(esp. oxygenated organics)

Method 25 Guide

m Take care that the brass caps from the traps
don’t come into contact with pump oil,
vacuum grease, ot other contaminants

Use tags to identify the tank/trap pairing, as
well as noting the pairings on the sample data

sheet

Method 25 Guide

m Perform Method 25 gas audits
prior to field sampling to minimize carryover
of contaminants from a dirty sampling train
(Audit through sample train)

m [{ sampling blanks are part of the program, a
preferred method is to collect a clean air
sample over a one hour period using the
project sampling train components (i.e., blank

train)

Lesson 15
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#468 Compliance Test and Seurce Test Qbservation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Method 25 Guide

= If high concentrations are expected, then
collect only
3.5 L sample

= Iflow concentrations are expected, then collect
larger volume of gas (Increase trapped sample
volume)

Method 25 Guide

& However, this increases analvtical cost and may
increase the positive bias from trapping CO,

® This approach does appear to
limit sampling problems

Method 25 Guide

= If very high moisture is expected, then add an
ice water second trap in front of the cryogenic
trap to prevent freezing water from plugging
the sample flow

Observations

& Obtain the most accurate pre-test and post-test
barometric pressure, tank vacuums, and
temperatures. This data determines the
volume of gas sampled. Don’t use gauge on
control box for tank vacuum measurement...it
isn’t accurate enougly and effects final volume
sampled

& Do not over tighten swage-lock fitiings as part

of the sample rain

- Obsetvations

® A pre-testleak check is required. I suggest set-
up everything and leak check without the dry
ice 2nd condensate trap. This limits the
number of components that might leak

& Method suggest purge the probe for 10
minutes at 60-100 cc/min. If the source has
high moisture, then purge only for 5 minutes
to minirnize possible freezing of trap

Observations

® FRM 25 requires vou to evacuate the sample
tank to <lo mm Hg absolute. Need laboratory
pump and may take several attempts and 5
minutes to reach that value

' Purchase dry ice in small pellets. Pack the
condensate trap to top of weld and cover dry
ice during sampling with aluminum foil

Lesson 15
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25: TGNMOs

Observations

& Make sure that the sample canister and
condensate trap are both labelled properly with
the same sample run. The VOCs are
determined from both compohcnts for that
single sample run

= If sampling a high particulate source, then
change the filter after each run to minimize
potental biases in the analysis

Observations

& If you are sampling a source with high
moisture (> 20%) and high CO2 (>20%), then
there is a real possibility that your trap will
freeze at the very top of the trap.

= Use hair dryer to unfreeze trap

= Remove foil and let the sun melt the plug at the
top of the trap

® Add a dry water impinger in front of the
condensate trap. However, must analyze content
of that trap also

Lesson 15

20
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Session #3: Stack Testing HAPs Utilizing FRMs FRM ZSA: TGOCs

U.S. EPA APTI e
t axof

Compliance Test and Source Test Saty . 2001
Observaﬁon Protection of Environment

FRM 25A: TGOCs Using FID

Family of Method 25s

w FRM 25: Total VOCs

m FRM 25A: Instrumental FID

m FRM 25B: Instrumental NDIR
m FRM 25C: [Landfill Gases

= FRM 25D: VOC Waste Sample
= FRM 25E: VOC Waste Sample

Method 25A Timeline FRM 25A

w Originally developed to determine compliance
with VOC emission standards for bulk gasoline

terminals
= FRM 25A not recommended for high moisture
" Proposcd 12/17/80 (> 40 % by volr!jr;e) e
" Promugited 08/18/83 w Iigh organic droplets in gas stream can cause

high bias or data vacability

Lesson 16
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Session #3:. Stack Testing HAPs Utilizing FRMs -

FRM 25A: TGOCs

FRM 25A Uses

x Incinerators

u Carbon Adsorption Units

® Coating and Printing Operations

& Web Offset Presses

& Method 25A measures total hydrocarbons
(THCs) (i.e., non-compound specific)

Applicability

m This method is applicable to the measurement
of total gaseous organic concentration of
vapors consisting primarily of alkanes, alkenes,
and/or arenes ,(aromatic hydrocarbons)

u Only measures C-H bond very well and
analytes that can generate a response factor

(RE)

Applicability

® Results from the use of FRM 25A are
expressed in terms of volume concentration of
propane (or other appropriate organic
calibration gas) or in terms of carbon

® Results from FRM 25A are measured on a wet
basis and the concentration must be adjusted
for the percent moisture in the sample gas
stream for the purpose of emission calculations

Applicability

m FRM 25A ““...can only be used where an appropriate
response factor for the stack gas can be deterniined”

Instrument Response Factors
(RF
® The instrument response factor for the
compound of interest is determined by:
® Response IFactor (RF) = (Act. Conce.) / (Instru.
Observ. Conc.)
= Typical RF:
® Benzene: 0.29
& Chloroform: 9.28

& M25A requires RE determination

Agency Example RF Application
(Surface Coating Operation)

m Four analytes which you know % of solvent
used in mixture

x Standard prepared with that same percent ratio
in mixture in gas std.

m Response of analyzer in ppm as carbon

m Concentration of gas stream is determined by
dividing by RF

Lesson 16
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRIMs FRM 25A: TGOQCs.

Applicability
® The concentration is expressed
in terms of propane {or other appropriate
organic calibration gas) or in terms of carbon
m Measurement is made on a wet bases and
ernissions must be adjusted accordingly to dry
bases ‘ ;
® Span value of the analyzer is usually 1.5 to 2.5
times the applicable emission limit

FRM 25A Items

® A system bias check is required and is
performed by introducing the bias check
standard directly into the FID and then
through the entire sampling system, excluding
the probe. Results must agree within 5 % to
be acceptable

® The bias check standard must be representative
of the eftluent {i.c., boiling point, solubility,
chemical reactivine cees Propane may be used

it efflucat s unknown.

FRM 25A Items

s Calibration error test must be performed within 2
hours of start of testing
® [ntroduce zero and high level standard, adjust
& [ntroduce low and mid level standard, no adjustment.

Criteda of 5 %

& Perform response time test at same time as calibradon
error test for zero and high level standard. Repeat 3
times and record. Typically < | minute

FRM 25A Items

m Calibration for FRM 25A should be done using
EPA Traceability Protocol gas standards,
preferably propane

m The entire sampling system prior to the flame
ionization detector (FID) should be heated to
the higher temperature of 248 +/- 25 F or
stack temperature. Heating above 400 F is not
required

FRM 25A Items

a [or the bias test, propane should be used at
the following processes:
s Incincrators, boilers, asphalt plants, cement plants and
resource recovery facilities,
® For the bias test, propane should NOT be
used at the following processes:

® Bakeries fusing veast).cthylenc oxide sterlizers, chemical
; tacilities THON/SOCMT), surface coating

FRM 25A Items

w Drift determination is determined each hour during
the test
® [acroduce zero and mid-level gas standards
m Criterin: < 3 %
u ['RM 25A sampling systern must be leak checked
prior (o0 monitoring
a Locadon of sampling point can be 2 single point (>
1.5 meters from inside wall of stack) or racked probe
(16.7, 50, 83.3%%)

Lesson 16
3



#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs FRM 25A: TGOCs

Wet Bases to Dry Bases

= Wet bases measurement emissions to dry bases
measurement emissions:
- Cs(dzy) = Cs(wc()/(l-Bws)

® Cog.sme) =

[Cs(wu()/(l _Bws)] [(rs)([)srd)/(rﬂd)(?s)]

Principle

= A gas sample is extracted from
the source through a heated sample line and
filter to a total hydrocarbon analyzer (THC)
containing a flame ionizaton detector (FID)

= All components kept at 250 F (121 C)

Principle

= Sampling is performed on a continuous, real-
time basis with results proportional to the
carbon content of the sample stream passing
through the detector on a wet bases

= FID is linear from 0-10,000 ppm (If higher
concentratons, then use diludon system)

= Method 25A is good up to about 40 7

motsture in the stack gas

FID Theory

= Basic Theory:

m Sample is introduced into an ionizauon chamber and
burned

m Process separates free ions

u Free ions are antracted to a collecting electrode

u Collection of the ions results in an increased current
which is proportional 10 the concentration of the
compound

a Boomeoducts are FLOY st 0.0

Diagram of FID

IGNITION
FILAMENT

Af SAMPLE

FUEL i)

Flame Ionization Detection

u Advantages =
» Wide dynamic and linear range (0-10,000 ppm)
» Highly sensidve to hydrocarbon vapors
x Very stable and repeatable
u Unaffected by ambient levels of CO, CO,

vapot

Lesson 16
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25A: TGOCs

Flame Ionization Detection

= Disadvantages
= Requires oxygen > 16% to operate

u Total hydrocarbon detector - not specific

Principle

m FRM 25A results are measured on
2 wet basis and the concentratdon must be
adjusted for the percent moisture in the sample
gas stream for purposes of emission
calculations

Principle

u [n general alkanes, alkenes, and aromatics ate
the most appropriate compound groups for
FRM 25A sampling and analysis

u Mav also be used on CH & O compounds.

Erthanol gives ~ 60% signal to that of propane,

but can still be used for ethanol

FRM 25A Limitations

w Sensigvity greatest for the alkane, alkene, and
aromatic organic compounds

m FRM 25A can only be used in situations where
an appropriate response factor for the stack
gas constituents can be determined

FRM 25A Limitations

m Gas streams with high moisture (> 40%) can
effect response of the FID

m Limitations of the FID. FID response is
different for different analytes

® [arge quantities of methane present gives
questionable results

u Sample gas needs O, (> 16 %) for combustion
in the FID

FRM 25A Sampling System

w Sample Probe: A heated (> 250°F) stainless
steel, three-hole rake type probe. Holes should
be 4 mm diameter or smaller and located at
16.7, 50, and 83.3% of the equivalent stack
diameter
® Alternatively, a single opening probe may be used

so that a gas sample is collected from the centrally
located 10% area of the stack cross-section

Lesson 16
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Session #3: Stack Testing HAPs Utilizing FRMs FRM 25A: TGOCs

Options for Sampling Point

= Single point in centroid of stack

® Single point at average velocity of stack gas

= Rake probe (i.e., 16.7%, 50%, and 83.3% of the
equivalent stack diameter

m Therefore, FRM 2 needed to determine cyclonic
flow and velocity of stack gas

Sampling System
® Calibratdon Valve Assembly:
A heated (> 250°F) three-way valve at exit of
probe assembly to direct the zero and
calibration gases to the analyzer
® Particulate Filter: An tu-stack or an out-of-
stack heated (> 2509F) glass fiber filter

assembly
& Pump: A heared = 23001 leak-free diaphragm
wpe

" FRM 25A Gases

= Fuel: 40% H,/60% He or
40% H,/60% N,
® Zero Air: High purity air with less than 0.1
ppmv of organic material (propane or carbon
equivalent)
m Most systems use 100% H, as the fuel which
makes for a hotter flame

FRM 25A Sampling System

m Sample Line: Heated (> 250°F) stainless steel
or Teflon® tubing
= All components must be heated > 250 F so
moisture and organics don’t drop out of the
gas stream
= Check unjons for cold spots
= Check for unheated transfer line
= Check for sudden spiking at steady state conditions
m Check for unbeated filter

Sampling System

= Organic Concentration Analyzer:
A heated (> 250°F) total hydrocarbon analyzer
(THC) with
a flame ionizadon detector (F1DD)

® Recorder: A seeip-chart, digital recorder, or
computer for recording measurement data

Gases

® Calibration Gases (i.e.,, propane in air/N,)

m Low-level calibration gas: An organic calibration gas
with a concentration equivalent to 25 to 35% of the
applicable span value

m Mid-level calibration gas: An organic calibration gas
with a concentration equivalent to 45 to 35% of the

applicable span value

Lesson 16
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Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25A: TGOCs

Gases

a High-level calibration gas: An organic
calibration gas with a concentration equivalent
to 80 to 90% of the applicable span value

= Note: Use hydrocarbon/air standards; Propanc/N,
may yield inaccurate results!

Steps to Perform An Analysis

m Response Time Test: 1-2 minutes; traditdonally
< 1 min; No specifications in FRM 257

n Calibration Drift {(Zero/Mid-span Gas)Test
{No adjustments allowed o analvzer): +/- 3%

of span value

Pre-test Requirements

® Assemble the sampling system following
manufacturer’s specification

m Prepare sample interface
from stack to extraction system

m Male system operable

Steps to Perform An Analysis

a Analysis of PE sample not mandatory, but
suggested, due to calibration gases are NIST
traceable!

® Leak Check System not mandatory, but
suggested!

x Calibration Error Test (With Propane): +/-
5% of calibration gas value

Pre-test Requirements

m Sampling Site: Located as required by the
specific regulations
(i.c., exhaust stack, mnlet line etc.)
& At aminimum. 1.5 1o 2 equivalent stack diameters

upsiream of 1w gas discharge w the atmosphere

Pre-test Requirements

m All delivery pressures of the gases to the
THC/FID system must be maintained at the
same value used during calibration and

Lesson 16
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Session #3: Stack Testing HAPs Utilizing FRMSs FRM 25A: TGOCs

First Step To Perform An
Analysis

m Leak Test of System: Perform both positive
and negative leak check of sampling and
analytical system

= 1. Vacuum: Attach manosmeter to probe inlet, pult
2 in. of Hg vacuum; no leak for 1 minute

= 2. Pressure: After pump, apply pressure and use
soapy water to determine leaks at all
joints/connectons

Pre-test Requirements

m After leak test of system, place probe at
centroid of stack,
pipe, or duct and is sealed tightly

Remember Sampling Point
Options!
= Single point in centroid of stack
= Single point at average velocity of stack gas
= Rake probe (i.e., 16.7%, 50%, and 83.3% of the
equivalent stack diameter

= Therefore, FRM 2 needed to determine cyclonic

flow and velocity of stack gas

Calibration of M25A
m Calibration of THC/FID Analytical System:

Generate a series of high, mid, and low range

calibradon gases of known concentrations

spanning the linear range of the FID and

introduce at the calibration valve assembly to

the THC/FID

m The analytical range must be chosen so that the
source THC limit 1s 1010 100% of the ranpe

1

s (Calibration must bhe done on are v determine Rifs

Second Step To Perform An
Analysis

m Calibratdon Error Test (Response to True
Value):
Perform a calibration error test (within 2 hours
of the start of the test) by introducing the zero
and high level calibration gases to the analyzer

Pre-test Calibration Etror

= Calibration

u The calibration gases are usually propane in air,
propane in nitrogen, or methane in air or nitrogen

® Perform three injections cach of the calibration
gases

= Calibration gases must be NIST traceable;
Therefore, no method does not require a PE
sample

Lesson 16
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FRM 25A: TGOCs

Session #3: Stack Testing HAPs Utilizing FRMs

Pre-test Calibration Error

& Calibration
= Generate calibradon curve from the three
injections performed in the calibration of the
analytical system
= Develop 2 “calibration factor” for each level of the
injected calibration gases (the calibration factor
should fall between 0.95 and 1.05 to be acceptable)

Pre-test Calibration Error

= Inject zero and high level (80-90 % of span value)
at the calibration valve
= Adjust the analyzer output
to the appropriate levels
= Introduce the mid and low
level calibration gases
m Make no adjustments to the analyzer
® If system is linear, differences
should be < 5%

Pre-test Calibration Error

u [f can’t meet < 3% of the calibraton gas
concentration value, then system must be replaced
or repaired

= No adjustments can be made to the system after
the calibration error test and before the calibration
drift test

u [ adiusiments are required, perform the calibration dritt

the adiustments and repeat the calibeaton

¢ adiusimenss

Third Step To Perform An
Analysis
® Response Time Test: Response tdme test is used
to document response of gases by the THC/FID
analytical system
= [nwroduce zero gas at
the ealibeation valve assembly

= When the system ouput bas

stabilized. switeh guick

vt e

Pre-test Requirements
® Record the time from the ébncenﬁatﬁonthange 1o
the measurement system (no limit specified, just
determine)
m Repeat the test three times
® Just record results
® Response ime should be < 1 minute, but can
be 1-2 minutes ,
= [FRM 25A does not specify limit

Fourth Step To Perform An
Analysis: Sampling

® Purge the sample system for a period of time
longer than the response time of the system

w Mark the start time on the data recorder after
purging. Remember, all delivery pressures of the
gases to the THC/FID system mustbe
maintained at the same value used during
calibration and sampling

® Begin sampling!!!

Lesson 10
9



#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs R FRM 25A: TGOCs

Fifth Step To Perform An
Analysis: Post-test Post-Test Procedures

» Calibration Drift Determination: Immediately u Make no adjustments to the instrument, just

following completion of the test period (and record response
houtly during the test), perform a calibration m If drift exceeds 3% (span value)
drift test for either gases, invalidate the
u Reintroduce the zero and mid level calibration test results preceding the check
gases, one ata time, to the measurement system at = If you fail drift test during run, then void sample to
the calibradon valve that point from the last acceptable drift test,

recalibrate, and then condnue!

Organic C trati
g onc.en ton Agency Bias Check
Calculations
= Agency bias check is not required by FRM 25A
= Calculated as ppm, as carbon & Bias check procedure:
Ce = Ko = Introduce bias gas standard at back of analyzer
Where: = Introduce bias gas standard through endre

K =1 for methane sampling system
K = 2 for cthane w [f results agree within 3% of bias gas standard
N = 3 {or propanc concentraton, then PASS!

N tor butanc

=
N = Appropriate response factor

for other organic calibration gases

Agency Bias Check

® Bias gas standard must be representative of the
eftluent as a whole with regard to BP, water
solubility, and chemical reactivity

& Propane may not be used for the following
facilides:
u Bakeries, ethylene oxide sterilizers, chermical

manufacturing facilities, surface coating operations
and graphic arts operation

Lesson 16
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Session #3: Stack Testing HAPs Utilizing FRMs

Method 25A Notes
w The use of Method 25A usually must be
justified to regulatory agencies instead of using
Method 25. Key poiats would be:
= Expected concentration < 50 ppm
u VOCs known to consist of C and H
w (CO)(H,0) > 100 % '
® Set-up instrument in environmentally
controlled room to minimize instrument drift

Method 25A Notes (Contd)
= T'o minimize condensation of VOCs in the
analytical system, keep at least 10 F hotter than
rest of system
w Protocol 1 standard should be used for
calibration, but other standards allowed if
manufacturer certified accurate is 2 %

m Void test run if using expired standards....but!

Method 25A Notes (Contd)

® The entire sampling svstem (probe, heated
sample lines, valves and maaifolds) must be
maintained at stack temperature or 250 I (May
go hotter/Web Offset Presses.. 350 F)
& Actual temperature of each component may want
to be recorded every 13 minuies and included in

final test report

Method 25A Notes (Contd)

® Agency may require a systern bias check
conducted with a certified standard that has
properties (boiling point, water solubility, and
reactivity) similar to the efflueat as a whole.
Propane is not normally acceplable by regulatory
agencies!

a Concentration of the svstem bias check standard

N N 1 PRI . N WL
must be similar o the concenirasion of ihye stack

Method 25A Notes (Contd)

# The analyzer temperature and pressure must be
the same during sampling as it was during
calibration

m Pollutant concentration must be measured on a
wet basis and reported on a dry bases

¥ Any run in which the average VOC
concentration exceeds the span must be voided

Method 25A Notes (Contd)

s [or Destructon Efficiency (DE) Testing:

s The same sampling method should be used; The
outlet test location determines the method (i.c.,
concentration, % H,O etc.)

u The results (Ibs/hour) at both the inlet and outlet
must be on the same bases (as propane or as

VOCs)
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

FRM 25A: TGOCs

Method 25A Notes (Contd)

® The actual emissions should be determined if at 2
VOC coating source:

‘Emission Rate = {(Coating Usage)(VOC Content)(1-
DE)(CE)} + {(Coating Usage)(VOC Content)(1-
CE)}

Applicability

® This method is applicable to the measurement
of total gaseous organic concentration of
vapors consisting primarily of alkanes (other
organic materials may be measured as long as
appropriate calibradon procedures have been

implemented}

Principle

® A gas sample is extracted from the source
through a heated sample line, heated calibration
valve, heated partculate filter assembly, heated
pump, and tortal hydrocarbon analyzer (THC)
containing a non-dispersive infrared (NDIR)
detector

FRM 25B

Determination of Total Gaseous
Organic Concentration Using A Non-
dispersive Infrared Apalyzer

Applicability

m The concentration is expressed in terms of
propane or In terms of carbon

Principle

m All components are heated and follow the
same configuration of FRM 25A replacing the
FID with a NDIR

m NDIR is usually used where concentrations of
VOCs are extremely high (> 10,000 ppm) or
where gas dilution is implemented

Lesson 16
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#468 Compliance Test and Source Test Observation , -
- EPA’s CTM-035

Session #3: Stack Testing HAPs Utilizing FRMs

U.S. EPA APTI

Compliance Test and Source Test Introduction
Observation - + Emission standards
lower in recent years

EPA’s Conditional Test Metho
 (CTM) 035

+ Employs a trap and tank approach
designed for low co‘ncentrati‘ons

+ Method 25.3 intended to fill void in
existing VOC method applicability

VOC Test Methods

+ EPA Method 25
- less precise at low concentrations

¢ EPA Methods 254, 25B
- for Alkanes, Alkenes, and
Aromatics only

¢ EPA Method 18 - not for total VOC

+ SCAQMD Method 25.1
- similar to EPA Method 25

VOC Test Methods

= SCAQMD Former Draft Method 25.2 -
removed from consideration -

m SCAQMD Method 25.3
- for low concentrations only

& EPA’s Conditional Test Method (CTM)-
035

Applicability

¢ EPA’s CTM-035 for combustion
exhausts < 50 ppmC

+ Continue to use FRM on
inlets or higher concentrations (> 50
ppm)

¢ SCAQMD M25.3 replaces former
draft M25.2

¢ Has a provision for deleting trap
when no elevated moisture present
(ambient)

EPA’s CTM-035 Sampling

+ Simple self contained sampler

= No power, no heaters, no
adjustments

= Analysis is completed off-site
¢ Duplicate sampling

# Probes are placed flush
with port entrance

Lesson 17
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs EPA’s CTM-035

Sampling Apparatus

Duplicate Samplers

Trap Assembly

Condensate Trap

Analysis
¢ Condensate by infrared total organic

carbon analyzer

* Lowerdetection limit 1 ppmC

¢ Canister by Method 25.1
modified for low concentration

* GC/oxidation/reduction/FID

* Lowerdetection limit 1 ppmC

Example Chromatogram

0,

CH,

Ethane

NMNEOC

Sample Ethylene

injection
L Il 1 1

g 1 2 3 4 5 6 7 8 9 10 11 12
Time (min})
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Session #3

EPA’s CTM-035

FRMs

izing

ili

ing HAPs Ut

Stack Test
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs  EPA’s CTM-035

Method Development
+ Various improvements made

= Trap volume, cdnnectorline
recovery, trap purge for CO,,
cleaningand handling ‘
+ EPA Method 301 validation needed
however

+ Recent test indicate 92% spike
recovery, 20% COV (0.5 ppm)

+ Deemed validated by EPA giving
CTM status

Implementation Issues
+ Ininterim, distributing CTM-035 for
comments '

+ Have been allowing use of draft
method subject to protocol review

+ Requires determihation
for MW/C ratio

= Draft method contains
guidelines for MW/C

Rental Cost

n CT M-035
‘m Canister, impinger, flow controller, énd
probe. ... $ 120
= Analysis (water trap and canister)
mSpeciated. .....oooooiiiiii S 250
mTotal VOCS. ..ovvvveieeeei $ 65

Rentél Cost

m FRM 25
m Canister, cryogenic trap, metering box,
and probe.................L g 295
m Analysis (Cryo trap and canister)
maTotal VOCs. ... §295

Lesson 17
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

EPA’s CTM-035

Conclusions

= Method is thought to have supetior
accuracy and precision than existing
methods (i.e,, FRM 25 or FRM 25A)

= Next phase — compatison o Method
25A

= Well received by industry
and source test firms

= Not accurate above 50 ppmC

NCASI Impinger and Canister
Method

m National Council for Air and Stream
Improvement (INCAST)

= IM/CAN/WP-99.01

= “Impingcr/ Canister Source Sampling
Method for HAPs at Wood Products
Facilities

u Publications@ncasi.org

NCASI Impinger and Canister
Method

m Sampling train consist of three chilled
impingers/pump/canister

w [low through impingers is ~ 400
cc/ml.

B Single point sumphng for 60 minutes

NCASI Impinger and Canister
Method
a Ketones/phenols-Water Impinger: GC/FID
mAcetaldeyde
mAcrolein
m)ethanol
m\Methyl Ethyl Ketone
s ethy] Isobuty]l Ketone
EPropionaldehyvde

& Phenol

NCASI Impinger and Canister
Method

® Formaldehyde-Water Impinger:
Acetylacetone Reagent

' Measure absorption at 412 nm

NCASI Impinger and Canister
Method

® Organic Analysis-Canister: Cryogenic
trapping followed by GC/MSD EPA’s
Compendium Method TO-14
mAcetaldehyde
= Acetone
mAcrolein
aMethanol
uMethyl Ethyl Ketone (2-Butanone)
mMethyl Isobutyl Ketone
mPropionaldehyde
wPhenol

Lesson 17

5




#468 Compliance Test and Source Test Observation : o : ~
Session #3: Stack Testing HAPs Utilizing FRMs o o ~ EPASCTM-035

NCASI Impinger and Canister NCASI Impinger and Canister
Method ' Method
® Terpene Analysis-Canister: Direct
Injection GC/FID ® Total Hydrocarbons-Canister: Direct
= Camphene Injection GC/FID
xp-Mentha-1,5-Diene ® Bacharach Gas Analyzer For

CO/0,/CO,-Canister: Direct Analysis

= 3-Carene
By Bacharach Gas Analyzer

= p-Cymene
= Limonene
® O-Pinene

= 3-Pinee

Lesson 17
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#468 Compliance Test and Source Test Observation

Session #3: Stack Testing HAPs Utilizing FRMs Comparison FRMs 18, 25, 254

U.S. EPA APTI
Compliance Test and Source Test
Observation ;
Compatison FRMs 18, 25, and 25A

Lecture Objectives

Background

m FRM 25 - measures total VOC

m FRM 25A - measures total hydrocarbons
(THC)

® FRM 18 - measures individual organic

compounds

Background

m Generally, “stack testing” is performed
using FRM 25A or
FRM 18

m FRM 25/25A were created in order to
determine the removal efficiency of a

control device

Background

® Typically, once a method is promulgated
(and sometimes before itis) the method
will be
used for a variety of purposes including
functions thar it
was not designed to perform

® FRM 25 and FRM 25A are not applicable

to mass emission rate

Background

u FRM 25
m Samples are tme integrated
m Analysis is completed off site
= FRM 25A
s Sampling is conunuous

m Analysis is done on site

Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Comparison FRMs 18, 25, 25A

Background
= FRM 18

‘® Samples can be time -
" integrated or semi-contifiuous
® Analysis can be on site or off site .

Background

m FRM 25 - All compounds are converted
to methane before measuring with an
FID

u FRM 25A - All compounds are measured
directly, as a whole,
with an FID

Background

® FRM 18 - Each compound
is separated and measured individually

with an FID

FRM 25 & 25A
= The FID can be applied to the

determination of the mass concentration
of the total molecular structure of the
organic emissions under any of the
following limited conditions

FRM 25 & 25A
m Where only one compound is known to
exist

& When the organic compounds consist of
only hvdrogen and carbon

FRM 25 & 25A

m Where the relative percentages of the
compounds are known or can be
determined, and the FID responses to the
compounds are known

Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Comparison FRMs 18, 25, 25A

FRM 25 & 25A

m Where a consistent mixture of the
compounds exists before and after
emission control and only the relative
concentrations are to be assessed

® Where the FID can be calibrated against
mass standards of the compounds
emitted (solvent emissions, for example)

Advantages: FRM 25

u Measures only VOC (excludes Methane)
m Responds equally to all VOC

Disadvantages: FRM 25

m Potential positive bias that may vary
according to soutce category

® Reladvely poor precision

Advantages: FRM 25A

m Very good precision
m Real ime analysis

u Reladvely low detection limit

Disadvantages: FRM 25A
x Does not respond
equally to all VOC

# Requires a separate measurement of
Methane to convert THC to VOC

Advantages: FRM 18

m Good ptecision
# [ow detection limits

m Can exclude methane

Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Comparison FRMs 18, 25, 25A

Disadvantages: FRM 18
= Measures individual organic compounds
- not total VOC

® Requires calibration standards
for all measured compounds

General Guidance

m Use FRM 25 for unknown mixtures with
concentrations greater than 50 ppm

m Use FRM 25A for unknown mixtures
with concentrations

less than 50 ppm

General Guidance

® Use any of the methods for
known mixtures with the following
condidons

s FRM 25 should only be used for concentratons

greater than 50 ppm

General Guidance

w Use any of the methods for
known mixtures with the following
conditons
a2 [FRM 253A should be calibrated with the known

mixiure or the results mathemateally corrected

for varving response factors

General Guidance

® Use any of the methods for known
mixtures with the following conditions

u FRM 18 must be calibrated for each of the
compounds in the mixture

Summary

= None of the existing methods
for measuring VOCs are perfect
= Because their problems can be source
specific, we may have to approve
alternative methods for some sources
= \We must continue to improve
the existng methods

Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Comparison FRMs 18, 25, 25A

Reporting VOCs

® Many state agencies require reporting ““as
VOCs;” or as “carbon, methane; or
propane” or “make up your own!”

® One must know how the state wants data
reported for VOC emissions

m Volatile organic compounds as defined in
40 CFR 51.100

Case Study Molecular Weight -
FRMs 25 & 25A

® Emissions testing was performed and
submitted in support of a permit
application

m Gas Stream consisted of
~ 100 VOCs

B Toml VOCs per FRM 250 = 2516/ hr as

carbon

Case Study

m Using the MW of carbon for
mass emission rate calculation

m Consider Propylene Glycol
(CH;CH(OH)CH,OH)

m Molecular Weight is 76.10

m Assume: Concentration = 100ppm

m (Jsd of 100,000 dscfm

Reporting VOCs

» The reporting format of the data must be
known prior to accepting test data

= Mass emission rates - Ib/hr as carbon, methane, ot
propane?
= Mass emission rates - [b/hr “as VOC”

Case Study

m One speciated compound per a
compound specific test was emirted at 5

Ib/hr

m Qurcome
= [acilite adjusted the reported VOC emission rate
using a MW that was considered “average for the
pollutan: vas sireant Savg MW of the VO

Case Study

m Ib/hr “as carbon” (MW=12) = 187
Ib/he.

m |b/hr “as VOC” (MW=76.1/3) =
39.57 Ib/hr.

m An error in excess of 100% due only to
MW

[Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Comparison FRMs 18, 25, 25A

Case Study

® Idendfication of a major concern with the
reporting of VOCs when using FRMs 25
& 25A

= Propose using a molecular weight
adjustment

® Every organic will weigh more than just
carbon

FRM 18 Reporting of VOCs
m FRM 18 measures specific VOCs

® Requires knowledge of
the pollutant gas stream

® Can only measure VOCs for which the
GC/specific detector has been calibrated

Summary VOC Methods

m FRM 25 - Measures Total VOC
(> 50 ppmy)

m FRM 25A - Measures Total
Hydrocarbons (THC) (10-100 ppm)

= FRM 18 - Measures Individual Organic
Compounds (Sub-ppm)

Other Errors
Involving FRM 25 & 25A

= “Response factor” error
associated with FRM 25A

m The flame ionization detector (FID) used
in FRM 25A does not give a 1:1 response
with all organics

FRM 18 Reporting

m Difficuldes

m Sources claim that they only
need to measure “total VOCs”
- not speciated

m What to do with a “soup™ of VOCs?

Lesson 18
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs

Midwest Scaling Protocol

U.S. EPA APTI
Compliance Test and Source Test
Observation
VOC Midwest Scaling Protocol

Applicable Sources

This protocol is designed to determine the
actual VOC mass emission rates from
sources where significant amounts of
oxygen-containing organic compounds
are emitted from:

m Wet and Dry Grain Mills

m Ethanol Production Facilities

Sampling Methodology
m Either FRM 25 or FRM 25A is used to
determine total organic compound
concentration of the emission samples

m The concentration data are then
converted to carbon mass {or propane
mass) emission rate

m Simultaneously, the concentrations of the
most signiticant individual organics are

measure with FRM 18

Background

m FRM 25 - measures total VOC

m FRM 25A - measures total hydrocarbons
(THC)

= FRM 18 - measures individual organic
compounds

' Flowever- measurement methods can’t
be compared adeguately because of
molecular weight and response tactor

considerations

Background

w Midwest Scaling Factor (MSF) protocol
provides means for the quantitative
measurements of air emissions of
individual VOCs from sources at grain
mills and ethanol productdon facilities

m MSF also serves as a reference for
equations used to convert VOC
concentration measurements reported “as
carbon” or “as propane” to actual VOC

mass emissions

Background

& MST based upon Commonwealth of
Pennsylvania Department of
Environmental Protecdon, Bureau of Air
Quality, Source Test Manual, Revision
3.3, November 2000
(www.dep.state.pa.us/dep/deputate/airw
aste/aq/source/sts.htm)

w Correction for different molecular weights

= Correction for relative response factors (RRFs)

Lesson 19
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#468 Compliance Test and Source Test Observation ~ ‘
Session #3:  Stack Testing HAPs Utilizing FRMs Midwest Scaling Protocol

MSF Target Compound List Reporting of Emissions
® Total Organic Compounds Uti]izing MSFE PerQCOI
m Acetaldehyde m Converts VOC results using FRM 25 (“as
® Acetc Acid carbon”) or FRM 25A (“‘as propane™) to
= Ethanol “as VOC” emission rate

= Tzkes into account MW and RF
= Formaldehyde “
m Source may opt to use a standard scaling

= Formic Acid factor (SF) of 2.2 pounds of VOC per
u 2-Furaldehyde pound of VOC as carbon (Usually
m Methanol between 1.8-2.9)

Measurement of Oxygenated
Organics in Using MSF Protocol
m Use of chilled impingets (i.e, FRM 18) to

measure the individual oxygenated

Midget impingers

-8

\
Silica gel
Dual Tube

organic compounds as required by the
MSF protocol
mNational Council for Air and Stream
Improvement (NCASI) Chilled
Impinger/Silica Gel Tube Test Mcthod at

NCAS!94.02
Sampling Train
for Oxygenated
Organics

Pulp Mill Sources tor Methanol, Accrone,

Meter Box Assenibly

Aceraldehvde, Methyl Bthyl Ketone and
Formaldehvde INCASICL/SG/PULP-94.67,

Measurement of Oxygenated
Organics in Using MSF Protocol
s NCASI Chilled Impinger/Silica Gel Tube Test
Method Analytical Finish for Oxygenated
Organics:
= Impinger water analyzed by GC/FID
& Silica get desorbed with 3% solution of n-propanol,
then direct injection to GC/FID

= Formaldehyde analyzed by the acetylacetone
derivatzaton/spectrophotometric analysis method
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#468 Compliance Test and Source Test Observation
Session #3: Stack Testing HAPs Utilizing FRMs FRMs Observer Checklist

U.S. EPA APTI
Compliance Test and Source Test
Observation
Agency Observer Method Specific
Checklist for FRMs

L.esson 20
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#468 Compliance Test and Source Test Observation ; ; o
Session #4: Stack Testing HAPs Utilizing SW-846 ; SW-846, Method 0010 SVOCs

U.S. EPA APTI
Compliance Test and Source Test
Observation
SW-846, Method 010, Semi-Volatiles

Applicability

& This method is applicable to the
determination of Destruction and
Removal Efficiency (DRE) of
semi-volatile Principal Organic
Hazardous Compounds (POHCs) from
incinerator systems

# Procedurc-Based Method
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0010 SVOCs

Destruction Removal Efficiency

(DRE)

DRE = (W,-W,,) / W, x 100
DRE> 99.99%

Definition of
Semi-Volatiles
m Semi-volatile compounds are

those with boiling poiats greater than
200°C

Definition of
Semi-Volatiles

= Four major groups
& Polycyclic Aromatic Hydrocarbons
(PAHs)
s Dioxin and Furans (D/Fs)
= Biphenyls (PCBs)
u Herbicides/Pesticides

General Classification
of VOCs

Vapor Pressure I Boiling Point

Classification mm Hg °C
Volatiles (VV/IV) > 101 <200°C
Semi-volatiles (SV) 10*to 107 | 200-500°C
Particles (NV) <107 >500°C

Boiling Points of
Volatile Organic Compounds

Methyl ethyl keytone (79} ~, + Benzene (80}
e <7 )

Formaldehyde (-19)

Boiling Points of
Volatile Organic Compounds

o-xylene (144}

{Xy‘lene {mixed isomers} (138}
p-xylene{138)

m-xytene (132) ™ Ethyl benzene {136)

n-Butyl acetate {126) —~
Ethytene glycol -
monomethyl ether (124} :

« Butanol (117}
Toulene (112} —
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

Boiling Points of
Semi-volatile Otganic Compounds

6-diisocyanate (255 12

Napthalene (217} <1
Ethylene glycof (197}
Phenot (182)
Ethylene glycol monoethyl
Methyl amyl ether acetate{156}
am;
ketone (150) ~| Cumene (152}

Semi-Volatile Compound

~ Boiling Points(°C)
= Bis(chloromethyl)ether - 104°C
a Chlorobenzene - 132°C
Benzyl Chioride - 176°C
Hexachlorobutadieae - 215°C
2,4,6-Trichlorophenol - 245°C
3,3-Dichlorobenzidine - 402°C

34 Title II1 Semi-Volatiles
SW-846, Method 0010 Analytes

34 Title III Semi-Volatiles
SW-846, Method 0010 Analytes

1,3 - Butadicne .
Carbonyl Sulfide
Chlotobenzeae
Cresols

Cumence

1,4 - Dichlorobenzene
Ethytbenzenc
Fihyleae Glyeol

Acetaldehyde Ethyleae Oxide
Acetonitrile Methanol

Biphenyl Mecthyl Ethyl Ketoae
Beomoform Methyl [sobutyl Ketone

Naphthalenc
Phenol
Propioaaldchyde
Styrenc

Toluenc

Nylenes (o -, mop )

Benzotrdchloade

Benzyl chloade
Chloroacetophenone
Trans-1,3-Dichloropropene
Dichlorocthyl Fther

Hexachlorocthaoe
Pyndine
1,1,2.2-Tetrachlorocthane
Tetrachlorocthylene
1,2,4-Trchlorocthane

Fthylene Dibromide 2.4,5- Tnchlorophenol

Intetferences
= Oxides of nitrogen (NO,) in the
- determination of certain water-soluble
~ compounds
(dioxane, phenol, and urethane)

Interferences

& Formation of water-soluble organic salts
on the testn bed

m Stability of the compounds in methylene
chlonde (extraction solution)

= Solvent extraction effictency (contro}
spike performance check before testing)
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0010 SVOCs
Method 0010 Method 0010
Design Requirements Design Requirements
= Gas flow measurement system (EPA m Addition of condenser and XAD-2 resin
Methods 2-4) C trap and optional drop-out jar
= Modified Method 5 samplmg train ‘ = Minimum sample volume of 105.9 ft>
(Isokinetic sampling) = Minimum sample time of 3.5 hrs.
Method 0010 Method 0010
Sampling Train Sampling Train
u Probe with nozzle m Condensing impingers
= Pitot tube/temperature u Silica gel
Sensor array ' & Pump/dry gas meter/
m Heated filter assembly orifice assembly
(cyclone may be added if PM >100 mg)
m Condenser/XAD-2 resin trap assembly

Method 0010 ,Samphng Train

Probae -
=

Type S {:itot
tube
P
Stack Pitot

wall manometer [

Orifice
manometer
Air-tight pump

Dry gas meter

Lesson 21
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#468 Compliance Test and Source Test Observation

‘Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0010 SVOCs

Method 0010 Configuration

® Same configuration used
for PCBs and dioxin/furans

m Collect all in one train
for better detection limits
w 10 pg for PAHs
w 1 agfor D/17s

Lesson 21
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#468 Compliance Test and Source Test Observation ' S
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0010 SVOCs

Cherrucal Structure of Typ1cal

XAD-2 Resm Trap . ; Adsorbent Resms
m XAD-2is a cross-linked o
‘StYreqe—‘divinbeenzenc ; :  ‘ S XAD2 - - Tenax-GC
"= Organic Polymeric Adsocbent ; cit ,_—CH-CH,-CH CH CH-CH, S

CH;-CH-CH-CH-CH, CH

XAD-2 Resin Trap

m Amberlite XAD-2
physical charactenstics

= Mesh Size: 20-60

= Bulk Density: 1.08 g/mL

= Surface Area: 300 m?/ g
mjarge surface area

a Temp. Max: 190°C
wThercfore, it can’t be thermal desorbed due

to breakdown of XAD-2

Weaknesses of XAD-2 Resin ‘Method 0010 Sampling Tram
® Thermal stability questionable, therefore ' ‘Tmﬁpﬁs%:ut [/J' Mo Fam Fitar cttr
Probe 7 Simaiam

must solvent extract

= Compounds below C7 breakthrough
extensively during sampling (below gt
toluene @ 110°C)

® Produces sulfur compounds as artifacts

(SO

Orifice
manometer
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

- et

Vertical Condenser/XAD-2 Trap
Assembly
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 . ; SW-846, Method 0010 SVOCs

Horizontal Condenser/ XAD-Z‘ | Vertical Single Unit Condenser/
Trap Assembly XAD-2
SR ' Trap Assembly

Lesson 21
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

Glassware Cleaning
Requirements

a 3X with tap water

& 3X with DI water

& 3N with Acetone

m 50/50 v /v rinse wirth methanol/

methvlene chloride

= Bake

e Cover

Glassware Cleaning
Requirements

Certification of Cleanliness
XAD-2

= Soxhlet extracton, three 22-hour periods
with methyl alcohol, methylene chloride

and fresh methylene chloride respectvely

Lesson 21
9



#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

Certification of
Cleanliness XAD-2

= Resin blank should not have
higher than 4 mg/kg of total -
chromatographic organics (TOCs)
= Resin should be-
used within 4 weeks

Method 0010
Operational Requirements

= Muld-point integrated sampling

m Isokinetic sampling rate
(~0.53 dsctm)

m Collect at least 3 cubic meters (105.9
cubic feet) sample gas (minimum
volume)

® Minimum sample time of 3.5 hours

Method 0010 Configuration

= Sample volumes required depends on
minimum sample detecton limit and
expected compound stack gas
concentration

Method 0010
Operational Requirements
See Observer Checklist
m Probe/filter at 120°C (248°F)

= Sorbent resin trap inlet
< 20°C (68°F)

m [ cak-free svstem

Method 0010 Record - Keeping
Requirements

m Calibration of
® Temperature sensors
& Stack, probe, filter, XAD-2 resin,
silica gel exit, gas meter inlet/outlet
& Metering pump
& Pitot tubes

Method 0010 Record -Keeping
Requirements

m Periodic Sampling Intormation
s Gas flow measurements
m Sampling train parameters

m Sample Recovery and
Laboratory Data

Lesson 21
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

Preliminary Field Determination

® Select sampling site
according to FRM 1

m Select nozzle size and establish isokinetic
sample train operation

Preparation of
Sample Train

® Obtain certified clean sorbent trap from
sample custodian, log trap number into
field data sheet

= Adsorbent trap should be wrapped with
aluminum foil, end caps in place and assigned
trap number

b surtogase spiking required on clean

SOrbeng trap

Preparation of
Sample Train

® DPlace labeled/pre-weighted
filter in filter holder

m Filter must be free of PAHs
with no organic binder

Preliminary Field Determination

= Select probe liner and
proper length
® Determine total length of sampling for

minimum sample volume of
3 dsem (105.9 dscf)

Preparation of
Sample Train
® Charge impingers with appropriate

solutons (100 mL first two, third empty
and 200-300 g silica gel in fourth)

Preparation of
Sample Train

m [nstall selected nozzle
and mark probe

(Remembet, nozzle can’t be
changed during sample rurn)

Lesson 21
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 ; SW-846, Method 0010 SVOCs
Preparation of Preparation of
Sample Train | Sample Train
m Assemble sample train s Turn on filter/probe
(no silicone grease upstream heating systems
of organic module) . s Turn on sotbent and condenser coil
s Cyclone may be used if > 100mg coolant recirculating pumps
of total pardculate catch (must maintain resin bed at < 20°C)
m Place crushed ice around impingers s [eak check system at-15 in Hg vacuum;
rate not to exceed 4% of average
sampling rate (< 0.02 cfm)

Preparation of
Sample Train

s Clean stack access port

s Insert probe to first sampling point and
record initial train information on Field
Test Data Sheet

& Block off openings around probe

to prevent diluton of sample ras

Sample Train Operation

® Begin sampling when all temperatures
ate at required settings:

a Probe/Tiler: 120 £ 14°C
= Sorbent Bed: < 20°C
w Exit Silica Gel Impinger: < 20°C

s Sample at each point, maintaining
isokinetic sampling rate to within 10%
of true isokinetic

Lesson 21
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#468 Compliance Test and Source Test Observation

SW-846, Method 0010 SVOCs

Session #4: Stack Testing HAPs Utilizing SW-846

Sample Train Operation

® Record sample train
operating parameters
= Sampling time
= Sample train vacuum
= Differental pressures: pitot tube, orifice
x Dry gas meter (DGM) volume

m Temperatures: DG, filier, stack,
XAD-2 sorbent, exit last impinger

Sample Train Operation

® Jf the pressure drop across filter og
adsorbent 1s too high, then one can
change components

m Must leak check system prior to change and after
change of train component

m [fexceeds leak rate limit,

rin is voided

Sample Train Recovery

s Turn off coarse adjust valve, remove
probe from stack,
turn off pump

® Leak check to specifications

® Calculate percent isokinetics to

determine whether the run is valid

Sample Train Recovery

® Front half (Container #2).
m Nozzle, probe cyclone, filter housing:
methanol/methylene chloride (1:1) rinses
m Condenser: weigh, rinse with
methanol/methylene chloride(l: 1)

= Tilter (Container #1)

m Recover in pre-clean aluminum foll

Sample Train Recovery

a XAD-2 sorbent trap (Container #3)
= Weigh for moisture/cap ends
a Wrap in original aluminum foil
u Ship to lab under blue ice (< 4°C)

Lesson 21
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0010 SVOCs

Sample Train Recovery

® Impingers
= Measure volumes in 1st
(Container #4)
= 2nd and 3rd (Container #5)

w Weigh 4th silica gel impinger and note color
change (Container #6)

Criteria for On-site
Test Invalidation
- Minikmum ‘s‘ample volume not ‘mct: (mayf
not have enough analyte for MDL)

- w XAD-2 ‘temp‘efature exceeds 68°F (loss of

satople from resin due to no adsorption)

Criteria for On-site
Test Invalidation
& Minimum sampling volume of
105 scf not reached

® Acetone used as recovery solvent

Criteria for On-site
Test Invalidation

w Use of wrong recovery solvents {(may not
collect analyte) ‘

m Pre-test leak check >0.02 cfm 4% of
average sampling rare)

® Calculated percent isokinetic ourside 90-

1oy

Analysis
m Weight filter, then add to XAD-2
sorbent bed for Soxhlet extraction

» Add laboratory surrogate compounds to
XAD-2 sorbent bed

Analysis

# Examples of laboratory surrogates
w Naphthalene-d12
u Chrysene
a Phenol
u Nitrobenzene

Note: no ficld surrogates arc required

Lesson 21
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

 SW-846, Method 0010 SVOCs

Analysis

» Laboratory surrogates added
to condensate water trap

= Soxhlet extraction with methylene
chloride for 16 hours (XAD-2 must be
extracted within 14 days)

= Sample concentrated to
10 mL, analyzed by GC/MS

Analysis

= Sample analyzed within 40 days

® GC/MS analysis by Method 8270
n GC/MS initial tuning
= 5-point initial calibraton
n Contnuing calibration checks
& Surrogate spiking
s Quanttation by internal standards

= GC/MS operated in full “scan” mode

Requirements
of Method Blanks

1 Proof blank of glassware

1 Field blank for NAD-2
adsotbent trap

® Trip blank for NAD-2 adsorbent crap

g Laboratory reagent blank

Requirements
of Method Blanks

= Rinse solvent blank

® Laboratory blank

Calculation

. C(POHC) = Sum of C({lg/mL)
X sample volume (10 mL)

® Volume of stack gas sampled, corrected
to standard temperatute (68°F) and
pressure (29.92 in. Hg)

u POHC(Hg/m?)= (total Ug)/(std. volume
of gas sampled)

Method 0010 Key Points

m NAD-2 must be certified clean (< 4
mg/kg of wotal semi-volatiles) and good
for 4 weeks

= Adsorbent temperature during sampling
can not exceed 68°F

w Analysis if GC/MS in full scan mode (40-
450 amus); SW-846, Method 8270

Lesson 21
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

Method 0010 Key Points

& Pre- and component change leak check
required and must meet < 0.02 cfm or
invalidate sample run

(NOTE: No adjusted volume allowed)

Method 0010 Key Points

m Filter/XAD-2 adsorbent trap extracted
together and within
14 days of sampling
= Laboratory surrogates and
internal standards used with
GC/MS analysis
(no field surrogates required)
® Shipment of samples to
laboratory under blue ice (< 4°C)

Method 0010 Key Points

m Use no stopcock grease
in front of resin bed
m If pressure drop >20in. Hg
during sampling, replace NAD-2/tilter;
Must leak check betore replacement
m Clean all glassware by
spectfied rinse procedur
m Control spike performance evaluanon

sample stronelv susoesied

Method 0010 Key Points
m [Filter certified free of PAFs
and with no organic binder
m Concurrent Method 5
sampling allowed; Rinse probe with
acetone only
m Mayv replace tileer/ NAD-2 adsorbent trap

is during <amphng vacuum become too

hich (e > 20nches of mercury
s ’

Vacuumy .

Method 0010 Key Points

= Minimum sample volume of
105.9 scf and minimum sample dme of
3.5 hours

u Cyclone may be added to sample train if
particulate matter >100 mg

Method 0010 Key Points

® Methylene chloride/methanol (1:1)
extraction solvent

m Field sample train blank

= No gases pass through train,
but recovery the same

Lesson 21
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0010 SVOCs

What Happens If Your Analyte
Hasn’t Been Validated Using
Method 00107

m Validate in the laboratory by spiking
XAD-2 resins with target analyte, then
pulling clean ambient air through the plug
at method sampling rate and dme.
Recover and analyze according to
methodology. Recovery should be
between 70-130 % to validate analyte

Method 0010 Sampling Train

Temperature Heated Filterholder
sensor &, area

P S,

Probe + i « Condenser
Type S pitot
tube
Pad
Pitat

Stack b
wall manometer

Recirculation
pump

By-pass valve .

Orifice

Crifice
manometer '\|_|

Dry gas meter

Air-tight pump

Lesson 21
17







#468 Compliance Test and Source Test Observation .
- Session #4; Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCs

U.S. EPA APTI
Compliance Test and Source Test
Observation
SW-846, Method 0030, Voladle Organic
Compounds (VOCs)

Applicability Definition of Volatile Organic

w This method is applicable to the Compounds (VOCs)
determination of Destructon and
Removal Efficiency (DRE) of 99.9% for
volatiles and Principal Ozganic
Hazardous Compounds (POHCs), from

incinerator systems

m Volatile organic compounds (VOCs) are
those compounds with boiling points <
100°C, but normally above 30°C

m VOCs with boting points < 30°C may

break ehrough adsorhent

General Classification Boiling Points of

of VOCs Volatile Organic Compounds
Classification X‘arg‘:gpfess'"e ?g"iﬂg Point Hethyl sthyl keytone (79) — Benzene (80)
i Methanol (¢4) ~ hcstons (56
Volatiles (VVIV) > 1401 < 200°C
Semi-volatiles (SV) | 107to 107 | 200 -500°C
Particles (NV) <107 >500°C

Formaldehyde {-19)
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0030 VOCs

 BoilingPointsof
 Volasile Organic Compounds

Ethyfene gfycol
monamethyt ether (124) g

<« Butanot (117)
Toulene (112) —~ . : .

Boiling Points of
Semi-volatile Organic Compounds
~ B(ajP (310)

+ 2,4 -Toulene diisacyanate (251)
*~ Biphenyl (254)

Hexamethylene-1,
6-diisocyanate (255) -~|

Napthalene (217]

<+ Ethylene glycol (197)
Phenol (182)

Ethytene glycol monocethy!
ethyt amyt " ether acetate{156)
M an g
ketone (150) —[14956(~ Cummene (152)

Volatile Organic Compounds

Boiling Points
m Methyl Bromide 4.0°C
m Tetrachloroehtylene 121.0°C
m Trchloroethylene 86.9°C
m Vinyl Chloride -13.4°C
{may want to use Method 0031)

Volatile Organic Compounds
Boiling Points
u Acrylonitrile 77.0°C
a Benzene 80.0°C
a Carbon Tetrachloride 77.0°C
m Chloroform 60.5°C
Title 111
Method 0030 Analytes
Acrylonitdle Methyl Chloride
Benzene . Methy! Chloroform
Carboa Disulfide Methylene Chloride
Casboa Tetrachloride Propylene Dichloride
Chloroform Propylenc Oxide
Chloroprene " Tetrachloroethylenc
Eihyl Chiorde TYrichloroethylene
Ethylene Dichloride Vinyt Acetate
Vinyl Chloride

Potential Problems
and Interferences

m Interference from background
concentration of contamination of
sorbent trap prior to or after sample
collection from
w Benzene, toluene, ethylbenzenc

m [ow-level contamination
of train components

Lesson 22
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#468 Compliance Test and Source Test Observation ,
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCs

Method 0030

Potential Problems
Design Requirements

and Interferences

x Modified Method 6 sampling train

= Smglc point samplmg

. ‘- Breakthrough Volume g

l No more than 30% ofanalyte o . .
inbackwaps S ‘m Removal of rmdget impingers

® Oxidation of trapped and additon of condensers and

VOCs on adsorbent ' ‘ adsorbent tubes

m Concentration range = Detection limits of 0.1 pg/m?

Method 0030

Method 0030
Sampling Train

Sampling Train
m Sccond condenser with second adsorbent

= Straight-end glass lined probe with
trap of Tenax®/charcoal

isolation valve and heat-trace line
20°C ® Metering svstem

a All heated 10 >1
a Condenser with first adsorbent trap of (vacuum gauges/ pump)
S o g
[enax a Method 0030 has been modified in some

8 N sopench cases to put fiest adsorbent trap afic

g (ondensare teap m')pingcr condensare trap impinget

SW-846, Method 0030
Filter | SampﬁngTrain

Condensers

Vacuum
indicator
g Exhaust

J Rotameter

Condensate

trap impinger
Emely - sijicager
impinger

Lesson 22
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0030 VOCs

Common Adsorbents Utilized in
Air Pollution Studies

m Carbon
m Tenax-TA
m Porapack

B Polvurethane foam

Common Adsorbents Utilized in
Air Pollution Studies

= Carbon molecular sieve
m XAD Series

= Carbosieve S-111

& Carboreap

& Carbotrap (.

‘ Chermcal Structure of Typical
Adsorbent Resins

XAD-2 Tenax-GC
~CH-CH-CH,-CH-CH,-CH-CH,

-CHy-CH-CH,-CH-CH,-CH

Advantages of
Sorbent Technology

& Small sample configuration

m Firstelement in sampling train
m Large selection of adsorbents
m Better water management

m Large data base

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 . ‘ SW-846, Method 0030 VOCs
Sorbent ; , - Sorbent ;
Selection-Capture Process Selection-Capture Process
m Carbosieve S-III for VOCs -15° C to 80° C % Tenax-TA for VOCs from 30° C to 200° C
-m Carbotrap for VOCs 0°Cto 100°C u XAD-2 for VQ‘Csfrom ’_‘IZO“” Crwo 350?,C

" Carbotrap C for VOCs ~ 80° Cto 250°C

Sorbent Selection-Two Recovery Sorbent Selection-Two Recovery
Processes Processes '

x Thermal Desorption m Solvent Extraction

m [Zntre sample analyzed = Able to adjust concentration

m More readily automated ' Replicate analysis

® Possibility only one analysis & No thermal desorbtion breakthrough

products
& However, o

Single Tube Design-
Glass/Stainless Steel

Multi-bed Adsorbent Trap

Adsorbent

Stainl teel tub P ™
fiiess steet tube Carbotrap C Carbotrap Carbosieve S-il

Adsorbent _ Sampling flow Desorption flow
Glass tube Glass wool
Lesson 22
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#468 Compliance Test and Source Test Observation : ' '
Session #4: Stack Testing‘ HAPs Utilizing‘SW-846 , ‘\ SW-846, Method 0030 YVOCs

SW-846, Method 0030
Tenax® Resin Trap

m Tenax® is 2,6-diphenyl-p-phenylene
oxide polymer

Tenax® Resin Trap Weaknesses of Tenax®

= Poor desorption of highly

® Tenax® physical characteristics
polar (alcohol) compounds

= Mesh size: 35-60
m Bulk Density: 0.58 g/mL m Possible oxidation

® Surface Area: 23.5 m%/¢ of compounds by O,
= Temp. Max: H00°C m [imited range of VOCs applicabiliey

m [Theretore can thermal desorb

Weaknesses of Tenax® Breakthrough Volume

m Breakthrough volume is when the
analyte entering the adsorbent bed is also
leaving the adsorbent bed at the same

rate

m Resin background
concentration of VOCs

& [ow breakthrough
volume for some VOCs

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 o SW-846, Method 0030 VOCs
fornimn Published Breaichrongh
oo 8 . Trcttorasttans | Volumes (at 20°C)
: : D. E{hylené Dichloride = Vinyl Chldride' 06 L/g

T 1o}~ ‘ » p-Dichiorobenzene - S‘ZOL/ o

e | = Chlorobenzene 184L/g

S = Benzene 36 L/g

T o m Carbon Tetrachlotide 27 L/g

gD m ’Glg ; T
Temperature °C

Safe Sample Volume Published Safe

® Safe sample volume is the published Sample Volumes

breakthrough volume (liters/gram of ® Vinyl Chloride <1.0L/g
zlds'(arbenf) divided by 1.5 times the = p-Dichlorobenzenc 2900 1./g
weight of the adsorbent used in the N o
b m Chlorobenzene 74.0 1./ ¢
system S
2 Benzene 14.0 I,/g
& (urbon Terrachlornde AR

Tenax® Certification
of Cleanliness
= Thermal desorpton
of packed Tenax® and
Tenax® /charcoal traps
® Resin blank should be no highet than 1
ng for total target volatile organic
compounds

® Resin traps should be used within
4 weeks and refrigerated until use

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCS

Method 0030
Operational Requirements

m No gas flow measurement
system required

m Single point sampling
(non-isokinetc sampling)

m Constant sampling rate 7L L/ ming
for 20 minutes puer set of rraps
(6 pairs of trapss run’ ar single

point, 2 hr toral sampling ume

Method 0030
Operational Requirements
m Probe at 120°C (248°F)
m Sorbent resin traps inlet < 20°C (68°F)

m Line from probe o first condensate trap

<5 fr. and can he Teflon®

~ Method 0030
“Performance Audit
w Performance audit performed

with sample train used in the
test protocol

» Obtain performance audit gas cylinder
with selected POHCs

Method 0030
Performance Audit

m May be done at the
laboratory or in the field

Analysis done by same person

who will analyze regular samples

w Audit results should agree within 50-150
percent of expected values for each

specific target compounds

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4:  Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCs

Preparation of
Sampling Train

® Obtain certified clean sorbent
traps(T' enax@, Tenax®/ charcoal) from
sample custodian, log trap numbers into
field data sheet

w Attach traps to sampling train (Tenax®
only as first trap followed by
Tenax®/charcoal)

Preparation of
Sampling Train
m Ensure proper orentation of traps

u Tenax® first trap, then
Tenax®/charcoal second trap

= Turn on cooling water pump

Preparation of
Sampling Train

® Turn on probe heating system

® Leak check system by closing valve at
inlet of Ist adsorbent trap and pulling a
vacuum of 1010, Hg

& [ cak rate <hould not bhe more

than 2.5 mmy He atter | minure

- m Position probe at least 1 meter from

Sample Train Operation

a (Clcan stack access port

inside wall of stack
u Block off openings around probe
to prevent dilution of sample gas
& Purge probe using

Arernarive pump

Sample Train Operation
® Begin sampling when all témperatufes are
at required settings
® Sample at 1 L/min at the same -

point for 20 minutes with sampling
adsorbent tubes (paired)

Sample Train Operation

® Sample ume
& 2 hour total sample time
for 6 pairs of tubes
m 40 minutes total sample tme
at 0.5 L/min for 3 pairs of tubes

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCs
Sample Train Operation Sample Train Operation
m Record sample train . m After 20 L of sample, stop the sampling,
operating parameters leak check the train
u Time (5 minute intervals) = Remove the first set of adsorbent tubes,
u Rotameter setting (L/min) cap and store under blue ice

® Temperatures
uCondenser, DGM, probe
x DGM readings

® Vacuum gauge readings

Sample Train Operation

m Replace with two certfied clean
adsorbent tubes; leak check and sample
m Repeat after an addidonal 20 L of sample
with two new certified clean adsorbent

tubes
® Obrain 6 pairs of exposed absorbent
tubes tor a toral

of 2 hrs of sampling ome

Sample Train Operation

= Field blanks are exposed duting
exchanging of adsorbent tubes (1 pair/six
pair of sample cartridges)

= Trip blanks include one pair of cartddges
per shipment to field

= Stop sampling after obtaining six pair of
exposed adsorbent traps

Lesson 22
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0030 VOCs |

Sample Train Recovery

u Cap all recovered adsorbent
traps and wrap in aluminum foil

m Store all sample adsorbent traps (six pair),
field blanks (one pair/six pair) and tdp
blank (one pait/ shipment) at 4°C undl

analysis

Sample Train Recovery

& Collect condensate from condensate trap
impinger, rinse and fill to top of recovery
botde (zero head space)

Criteria for On-site
Test Invalidation

& Low probe temperature (condensation in
probe
causes loss of analyte)

® Temperature inlet to resin exceeds 68°1
(loss of sample from resin due w no
adsorprion)

® Final leak check =000 i Fla/nun.

(ditution of sampie)

Analysis
a GC/MS analysis by Method 5040 (purge
and trap technology)

& Desorption of tubes (individually or all
onto analytical trap as one) onto an
analytical trap throngh a water purge

& Tube must be placed in
desorber in proper dircction

Analysis

m Adsorbent traps desorption/ analysis
within 14 days of
sampling event

m Condensate trap recovery
also analyzed

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0030 VOCs

Analysis

= [f concentration of analyte is greater than
mazximum calibration point, then
i Split sample before analysis
& Resdmple
m Use dilution technique
x Use canister/dilution technique

Analysis
u Method 5040 ’
 GC/MSinitial tuning
m 5-point c‘a]ibrau"‘on ,cuﬁré using adsorbent
cartridges ; L
u Continuing calibré(ion'chec’ks '
® Quantitation by internal standards
& Daily analysis of spiked traps -
with 2 ng of benzene and toluene

Calculation

C(POHC)= Sum of C (Ug)

u Volume of stack gas sampled, corrected
to standard temperature (68°F) and
pressure (29.92 in. Hg)

POHC (ug/m?%) = Total ug/

(Std. volume of gas sampled)

Calculation

ppb = (24.04)(ug/L)(1000)/ (MW)
DRE = W, WV, /W,

out

Method 0030 Key Points

= No stopcock grease
used in sampling train

u Method developed for only a few VOCs
with boiling points 30-100°C

m No addidon of field ot laboratory
surrogates

Method 0030 Key Points

= Sampling rate of 1 L/min with pair of
tubes (six pairs/run), single point
sampling (non-isokinetic)

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method (0030 VOCs

Method 0030 Key Points

u Method suggest spiking of traps with
target compound list and verifying
methodology for detection limits (100
ng/m?) and identification

= Prior to field use, traps are certified clean
<2 ng for total VOC-TCL

Method 0030 Key Points

= Analysis by purge-and-trap, GC/MS
= Sample line from probe to first condenser
must be < 5 ft

= Shipment of samples
under blue ice (<4°C)

= No stopcock grease in sample train

Method 0030 Key Points

m [ess complex method than SW-846,
Method 0010

® Very sensitive method due to thermal
desorption during the analytical
procedure

a Howcever, does not measure volumetric

flow rites

Method 0030 Key Points

® Requited limited sampling time per pair of
adsorbent tubes to minimize “breakthrough”
from occurring

m Adsorbent tubes orientation very important

Method 0030 Key Points

® Must perform Performance Evaluation
(PE) sample containing target compound
list

m Acceptance of 50-150% recovery

ontaining Target VOCs

Lesson 22
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#468 Compliance Test and Source Test Observation : ‘ o o
Session #4: Stack Testing HAPs Utilizing SW-846 : : SW-846, Method 0030 VOCs

Method 0030 Key Points Method 0030 Key Points
= Certification of adsorbent tubes good for m Can analyze traps separately or together
30 days m Analyze back trap at least once to check
= After sampling must be for breakthrough
analyzed within 14 days m Adsorbent trap must be kept < 68°F
s Condensate trap also analyzed during sampling
m Purge probe before sampling

Method 0030 Key Points Method 0030 Key Points
® Detection limit of 100 ng/m? for most & Method blanks required
target analytes u Field blank
m For analytes with boiling points < 30°C u Trip blank
B May want 1o use Method 0031 or lower u Laboratory blank
sampling rate to between 250-500 cc/min & Daily analysis of spiked traps

2 ug of toluene and benzenc)
[ i1 I

& Dailv analvars myust oot vary 270 o1

certitied value

Lesson 22
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Méthﬁd. 0031 VOCs

U.S. EPAAPTI
Compliance Test and Source Test
Observation
SW-846, Method 0031, Slow-VOST

Applicability
m This method is applicable to the Apphcatlon of Samphng Trains

determination of Destruction and

Removal Efficiency (DRE) of 99.9% for m Volatile organic compounds (VQOCs) are
those compounds with boiling points <

100°C, but normally above 30°C.
Therefore use VOST

m VOCs with botling points < 30°C may
break through adsorbent, therefore use
Slow-VOST

volatiles and Principal Organic
Hazardous Compounds (POHCs), from

Ineinerator systems

Boiling Points of

General Classification . .
Volatile Organic Compounds

of VOCs
Classsification ;arsoéq Pressure E;giling Point Methyl ethyl keylone (79) * Benzene (80)
Methanol (64) - t:::e(‘?:é)
Volatiles (VV/IV) > 101 < 200°C
Semi-volatiles (SV) | 10"to 167 | 200 -500°C
Partictes (NV) <107 > 500°C

<~ Formaldehyde (-19)
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0031 VOCs

Boiling Points of

_ Boiling Points of
Semi-volatile Organic Compounds

' Volatile Otganic Compounds

260-C ~ B(alP (310)

: Hexamethytene-1,
a-xytene (144) - ) 6-ditsocyanate (255}

) <[ Xytene (mixed isomers} (138)
"p-xylene({138} .

m-xylene (132)
n-Butyt acetate (126}

-

> "Ethyt benzede (136}

Naptfalene (217}

Phenol (182}

« Ethylene glycol (197)

Ethylene glycol
‘ Eth, fycol thyl
monomethyf ether (124) « Butanol (117} - y:e:;g‘i(:sg;onoe y!
Touléne (112} | Methyt amyf

ketone (150) 149

« Cumene (152)

Applic

ability

m This method is applicable to the
determination of Destruction and

Removal Effictency

(DRE) of volatile

Principal Organic Hazardous Compounds
(POHCs) from incineratos systems and a
varety of other stationary sources

Definition Of Volatile Ozganic
Compounds (VOCs)

m Volatile organic compounds (VOCs) are
those compounds with boiling points
between -15° C and 121° C

SW-846, Method 0031 Slow-
VOST Applicability For Organic

Method 0031 Validated
Target Compound List

Acrylonitrife

1,3-Bichloropropenc

Compounds Boiling Points oy Mthylene Chtoride
- Propytene oxide (34) Bromodichloromethane Tetrachloroethene
Acetaldehyde (20) — Carbon Disulfide ‘Toluene
Hydrogen fluoride (19) ~ ~ Vinyl bromide (16) Carbon Tetrachloride I,1,1-Trichloroethane
Bromomethane (4) — + Ethyi choride (12) Chlorodibromomethanc 1,1,2-Trichloroethane
Methyt bromide (3) — o Chloroform Trichloroethene
+ 1.3-Butadiene (-5) Chloroprene Trichforofluoromethane
Dibromomethane Bromomcthane

Vinyl chtoride (13) | 470 ¢

+ Formaldehyde (-19)

< Methyi chioride (-23)
- Chlorine (-35)

I,1-Dichloroethane
I,2-Dichloroethane
I,1-Dichloroethene
Trans-1,2-Dichlorocthene
1,2-Dichloropropane

Chloroethane
Vinyl Bromide
Vinyl Chloride

Lesson 23
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846

Method 0031 Non-Validated

Compounds

Allyl Chloride

Acetone

Methyl Ethyl Ketone
Cliloromethane
Epichlorohydrin
Chloromethyl Methyl Ethec
Bis(chlorometltyl) Ether
Acetonitrile
Acetaldehyde

Acrolein

Methanol

Ethanol

Isopropyl Alcohol

Interferences
n Interference from background'
concentration of contamination of
sorbent. trap prior to or after sample
collection (condition traps/blanks)
x Low-level contamination of train
components (seal train)

Interferences

m Breakthrough volume possibility for very
volatile VOCs, therefore 3 adsorbent tube
arrangement

® High stack concentration (preliminary

distributive volume sampling)

Method 0031 Design
Requirements

® Modified Method 0030 sampling train

m Addition of one Tenax adsorbent tube
and replacement of tenax/charcoal tube
from Method 0030 with Anasorb-747

Method 0031 Sampling Train
(Typically Same As Method 0030)

m Straight-end glass lined probe with
isolation valve and heat-trace line

m Condenser in front of tubes

& Metering system

SW-846, Method 0031
Samp]jng Train

Filter

pdpfmss,

5 &

Heated probe

Condensers

Vacuum
indicator

h t
Stack Exhaus

Two Tenax Resin ESN

Traps
Condensate E &
PN mpty crs
trap impinger impinger Silicagel

Lesson 23
3
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0031 VOCs

Three (3) Resin Traps
In SW-846, Method 0031

m Two (2) Tenax (2,6-diphenylene oxide
polymer) Adsorbent Tubes In Series

u Final Third Anasotb-747 (Catbon
Molecular Sieve) Adsorbent Trap

Weaknesses Of Tenax/Anasorb Weaknesses Of Tenax/Anasorb
w Resin background concentration of VOCs
m Poor desorption of highly polar (alcohol) m Low breakthrough volume for some VOCs
Compo‘-mdS ® However, use of three traps minimizes

m Possible oxidadon of compounds by O, breakthrough
m Limited range of VOCs applicability
Used mosdy for very volatle VOCs)

Method 0031 Adsorbent Tubes Certification Of Cleanliness

® Same configuradon of Method 0030 m Thermal desorption of packed Tenax
Adsorbent Tubes traps at 220° C for 8-12 hrs at a nitrogen
flow rare of 80-100 mL/min

m Thermal desorption of packed Anasorb-
747 at 300° C for 18-24 hrs at a nitrogen
flow rate of 80-100 ml./min

Lesson 23
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#468 Compliance Test and Source Test Observation’

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0031 VOCs

Certification Of Cleanliness

® Resin blank should be no higher than 1
ng for total target volatile organic
compounds

m Resin traps should be used within 4 weeks
and refrigerated until use

SW-846, Method 0031
Sampling Train
% Heated probe ‘

Filter

Condensers

Vacuum
Indicatar

Two Tenax Resin E

Traps Rotameter

Condensate Empty

trap impinger impinger Sifica gel

Method 0031 Operational
Requirements

® No gas flow measurement system
required
B Single point sampling (non-isokinetic

sampliag)

Method 0031 Operational
Requirements

® Constant sampling rate [1 L/min or
slower(SLO-SMVOCQ)] for 20 minutes
per set of traps (6 pairs of traps/run)
u Probe at 130° C (266° 9

B Sorbenr resin oraps et < 20° C (68° 19

Method 0031 Performance Audit

m Performance audit performed with
sample train used in the test protocol

B Obtain performance audit gas cylinder
with selected POHCs

Method 0031 Performance Audit
m May be done at the laboratory or in the

field

® Analysis done by same person who will
analyze regular samples

Lesson 23
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#468 Compliance Test and Source Test Observation
~Session #4: Stack Testing HAPs Utilizing SW-846 =

Method 0031 Performance Audit

» Audit results should agree within 50-150
of expected values for each specific
target compounds

Preparation And Operation Of
Sampling Train
w Same as SW-846, Method 0030 with leak

checking, exchanging of tubes, and sample
recovery

Analysis

n GC/MS analysis by Method 5040 (Purge
and trap technology)

m Desorption of tubes (individually or all
onto analytical trap as one) onto an

analytical trap through a water purge

Analysis

m Adsorbent traps desorpdon/analysis
within 14 days of sampling event

= Condensate trap also analyzed

Calculation

m C(POHC)= Sum of C (ug)

» Volume of stack gas sampled, corrected
to standard temperature (68° F) and
pressure (29.92 in. Hg)

m POHC (ug/m’)= (Total pg/(Std.volume
of gas sampled)

Method 0031 QA/QC

Requirements

m Same as Method 0030

Lesson 23
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#468 Compliance Test and Source Test Observation ‘ o
Session #4: Stack Testing HAPs Utilizing SW-846 ~SW-846, Method 0031 VOCs

Method 0031 Key Points Method 0031 Key Points
& No stopcock grease used in sampling ® No addition of field surrogates
train m Sampling rate of 1 L/min ot slower with 3-
m Method developed for very volatile adsorbent tubes (six 3-tubes/rmn)
organic coinpounds with bc')ihr{g points. - m Method 0031 not applicable to patticulate
15%t0 121° C. Method validation requite or aerosol sampling since not isokinetic
if analys boiling point <0 C sampling
m Probe purge which was not in Method
0030
Method 0031 Key Points Method 0031 Key Points

m Sample line from probe to first condenser

m Method suggest spiking of traps with
must be < 5 ft

target compound list and verifying

methodology for detection limits and m Shipment of samples under blue ice (<4°
identification C)

m Analysis by purge-and-trap, GC/MS m Upper limit of 1.5 ppm

8 Method not good with polar water- & Sample train can be operated at (15

soluble analvics and reacuve VOCs [./min fora rotal ot 3 40-minute periods,

bur no <lower than 0.25 L/min

Method 0031 Key Points Method 0031 Key Points
m Less complex method than for Method u Short sampling time per 3-adsorbent tbes
0010 » Adsorbent tubes orientation very
m Very sensitive method due to thermal impottant
desorptdon

m Does not measure volumetric flow rates

Lesson 23
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846. .

_ SW-846, Method 0031 VOCs

Filter

Condensate
trap impinger

SW-846, Method 0031

Sampling Train

eate:
Condensers

Vacuum
indicator

g?’ﬁ Anasorb 747 g
oy «_Resin

impinger

Lesson 23
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRM 23/5SW-846 Method 0023A,

ioxiT ‘

Applicability

® This method is applicable to the
determination of polychlorinated
dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs)

from stationary sources utlizing FRM 23
and SW-846, Method 00234

Applicability

a Simultaneous sampling and analysis tor
polychlorinated biphenyls (PCBs),
polynuclear aromatc hydrocarbons
(PAFHs), semi-volatle organic
compounds (SVOCs), and
polybrominated diphenyvl ethers (PBDLED)
can also be performed along wirh PCDDs

and PCDEs

Applicability
m S5\W-840, Method 0023A is used to

determine destruction removal efficiency
(DRE) of PCDDs and PCDFs at
99.9999% (six 97s) from incinerators

a General detection limits ate 0.010 pg/m”’

a FRM 23 is used to quantfy PCDD’s and
PCDF’s from stadonary soutces

What Are Dioxins?

a Dioxins ate a family of 210 different
molecules with one or two basic
structures

u The dioxin structute with two oxygen
atoms
u The furan structure with one oxygen

atom

Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Structure

p-Dioxin

Furan

Polychlorinated Biphenyl
Structure

‘Ratio of Chlorines
in Aroclors -

Structures of

Dioxins and Furans
9 1

Dibenzo-p-Dioxin

Dibenzofuran

1016 1221 1232 1242 1248 1254 1260
© Cl-1 [90.0% [ 99.4% | 31.5% | 0.6%
- Cl-2 [24.3% | 0.6% | 28.2% | 19.5% | 0.7%
Cl-3 [47.1% 21.5% | 39.1% | 22.0%
- Cl-4 | 27.3% 18.7% | 36.7% | 61.3% | 16.0% | 0.3%
- Cl-5 | 0.4% 0.4% | 4.2% [16.3% |59.9% | 12.2%
cl-6 23.8% | 50.3%
- Cl-7 04% |31.4%
. Cl-8 5.9%
L Cl-9
'Cl-10

‘Chlorine Distribution in Aroclors

Lesson 24
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#468 Compliance Test and Source Test Observation o . e
Session #4: StackTesting;HAPs Utilizing SW-846 - SW-846, Method 0023A/FRM 23 D/F’s

GC/NIS ‘ Differences

. Analytical Between Molecules
12000 Data

1000¢ 4

m The differences between the molecules
lie in the number

5000 and attachment positions of chlorine
€ago atoms
) Examples
P 2,3,7,8 - TCDF
2000 2,3,7,8-TCDD -
' 1,2,3,7,8 - PeCDD
ige--> 30,90
Chlorinated Levels of Chlorination
Dioxins and Furans m 4 |evel chlorination: Tetra
m 7.2 37 8-substituted chlorinated dioxins m 5 level chlorination: Penta
= 75 total chlorinated dibenzo-p-dioxins _ = § level chlorinaton: Hexa
m 1(-2,3,7 8-subsdtuted chlorinated furans B 7 level chlorinadon: Hepta
m 135 toral chlorinared dibenzofurans m 8 level chlorinaton: Octa
TEF Values Congeners
Analyte TEF Value ® Molecules with different chemical
a2378-TCDD 1.0 formulas and the same basic structure ate
523478 PeCDD : 05 referred to as congeners
L ., Generally, the most common one
234678 HxCDD 0.1 al y, the nor
) . is octachlorodibenzo-p-dioxin (OCDD),
® 1,2,3,4,6,7.8 - HpCDD 0.01 with chlotine in all eight available
w12346789-0CDD 0.001 positions

Lesson 24
3



#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Aroclor PCBs
» Aroclor PCBs were manufactured by
simply chlorinating biphenyl to specific
weight percentage of chlorine

Aroclor PCBs

m Aroclor mixtures are characterzed by a
four digit number - ie., Aroclor 1242
m 12 represents the parent
compound, biphenyl
m 42 represents weight percentage
of chlorine in the mixture

Aroclors

m Each Aroclor mixture consists
of biphenyl molecules chlorinated to
levels from 1 through 10

= Each leve] of chlorinatdon produces a
chromatographic pattern unique to that
PCB

& Many Aroclors have sinular

peaks, but differ in their ratio

Aroclors

® Quantification of multi-compounent
mixtures requires area summation of all
components and compatison to the
summed area from the corresponding
Aroclor standard

& To remove interfering peaks, sample

clean-up wirh Horisilis reguired

Interferences

w If not using high resolution
GC/MS, then interferences from
polychlorinated biphenyls and
polychlorinated diphenyl ethers could
effect low resolution techniques

Interferences

m Very high amounts of other
organic compounds in the matrix will
interfere with the analysis

m Contamination in solvents, reagents,
glassware, and other sampling processing
hatdware  (all glassware must be
cleaned thoroughly before use)

Lesson 24
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0023A/FRM 23 D/E’s

FRM 23 and SW-846
Method 0023A
Design Requirements
& Gas flow measurement system (EPA
Methods 2-4)
= Modified Method 5 sampling train,
retaining heated filter
m Sample time of 6.25 hours
® Addition of condenser and
XAD-2 tesin trap (~65 grams)

FRM 23 and SW-846 Method "
0023A

Sampling Train
m Probe with nozele

Pitot tube/temperature sensor array
m Heated filter assembly (Teflon®)
n Condenser/XAD-2

resin trap assembly

FRM 23 and SW-846
Method 0023A
Sampling Train

= Condensing impingers
= Silica gel

= Pump/dry gas meter/orifice assembly

FRM 23/Method 0023A
§altr§1p]ing Train

+——Condenser
Sorbent Check

Probe nozzle |

S-type pitot ;:; ﬁ
tube i
P /

Stack “Manometer
wall

Recirculation

pume line

<y 5 By-pass valve
Orifice ar

Dry gas meter

' XAD-2 Resin Trap

8 XAD-2is a cross-linked styrene-
divinylbenzene - Organic Polymeric
Adsotbent

= Amberlite NAD-2 physical characteristics

Mesh Size: 20-60

Bulk Density: 1.08 g/mL
Surface Area: 300 m2/g
Temp. Max: 190°C

Weaknesses of
XAD-2 Resin

s Thermal stability quesdonable, therefore
tust solvent extract

s Compounds below C7 breakthrough
extensive
during sampling

& Produces sulfur
compounds as artifacts

Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

FRM 23/Method 0023A
Sampling Train

e Filter

<+—Condenser
Sorbent Check
valve

7
S-type pitot
tube
Stack ”pManometer

wall

Recirculation
pump Condensers Valcuum

£ By~p‘assvalve 0

ine

Orifice

Dry gas meter

Percent Phase Distribution of
Dioxins in Sampling Train

Phase TCOD PeCDD HxCDD HpCDD oCcDoD
Vapor 55 26 4 2 1
Particle 45 ° 74 96 98 99

Vertical Condenser/XAD-2 Trap
Assembly

ap M

S

PESRE

Horizontal Condenser/ XAD-2
Trap Assembly
‘ ]

Lesson 24
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 - SW-846, Method 0023A/FRM 23 D/F’s
Filter Certification ‘ XAD-2 Certification
of Cleanliness of Cleanliness
m Glass fiber filter without » m Rinse twice with reagent water
organic binder m Place resin in thimble with methlyene
m Soxhlet extracted with chloride, Soxhlet extract with water for §
toluene for 16 hours hours, repeat with methanol for 22 hours
= No analytes observed above the m Repeat with methylene chloride, then with
detection limits of 0.010 pg/m? toluene, then nitrogen drying
XAD-2 Certification XAD-2 Certification
of Cleanliness of Cleanliness
m Resin blank should have no analytes m \Wrap cartridge in hexane-rinsed
above method detection limits for aluminum foil

targeted species

m Spike resin bed with isotopically labeled
PCDD/PCDF standards prior to field
sampling

(surrogate spikes)

FRM 23/Method 0023A FRM 23/Method 0023A
Typical Field Surrogates (i.e., Glassware Preparation

Surrogate Standards)
» Added to clean cartridge prior
to field deployment
1 37C-2,3,7,8-TCDD
= 3C,,-2,34,7,8-PecCDF
" 13C,,-1,2,3,4,7,8-HxCDD

= 3C,,-1,2.3,6,7 8-HxCDF

[ R

= 15C,,-1,2,3,4,7,8,9-HpCDF

m Soak all glassware in
hot soapy water

» Rinse with tap water

m Rinse with DI water

Lesson 24
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#468 Compliance Test and Source Test Observation

Session #4: - Stack Testing HAPs Utilizing SW-846 SW-846, Method 0023A/FRM 23 D/F’s
FRM 23/Method 0023A ' FRM 23/Method 0023A
Glassware Preparation Glassware Preparation
m Bake at 400°C for 2 hours m Mark glassware with
 Rinse (3 times) with color-coded stckers
methylene chloride x Rinse glassware immediately before use
= Rinse (3 times) with toluene with acetone and methylene chloride
m Cap glassware with
cleaned aluminum foil

FRM 23/Method 0023A FRM 23/Method 0023A
Operational Requirements Operational Requirements
(See Field Observation Checklist) ® Probe/filter at 120°C (248°F)
® Multi-point integrated sampling ® Sorbent resin trap inlet < 20°C
® Isokinetic sampling rate (68°F)
{(average sampling rate should 8 [eak-free svstem
be within (1.5 to (1735 ¢fm)
B Collect calculated sample volume based
upon analvre derecion limies
Calculation of Example Calculation

Sample Duration » Assumptions

® Minimum sample time = m Average sampling rate 0.5 cfm
Analytical Detection Limit/[(Sample = Analytical detection limit 0.5 ng
Rate) X (Desired Gas Concentraton 1 Desired gas concentration 0.1 ng/m?

Detection Limit)]

Lesson 24
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Methad 0023A/FRM 23 D/F’s

Example Calculation

& Minimum sample time =
0.5 ng/[(0.85 m?/hr) X (0.1 ng/m?)] =
5.88 hours minimum sample time

= Minimum sample time should
be greater than or equal to the calculated
total sample time
(minimum 2 minutes per
sampling point)

FRM 23/Method 0023A Record
Keeping Requirements

a Calibration of
a Temperature sensors
u Metering pump

u Pitot tubes

FRM 23/Method 0023A Record
Keeping Requirements

1 Periodic sampling information
' (Gas flow measurements
= Sampling train parameters

& Sample recovery

and laboratory dara

Preliminary Field Determination

(See Field Inspection Checklist)
® Sclect sampling site
according to FRM 1
' Sclect nozzle size and establish isokinetic
sample train operation
Sedect probe liner

and proper length

Preliminary Field Determination

& Determine total length of
sampling based upon
method detection limits

m [stablish sampling time per
point based upon calculation

Preparation
of Sample Train

m Obtain certified clean isotopically spiked
(i-e., field surrogates) sorbent trap from
sample custodian, log trap number into
field data sheet

m Obtain clean quartz fiber
filter from sample custodian

Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Preparation
of Sample Train

m Charge impingers with appropriate
solutions (first impinger empty, second
and third impingers filled with 100 mL
water, fourth impinger contains 200-300
g silica gel)

m If analyzing for SVOCs, then use HPLC-
grade water in impingers

Preparation
of Sample Train

= Assemble sample train
(no silicone grease upstream
of organic module)

® Place crushed ice around impingers

Preparation
of Sample Train

m Turn on filter/probe
heating systems

® Turn on sorbent and condenser
coil coolant recirculating pumps
(must maintain resin bed at < 20°C)

Preparation
of Sample Train
u Place labeled/pre-weighted
filter in filter holder

m Install selected nozzle
and mark probe

FRM 23/Method 0023A

Sampling Train
Probe nozzle ﬂ Heated < Filt:
b iter
)" +—Condenser

Sorbent Check
«~ trap Lvalve

S-type pitot !
tube i
i

Stack “Manometer
wall

Recirculation v
pump Condensers al?rlv‘:m

O o By-pass valve oy

__orfice [ WT "

B 25 T
Ty gas mete Pump

Preparation
of Sample Train
u Leak check system at 15 in. Hg vacuum;

rate not to exceed 4% of average
sampling rate (< 0.02 cfm)

Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Preparation
of Sample Train

m Clean stack access port

® Insert probe to first sampling point and
record initial train information on field
test data sheet

m Block off openings around probe
to prevent dilution of sample gas

Sample Train Operation

m Begin sampling when all temperatures are
at required settings:

= Probe/Filter: 120 £ 14°C
a Sorbent Bed: < 20°C
a Bxit Silica Gel Impinger: < 20°C

Sample Train Operation
u Sample at each traverse point,
maintaining isokinetc sampling rate to
within 10% of true isokinetic

Sample Train Operation

® Record sample train operating
parameters-sampling time
& Sample train vacuum
u Differential pressures:
pitot tube, orifice

& Dy gas meter (DGAM) volume

# Temperatures: DGML e, stacks sorbeni,
exit lastimploger
B Muinrun sokineties (AR = Kap)

Sample Train Operation

m If the pressure drop across filter or
adsorbent is > 15 in. Hg, then one must
change components

& Must leak check system prior to change and

after change of train component

u [f exceeds leak rare limit, run is voided

Sample Train Recovery

® Turn off coarse adjust valve, remove
probe from stack,
turn off pump

® Leak check to specifications

u Calculate pescent Isokinetics to
determine whether the run is valid

Lesson 24
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#468 Compliance Test and Source Test Observation
SW-846, Method 0023A/FRM 23 D/F’s

Session #4: Stack Testing HAPs Utilizing SW-846

Sample Train Recovery
by FRM 23/Method 0023A

u Filter (Container #1: FRM 23/Method
0023A)

= Recover in pre-clean aluminum foil or contatner

= Front Half Rinse (Container #2/Method

0023A) and Back Half Rinse (FRM 23)

» Nozzle, probe Einer, filter housing:
(?;())( Bac;tonc, then mcthylcnc chlonde (FRM 23/Method

= 2X with toluene (SW-846, Method 0023A)

Sample Train Recovery

by FRM 23/Method 0023A
= XAD-2 sorbent trap (Container # 3/Method
0023A). No container for FRM 23 sorbent

tra;
= \%)Vmgh for moisture/! cap ends g}" RM 23)
u Wap in original alumi
= Shtp to lab under blue ice (< 4°C)
m Back half rinse (Container #4/Method
0023A)

= Back half filter holder, connecting lines,
condenser with 3X acteone,
2X methylene chlodde, 2X toluene

Sample Train Recovery
by FRM 23/Method 0023A

= Impingers - measure/weigh entrained
water and note any color in first three
impingers
(if analyzing for SVOCs, retain)

m Silica Gel - note color, weigh

Criteria for
On-site Invalidation
= Minimum sample volume not met (may
not have enough analyte for MDL)

= XAD-2 temperature exceeds 68°F (loss of
sample from resin due to no adsorption)

Criteria for
On-site Invalidation

= Use of wrong recovety solvents (may not
collect analyte)

m Pre-test leak check >0.02cfm (4% of
average of sampling rate)

m Calculated percent isokinetics outside 90-
110%

Analysis
i

GCIMS GCIMS HRGC/HRMS

Detection limits: Detection limits: Detection limits:
0.6 ng/o® 0.02 ngfm® 0.05 pg/m®
Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

HRGC/HRMS Analysis

» HRGC/HRMS initial tuning
m 5-point initial calibration cutrve

x Condnuing calibration checks

HRGC/HRMS Analysis

x Soxhlet extraction spiked
x Quandtadon by internal standards

u PE sample analyzed

Ions Monitored by
HRGC/HRMS

w2 378-TCDD
® 258.9300
® 319.68905
= 321.8936

B 331.9308

Ions Monitored by
HRGC/HRMS

m123478-HxCDD
= 326.8521
= 389.8156

w 391.8127

Ions Monitored by
HRGC/HRMS

u OCDD
= 304.7742
= 457.7377
= 459.7347

Analysis For FRM 23

m Analysis by FRM 23 combines filter and
NAD-2 resin as one analysis

m Analysis by SW-846, Method 0023A
performed in two fractions

w Fraction #1: Filter (with surrogate spiking)
and front half rinses (Containers 1 and 2)

# Fraction #2: Sorbent trap and back half
rinses (Containers 3 and 4)

Lesson 24
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Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Method 0023A
Laboratory Surrogates

+ Added to filter prior to extraction

-« 37C,-2,3,7,8-TCDD

= 13C,,-2,3,4,7,8-PeCDF

« 13C,,-1,2,3,4,7,8-HxCDD
13¢,,-1,2,3,6,7,8-HxCDF
13¢,,-1,2,3,4,7,8,9-HpCDF

Analysis

= This allows filter surrogate
recoveries/XAD-2 surrogate standard
recoveries determined

Analysis

® Surrogate standards are added to the
filter/front half fracdon immediately
prior to extraction whereas the field
surrogate standards have already been
added to NAID-2 resin prior to field

deplovment

Analysis by FRM 23

u Container #1 (filter)
w Extract extraction thimble/
1 g of silica gel and glass wool
with for 3 hrs toluene
w Add fitter and XAD-2 resin in the
extraction thimble containing the 1 g silica

gl

FRM 23 Analysis

= Container #2 (Acetone and Methylene
Chloride Rinses)
Concentrate to 1-2 mL and added to
filter/XAIDD-2 resin in the extraction
thimble

= Add 100 4L of internal
standard solution

m Container #3 (Toluene Rinse)
Concentrate and analyze separately

Both Method Analysis
m Soxhlet extraction in
toluene/16 hours

a Concentrate to 100 UL,
redissolve in 5 mL of hexane

u Cleanup with alumina/carbon columns
m Add recovery standards
= Analyze by HRGC/HRMS

Lesson 24
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Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0023A/FRM 23 D/F’s

Both Method Analysis

m Samples must be extracted
within 30 days and analyzed
within 45 days

m Extracted samples spiked
with Recovery Standards (40 L)

Both Method Analysis

m Extracted samples divided
ifnto two portions
= Portion #1: archived for future analysis
& Portdon #2: solvent exchanged to hexane,
then subject to 3 column

chromatographic cleanup by
Method 8290

Both Method Analysis

m GC/MS analysis by Method 8290
s HRGC/HRMS inidal tuning
& 5-point initial calibration
® Coatinuing calibradon checks
& Recovery standard solutions

® Quantitation by internal standards

Calculation

Ci(tg/m?) = (Total mass of analyte
collected, [1g) /
(Std. volume ot gas
sampled, m?)

Both Method
Acceptance Criteria

» All PCDD/PCDF surtogate recoveries
should be within
70% to 130%

w If all isomer recoveties are greater than
130% or less than 70%, repeat sample

ran

Both Method
Acceptance Criteria

w Must petform field, method, reagent, and
proof blanks

m Must pre-clean filter and
sorbent cartridge

Lesson 24
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#468 Compliance Test and Source Test Observation

- Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0023A/FRM 23 D/F’s
Both Method Key Points Both Method Key Points
= XAD-2 and filter must be certified clean = Filter spiked with surrogates prior to
and good for 4 weeks extraction (Method 00234)
= Adsorbent temperature during sampling = XAD-2 adsorbent trap spiked with

" can not exceed 68°F surrogates prior to field deployment

= Pre- and component change leak check
required and must meet < 0.02cfm
or invalidate sample run

Both Method Key Points Both Method Key Points
®m Surrogate, internal and recovery = [xtensive cleaning of
standards used with HRGC/HRMS glassware prior to use
analysis = Must calculate sample

volume needed to meet

= Shipment of samples to
method detectton limits

laboratory under blue ice (< 4°C)

= No grease used in m Can’t usc stainless steel nozzles

front of sorbent trap

Both Method Key Points. PCB Congeners

B Extraction and analysis performed in two ,
fractions so filter and XAD-2 surrogate PCB Isom Group  Cong.
recoveries can be determined separately # Sub.

Monochlorobiphenyl 1 2

(Meth(.>d 90?3A .only ) | Trichlorohiphenyl 29 24,5
m Sampling is isokinetic Pentachlorobipheny! 87 2,2,34,5

hioie

Octachlorobiphenyl 200 2,2°,3,3',4,5, |
. 6,6

B Sample must be extracted in 30 days and
analyzed within 45 days
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#468 Complianée Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW—846, Method 0023A/FRM 23 D/F’s

LONG-TERM DIOXIN &
FURAN SAMPLING SYSTEMS

n AMESA (Getman Instrument)
= Adsorption Method for Sampling of D/F

m DMS (Austria Instrument)

= Dioxin Monitoriag System

APPLICATIONS
DIOXIN/FURAN EMISSIONS

s MUNICIPAL INCINERATORS

s HAZARDOUS WASTE
INCINERATORS

n HOSPITAL WASTE INCINERATORS
n SEWAGE SLUDGE INCINERATORS
s OTHER COMBUSTION SOURCES

SAMPLING PRINCIPLES
AMESA & DMS

¥ Auto-isokinetic Sampling
® Titanium Probe & Nozzle
m Heated application
m Alr or water cooted application

& Sampling Periods

1 { 1.,

AMESA SAMPLING
EQUIPMENT & PROTOCOL

m Titanium Probe Positioned at Average
Velocity Sampling Point

m Electronic System Leak-Check Valve

m Collects D/F in XAD-2 Module

& Collects & Measures Stack Moisture

B Monitors & Records Temperarures

&4 hrsoro 4 wceks
B U sualh 2 wecks per NAD modale
DMS SAMPLING

EQUIPMENT & PROTOCOL

# Two Titanium Probes Positioned at
Average Velocity Sampling Points

m Electronic System Leak-Check Valve

® Collects D/F on Filter & PUF Cartridges

® Does Not Measure Stack Moisture

& Monitors & Records Temperatures

DMS SAMPLING
EQUIPMENT & PROTOCOL

x Dual Titanium Probes Posidoned at Average Velocity
Sampling Points.

Probes Switch Every 30 Minutes

Uses the “Null Nozzle” Concept

Stack Sample is Diluted & Cooled

Electronic System Leak-Check Valve

Collects D /T on Polvurethane Foam (PUF)

Does Not Collect Stack Moisture
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 ‘ SW-846, Method 0023A/FRM 23 D/F’s
"DMS SAMPLING DMS SAMPLING
PROTOCOL PROTOCOL
. m Diludon Sampling Method
= Null Nozzle Samplmg App roach m Stack gas is sampled isokinetically
m Design assumes by adjustng the nozzle = Mixed with dricd. cleaned, D/F-free
sample flow to produce a “null condidon” fot compressed ait 7 ’

the manometer pressures, isokinetic sampling . )
= Purpose of dilution air is to cool and dilute

the stack gas to a dew point where little or
no condensate is realized

can be achieved.

= Reliability of aull sampling nozzles is a

function of design and use.
® Dry gas mixture passes through a filter and

m [sokinetic sampling conditions ate not always two PUFs for D/F collection

guaranteed.
DMS SAMPLING AMESA & DMS
PROTOCOL _ SAMPLING EQUIPMENT
® Polyurethane Foam (PUFs) m Measures Stack Gas Velocity,
= Two PUFs in series collect D/F Temperature, & Pressure
m PUFs are cleaned and vacuum diied prior to x Optional System Can Measure O2 & CO?2
use ¢

- 2 i ange — 0.0001 to 10 ng/m’
m (Flass fiber filter and two PUFs are installed " Smnplmg Rdngc 0.0 o 1 n*L/m
m Condensate Can Be Collecred & Analvred

For AMESA

in field module
e (00w of 2 recovery standard surrogaie s
applicd to glass fiber tilter surtace

® Module is assembled by laboraton

AMESA & DMS AMESA & DMS SAMPLE
SAMPLING PROTOCOL MULTIPLE ANALYSES
™ Lsokinetic Sampling Procedures ® From a 280 m? XAD Sample Extract:
m Duplicates M23 Sampling Rates = Dioxins/Furans
x Collects Approx. 0.85 m*/hour (0.85 m* X u Polynuclear Aromatic Flvdrocarbons
24 hrs = 20 m’/day ) (PAHs)
m Volume For a Two Week Period — u Polychlorinated Biphenyls (PCBs)
>280 m? a CAA Semivolatile HAPs
- u Other Organic Target Compounds
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18



#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 - SW-846, Method 0023A/FRM 23 D/F’s
AMESA SUMMARY
u Conducts Isokinetic Sampling DMS SUMMARY

= Sampling Probe/Nozzle
u Conducts Isokinetic Sampling

x Null Sampling Probe/Nozzle (2)

= Titanjum materials

a Titanium materials
= Single average-point sampling
m Usually not heated (can be modified)

= Probe sample fraction usually not recovered = Two average-point sampling locations

(20% factor added to XAD carch) = Usually not heated (can be modified)
: " & Probe sample fraction usually not recovered
= No Fiber Glass Filter (can be addCd) (20% factopr added to XAD c)atch)

u Collects Stack Gas Moisture

DMS SUMMARY AMESA & DMS SUMMARY

a Can Measure D/F 52 Weeks/Year

= Stack Gas Dilution

x Fiber Glass Filter & PUFs a FEstimated Cost (less analysis)
= No Stack Gas Moisture ® Purchase price - ~$100,000 US

& [easc Price (12 months) - 34000/ month
B AMIESA — 55 Units in Operation

® IDMS -5 Unies 1in Operation

AMESA & DMS "AMESA & DMS AS
~ CONCLUSIONS ALTER. TEST METHODS
u ;\\Iil(l:owsr fo; L(tasng—TC?tm f/ ik & Must Meet M 301 Acééptance Criteria as

Asatements mup fo T weeks | Compared With EPA Method 23

& Annual D/F Method 23 Estimates for
Plants Have Increased 15 to 25% When
Measured by AMESA & DMS .

) . w Atspecific industry category
= [ncreases attributed to: 1) daily plant & Facility by Facility approval
operation variatons and 2) that very few of -~ {each cmission point must be evaluated)

the D/F are “non detects” as seen in
Method 23 analyses.

= Procedutes Could be Approved

% As alternative compliance test method
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0023A/FRM 23 D/F’s

AmbStack Dioxin Sampling

® Two part sample train/ 1 person
m Unheated probe and pre-cleaned
PUF/XAD-2 module
m Metering console contain flow control,
pump and volume meter
m Analysis by bioassay based on the
Chemically Activated Luciferase
Expression (CALUX) Assay

Stack Configuration
Probe a
Graham
Condenser

! Ambient Configuration
Probe ‘

Water Trap

AmbStack Dioxin Sampling

= System operated non-isokinetically and at
a constant rate (~ 2L/min) ata single
point (average velocity) in the stack.
Sampling typically 3 hours

® Assay uses genetically engineered cells
with the Luciterase gene under control of

a dioxin-responsive promoter

AmbStack Dioxin Sampling

= [f dioxin/furans are present, the dioxin-
responsive promoter emits light and
recorded

B Dioxin THQ is proportional to the
amount of hghe emitted 1 response 1o a

sample

Lesson 24
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0023A/FRM 23 D/E’s

FRM 23 /Method 0023A

Sampling Train
Probe nozzle H:ra‘::d Filter
«+—Condenser

itot | ! -
T /g l

Stack “manometer
wall

Sorbent Check

Recirculation
pump Condensers Vacuum

By-pass valve
1 ]

tain
valve

Qrifice

D as metar
Ty gas met Pump
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 , SW-846, Method 0060/FRM 29 Metals

U.S. EPAAPTI
Compliance Test and Source Test
Observation
FRM 29 /SW-846, Method 0060, Multi-
Metals Sampling, FRM 12 for Inorganic
Lead and FRM 306 for Chromium

Applicability Metals Detected
. . ) m The following 17 metals can
= This method is used to determine the be detected by FRM 29/Method 0060:
concentration of metals in stack '
emisstons from hazardous waste = Antimony (Sh) = Total Chromium {Cr)
incinerators and similar combustion « Arsenic (As) « Cobalt (Co)
processes » Barium (Ba) « Copper (Cu)
& May also determine particulate matter « Beryllium (Be) = Lead (Pb)
concentration concurrently utilizing FRM « Cadmium (Cd) = Manganese (Mn)
B
Metals Detected Interferences
= Mercury (Hg) = Silver (Ag) m Stainless steel and other metals
u Nickel (Nl) ' = Thallium (Th) associated with the sampling train and
u Phosphorus (P) « zinc (Zn) recovery components will interfer with
u Selenium (Se) the quantitation of metals

s Can’t use metal components
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#468 Compliance Test and Source Test Observation ‘
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals

Interferences FRM 29/Method 0060
‘m Spectral interferences can be minimized Design Requirements
through the proper selecton of analytical
e thodology m Gas flow measurement

: , S . system (FRM 2-4)

m “Dated” reagents may provide T ' . .
high metal background concentration, n Médified Methqd > samp hng brain
thus, high bias : » Addition of three more impingers

FRM 29/Method 0060 FRM 29/Method 0060
Sampling Train Sampling Train
P g Probe nozzle
m Probe with quartz nozzle and liner —~

Pitot tube/temperature sensor acray

m Heated filter assembly 0 —
J Stack Probe Thermocouples _. Vacuum
S EIrem | M ye wall heaterl AN Fine control auge
® Seven impingers Revrso-type valve 9349
N ; . - . pitottube \
g | ump/ drv pas meter/octfice assembly pitot | —
S - manometer | I
| |
Airtight |
(et - &

FRM 29/Method 0060
Operational Requirements

m See Field Observatdon Checklist

= Multi-point integrated sampling

m Jsokinetic sampling rate

w 2-ht sample with minimum
sample volume of 45 cf

Lesson 25
2



#468 Compliance Test and Source Test Observation :
SW-846, Method 0060/FRM 29 Metals

Session #4: Stack Testing HAPs Utilizing SW-846

FRM 29/Method 0060
Operational Requirements

m Probe/filter at 120°C (248°F)

u PM metals (and FRM5 PM) collected in
front half, gaseous metals collected in
back half

FRM 29/Method 0060
Operational Requirements

m Recovery of front half
and back half separate

m Samples are acid digested to dissolve
inorganics and remove organic
consdtuents

m If stack gas moisture < 100 mL, then can
climinate first impinger

FRM 29/Method 0060
Impinger Arrangement

u |st Impinger- empty (Optional)
® 2nd & 3rd Impinger- 5% HNO,/10%
H>0O, (vapor mult-metals)

& dch Impinger- empty

FRM 29/Method 0060
Impinger Arrangement

w 5th & Gth Impinger- 4% KMnQO;/10%
tL,SO, (For mercury vapor)

m 7th Impinger- Silica gel

FRM 29/Method 0060
Glassware Preparation

= Hot tap water rinse
® Wash with hot soapy water

® Rinse 3 times with tap water, then 3
times with cleaned, DI water

® Soak in 10% HNO; for 4 hours

FRM 29/Method 0060
Glassware Preparation

= Rinse 3 fimes with cleaned,
DI water

m Rinse with acetone and air dry

a All openings covered
with paraffin untl used

Lesson 25
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals

FRM 29/Method 0060
Sample Train Requirements

a Glass or Teflon® nozzle
a Nonmetallic probe line

m Nonmetallic brushes

FRM 29/Method 0060
Sample Train Requirements
m Daily preparation
of KMnQO, solution
= Polypropylene tweezers

= Storage bottles of glass
with Teflon lined caps

FRM 29/Method 0060 Operation

m Preliminary field determination (sample
location, nozzle size,
probe length) same as FRM 5

® Sample train preparation (charging of
impingers etc.) same as FRM 5

FRM 29/Method 0060 Operation

& Prevent KMNO, from contacting other
glassware and prevent H,O, from mixing
with [KMnO,

g [.cak check in accordance

with RN S
g Sample collecton in general accordance
with PRM 3

FRM 29/Method 0060 Operation

m No metal components in the sample
train and during sample recovery

FRM 29/Method 0060 Sample
Train
Recovery Containers
1- Petri Dish (Filter)
2- Acetone rinse from probe nozzle/liner,

and front half of
filter holder (exactdy 100 mL)

3- FINO, rinse of probe nozzle/liner, and
front half of filter holder (exacty 100
mlL.)

Lesson 25
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals

Sample Train
Recovery Containers

4- Combined impingers 1, 2 and 3
(measured) and HNO; acid dnse of
impingers and back half of filter holder
{exactly 100 mL)

Sample Train
Recovery Containers
5A- Impinger 4 (measured) and
HNO; rinse of impinger 4 (100 mL)

5B- KMnO, impingers contents
(measured) and KMnQO, (100 mL)
+ water (100 mL)

Sample Train
Recovery Containers

5C- 8 M HCI (25 mL) rinse of the
two impingers and transterred
to contalner coneaining wacer

(200 mlL)

Sample Train
Recovery Containers
6- Silica gel contents
(note color, weigh)
7- Acetone blank (100 L)
8A- FHINO; reagent blank (300 ml))

8B- Warer reagent blank - 10O mT

Sample Train
Recovery Containers
9-5 % HNO;/10% H,0, reagent blank (200
mL)
10- KMnO, reagent blank (100 mL)

11- 8 M HCI reagent blank
(200 mL of water +
25 mL of 8 M HCI)

12- Filter blank

Analysis

m Weigh filter if need FRM 5 PM

m Acid digestion of filter and sample train
recovery reagents

m Analysis by ICAP for all metals (except
mercuty)

m Aliquots taken of recovery reagents for
mercury analyzed by CVAAS
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#468 Compliance Test and Source Test Observation : -
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals

Calculation Calculation
= M@ = (OF)V) m Total metal concentraton
where: in sample train:
m C = concentration of metal from M(f) = [M(ifh)-M(thb)] + [M(ibh)-M(bhb)]
calibration curve, ug/mL » where:
u F = dilution factor u M(f) = total mass of each
u V = total volume of digested sample metal in complete sample train
m M(ifh) = total mass of each metal
in front half (fh) of sample train

Calculation Calculation
M(f) = [M@fh)-M(fhb)] + [M(ibh)-M(bhb)) m Stack gas concentration
is calculated:
u M(fhb) = total metal found m Cug/m?) = M{ug)/(Std. volume of gas
in front half blank sampled, m?)

m M(ibh) = total metal found
in back half of sampling train
& M{bhb! = ol meaal found

i back halt blank

FRM 29/Method 0060 FRM 29/Method 0060
Key Points Key Points
m All active sample train components must » FRM 5 PM can also be determined
be made of glass or Teflon® concurrent with Method 0060
(no metal Components) m Front half of train: particulate metals
» Allactive sample train components must m Back half of train: gascous metals
behcleaned through a detailed clean-up ® 1 not sampling for mercury,
scheme do not need impingers 4, 5 & 6
in the sample train
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846  SW-846, Method 0060/FRM 29 Metais

FRM 29/Method 0060
Key Points
& Storage containers must be made of glass
with Teflon®-lined caps
m [Front half of train captures particulate
metals while back
half captures gaseous metals
m Imperative to use exactly 100 mL
of rinsing solutions for blank correction
in final concentration calculaton

FRM 29/Method 0060
Key Points

® Special cleaning of glassware
m Exact blank volumes/composition must
be acquired for blank cotrection

FRM 12
Sampling Train

Probe nozzle

W ( -

S(ac
wall

Reverse-type
pitot tube

ke
bath

Filter holder

Probe (-
hea(er'

[ Ofrifice
Pitot
manometer |

FRM 29/Method 0060

Key Points
w If sampling for total metals only (not

FRM 5 PM), then filter does not have to
be desiccated or weighed
» Do not need 1st impinger if water
is determined to be < 100 mL
= Impinger reagents made daily
m Must use exact volume of rinses
for background correction

U.S. EPA APTI
Compliance Test and Source Test
Observation
Course #468

FRM 12, Inorganic Lead

40CFR63, Subpart X: National
Emission Standards for
Secondary Lead Smelters

06/09/94: Proposed rule

06/23/95: Final rule for new and existing secondary
lead smelters

06/13/97: Direct final rule (Amendments to final
rule)

w (08/18/99: Proposed amendments Title V
12/14/99: Final rule
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

- SW-846, Method 0060/FRM 29 Metals

Test Methods Identification

= FRM 1: Port locadon

m FRM 2: Volumettic flow rate

®m FRM 3 or 3A: Correct conc. meas.
= FRM 4: Moisture content

® FRM 12: Determination of inorganic lead

FRM 12 Applicability

® This method is used to determine the
concentration of particulate matter (PM)
lead and gaseous lead emissions from
stationary sources

m Sources comprise mostly of 23 smelters
(15 major and 8 area sources) located in
13 states

Summary of Method

B [RM 5 sample train with glass nozzle
and probe liner

® [Filter temperature maintained (@ 248°F

® Pardculate lead caught on filter while
gaseous lead caught in impingers

B Analvsis by acid digeston followed by
flame atomie absorpuon (FAA]

FRM 12
Design Requirements
® (Gas flow measurement
systern (FRM 1-4)
s FRM 5 sampling train

m Operated isokinetically

FRM 12
Sampling Train
Probe with quartz nozzle and liner
Pitot tube/temperature sensor array
Heated filter assembly
Standard FRM 5 impingers with

impingers 1 and 2 containing 100 mL of
0.1 HNO;,

Pump/dry gas meter/orifice assembly

FRM 12
Sampling Train
Probe nozzit
) /e < . 2 - lerholder bka;(eh fr;ffek

Vacudm
S‘a‘:k Probel " Thermocouples T Vacuum
wall heater| e~ Fine control gauge
Reverse-type i . valve
pitottube Qrifice
Pitot
manometer |

Lesson 25
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals

Sample Recovery

m FRM 12 Recovery

w Container #1: Recover filter for lead PM
same as FRM 5

® Container #2: Front-half 0.1 N HNO,
rinse up to front-half filter compartment

m Container #3: Note color of silica gel to
determine whether it has been completely
spent. Transfer the silica gel to its original
container, weigh on site or transport back
to laboratory for weighting

Sample Recovery

= FRM 12 Recovery

m Container #4: Measure and collect the
impinger nitric acid solutions from first
three impingers; Rinse twice with 30 mL 0.1
N HNO; each impinger and collect in
container #4

m Container #5: Reagent blank of 200 mL of
0.1 N HNO,

Sample Analysis

m Container #1: Filter cut into strips and
digested with 10 mL of 50% of HNQO,,
heat on hot plate, add 10 mL of 3 %
H,O, and 50 ml. of DI water, heat for 20
minutes. Iilter and dilute to 100 ml..
Also must determine filter blank (FB)
with 2 unexposed Hleers from same lot

following same procedure

Sample Analysis

m Containers #2 and #4: Transfer to
Frlenmever {lask, heat on hot plate to
drvness, add 30 mL of 3 % H,0, and 50
ml. of hot DI water, heat for 20 minutes.

FFilier and dilute to 250 ml.

Sample Analysis

w Container #3: Weigh silica gel to nearest
0.5 grams (B,

m Container #5: Dry the 200 mL on a
steam bath to dryness, add 15 mL of 50
% H,0,and 50 mL of hot DI water,
dilute to a total volume of 100 mL

Sample Analysis
® [Flame Atomic Absorption (FAA)

m Calibration of FAA using standard solutions
m Check matrix effects by using the method of
additions
1 Spiked sample vs. unspiked sample
u Stability of calibration curve

» Runa blank and standard after every 5% sample

Lesson 25
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0060/FRM 29 Metals
FRM 12 FRM 12
Operational Requirements Operational Requirements
m See Field Observation Checklist for FRM
5 u Probe/filter at 120°C (248°F)
» Multi-point integrated sampling u Lead PM collected on front-half of

sampling train, while gaseous lead

m Jsokinetic sampling rate
collected in impingers

m 1-hr sample with minimum
sample volume of 45 cf

FRM 12 FRM 12 Operation

Impmger Arrangement m See Field Observaton Checklist for FRM
5

1% and 2nd 1 - 01N . L
- ind Impinger- 100 mL 0.11 ® Preliminary field determination (sample

HNO, . )
o location, nozzle size,
® 3rd Impinger- Dry probe length) same as FRM 5
® -ith Iimpinger- 200-300 g silica gel & Sample train preparadon {charging of
impingers ete.) same as FRM 5
FRM 12 Operation FRM 12 Key Points
® Pre-/post leak check in accordance = All acdve sample train components must
with FRM 5 be made of glass (no mention of Teflon
u Sample collection in general accordance components)
with FRM 5 m All acdve sample train components must

. .
® Sample recovery in general agreement be cleaned

with FRM 5 except rinsing with 0.1 N
HNO,

Lesson 25
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#468 Compliance Test and Source Test Observation

SW-846, Method 0060/FRM 29 Metals

Session #4: Stack Testing HAPs Utilizing SW-846

FRM 12 Key Points

m FRM 5 PM can be determined
concurrent with FRM 12
® Front half of train: particulate matter (PM)
with acetone rinse
& Impinger solution: 0.1 N HNO;
m Use of glass fiber filter with low
background lead concentration

& Treat and analyzes the entire sample train
contents, including the impingers, for lead

FRM 12 Key Points

m PRM 17 may be used provided that:

u Use of glass-lined probe and at least 2
impingers each containing 100 mL of 0.1 N
HNOQ; after the in-stack filter

& Recovery of probe and impinger contents
for lead. Recovery of sample from the
nozzle with acetone if a PM determination
is to be made

U.S. EPA APTI
Compliance Test and Source Test
Observation

Federal Reference Method 306:
Sampling and Analysis for Chromium
Emissions from Decoratdve and Hard
Chromium Electroplating/Anodizing

Operations

Principle

m Gaseous and particulate chromium
pollutants are withdrawn isokinetically -
from the source and collected in a
unheated FRM 5 sample train without
filter

B Gascous and particulare chromium
pollutants are collected i the impingers
containing LT N NaOH or 01N
NatC O,

FRM 306 Summary

m Chromium extracted isokinetically from
the source

m FRM 5 sampling train except:
& Unheated quartz probe/nozzle; No SS
& No heated filter box

& Replacement of water in impingers with 0.1
N NaOH or 0.1 N NaHCO;

& Don’t have to brush probe for recovery

FRM 316 Summary

® 2-hour sample tun
m Options for analysis
m Total chromium: Collect all impinger
w Cr™%: Evaluate pH of first impinger;
Should be > 8.5 pH

m Audit sample required

Lesson 25
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0060/FRM 29 Metals

FRM 306 Sampling Train

Temperature aheated
sensor.
Quartz — __ 2

Probel/ »*

Nozzle =
Reverse-type
pitottube
—
Pitot

Stack L
walf manometer

——T
Recirculation i
Impingers
pump g

73 % By-pass valve oy

Air-tight pump

Discussion

m Sampling Train: Tradidton FRM 5 Without
Heating; No Filter or Filter Component; All
Quartz Components

» Sampling: Isokinetic, FRMs 1-4, Sample
Time > 2 Hrs

» Analytical Finish: Inductively Coupled
Plasma Emission Spectrometry (ICP); Cr*¢
by Ion Chromatography (IC)

m Crto Emissiorllg.}scusmon

m [f Cr*¢emissions, then at end of sampling run,
1*t impinger must have pH of >8.5 or must
discard sample run (No requirement for total
chromium)

# Must store samples at 4 °C until analysis (Total
chromium can store samples at room
temperaure;

& Samples must be analvzed within 1 davs 160
davs for tomd chromam

# Analvsis by na chromarography equipped

postcolumn reactor  JCTPCRS

Discussion

m Total Chromium (TC) Emissions?

m High Concentrations: Inducdvely coupled
plasma emission spectrometer (ICP) @ 267.72
nm

= [ow concentrations: Digestion with HNOj,

then graphite furnace atomic absorpton

s

rroscopy TGENAST @ 357.9 nm

Discussion
Interferences: Stack and ICP
Interferences

& High SO, Concentrations reduces 0.1 N
NaOH conceatration in impingers

a Spectral: Overlapping of spectral lines (Fe,
Mn, U)
= Physical: Dissolved solids in sample

a JCAP background interferences

m Concentration: No Blank Correction

Discussion

m GFAA Interferences
& Spectral: CN-
a Chemical: Ca and PO,
m IC/PCR
a Compounds which cause Cr*¢ to Cr*? etc.

s Cocluting compounds

Lesson 25
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#468 Compliance Test and Source Test Qbservation

~ SW-846, Method 0060/FRM 29 Metals

Session #4: Stack Testing HAPs Utilizing SW-846

Sampling

® Must traverse the stack to each sampling
point determined by FRM 1 (may need
probe extension)

= Sample 2 minimum of 2 minutes per
point and required minimum sample time
of > 2 has

s Must follow all FRM 5 QC requirement
(.., leak checks, nozzle selecton,
isokinetic sampling maintained etc.)

Sampling

= Assemble sampling train, but keep all
openings covered with Teflon or
aluminum foil (0.1 N NaOH in
impingers)

m (Clean portholes ptior to test run

w If stack is under negative pressure, one
may start pump prior to putting filter
into stack at 1% sampling point

m Block off opening around the probe to
prevent in-leakage

Sampling

m Add ice o condenser impinger to
maintain exit temperature < 68 I

® Sample isokinetically and make
adjustments if variable change by 10 %

& Atend of run, wipe off particulate matter
on outside of probe nozzle and pertorm

final leak check

Recovery

® Recover impinger solutions and measure
for moisture determination and place in
fabeled container along with completed
COC
g Option #1: Total Cr Sample Opton

& Opton #2: Com" Sample Oprion

Recovery
m Option #1: Total Cr Sample Option

& Measure volume of liquid in first, second,
and third impingers

m Rinse nozzle, probe liner, connecting
glassware and all three impingers with ~
200-300 mL of 0.1 N NaQH

® Do not have to refrigerate
® Must be analyzed within 60 days

® Retain the silica gel for follow-up weighting
for moisture determination

Recovery

= Option #2: Cc*® Sample Option
& Measure volume of liquid in first, second,
and third impingers
w Measure pH with indicator strip of 1%
impinger. Must be > 8.5 for 0.1 N NaOH
or > 8.0 for NaHCO,. If not, discard and
redo test

Lesson 25
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#468 Compliance Test and Source Test Observation o ‘ ;
Session #4: Stack Testing HAPs Utilizing SW-846 ,  SW-846, Method 0060/FRM 29 Metals

Recovery Recovery
= Option #2: Cr*® Sample Option m Prepare a field reagent blank for analysis
= Rinse nozzle, probe liner, connecting @i.e., 0.1 N NaOH) into a second bottle

glassware and all three impingers with ~
200-300 mL of 0.1 N NaOH

u Refrigerate @ 4 °C unti] analysis
m Must be analyzed within 14 days

= Retain the silica gel for follow-up weighting
for moisture determination

m Seal all bottles and store propetly until
analysis
m Complete chain-of-custody (COC)

In-stack Detection Limits

® 1.4 ug Cr/dscm for ICAP

® 0.15 pug Cr/dsem for GFAAS

m 0.015 ug Cr*®/dsem for IC/PCR with
preconcentration

Lesson 25
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0061 Cr*¢

U.S. EPA APTI
Compliance Test and Source Test
Observation
SW-840, Metfh()d OOGIfor Cr+o

Applicability

® This method provides procedures for the
determination of hexavalent chromium
(Cr*% and rotal chromium from
hazardous, municipal, and sewage sludge
INCINEerators

8 Detection limir for Cr'® s

Lo b’ for 3 dsem@. I ppb;

Limitations/Interferences

= Compounds may cause Cr* to convert to
trivalent chronium
(Cr*¥ and Cr*? converted to Cr*®

& Sample cross-contamination during
analvsis from high level to low level
S;lmp]c C(m(‘cnrmti()n

& \Mothod has only been evaluared
at sources with srack emperature <3007
!

Limitations/Interferences

& Mecthod has “reagent blank” correction,
SO must accurately rinse components to
specific volumes during sample recovery

Method 0061
Design Requirements

& Gas flow measurement system

(FRMs 2-4)
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0061 Cr*¢

Method 0061
Design Requirements
= Modified Method 5 sampling train
(all Teflon® components except for silica
gel impinger) ‘
= Isokinetic sampling
= Unheated probe

u Jon chromatography (IC)
analysis for Cr*¢

Method 0061
Design Requirements
» Addition of Teflon® aspirator behind
probe nozzle, recirculation line and pump

= Post-sampling N, purge
and sample filtration

= 10 L/min for 30 minutes

Method 0061
Design Requirements

& 14 day holding time for
recovered reagents

Method 0061
Sampling Train

& Unheated probe with nozzle
(glass or Teflon®™)

& Teflon® aspirator, Teflon® sample
and recirculation lines

& Lour Teflon® impingers +
ome wlass silica gel impinger

8 Pump/dr eas merer/orifice assembly

Method 0061
Sampling Train - Design 1
To
_ Teflon® i"z‘f:%;erﬁfm

Aspirator

Recirculating
fiquid -
150 mL
0.1t NKOH 0.fNKOH Water and
ice bath

Method 0061
Sampling Train - Design 2
metlfbox
Teflon® Glass =
o, (:n?gn ) TeflonG impinger
: Nozzle

Silica

gel
Recirculating
liquid Peristaltic
pump
150mL  75mL
0.1 N KOH 0.1 NKOH “;’Z:aetrr:{'hd
Lesson 26
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#468 Compliance Test and Source Test Observation o
Session #4: Stack Testing HAPs Utilizing SW-846 : - SW-846, Method 0061 Cr*¢

Method 0061
Sampling Reaction

m 0.1 N KOH reacts with Cr*® to form a
stable Cr(OH), in the impinger solution

Remember! Remember!
m If stack gas is > 200°F, it may be w If source has high SO,, then increase
necessary to wrap the “recirculatdng line” concentraton of KOH
in the ice bath to prevent overheatdng of in first impinger from 0.1 N to 0.5N to
reagent keep pH > 8.5

m [f stack is > 300°F, then use “inner tube”
technique so recirculating lines are not
exposed to high temperatures

Lesson 26
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 ~ SW-846, Method 0061 Cr*¢
Method 0061 Method 0061
‘Operational Requirements Operational Requirements
u Multi—pbint integrated sampling ' m Final pH of first impinger solution must

™ Isokiricdc sampling be > 8.5 or discard run

‘with recirculating train - m Post-sampling purge and filtraton
w3 dscm gas sample volume minimum (N; purge)
Must Maintain pH
P Method 0061

fFirst I i > 8.5
o1 First Impinger Impinger Arrangement

m Increase concentration = Ist Impinger- Teflon® recirculating

from 0.1 N to 0.5 N containing .1 N KOH (150 mL)
m Use more volume in first impinger w 2nd & 3rd Impinger- Teflon® containing
w Check pH during RUN 0.1 N KOH (75 mlL)

® On-line or instrament measuremen w 4¢th Impinger- Teflon® (emprey)

& pH paper during tes g Sth Impinger- Glass containing  200-400

o silica gel

Method 00061 Method 0061
Glassware Preparation Glassware Preparation
w Hot tap water tinse w Rinse 3 times with cleaned, DI water
m Wash with hot soapy water w Rinse with acetone and air dry
w Rinse 3 dmes with tap water, then m All openings covered
3 ames with cleaned, D1 water with paraffin untl used

m Soak in 10% HNOQO; tor 4 hours

Lesson 26
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0061 Cr*®

Method 0061
Sampling Train
Requirements

m Glass or Teflon® nozzle
u Nonmetallic, unheated probe linet
» Nonmetallic brushed

m Storage bottles of glass
with Teflon®-lined caps

Method 0061
Operation

m See Field Observation Checklist

m Preliminary field determinaton (sample
location, nozzle size,
probe length) same as FRM 5

m Sample train preparation (charging of
impingers etc.) same as FRM 5

Method 0061
Operation

m [eak check in accordance
with FRM 5; ice impingers

m Sample collection in general accordance
with FRM 5
fsampling rate design tor (.75 efm)

& No metal components in the sample train

and during sample recovery

Method 0061
Operation
m If stack gas temperature > 200°F, then
wrap Teflon recirculating line in ice bath
to keep recirculating reagent cool

m [f stack gas temperature > 300°F, use

“inner tabe” eehaique

Method 0061
Operation
= Monitor pH of 1st impinger during run;

at end of run, check pH of 1st impinger;
must be > 8.5 or discard run

m Leak check (mandatory)

= Post-nitrogen purge at
10 L/min for 30 minutes

Post-Nitrogen Purge

® Removes SO, from impingers
® Safeguards against Cr*0 conversation to
. ad
Ce*?,
preventing negative bias in data

Lesson 26
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0061 Cr+¢

Sample Train Sample Train Recovery
Post-Nitrogen Purge

N, gas w If pH of first impinger < 8.5, discard the
outlet

= solution, discard the run, and prepare a

Teflon® ' . .
Impingers clean sampling train

Rotameter

Water and
ice bath

Sample Train Recovery Sample Train

= To insure > 8.5 pH Recovery Containers

= Use stronger KOH (0.5 M) 1- Combine impingers 1-3 (measured) +
& Use extra KOH (~200 mL) water rinse 4X
s Use shorter sampling dme Rinse nozzle, aspirator,
= Monitor pH during sampling recirculation line, and impingers
(must leak check) 2-0.1 N HNO, rinse 3X
{optonal if nﬁunitm‘ing; toral chromiumj
Sample Train - Sample Train
Recovery Containers Recovery Containers
3- Silica gel contents 5- Water reagent blank (mL = ml. used to
(note color, weigh) rinse train duting recovery)
4- 0.1 N IKOH reagent blank 6- 0.1 N HNO, reagent blank
(mL = mL charged in sample train) (mL = mL used to rinse train during
recovery)

Lesson 26
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#468 Compliance Test and Source Test Observation

Session #4: Stack Testing HAPs Utilizing SW-846 SW-846, Method 0061 Cr*¢
Analysis Analysis
Cr*6 analysis by SW-846, method 7199, ion w Samples should be filtered immediately
chromatography , after sampling to remove insoluble matter

w Immediately filter entire impinger samples through
0.45 micron acetate filter to remove insoluble
material :

& Rinse container and filtration unit

& Measure final volume

= Holding time from sample
recovery to analysis is 14 days

Analysis Calculation
w If total chromiunt is m Total (g Cr*® in sample train:
to be determined: = ME = [(Ms-Mb)(VHID))
8 Recover filter from where:
tiltravon step and acquire residue = M= Mass of Cr™ in sample, ug
® Digesi 5 mb of 7070 HINO., ® Ms = Mass of Cr™” in sample, ng/ml
= Analyze by [CAP a Mb = Mass of Cr™"in blank, ug/ml.
& Performance audit sample analvzed BV Vodume of lewe sample, mib,
with \:lmplc* B 1) = inlaiion Dnctor
Calculation Method 0061 Key Points
® Stack gas concentration s All active sample train components must
is calculated be made of glass or Teflon®
Clug/m?) = M (ug)/(Std. volume of gas sampled, m?) (no metal components)

= All active sample train components must
be cleaned through a detailed clean-up
scheme

Lesson 26
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846

SW-846, Method 0061 Cr*¢

Method 0061 Key Points

x Total chromium can be determined along
with Cr*% with 10% nitric acid rinse
followed by water tinsé of components

» Must maintain pH of KOH in first
impinger > 8.5 duting and at sample
recovery

m Post-nitrogen purge to reduce conversion
of Cr*® to Cr*?

Method 0061 Key Points

» To minimize reduction of Cr*6to Cr'3
during sampling, a recirculating impinger
design has been incorporated

m Methodology has been tested only at
sources < 300°F

Method 0061 Key Points

m Performance Evaluation (PE) sample
should be obtained

® Do not heat probe

Method 0061 Key Points

m Accuracy recovery and rinses
must be acquired because of “reagent
blank” correction

Lesson 26
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#468 Compliance Test and Source Test Observation
Session #4: Stack Testing HAPs Utilizing SW-846 SW-846 Observer Checklist

U.S. EPA APTI
Compliance Test and Source Test
Observation
Agency Observer Method Specific
Checklist for SW-846

Lesson 27
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds Introduction

U.S. EPA APTI
Compliance Test and Source Test
Observation
Introduction to Sulfur-Based
Methods

Sulfur

x Sulfurs occurs in nature as elemental
sulfur (yellow crystalline rhombic solid),
as sulfides [galean (PbS), iron pyrites
(FeS,), and argentite (Ag,S)], and as
organic substances

Chemistry of Sulfur

= With excess air present, monoatomic S
reacts with O, to form different oxidized
compounds

* 50, SO, H,SO,

= Typical industries affected by SO, controls:
fossil-fuel-fired steam generators, industrial
boilers burning fuel oil, sulfuric acid plants,
and refineries

i

Chemistry of Sulfur

& Depletion of oxygen In the process causes
the monoatomic S to combine with
hydrogen (H) to form reduced sulfur
compounds
u Hydrogen sulfide (H,S)

a Methyl sulfide (CH,SH)
w Dimethyl sulfide (CH),S
e Dimcthyl disulfide (CHL)-S,

Federal Register Methods
Covering Sulfur Compounds

FRMs Sulfur Sampling System

Heated Probe and Filter,
Oridiziag Oven, Peroside
Impingers and Meter Box
Assembly

15A | Total Reduced
Sulfur (IRS)
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1




#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds Introduction

FRMs Sulfur Sampling System
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#468 Compliance Test and Source Test Observation

a This method is applicable for the
determination of sulfur dioxide emissions
from stationary sources

Session #5: Stack Testing for Sulfur-Based Compounds FRM 6 SO,
U.S. EPA APTI _—
Compliance Test and Source Test etz | €
Observation ' rotection of Environment %
FRM 6 for Determination of Sulfur -
~ Dioxide |
FRM 6 Applicability Chemistry of Sulfur

= With excess air present, monoatomic S
reacts with O, to form different oxidized
compounds

= S0, SO; H,S0,

a Typical industries affected by SO, controls:
fossil-fuel-fired steam generators, industsial
boilers burning fuel oil, sulfuric acid plants,

and refineries

Sulfur Dioxide Emissions

= Increased use of sulfur-containing fuels
for energy has inctreased the emissions
of oxides of sulfur from power plants
55+0,=50+0
2SO +0,=50,+ O

Sulfur Dioxide Emissions

' Other oxides of sulfur are also emitted,
but in lesser quantities
20 + S0, = SO,
xS0, + H,0 = H,50,

Lesson 29
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 6 SO,

Federal Reference Method 6
Sampling Apparatus

» Midget impinger sampling train
® Transfer line ‘

® Meter box assembly

Midgetknpingers &

Sampling Train

Meter Box Assembly

FRM 6 Sampling Apparatus

® Probe: 6 mm LD. borosilicate glass or
stainless steel with a headng system and
glass wool plug

m Bubbler and impingers: One midget
bubbler with medium-coarse glass frit and
borostlicate

or quarty glass wool packed 1n top

JSEHBN

FRM 6 Sampling Apparatus

= Bubbler and impingers: 4 impingers total,
connected in series with leak-free glass
connectors

= Transfer line: Containing temperature
connection for measuring temperature ot
outet of last impinger along with
rublng/elecrrical for connecring

to meter box assembly

FRM 6 Sampling Apparatus
m Meter box assembly: Containing silica gel
drying tube, leak-free diaphragm pump,
surge tank, rate/rotameter, and
volume/dry gas meter along with
temperature gauges for measuring
inlet/outlet temperature of dry gas meter

FRM 6 Impinger Contents

m Bubbler: 15 mL of 80% isopropanol to
remove SO,/H,S0,

m Top of bubbler: Borosilicate or quartz
glass wool plug

u Impingers: 15 ml. of 3% hydrogen
peroxide into the first two impingers

= Last impinger remains dry

Lesson 29
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 6 SO,

FRM 6 Pre-test Preparation

w Calibrate the meter system

w Determine the number and
location of sampling points

FRM 6 Pre-test Preparation

m Prepare sampling train

w Add 15 mL of 80% IPA to bubbler

= Add 15 mL of 3% H,0,
to next two impingers

= Leave final impinger dry

m Place ice and water around
bubbler/impingers

= Adjust probe heater
to desired temperature

FRM 6 Sampling

w Leak check the sampling system
(Optional)

m Record initial DGM reading
and barometric pressure

m Position tip of probe at selected sampling
point

(> 1 meter from side of wall)

FRM 6 Sampling

w Adjust flow rate to 1 L/min +10% during
the entire sampling run

m Traverse, if applicable, taking reading
every 5 minutes and recording on FTDS

FRM 6 Samp'ling
m Add more ice duﬁng run to maintain last
impinger outlet < 68°F

® Reaction in impingers:

SO, + H,0, = H,50,

FRM 6 Sampling

w At conclusion of run, tura off the pump,
remove probe from stack,
and record final DGM reading

w T eak check the sampling train
(mandatory)

Lesson 29
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds - FRM 6 SO,

FRM 6 Sample Recovery

® Drain the ice bath and purge the train for
15 minutes at 1 L/min CHarcoal
s Purge ambient aic
through charcoal filter
= May also use ambient
air without purification

= Extra midget impingers containing Purge Assembly

15 mL of 3% H,0,

® Disconnect impingers after purging

Meter Box Assembly

FRM 6 Sample Recovery FRM 6 Sample Recovery

m Seal, identfy the sample container, and

m Collect the 80% IPA impinger contents

and save to explain possible anomalies mark liquid level

K3

. . . 113 b ~ .
m Pour the content of the midget impingers = Complete “chain-of-custody

into a leak-free polyethylene botde for for sample run

shipment = Complete field test data sheet (FTDS)
m Rinse the three midget impingers and L # Collect 30 ml. of F,O- as absorbing
tubes with warer and pour 1nta the solutton tor reagent blank

polvethvlene bottle

FRM 6 Meter Box FRM 6 Meter Box
YI.eak Check Procedutres Leak Check Procedutres
m Positive Leak Check = Blow into tubing until 3 to 4 inches

u Attach a piece of rubber tubing and incline of water are displayed on the incline

manometer to outlet of DGM manometer

u Shut off the needle u Pinch off tubing and observe manometer

valve in meter box for 1 minute

u A loss of pressure indicates a leak
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 6 SO,

FRM 6 Meter Box
Vi
maaee Midgetimpingers Leak Check Procedure

= Negative Leak Check
= Attach vacuum gauge to inlet
of meter box by way of quick disconnect
= Open needle valve

Positive
Leakcheck

MeterBox Assembly

FRM 6 Meter Box
Leak CheCk PIOCedure Vacuum gage

Midgetimpingers ;7

Y S,

® Turn on pump and pull

. ice Bath
a vacuum of 10 in. Hg Rotameter e

m Pinch oudet of flow meter ’

A AR TSt R A

® Turn off the pump :

AN d(‘,ﬂL‘C(l'?f\) novaouum FRM 6
whicnzes o leak Negative

Leak Check

MeterBox Assembly

FRM 6 Sampling Train Leak

FRM 6 Sampling Train Leak
Check Procedure

Check Procedure

= Completely assemble the sampling train = Attach rotameter (0-40 mL/min) to outlet of
(impinger system, transfer line, and meter DGM
box assembly) = Attach vacuum gauge to probe inlet

= After assembly, perform

& Tutn on pump and pull vacuum of 10 in. Hg
the following

as indicated by vacuum gauge

. ! indi - e
» Adjust probe heater to = Note the flow rate indicated by rotameter on

operating temperatuse the oudet of DGM

m Let stabilize for 1 minue
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 6 Sampling Train Leak
Check Procedure

= A leak-rate of < 2% of the average sampling
rate is acceptable (20 mL/min for a 1 Lpm
sampling rate)

= Carefully release the vacuum gauge
connecdon, then tutn off pump

Vacuum gage

Midgetimpingers {7

{ce Bath

Leak Check

Meter Box Assembly

FRM 6 Initial Calibration of Dry
Gas Meter Procedure

x Leak check the meter box assembly
containing the DGM

a Connect a 1 L/rev wet test meter
(or another calibrated DGM)
to the inlet of the meter box

e Make three independent calibration runs
using at least five revolutons of the

DGM per run

FRM 6 Calibration
of DGM Procedure

m Calculate the calibraton factor,
Y, for each run, and the average results
(must be < 2% from the average)

FRM 6 Post-test Calibration of
DGM Procedure

m Post-test calibration check procedure same
as inidal calibration check

a If the calibraton factor does not deviate by

more than 5 percent from the initial
calibration factot, then the DGM volumes
obtained during the test series are
acceptable

FRM 6 Other Components
Needing Calibration

m Thermometers: Calibrated against
mercury-in-glass thermometers

m Rotameter: Need not be calibrated, but
should be cleaned and maintained
according to manufacturer’s instruction

m Barometer: Calibrated against
a mercury barometer
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 6 SO,

FRM 6 Audit Vial

= Obtained from EPA

u U.S. Eavironmental Protecdon Agency
Emission Measurement Centet
Research Triangle Park, NC 27711

FRM 6 Audit Vial

u Apalyze vial with each set of samples

= Acceptable limits of £5% of stated value

FRM 6 Key Points

® During titradon, have two flasks
next to the dradon assembly to compare
to vour sample

' One flask is the vellow starting poing,
while the second flask 1s
the pink endpoint

FRM 6 Key Points

® If you feel that SO, will be high (2,000-
5,000 ppm) then increase strength of
H,0,to 10% to minimize depleting it’s
strength

FRM 6 Key Points

® Analyzing for SO5/H,SO, can be
accomplished by analyzing the 80% IPA
impinger

® If metals are high in the stack gas, then use
in-stack high efficiency filter rather than
probe plug

Lesson 29
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds ' - FRM 6 SO,

FRM 6A Critical Orifice

FRM 6 Key Points Sampling Train
m To remove ammonia interference, use
high efficiency in-stack filter (Whatman & Uses FRM 6 sampling train except the
934 AH) and operate probe at 525°F DGM is removed and a critical orifice is
placed at the entrance of the meter box
assembly

& Calibration of critical orifice performed
on site with soap bubble meter attached
to inlet of probe

FRM 6A Ciritical Orifice
Sampling Train FRM 6A Sulfur Dioxide,

Moisture, and Carbon Dioxide

& Calculate standard volumes
sensed by soap bubble meter vs. critical m Use FRM 6 train except addition of
orifice ‘ Drierite in last impinger and addition of
CQO,adsorber behind last impinger

& \Weigh all four impingers before and afrer
sampling eveni to caleulate stack gas

moisture

FRM 6A Sulfur Dioxide, FRM 6B FRM 6A for 24 hrs

Moisture, and Carbon Dioxide m Use FRM GA train except when sampling is
performed 2 to 4 minutes on a 2-hr

repeating cycle
or other specified cycle

& Do not include the IPA bubbler
(an empty impinger may be used

& Weigh CO, adsorber before and after
sampling event to obtain
percent CO, in stack gas

in its place)
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 6 SO,

FRM 6B FRM 6A for 24 hrs

& Include a filter (either in-stack,
out-of-stack, ot both)

m Use different circuit
for probe heater

FRM 6B FRM 06A for 24 hrs

m Include a dmer switch
to control on/off of pump

x Sampling may be conducted
continuously if a low flow-rate sample
pump is used
(20 to 40 mL/min.)

m Total gas volume collected
should be between 20 and 60 L

FRM 6B FRM 6A for 24 hrs

® If continuous operation, then molecular
sieve matetial may be substituted for
Ascarite 11 as the CO, adsorbing material

FRM 6C Sulfur Dioxide
Instrumental Analyzer
Procedure

m Use of instrumental methods
for monitoring SO,

FRM 6C Sulfur Dioxide
Instrumental Analyzer
Procedure

» Calibration gases
used to determine
= Analyzer 3-point calibration error
= Sampling system bias check

u Zero/upscale calibradon drift
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#468 Compliance Test and Source Test Observation

FRM 8 SO,/H,S0,

Session #5: Stack Testing for Sulfur-Based Compounds

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRM 8 for Determination of Sulfuric

Chemistry of Sulfur

m With excess air present, monoatomic S
reacts with O, to form different oxidized
compounds

%S0, SO, HLSO,

= Typical industries affected by SO, controls:
fossil-fuel-fired steam generatoss, industrial
botlers burning fuel oil, sulfuric acid plants,

and refineries

Sulfur Dioxide Emissions

w Increased use of sulfur-containing fuels
for energy has increased the emissions
of oxides of sulfur from power plants

55+ 0, =50+ 0
"SO+0,=50,+0

Sulfur Dioxide Emissions

& Other oxides of sulfur are also emitted,
but in lesser quantities
50 + 50, = SO,
® S0, + H,0 = 1,80,

FRM 8 Applicability

m This method is applicable for the
determination of sulfuric acid mist
(including sulfur troxide) and sulfur
dioxide emissions from stationary sources
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#468 Compliance Test and Source Test Observation ; ; N
Session #5: Stack Testing for Sulfur-Based Compounds FRM 8 SO4/H,SO,

FRM 8 Sampling Train

x Nozzle/heated probe
& Heated filter box assembly (optional)

= Impinger assembly
with unheated filter

& Meter box assembly

FRM 8 Principle

& Particulate matter and SO;/H,SO, is
drawn isokinetcally
m If applicable, particulate matter is

collected concurrently on a glass fiber
filter maintained at a regulated

temperature (usually 120°C & 14°C)
FRM 8 Principle FRM 8 Principle
m 5O,/H,S0,is trapped in the isopropanol = During sampling, the SO;/H,SO,
impinger while is separated from the SO, by solubility of
SO, s collected in the hydrogen peroxide absotbing solutions
impingers in the impinger train

= Both fractions are measured separately by
the barium-thorin titration method
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 8 SO3/HZSO4
FRM 8 Principle FRM 8 Objective
m Because SO,;/H,SO, can be absorbed on 1 The objectdve of performing FRM 8is to
particulate matter, FRM 8 requires determine the pollutant mass rate (pmt)
isokinetic sampling or emission rate (E) of SO3/H,SO, from

the regulated source-

® pmr = (c)(QY

= E = pmr/Q,
FRM 8 Interferences FRM 8 Applicability
1 Fluorides # SO,/H,50, and SO, determination
1 Free ammonia ® Particulate matter emissions (Concurrent
& Dimethyl aniline FRM 5)
& Stack gas moisture determination -

{Concurrent FRM 4)

FRM 8 Sample Nozzle FRM 8 Sample Nozzle

u Seamless stainless m Range of nozzles (0.32-1.27 cm L.D,)
steel tubing and glass m Nozzles must be calibrated

m Other materials approved = Measure 3 reading using micromerer (take
by administrator average)

m Button-hook/elbow design ® Low/high reading not exceed 0.004 in

m Sharp/tapered leading edge
(< 30 Angle)

® Constant internal diameter

Lesson 30
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds - ~ FRM 8 SO,/H,SO,
FRM 8 Sample Nozzle FRM 8 Pitot Tube
® Nozzles that have been nicked, dented, or ® Must be constructed according to FRM 2

corroded must be reshaped and recalibrated = Position of pitot tube with reference to

u Each nozzle must have a
permanent identification

nozzle

x nozzle entty plane must be even or below
pitot orifice

x Centerline of orifice and nozzle must agree

FRM 8 Pitot Tube FRM 8 Pitot Tube

. ® Minimum spearation for 1.3 em L.D. nozzle ® Must dcvelop calibration factor

and pitot is 1.90 cm ; :
E : = Manometer/magnahelic usually attached

® Position of pitot tube with reference to R : ;
pitot tube with reference to indicate differendal pressure

probe sheath/thermocouple

® Probe sheath end and pite

ube separated by 7.62 am

a The must either be offser L em or nn

o

clas

FRM 8 Sampling Probe FRM 8 Sampling Probe
= Typical diameter of 2.54 cm = Pitot tube must be firmly welded to probe
® Probe liner should be borosilicate or ® Probe designed to prevent accidental
quartz with heating system to prevent misalignment in gas stream

“visible” condensation
(do not use metal probe liners!)

Lesson 30
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds. , FRM 8 SO,/H,S0,
FRM 8 Sampling Probe FRM 8 Sampling Probe
m Probe designed to protect liner ® Must have heating system capable of
® Material of construction determined by maintaining gas temperature of 120°C +
temperature/compounds being 14°C
monitored ® Temperature must be calibrated
= Borosilicate Glass liners up to 480°C
m Quartz liners up to 90°C
FRM 8 Impinger System FRM 8 Impinger System
® Materia} of construcdon depends upon m Connecting Joints
compounds being tested w Ball joints without Tefion® compression
w Glass, Teflon, stainless steel rings

. - .. a Must use non-volatile silicone grease
® Design should allow for additional space o , ©
A . _ . a Original design works well
for impingers bevond RN 5 equirements

m Need for water drain tap

FRM 8 Impinger System FRM 8 Impinger System
m Ball joints with Teflon® = First Impinger: 100 mL of 80%
compression rings Isopropanol

= Silicone grease not required

u Reduced contamination probability = Unheated Filter: Between first

u Favorable to most stack testers and second impinger
m Screw type fittings m Second and Third Impinger: 100 mL
* Convenient each of 3% hydrogen peroxide

» Reduced contamination probability

m Fourth Impinger: 200 g of silica gel

Lesson 30
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 8 SO,/H,SO,

FRM 8 Umbilical Cord

u Contains vacuum lines, pitot tube lines,
and electrical connections

m Keep bundle simple and light

u Use heavy rubber vacuum tubing for
pump/impinger connection

m Use tygon or Teflon® for pitot tube lines
{color coded)

FRM 8 Meter Console Desirable
Features

m Light weight
m Reliable leak-free pump
m Good temperature controls

® Rugged construction/
good carrying handles

FRM 8 Meter Console Desirable
Features

® Accessibility to components
and fuse compartment

= Communication system

m Easy to read digital readours

FRM 8 Meter Console Required
Calibrations

w Leak check both positive and negative
(< 0.04 cfm)

® Dry gas meter Y value of 0.98-1.02

m Therometers calibrated to £2°F

& Orifice meter “A FH”

documented and verified

FRM 8 Isokinetic
Rate Equation

[T

® The relationship between “v,” and “v_” is
the core understanding of FRM 8
1sokinetic sampling

m Reading the “p” from the pitot tube and
setting the proper “AH” on the meter

box allows one to sample isokinetically

FRM 8 Isokinetic Rate Equation
(Simplified)

x AH =(K)(Ap)

m [sokinetics must be between 90 to 110%

Lesson 30
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#468 Compliance Test and Source Test Observation

FRM 8 SO,/H,S0,

Session #5: Stack Testing for Sulfur-Based Compounds

FRM 8 Causes for not Meeting
100% Isokinetics

= Moisture value wrong in setting
preliminary isokinetc rate equation

u Inability to follow rapid fluctuadons in Ap
and cortesponding calculating/setting AH

m Heavy grain loading, causing plugging of
filter so can’t achieve ptoper AH

FRM 8 Causes for not Meeting
100% Isokinetics

m Large temperature variations not corrected
in isokinedc rate equation

m Leak in pitot or sampling lines (broken
probe, lopsided filtet, broken frit)

® Preliminary selecton
of wrong nozzle size

Difficulty in
Maintaining Isokinetics

= Plugging of filter by particles

u Filter becoming wet: Low box temp
® [impinger stem too restricted

& Filter disc plugging

B Nozzle oo small/large for

velociy of stack aas

FRM 8 Pre-test Preparation

m Calibrate the meter system
m Determine the number and
location of sampling points
m Prepare sampling train
' Add 100 mL of 80%
IPA to first impinger
8 A\dd unbcated filver botween

tirst and second umpinger

FRM 8 Pre-test Preparation

= Add 100 mL of 3% H,0, to
next two impingers

& Add 200 g silica gel in last impinger

FRM 8 Pre-test Preparation

m Place ice and water around
bubbler/impingers

m Adjust probe heater
to desired temperature

Lesson 30
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 8 SO,/H,S0O,

FRM 8 Sampling

m Leak check the sampling system
(Optional)

m Record initial DGM reading
and barometric pressure

= Position tip of probe at first traverse
point

FRM 8 Sampling

m Adjust flow rate to isokinetic conditions
during the entire sampling run (Sampling
rate should not exceed 1.0 cfm)

m Traverse taking reading every 2 minutes
and recording on FIDS

FRM 8 Sampling

= Add more ice during run to maintain last
impinger outlet < 68°F

m Reaction in impingers:
w SO, /H,S0, + CH0 = HaSO,
1 SO, + H,O, = HLSO,

FRM 8 Sampling

m At conclusion of run, turn off the pump,
remove probe from stack, and record
final DGM reading

m [cak check the sampling train
(mandatory)

- FRM 8 Leak Check

m Similar to FRM 5, if the leak rate exceeds
0.02 cfm, then the tester has two options:

® Adjust final sample volume as outlined in
Section 6.3 of FRM 5

® Void the sample run
= }f change components during sample run,

then must perform leak check prior to
component change

FRM 8 Sample Recovery

m Drain the ice bath, and purge the train for
15 minutes at average
flow rate

m Use of charcoal filter
m [xtra midget impinget containing
15 mL of 3% H,O0,

m Use ambient air without purification

= Disconnect impingers after purging

Lesson 30
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds - FRM 8 SO,/H,S0,

FRM 8 Sample Recovery

m Note: If moisture is to be determined, all
impingers must be weighted or solutons
measured

m Also weigh the silica gel impinger

a Note: If FRM 5 particulate matter is to
be determined, collect heated filter. Then
condition following FRM 5 procedures
for determining mass emissions

FRM 8 Sample Recovery

= Collect the 80% IPA impinger contents,
glassware rinses, and unheated filter in
Container #1, dilute to 250 mL with 80%
IPA

= Collect the 3% hydrogen peroxide
impingers and glassware rinses into
container #2

= Dilute to 1000 mL
volume with DI water

FRM 8 Sample Recovery

m Seal, identty the sample
container, and mark liquid level
= Complete “chain-of-custody”
for sample run
w Complete field test dara sheet (IFTDS)
m Collect 30 mb ot FLLO. as

absorbing reagent blank

FRM 8
Analytical Procedure

® Analysis involves standardized barium
perchlorate as a titrant with thorin
indicator as an end-point

FRM 8
Analytical Procedure

2 100 mL of Container #1 (IPA field
solution) is extracted, 2-4 drops of thorin
indicator added, and the sample is titrated

with the barium petchlorate from a vellow

to a pink end-point

FRM 8
Analytical Procedure

® Repeat until duplicates agree within 1%
or +0.2 mL, whichever
is larger, and then average the titration
volumes

®m Run a blank with each
series of samples

Lesson 30
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#468 Compliance Test and Source Test Observation

FRM 8 SO,/H,SO,

Session #5: Stack Testing for Sulfur-Based Compounds
FRM 8 FRM 8
Analytical Procedure Analytical Procedure

u From Container #2, extract 2 10 mL
aliquot, add 40 mL of 100% IPA, 2-4
drops of thorin indicator, and titrate from
a yellow to pink endpoint with 0.0100 N .

barium perchlorate

u Run a blank with each
series of samples

u Run analysis of audit sample
along with seties of samples

FRM. 8 Post-test
Calibration Requirements

m Post-test calibration check procedure
same as initial calibration check for orifice
meter and DGM

FRM 8 Post-test
Calibration Requirements

m ]f the calibration factor does not deviate
by more than 5 percent from the initial
calibration factor, then the DGM
volumes obtained during the test seties

are acceptable

FRM 8 Other Components
Needing Calibration

® Thermometers: Calibrated against
mercury-in-glass thermometers

m Barometer: Calibrated against
a mercury barometer

FRM 8 Audit Vial

m Obtained from EPA

= U.S. Environmental Protection Agency
Emission Measurement Center
Research Triangle Park, NC 27711

B
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds FRM 8 SO,/H,SO,

FRM 8 Audit Vial

® Analyze vial with each set of samples

m Acceptable limits of £5% of stated value

Lesson 30
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#468 Compliance Test and Source Test Observation
- Session #5: Stack Testing for Sulfur-Based Compounds

U.S. EPAAPTI
Compliance Test and Source Test
Observation
FRM 11 for Detetmination of

Hpydrogen Sulfide

40CFR

Part 60
Revised as of
July 1, 2001

Protection of Environment

FRM 11 Applicability and

Sources

= This method is applicable for the
determination of hydrogen sulfide (H,S) from
petroleum refineries

= FL,S is produced naturally through
decomposition of carbonaceous materials by
bacteria. H,S also occurs naturally as a
constituent of natural gas, petroleurmn, sulfur
deposits and numerous volcanic gases. By far,
the largest source of H.S 1s through natural

occurrendce

H.,S Sources

» Industrially, hydrogen sulfide is a byproduct of
many processes, especially petroleum facilities.
EPA limits the amount of H,S emisstons from
refineries through the NSPS. The regulation
addressed H,S in an effort to control sulfur
dioxide emissions from refinery processes.
Sulfur enters the process as a constituent of the

crude o1l.

Chemistry of Sulfur

m With excess air présent, monoatomic § reacts
with O, to form different oxidized compounds
u SO, SO H,S0,
® Typical industries affected by SO, controls:
fossil-fuel-fired steam generators, industdal
boilers burning fuel oil, sulfuric acid plants, and
refineries

Chemistry of Sulfur

s Depletion of oxygen in the process causes the
monoatomic S to combine with hydrogen (H)
to form reduced sulfur compounds

u [Hydrogen sulfide (F,S)

w Methyl sulfide (CH,;SE)

= Dimethyl sulfide (CH;),S

& Dimethyl disulfide (CH,),S,

Lesson 31
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 11 H,S

Federal Reference Method 11
Sampling Apparatus

= Unheated probe/sample line with regulator

m Midget impinger sampling train similar to FRM
6 sampling train with one (1) addittonal midget
impiager

m Typical FRM 6 Transfer line

m Typical FRM 6 meter box assembly without
pump

Federal Reference Method 11
Sampling Apparatus

m Supplemental Equipment:
& Pressure regulator for controlling fuel gas flow to

impinger system

u Charcoal impinger to be used after sampling to
pusge H,S from the H,0, impinger

= U-tube water manometer and rubber bulb to be
used before sampling to leak-check sampling train
under positive pressure

= Sampling pump and valve connection to be used
only during aic purge after sampling

Supplemental
Equipment
Needs for

FRM 11
Sampling
System

FRM 6 Sampling Apparatus

m Probe/Sample Line: Sample line made of
stainless steel or Teflon® tubing connected to
a pressure-reduction regulator. This line does
not have to be heated since the sample is
extracted under pressure.

m Impinger Train: Five (5) midget 30-mL
capacity impingers similar to FRM 6.

FRM 11 Sampling Apparatus

w Transfer line: Containing temperature
connection for méaSuﬁng temperature of
outlet of last impinger along with
tubing/electrical for connecting
to meter box assembly

m Meter box assembly: Containing silica gel drying
tube, rate/rotameter, and volume /dry gas meter
along with temperature gauges for measuring
inlet/outlet temperature of dry gas meter, similar
to FRM 6 except no pump (except for air purge)
and no surge tank.

Pressure Sampling

ne

FRM 11
Sampling
Configuration

Meter Box Assembly

Lesson 31
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds - FRM 11 H,S
FRM 11 Impinger Contents FRM 11 Chemistry in Impingers
u 1% Midget Impinger: 15 mL of 5% H,0,. The w 1% Midget Impinger: 15 mL of 5% H,0
hydrogen peroxide serves to remove and SO, + H,0, = H,SO 2
. 2 272 4

oxidize the SO, in the fuel gas stream to SO~
m 22d Midget Impinger: The 2°¢ impinger

remains diy to prevent catty-over from the

H,0, impinger to the following three (3)

u 22 Midget Impinger: Dry impinger, no
reaction

u 3 4% and 5% degét Impingers: 15 mL of

impingers. 2 Mg
m 3 4t and 5% Midget Impingers: Each CdSO, in ea;h Loapinger
contain 15 mL of cadium sulfate (CdSO,) to H,S + CdSO, = CdS + H,SO,
capture and react with the H,S in the fuel gas
stream.
FRM 11 Leak Check

FRM 11 Pre-test Preparation

m Leak check the sampling system under positive

w Prepare sampling train pressure

= Add 15 mL of 5% F,0, to first impinger w Conncct the rubber bulb/manometer assembly to

the ficst impinger using glass adapter. Use

appropriate clamp to ensure a tight connection.
w Close the gas petcock on the dey gas meter outlet
w Using the squeeze bulb, pressurize the complete

sampling train (o 10 1a.11,0 as indicated by the

water U-tube manometer

® Leave sccond impinger dry
® Add 15 ml, of CdSO, in cach of the next three (3)
impinger s

w Place ice and water around the impingers

2 Once the water U-tube manometer indicates 10 1n.
af OV, close off the twibe and the columa should

stay with <0 0.5 in. of 11O drop in one (1) minute.

FRM 11 Sampling
= After the impinger train is prepared and leak
checked, the sample inlet line is purged for ~ 1

FRM 11—
Leak Check %5 minute
Configuration m After 1 minute purge, close the sampling valve

and connect sample inlet line to the sample
train

[ ] Opch the sampling valve and adjust the flow to
~ 1 Lpm. Fill out the Field Test Data Sheet
(FTDS) with sample location, time, dry gas
meter initial and final readings, rotameter
readings and dry gas meter temperatures

Lesson 31
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM 11
Sampling
Configuration

Meter Box Assembly

FRM 11 Sampling

= Add more ice duting run to maintain last
impinger outlet < 68°F

= Sample for 10-20 minutes, recording sampling
information on the FTDS evety 5 minutes

= A yellow precipitate, CdS, will develop in the 3™
and 4% impingers by the following reaction: '

H,S + CdSO, = CdS + H,S0,

u If a yellow precipitate develops in the 5%
impinger , stop sampling

m At the end of sampling, close the sampling
valve and complete FTDS

FRM 11 Field Test Data Sheet
(FIDS)

Date of Test/Location

Barometric Pressure/ Atmospheric Temperature,
Leak Check Performed,

Name of Testec

FRM 11 Purging of Sampling
Train

= At conclusion of run, close the sampling valve
and remove the sampling train from the
sampling area to the recovery area

w Connect the charcoal impinger and tubing to
the inlet of the sampling train. Connecta
pump to the outlet of the impinger train and
before the rotameter.

= Purge the FRM 11 sampling train with clean air
for 15 minutes to temove any HLS that might
be retained in the 1™ impinger containing H,O),

Configuration

Midget fmpingers

FRM 11
Purging

Meter Box Assembly

FRM 11,Sample Recovery

= Mike 2 solution of 50 mL of 0.01 N iodine and
10 mL of 3 M HCl into an Edenmeyer flask.
Mix well Stopper and set aside.

u Discard the contents of the 1% impinger.

= Pour the content of the 3¢, 4% and 5% midget
impingers into a 500 mL jodine numbered
flask.

w Rinse the three midget impingers and U-tubes
with the jodine solution and pour into the
sample 1odine flask

Lesson 31
4

FRM 11 H,S




#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds

FRM 11 Sample Recovery

m Chemically, the following two reactions are
now occurring:

Cds + 2 HCl = H,S + Cddl,
HS+IL,=2HI+S
= Follow the iodide tinses with distilled water
and collect in the sample iodide flask

FRM 11 1S

FRM 11 Sample Analysis by
Titration

u Allow the sample iodine flask to stand about
30 minutes in the dark for absorption of the
H2S into the iodine

m Titrate the solation in the numbered sample
iodine flask with standardized 0.0100 N
sodium thiosulfate untl the solution is light
yellow

FRM 11 Sample Analysis by
Titration

m At this point, add 4 mL of starch indicator and
continue titrating undl the blue color just
disappears

n The color change will be from a dark blue to
clean

s Record mL of standardized 0.0100 N sodium
thiosulfate required to reach a clear endpoint,

FRM 11 Sample Analysis by
Titration
m The titration of the sample jodine flask has

completed the following reaction:

Starch

2 Na,5,04 + 1, = Nay5,O, + 2 Nal

FRM 11 Calculations

= Dry Gas Meter Sample Volume, Corrected to
Standard Conditions:

Vm(std) = VmY (Tsldn-m)(Pbarsztd)

FRM 11 Calculations

u Emission Rate of H,S at Standard Conditions:
Crs = KIVaN = VNpsample (Vi N - VeNpblank
V.

m(sted)

a Calculate the Concentration of H2S in ppm:
HLS (ppm) = (K) (e 8)

Lesson 31
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#468 Compliance Test and Source Test Observation
~Session #5: Stack Testing for Sulfur-Based Compounds : , FRM 11 H,S

Protection of Environment
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 15, 15A HZS, COsS, C8§,

U.S. EPA APTI
Compliance Test and Source Test
Observatdon
FRM 15 for Determination of Hydrogen
* Sulfide, Carbonyl Sulfide, and Carbon
Disulfide from Stationaty Sources

40CFR

Part 60
Revised as of
uly 1, 2001

Pratection of Environment |

FRM 15 Determination of Total
Reduced Sulfur (TRS)

w This method is applicable to the determinadon
of hydrogen sulfide, carbonyl sulfide, and
carbon disulfide from tail gas control units of
sulfur recovery plants and other stationary
sources

Method uses the up-front sampling system of
FRM 16A except the tube furnace 1s removed

and a dilution system 1s added to the sampling
system. The analyucal finish 1s a gas
chromatography (GC) with a flame photomerric
detecror (FPD)

FRM 15 Determination of
Speciated Reduced Sulfur
Compounds

® FRM 15 specifically designed to detect speciated
reduce sulfur compounds such as:
a Hydrogen Sulfide (F,S)
= Carbonyl Sulfide (COS)
= Carbon Disulfide (CS,)

FRM 15 Interferences

& Moisture Condensation
& Keep probe, filter and connections heated
m Keep SO, scrubber in an ice water bath
& Carbon Monoxide (CO) and Carbon Dioxide
(COY ‘
& May stidl be a problem with 9:1 dilution air
& Show chromatograms with and without CO/CO,
& Elemental Sulfur

m Observe buildup on filter and monitor

FRM 15 Interferences
= Sulfur Dioxide (SO,)

& Monitor cfficiency of SO, impinger scrubber
a Alkali Mist
& Alkah mist may change the pH of the SO, impinger
scrubber system. Change after each sample rua.

Lesson 32
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#468 Compliance Test and Source Test Observation ‘
FRM 15, 15A H,S, COS, CS,

Session #5: Stack Testing for Sulfur-Based Compounds

Federal Reference Method 15 FRM 16B Sampling System
 Sampling Apparatus ‘

w Probe/Filter Assembly
m Sample Conditioning System -
u Three {3) SO, scrubber impinger assembly
= Vacuum Pump
= Gas Dilution System
m Gas Chromatographic (GC) with Flame
Photometric Detector (FPD)

FRM 15 Sampling Apparatus FRM 15 Probe Assembly

w Probe (Same as FRM 16A): 0.6 cm diameter

it ok Savian of Frslegs Bored ¥ Parre Tubag Wragped wn

Teflon® tubing wrapped with heat resistant P, s e
tape with an outer stainless steel sheath to

AN /
maintain temperature 250 °F. The FRM 15 % J T /
nozzle is the end of the Teflon® tube and Ltﬁgﬁ_;&l
! N \ Seos

Tatere Tuing

points downstream of the gas flow to minimize L T /
- . . e e e a
particulate matter from enterng the sampling

train

FRM 15 Sampling Apparatus FRM 15 Filter Assembly

u Sample Conditioning System
® Particulate Filter (Same as FRM 16A): 50-mm
Teflon® heat maintained at 250 °F

FILTER

a 5O, Scrubber System (Same as FRM 16A): The ol SAMPLE
SO, scrubber system containing three (3) Teflon® “TRaL PROGE

300 mL impingers contataing citric acid buffer
solution to remove interference from SO, from the

FLEXTBLE
THERMOCCOUPLE

gas stream

& Dilution Systemn (New): Sample dilution system
contact with gas strcam must be made of Teflon®
with a dilution ratio of 9:1
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#468 Compliance Test and Source Test Observation
FRM 15, 15A H,S, COS, CS,

Session #5: Stack Testing for Sulfur-Based Compounds

FRM 15 Dilution System FRM 16A Sampling Apparatus

& Pump: Capable of extracting a sample from
the source and ditecting the sample to the gas
chromatography (GC) with a flame
photornetric detector (FPD)

u GC/FPD: The GC must contain a column
able to speciate the targeted reduce sulfur
compounds

FRM 15 with GC/FPD)

Bandpass
Filter

FRM 15 GC/FPD Speciation FRM 15 Sampling System
5 At
— -
§ __5 g 4
HEEN B
. i
Tl i i ; Pl
; R
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRM 15, 15A H,S, COS, CS,

FRM 15 Analytical
System

FRM 15 Pre-Test Procedures

= Assemble sampling systemm: Allow probe/filter
and all GC/FPD system components to warm
to operating temperatures

= Leak check:

w Upstream of sample pump, attach manometer of
vacuum gauge o probe inlet. Start pump and pull 2
in. Hg vacuum. Stop pump and should retain 2 in.
Hg vacuum over 1 minute. Downstream of pump,
apply slight pressuce and use “snoop” to detect any
leaks

FRM 15 Pre-Test Procedures
= Calibration: ;

® Analytical Systcm- Generate of seres of three or
more known conceatrations (0-10 ppm) for cach of
the three reduce sulfuc compounds (e, Hydrogen

_sulfide, carbonyl sulfide, and carbon disulfide).’

“ Three injections of cach of the target compounds
must yield 2 + 13 % from the mean of the three
mjections. Standards can be genemted either from a
permeation tube system or NIST traceable gas
cylinder coupled to a gas dilution system . Generate

a calibraton curve.

FRM 15 Pre-Test Procedures

s Calibration (Cont’d):

= Dilution System- Generate of sedes of three ot
more known concentrations (0-10 ppm) for each of
the three reduce sulfur compounds (1e., Hydrogen
sulfide, carbonyl sulfide, and carbon disulfide).
[nject three injections of each of the taxget
compounds into the gas dilution system which then
lcads to the GC/FPD. Detecmine if the three
injections of the three different calibration gases
vielda £ 13 %4 from the mean of the three
tnjections. Standards can be generated etther from a
permeaton tube system or NIST eraceable gas

cyhinder coupled 1o a gas dilunon system

FRM 15 Sampling

= Position sampling probe at sampling point
Withln the source .

= S,;{inple source emissions through the ptobe and
filter assembly, through the SO, serubber
system, through the dilution system (9:1 dilution
ratio) to the GC/FPD '

= A sample run is composed of 16 individual
analysis (tnjections to the GC/FPD) over a
period of not less than 3 hourts and not more
than 6 hours

= Observe clogging of filter or SO, scrubber
system

FRM 15 Post-Test Procedure

w Sample Line Loss: After the sample run,
remove the probe from the source, but maintain
its temperature. Inject a known concentration
of H,S at the level of the applicable standard (+
20 %) to the inlet of the probe to determine
sample line losses. Sample line losses of > 20 %
is unacceptable. With sample losses between 0-
20 %, the final emissions must be corrected to
the percent sample losses.
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds FRM 15, 15A H;S, COS, CS,

FRM 15 Post-Test Procedure Stk

® Post-Sampling Calibration: Using only H,S,
recalibrate the GC/FPD using three
concentration levels. Compare the post-sample
calibration to the pre-sample calibration. If the
drift between the two curves exceeds > 5%, the
previous runs are not valid.

FRM 15
Sampling
Train
FRM émrl'yﬁcal
U.S. EPA APTI
Compliance Test and Source Test FRM 15A
Observation m FRM 15A is similar in sampling apparatus and
FRM 15A for Determination of Total methodology found in FRM 16A except there is
Reduced Sulfur (TRS) From Sulfuric no SO, scrubber in the sampling system. All
Recovery Plants in Petrole Refineries other compqnents,. QA/QC act?vmes, operation
of the sampling train and analysis are the same.
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

- FRMs 16, 16A, 16B Spec./TRS

U.S. EPA APTI
Compliance Test and Source Test
o Observation
‘"FRM 16 Semicontinuous Determination
of Sulfur Emissions from Stationary
. Sources '

—

Protection of Environment

FRM 16 Semicontinuous
Determination of Sulfur Emissions
from Stationary Sources

= This method is applicable to the
determination of sulfur emissions (i.e.,
hydrogen sulfide, methyl mercaptan,
dimethyl sulfide, and dimethy! disulfide)
from stationagy sources, recovery furnaces,
kime kilns, and smelt dissolving tanks at
Kraft pulp mills.

a FRM 16 specifically designed to detect

FRM 16 Determination of
Speciated Reduced Sulfur
Compounds

speciated reduce sulfur compounds such
as:

a Hydrogen Sulfide (F,5)

a Methyl Mercapran (CH,SH)

& Dimethyl Sulfide (CH),S

= Dimethyl Disulfide (CHy),5,

FRM 16 Intetferences

& Moisture Condensation
u Keep probe, filter and connections heated
(248 °F)
u Keep SO, scrubber in an ice water bath
& Carbon Monoxide (CO) and Carbon
Dioxide (CO,)
& May still be a problem with 9:1 dilution aic

m Show chromatograms with and without
CO/CQO,. Should agree +5%

s Sulfur Dioxide (SO,)

m Alkali Mist

FRM 16 Interferences

a Monitor efficiency of SO, impinger scrubber

m Alkali mist may change the pH of the SO,
tmpinger scrubber system. Change after each
sample tun.

Lesson 33
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds  FRMs 16, 16A,16B Spec./TRS

Federal Reference Method 16
Sampling Apparatus
= Probe/Filter Assembly
= Sample Conditioning System
w Three (3) SO, scrubber impinger assembly
= Vacuum Putp ;
m Gas Dilution System (Optional: Need
only for high sample concentrations)

m Gas Chromatographic (GC) with Flame
Photometric Detector (FPD)

FRM 16 Sampling System

FRM 16 Sampling Apparatus

FRM 16 Probe Assembly

(Same as FRM 16A)
= Probe (Same as FRM 16A): 0.6 cm
diameter Teflon® tubing wrapped with \-:7-:3-« i S il
heat resistant tape with an outer stainless l ) _ /
steel sheath to maintain temperatare 250 ﬁC:@-@E'— ; :
°F. The FRM 16 nozzle is the end of the I ‘ m]\m
Teflon® tube and points downstream of ot e S // ,’ o

the gas flow to minimize particulate
matter from entering the sampling train
(Same as FRM 164)

FRM 16 Sampling Apparatus
= Sample Conditiosing System

u Particulate Filter (Same as FRM 16A): 50-
‘mm Teflon® heat.maintained at 250 °F

w 5O, Scrubber System (Same as FRM 16A):
The SO, scrubber system containing three
(3) Teflon® 300 mL impingers containing
citric acid buffer solution to remove
interference from SO, from the gas stream

= Dilution System (Optional: Same as FRM
15): Sample diluton system contact with
gas stream must be made of Teflon® with a
dilution ratio of 9:1

FRM 16 Filter Assembly

FILTER

SAMPLE
PROBE

FLEXIBLE
THERMOCOUPLE

Lesson 33
2




#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRMs 16, 16A, 16B Spec./TRS

FRM 16 Dilution System .
(Optional: Same as E}“TRM 15) FRM 16 Sampling Apparatus

m Pump: Capable of extracting a sample
from the source and directing the sample
to the gas chromatography (GC) with a
flame photometric detector (FPD)

® GC/FPD (Same as FRM 15) : The GC
must contain a column able to speciate
the targeted reduce sulfur compounds

FRM 16 with GC/FPD
(Same as FRM 15)

Sarpe
Fan s
=
Swrplger \
Oen f / 'QI. NG

GC columa within =
Oven Used to —> =1
Scparate 1,5, L1

MeSH, DMS, and

DMDS

Example of FRM 16 GC/FPD .
Speciation FRM 15 Sampling System
H g""— g f -
i
O O :
i Eme 5 EE
WA SN[ .
; - f“l B\ —1_3
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRMs 16, 16A, 16B Spec./TRS

" Filter
Assembly

FRM 16
Sampling

Train

FRM 16 Pre-Test Procedures

m Assemble sampling system: Allow
probe/filter and all GC/FPD system
components to warm to operating
temperatures

m Gas Chromatogram Columns: Must
demonstrate that the GC column can
resolve H,S, MeSH, DMS and DMDS.
Must submit chromatogram prior to
testing showing resolution

FRM 16 Pre-Test Procedures
® Assemble sampling system: Allow
probe/filter and all GC/FPD system
components to watm to operating
temperatutes

w Leak check:

= Upstream of sample pump, attach manometer
of vacuum gauge to probe inlet. Start pump
and pull 2 in. Hg vacuum. Stop pump and
should retain 2 in. Hg vacuum over 1 minute.
Downstream of pump, apply slight pressure
and use “snoop” to detect any leaks

FRM 16 Pre-Test Procedures
& Calibration:

= Analytical System- Generate of sedes of three
or more known concentrations (0.5-10 ppm)
for each of the four reduce sulfur compounds
(Le., H,S, MeSH, DMS, and DMDS). Three
injections of each of the target compounds
must yield a £ 5 % from the mean of the
three injections. Standards can be generated
cither from a permeation tube system or
NIST traceable gas cylinder coupled 1o a gas
difunion svstem . Generate a calibration

curve.

ERM 16 Pre-Test Procedures
L Cahbrattoa {Cont’d):

g Dxluﬂon Systern (If Apphcablc)- Gcncmte of series
of thiree o more kelown concentrations (0-10 ppm)
for cich of the three reduce sulfiic compounds (i.c.,
Hydrogen sulfide, cacbonyl sulfide, and carbon
disulfide). Inject three injections of each of the
target compounds inta the gas dilution system which
then leads to the GC/FPD. Determine if the three
injections of the four different calibration gases yield
a2+ 5% from the mean of the thrce injections.
Standards can be gencrated either from a permeation
tube system or NIST teaceable gas cylinder coupled
to a gas dilution system

FRM 16 Sampling

= Position sampling probe at sampling point
within the source

& Sample source emissions through the probe and
filter assembly, through the SO, scrubber
system, through the dilution system (if
applicable) to the GC/FPD

B A sample run is composed of 16 tndividual
analysis (injections to the GC/FPD) overa
period of not less than 3 hours and not moge
than 6 hours

m Observe clogging of filter or SO, scrubber

system

Lesson 33
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRMs 16, 16A, 16B Spec./TRS
FRM 16 Post-Test Procedure FRM 15 Post-Test Procedure
= Sample Line Loss: After the sample run, = Post-Sampling Calibration: Using only

remove the probe from the source, but H,S, recalibrate the GC/FPD using three

maintain its temperature. Inject a known concentration levels. Compare the post-

concentratton of H,S at the level of the sample calibration to the pre-sample

applicable standard (£ 20 %) to the inlet of calibration. If the drift between the two

the probé to determine samplé line losses. curves exceeds > 5%, the previous tuns are

Sample line losses of > 20 % is not valid.

unacceptable. With sample losses between

0-20 %, the final emissions must be

corrected to the percent sample losses.

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRM 16A for Determination of Total
Reduced Sulfur (TRS) Compounds

FRM 16
Sampling
Train

'FRM 16A Applicability

= This method is applicable for the
determination of total reduced sulfur
(TRS) from recovery boilers, lime kilas,
and smelter dissolve tanlks at Kraft pulp
mills, and from other sources as specified
in the applicable subpart of the
regulations

Lesson 33
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds

FRM:s 16, 16A, 16B Spec./TRS

FRM 16A Principle

® An integrated gas sample is extracted from
the stack. SO, id removed selectively from
the sample using a citrate buffer solution.
TRS compounds are then thermally
oxidized to SO,, collected in hydrogen
peroxide as sulfate, and analyzed by FRM 6
barium-thorin titration procedure

Federal Reference Method 16A
Sampling Apparatus

m Probe/Filter Assembly

» Sample Conditioning System
‘w Three (3) SO, scrubber impinger assembly
w Combustion Tube Furnace

a Impioger System

u Meter Box Assembly

<~ Midget
Impingers

FRM 16A Sampling Apparatus

m Probe: 0.6 cm diameter Teflon® tubing
wrapped with heat reststant tape with an
outer stainless steel sheath to maintain
temperature 250 °F. The FRM 16A
nozzle is the end of the Teflon® tube and
points downstream of the gas flow to
minimize particulate matter from entering
the sampling tratn

FRM 16A
Sampling
Train
Meter Box Assembly
FRM 16A Probe Assembly
»-"v‘l"-'vi- m::lf:-‘;;:* ;::'/a:rz:::.
E )
| Neea
(e 1 g vl

FRM 16A Sampling Apparatus

a Sample Conditioning System

w Particulate filter, 50-mm Teflon® heat
maintained at 250 °FF

u SO, scrubber system containing three (3)
Teflon® impingers containing citric acid
buffer solution to remove intecference from
SO, from the gas stream

m Combustion furnace containing quartz glass
tube heated to 800 * 100 °C to oxidize the
remaining TRS compounds to SO,

Lesson 33
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds FRMs 16, 16A, 16B Spec./TRS
FRM 16A Filter Assembly FRM 16A Sampling Apparatus
& Peroxide Impingers: Three (3) midget
FILTER impingers total, connected in seres with U-

tubes. The first two (2) impingers contains
hydrogen peroxide while the third impinger

SaMPLE

PROBE

FLEXTBLE
THERMOCOUPLE

is empty

a Transfer line: Containing temperature
connection for measuring temperature of
outlet of last impinger along with
tubing/electrical for connecting
to meter box assembly

FRM 16A Sampling Apparatus

a Meter box assembly: Containing silica gel
drying tube, leak-free diaphragm pump,
surge tank, rate/rotameter, and
volume/dry gas meter along with
temperature gauges for measuting
inlet/outlet temperature of dry gas meter

FRM 6 Pre-test Preparation
® Prepare sampling train

= Add 100 sk Qf/ citde acid buffer soluton o
thé first two impingers in the sample
conditioning train. Leave the last impinger
dry.

m Add 20 mL of 3% H,O, to the first two
impingers in the SO, impinger collecton train.
Leave final impinger dry

u Place ice and water around impingers

w Adjust probe and flter temperatures to desired
settings

FRM 16A Impinger Contents

= Sample Conditioning System: First two
(2) Teflon® impingers containing 100 mlL.
of citric acid buffer solution, while the
third impinger rermains dry

& Sample Collection: 20 mL of 3%
hydrogen peroxide into the first two
midget impingers, while the last impinger

rermains dry

FRM 16A Pre-test Preparation

® Calibrate Meter System (Same as FRM 6)

& System Performance Checks (INew to
methodology not found in FRM 6)

= Sampling (Similar to FRM 6 except
sampling rate of 2 L/min for 1 to 3
hours)

a Sample recovery (Same as FRM 6)

& Sample Analysis (Same as FRM 6 with
barum-thorin titration)

Lesson 33
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#468 Compliance Test and Source Test Observation o . :
' FRMs 16, 16A, 16B- Spec/TRS

Session #5: Stack Testing for Sulfur-Based Compounds =

FRM 16A Pre-test Preparation

m System Performance Checks
u A system performance check (+
20%) is done to: ,
mValidate the sampling train
components and procedures; and

xT'o validate a test run (aftet the
rum)

FRM 16A System Performance
Check Apparatus

FRM 16A Pre-test Preparation

= System performance check done in the
field prior to testing consisting of two (2)
30-minute samples taken through the
probe/conditioning/impinger/meter box
assembly from a certified NIST traceable
compress gas cylinder containing know
concentration of SO,

® System performance check from known

concentration of SO, must meet 80-120 ¢

recovery

FRM 16A Sampling

® Leak check the saropling system (Optional)

= Record initial DGM reading and barometric
pressure

m Position tip of probe at selected sampling
poiat (> 1 meter from side of wall) with
probe nozzle pointing downstream of gas

= Bring probe and filter to operating
temperatures

& Place ice around mmpingers

FRM 16A Sampling
= Begin sampling with flow rate to 2 L/min
110% during the entire sampling run
= Traverse, if applicable, taking reading
every 5 minutes and recording on FTDS

= Sample run 1s from 1 to 3 hours

FRM 16A Sampling

= Add more ice during rua to maintain last
impinger outlet < 68°F

= At conclusion of run, turn off the pump,
remove probe from stack,
and record final DGM reading

m Leak check the sampling train (mandatory)

Lesson 33
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#468 Compliance Test and Source Test Observation

Session #5: Stack Testing for Sulfur-Based Compounds

FRM 16A Sample Recovery

= Drain the ice bath

= Disconnect sampling irripi.ﬂgers

= Pour the content of the 3 midget
impingers into a leak-free polyethylene
bottle for shipment

= Rigse the three midget impingers and U-
tubes with water and pour into the
polyethylene bottle

FRM 16A Post-test Calibration of
DGM Procedure

® Post-test calibration check procedute same
as initial calibration check

u If the calibration factor does not deviate by
more than 5 percent from the initial
calibration factor, then the DGM volumes
obtained during the test series are
acceptable

FRM 16A Sample Recovery
= Seal, identify the sample container, and
mark liquid level
= Complete “chain-of-custody” for sample
run

= Complete field test data she’ét‘(FIDS)

= Collect 30 mL of H,O, as absorbing
solution for reagent blank

= Titrate samples by barium-thorin titration
(Same as FRM 6)

FRM 16A Calibration
of DGM Procedure

u Calculate the calibration factor,
Y, for each run, and the average tresults
(must be < 2% from the average). Same
as FRM 6

FRM 16A Other Components
Needing Calibration

8 Thermometers: Calibrated against
mercury-in-glass thermometers

= Rotameter: Need not be calibrated, but
should be cleaned and maintained
according to manufacturer’s mstruction

= Barometer: Calibrated against
a mercury barometer

Lesson 33
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#468 Compliance Test and Source Test Observation '
Session #5: Stack Testing for Sulfur-Based Compounds . ; FRMs 16, 16A, 16B Spec./TRS

FRM 16A Key Points FRM 16A Key Points
m During titration, have two flasks m If you feel that SO, (generated from the
next to the titration assembly to compare tube furmace of TRS conversion to SO,)
to your sample will be high (2,000-5,000 ppm) then
m One flask is the yellow starting point, , increase strength of H,O, to 10% to
while the second flask is the pink minimize depleting it’s strength
endpoint

FRM 16A Key Points

m Must perform system performance check
with NIST traceable SO, compress gas
cylinder prior to testing through the
complete sampling train (i.e., probe, filter,
SQ, scrubber, thermal furnace, impinger

Midget
impingers

assembly, and meter box assembly. Must FRM 16A
M . Sampling
meet criteria of 80-120 % recovery of Train
known concentration of SO,
Meter Box Assembly
U.S. EPA APTI FRM 16B Determination of Total
Compliance Test and Source Test Reduced Sulfur (TRS)
Observation m This method 1s applicable to the
FRM 16B for Determination of Total determination of TRS from recovety
Reduced Sulfur (TRS) Compounds furnaces, lime kilns, and smelt dissolving
o tanks at Kraft pulp mills

m Method uses the up-front sampling system
of FRM 16A except the H,O, impingers
are replaced with gas chromatography with
a flame photometric detector (FPD)

Lesson 33
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based Compounds FRMs 16, 16A, 16B Spec./TRS

XLV XTUOIF VWIIT IO

FRM 16B Determination of Total Chromatography/Flame
Reduced Sulfur (TRS) Photometric Detector (FPD)
= FRM 16B specifically designed to detect (Same as FRM 15)
speciated TRS compounds including:
m Hydrogen Sulfide (H,S)
= Methyl Mercaptan (CH,SH)
x Dimethyl Sulfide (CH,),S = .
= Dimethyl Disulfide (CH,),S, = |.,..i ey
3 A=
W'L::f-‘w ¢ [[
FRM 16B

GC/FPD Speciation
! i ' ] e Bandpass
Filter

|

DL

-

L

Photomuitiplier
Tube

|

80

HEORROIH SAIDL

|
i
4
I
l

2]

v 14D AeaLTaN]

i

e
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#468 Compliance Test and Source Test Observation
Session #5: Stack Testing for Sulfur-Based

FRMs Sulfur Observer Checklists

Compounds

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRMs Sulfur-Based Observer

- Checklists
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#468 Compliance Test and Source Test Observation ‘ ‘
Session #6: Acid Gases, PM and Special Topics FRM 26, 26A/SW-846, Method 0050 HCI/CI,

U.S. EPA APTI ey
Applicabili
Compliance Test and Source Test pprcabiity

m SW-846, Method 0050 and FRM 26A. are
both isokinedc methods which provide
procedures for the determination of
HCI/Cl, from hazardous waste
incinerators and municipal waste
combustors, especially suited for those
sources with wet scrubbers emitting acid
particulate matter (e.g., HCI dissolved in
water droplets)

Observation
FRMs 26/264 and SW-846, Methods
0050/0051 Determination of HCl and Cl,

Applicability Interferences
= Method detection limit (MDL) is 20 ppm = Volatile material which produces chloride
m SW-846, Method 0050 and FRM 26A is ions upon dissolutdon duting sampling
for w.‘a‘ter—.dro[?lct .stack gas environments ® Diatomic chlorine (Cl,) for sampling HCI
requiting isokinetic sampling. (Cl, disproportionate to FICl and HCIO
Additionally, FRM 5 can be performed in water)
concurrent with FRM 26\ and SW-846,
Methaod 0050
FRM 26A /Method 0050 FRM 26A/Method 0050
Design Requirements Sampling Train
' Gas flow measurement system (FRMs 2- m Glass lined probe and nozzle
4 m Can’t use stainless steel

& Modified Method 5 sampling train unions in probe assembly
w [fstack gas >210°C, must use one piece

m All glass/Teflon filter assembly
- : nozzle/probe made of quartz
w Can’t use stainless steel
.. L. ' Pitor tube/temperature sensor array
8 Addition of two more impingers to the B :

traditional FRM 5 sampling train = Optonal glass cyclone

Lesson 35
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 26, 26A/SW-846, Method 0050 HCV/CL,

FRM 26A/Method 0050
Sampling Train
& Heated filter assembly

& Filter and filter gaskets
must be Teflon

a Condensing impingers (glass)

& Pump/dry gas meter/orifice assembly

FRM 26A/Method 0050 Sampling
Train

Tefton or
quartz filter

_Heated probe

Pitottube

prof Calibrated
Manometer arifice

Qrifice
manometer

Dry gas weter

FRM 26A/Method 0050
Operational Requirements

& Multi-point integrated sampling
a Jsokinetc sampling rate

® 2-hr sample at an andcipated

rate of 0.75 c¢fm

B8 Probe J(':\'d(>IlC,”lf:]1I’t‘[‘ at 120°C (248°1

FRM 26A /Method 0050
Operational Requirements
® Post-sampling Ascarite purge (30

minutes) to remove trapped HCl/Cl,
from filter to impingers

& [eak-free system
& Performance Evaluation
(PE) sample required

FRM 26A /Method 0050
Chemistry

s Impingers 1,2 &3 remove HCI from
sample gas stream by the following
equaton
= HCl+ 0.1 N HLSO, > H;0 + CF

Lesson 35
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 26, 26A/SW-846, Method 0050 HCI/CI,
FRM 26A /Method 0050 FRM 26A/Method 0050
Chemistry Impinger Arrangement

= ]st Impinger(Optional)-
50 mL of 0.1 N H,SO,

= 2nd and 3rd Impingers-
100 mL of 0.1 N H,SO;,

= Impingers 4 & 5 remove Cl, from the
stack gas stream by the following
equation
u Cl,+ 0.IN NaOH 2 H* + CI + HCIO

u Must keep basic to prevent Cl, losses

FRM 26A/Method 0050 FRM 26A /Method 0050
Impinger Arrangement Operation

= Preliminary field determination (sample

. = 4thand 5th Impingers- ) :
location, nozzle size,

100 mL of 0.1 N NaOH

= Oth Impinger-
200-300 g of Silica Gel

probe length) same as FRM 5

® Sample train preparation
{charging of filter and impingers) same as

FRM 3
FRM 26A /Method 0050 FRM 26A /Method 0050
Operation Operation
. .Pre—lcalfdcheck ((')tinf'?l[;?\/l‘; - = The last impinger of the 0.1 N NaOH
1 accordance wi Rk must be maintained strongly basic during
= Sample collection in general accordance . sampling. Monitor pH of solution
. - (=] -
with FRM 5 frequently during the run to prevent loss
(2-hr sample run) of Cl,
Lesson 35
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#468 Compliance Test and Source Test Observation

Session #6: -Acid Gases, PM and Special Topics FRM 26, 26A/SW-846, Method 0050 HCI/C],

FRM 26A /Method 0050 FRM 26A/Method 0050

Operation Operation
m Leak check before/after component

& To resolve:
changes during sample run

w Use stronger base (0.5 N) P ling Ascari
= Post-sampling Ascarite

w-Add volume to impinger (~200 mL)
purge of system (30 minutes)

m Recharge impinger during sampling
m Halfway through run, check pH of last ® Post-leak check in
impinger to validate basic nature of accordance with FRM 5
absorbing solution m Leak rate must be <0.02 cfm

Sample Train Sample Train

Recovery Containers Recovery Containers

1- Petri dish (filter) 3- Combined impingers 1, 2 and 3

2- Acetone rinse from probe nozzle/liner (measured) and water rinses

and front half of filter holder 4- Combined impingers 4 and 5 (measured)
and water rinses
(add 2 mL of Na,S5,0;)
The addivon of Na.S.O) keeps the

hvpochlorous acid from dissocating

Sample Train
Recovery Containers

5- Silica gel contents
(note color, weigh)

Analysis

= Weigh filter if need FRM 5 PM

m Analysis of recovery reagents
for Cl" by SW-8406, Method 9057,
ion chromatography

Lesson 35
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#468 Compliance Test and Source Test Observation : o
Session #6: Acid Gases, PM and Special Topics FRM 26, 26A/SW-846, Method 0050 HCI/CI,

FRM 26A/Method 0050
FRM 26A/Method 0050 Key ~ / .
. Key Points
Points
= Sampling system uses FRM 5 sampling
train, so can also quantitate PM ‘ = Complete Performance Evaluation (PE)
= Sampling is isokinetc, 2-hr sample time sample prior to test
= Methodology quanttates HCI from Cl, ® Method Detection Limit (MDL) is 20
emissions ppm
FRM 26A/Method 0050 FRM 26A/Method 0050
Key Points Key Points
= Post-sampling Ascrite purge to move HCI ® Must maintain last impinger
- from the cyclone/filter to impingers for of NaOH ar 0.1 N by
30 minutes at average AH u Using stronger basc

8 Using more volume in impinger
8 Changing impinger during run

N TS U U SR,
B Choeckmy froquenily durnng run

FRM 26A/Method 0050 FRM 26/SW-846
Key Points Method 0051

® Can’t change nozzle during sampling to Sambline and Analvsis for
maintain isokinetics - H (I:JI angd cl Emis};ions
= Can’t use stainless steel ?
in probe assembly (Constant Rate Approach)
® If stack gas >210°C, then must use one
piece nozzle/probe assembly
= Filter analyzed for particles,
but not for Cl,/HCI

Lesson 35
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 26, 26A/SW-846, Method 0050 HCVCI,

Applicability

m This method provides procedures for the

. determination of gaseous HCl and Cl,
from hazardous waste incinerators and
municipal waste inciperators

Interferences

m This method is designed to collect
gaseous HCl and Cl, in relatively dry,
particulate-free gas streams

m Must use FRM 26A/SW-846, Method
0050 (Isokinetic) with sources controlled
by wet scrubbers that emit acid partdculate
matter and have water droplets

FRM 26?Method 0051
Design Requirements

m Modified Method 6 sampling train

m Addition of 3-way stopcock and two
more impingers to Method 6 sampling
train

B 3-way stopeock used to purge probe

FRM 26/Method 0051
Sampling Train
m Glass lined probe and Teflon elbow inlet
u nozzle points downstream
m Heated Teflon mat Pallflex filter and
three-way stopcock valve

® can’t use glass wool as particle

controd due o bias offecis

FRM 26/Method 0051
Sampling Train
m Midget impinger system (5 midget + 1
Mae West/drying tube)

® Pump/rotametet/dry gas meter

3-Way Glass
Stopcock

HMidget lm_pingers

ice Bath

and

SW-846 Method

0051 Sampling
Train

Meter Box Assembly

Lesson 35
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#468 Compliance Test and Source Test Observation ‘ ; ~
Session #6: Acid Gases, PM and Special Topics FRM 26, 26 A/SW-846, Method OOSO HCI/Cl,

Operational Requirements Operational Requirements
u Single point (> 1 meter from stack wall) u Probe/filter ar 120°C (248°F)
integrated sampling w Sampling at 2 L/min for 60 minutes
u Purging of probe for w120 liters total sample volume

5 minutes prior to sampling

Operational Requirements Two Tier Leak Check
& Leak-free system m Stopcock, probe and filer
u Performance evaluation » Impingers and meter box assembly

(PE) sample

Lesson 35
7



#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 26, 26A/SW-846, Method 0050 HCI/CL,

FRM 26/Method 0051 Chemistry

u Impinger #1 empfy
u Impmgers #2 & #3 remove HCl from

sample gas stream by the followmg
equation:

HCl+0INH 304% H,O + Ck

FRM 26/Method 0051 Chemistry

- Impingers #4 & #5 remove Cl, from the
stack: 8258 stream by the foHowmg

e CaCUOH

- ChL+ 0.1 NNaOH > H* + CI + HCIO

FRM 26/Method 0051
Impinger Arrangement

= 1stimpinger (Opuonal)
a CITlP['Y

m 2nd and 3rd impingers
{5 ml ol (] N FLSO,

FRM 26 /Method 0051
Impinger Arrangement

w 4th and 5th Impingers
15 mL of 0.1 N NaOH
m Gth Impinger/drying tube

B 30 g silica gel

FRM 26/Method 0051 Operation

Field Observadon Checklist
u Preliminary field determination (sample
location, recovery area) same as FRM 6
x Sample train preparation

(charging of filter and impingers) same as
FRM 6

FRM 26/Method 0051 Operation

Two Tier Leak Check
u Pre-leak check (-10 in. Hg) stopcock,
probe, and filter prior
to inserting probe into stack
u Pre-leak check (-10 in. Hg) impinger and
‘meter box assembly before testing

Lesson 35
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#468 Compliance Test and Source Test Observation I ) : ~
FRM 26, 26A/SW-846, Method 0050 HCI/CI,

Session #6: Acid Gases, PM and Special Topics

FRM 26/Method 0051 Operation
® Purge probe/filter assembly at 2 L/min

for 5 minutes

= Position probe/Teflon®-elbow pointing
downstream ;

= Sample collection in general accordance
with FRM 6

= Sample at 2 L/min for 60 minutes

= 120 liters total sample volume

FRM 26/Method 0051 Operation

= The last impinger of the 0.1 N NaOH
must be maintained strongly basic during
sampling

= Monitor pH of solution frequently

FRM 26 /Method 0051 Operation

® To resolve
m Use stronger base (0.5 N)
® Add volume to impinger (30 mL)
& Recharge iropinger during sampling
s Halt-wav through run, check pH

ot fast impinger 1o validaie basic nature

FRM 26/Method 0051 Operation

® Leak check before/after component
changes during sample run

m Post-leak check in accordance with

FRM 6

Sample Train
Recovery Containers

1- Combined impingers #1, #2 and #3
(measured) and water rinses

2- Combined impingers #4 and #5
(measured) and water rinses

(add 2 ml. of Na,S,0 1o preventhyperehiorous acid from
dissociating)

Sample Train
Recovery Containers

3- Silica gel contents
(note color; not weighted)

L.esson 35

9




#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 26, 26A/SW-846, Method 0050 HCYCI,
Analysis FRM 26/Method 0051 Key
® Analysis of recovery reagents Points
for Cl- by SW-846, Method 9057, m System uses a modified FRM 6 sampling
Ton Chromatography (IC) train
» Sampling is performed at 2 L/min for 60
minutes
FRM 26/Method 0051 FRM 26/Method 0051
Key Points Key Points
m Methodology quantitates FIC! from Cl, Two tier pre-test leak check (-10 in. Hg):
emissions 1. Stopcock, probe, and filter
® Must maintain last impinger of NaOH 2. Impinger and meter box assembly
strongly basic ® Can also determine moisture of stack gas
& Use stronger base (0.5 N NaOH)
g \dd more volume o impiagers
B Change out during sample run
FRM 26/Method 0051
‘Key Points

m Glass lined probe/Teflon® elbow and
Teflon® filter assembly only

® Methodology limited to reladvely dry,
particulate-free gas streams

m Weigh filter, but can’c analyze for
HCl/Cl,

Lesson 35
10



#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics : FRM 201/201A
U.S. EPA APTI 70
. . b Fina Particles Coarse Particles _J
Compliance Test and Source Test % ~ gt PN er
. M 2 50~ (Sicates. Fo. AL Hived |
Observation ;’; ol L ]
FRMs 201/201A and CTM 040 For £, [um= e\ \ wouc]
M10 and PY =00 JER\ e ]
8 2F [Tomm \ L] Y\
% il /f T“"it“* N/ i ) SRR
[ER I B TBT13 .l [ ER374 ) AT AT
Qi 9z @5 t 2 5 10 2 50 100
Aerodynamic Particie Diamater (8.}, pm
~«—————Total Suapended Pacticies (TSP}
“——  PM,, (Fractlon (0-10 pmj
€ PMyq (<25 pm) _ﬁ?%uﬁ

Particles < 1 um collect in most FRM 201/201A and
remote portions of lungs —

the air sacs (or alveoli) N CTM 040

PROBLEM
Since we are sampling particulate matter, we must
stay isokinedcally. If vou are using cyclones, must
use the flow rate design for the cvelone to maintain

proper particulaie cut size!

FRM 201 FRM 201
Exhaust Gas Recirculation Exhaust Gas Recirculation
EGR) GR)
= 40CFR51, Appendix M (E
® Qc = (Is + Qr to maintain constant cut = Must use cyclone, in-stack; probe pre-
size heated
= Sample isokinetically at each sample point » FRM 5 glassware can be used, so
condensibles can be added by FRM 202
® EGR method uses new technology

Lesson 36
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 201/201A
FRM 201 FRM 201
Exhaust Gas Recirculation Exhaust Gas Recirculation
(EGR) (EGR)

m EGR method is recommended if:
=A fbital pardculate number is also needed
because sampling is isokinetically.
= Stack gas velocities fluctuate

m EGR modification of FRM 5
. m Nozzle has'a recycle attachment
= The recycle gas is heated to stack
temperatutc
= Adds in-stack cyclone to capture PM-10

a Delete out-of-stack filter

FRM 201
Exhaust Gas Recirculation
(EGR)
m Cyclone does have to be calibrated
® Must leak-check: posidve and negative
& Can use condenser rather than FRM 5

® iach point isokinetically and same dwell

rme

FRM 201A
Constant Sampling Rate (CSR)

m Uses available equipment

m Sample at constant sampling rate required
by the PM-10 cyclone or impactor

m Relaxes FRM 5 +/- 10% isokinetic rate to
20-40 % based upon stack gas velocity
(Must keep sampling rate within delta p
min and delta p max)

FRM 201A
Constant Sampling Rate (CSR)

m Select nozzle based upon delta p
min/max

u Interested in small particles, so isokinetic
no as importrant as FRM 5

u Dwell dme at each point is proportonal

to stack gas velocity

Lesson 36
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 201/201A
FRM 201A. | FRM 201A

Constant Sampling Rate (CSR) Constant Sampling Rate (CSR)
. w FRM 201A can also be used with FRM

u Total catch may not be accurate as FRM - 202
5 » CSR is recommended if:

» Can use impactor or cyclone w Particle sizing is desired

m If using impactor, must be calibrated % Low concentration of PM-10

FRM 201/201A Review

m Both methods measure PM-10 in-stack

# EGR new technology, CSR uses standard
test equipment {i.e., FRM 5)

Lesson 36
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics - FRM 201/201A

FRM 201/201A Review

a [LGR uses a PM-10 cyclone. CSR can use
either a cyclone or impactor

# EGR samples isokinetcally, therefore
toral mass 1s accurate. CSR doesn’t
sample 1sokinetically, therefore mass not

As aCcurany

FRM 201/201A Review FRM 201/201A Review

® CSR calibraton of metering system and

® If stack velocides fluctuate, the CSR may _
’ ’ leak check procedures same as FRM 5

require more than one sample train
® CSR requires constant sampling rate and

® PM-10 cyclones do not have to be S .
dwell dme is proportional to stack gas

calibrated if they meet design
specificadon. Impactors (201 A) must be
calibrated

velocity
= EGR is isokinetically and sampling time
same as FRM 5

Lesson 36
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics ; : FRM 201/201A

CTM-040
Determination of PM-10/PM-2.5

m Predetermined constant sampling rate for
combined PM-10 and PM-2.5

m In-stack cyclones used to capture PM-10
and PM-2.5

# Method used with FRM 202

CTM-040 PM-10 and PM-2.5 CTM-040 PM-10 and PM-2.5

= Method applies to in-stack measurement . ) o ) .
= Sampling train identical to FRM 201A

except 2 PM-2.5 cyclone 1s inserted
between the PM-10 cyclone and the

of pardculate matter equal to or less than
PM-10 and PM-2.5

m Use of optimum sampling rate (within
limits of flows for PM-10 and PM-2.5
cyclones) near isokinetic conditons

ultmate filter
m The particulate mass is determined
‘ gravimetrically for each size tracuon {le.,
® Mechodology uses two in-srack cvelones PAM-10 evelone, PAL-2.5 cvelone. and
(PA-10 followed by PNE25y rollowed by 4 :

ulvimate tilter

2.5 tilter) atter removal of uncombined

water

CTM-040: Method for Determination

of PM10/PM2.5 CTM-040: Method for
m Variations from isokinetic stack Determination of PMIO/PMZ.S
conditons maintained with well-defined
flow rate
u Filter after PM-2.5 cyclone to trap final m Flow rate determination for cyclones
particulate matter determined from manufacturer’s graph

& Sampling train is similar to FRM 17
= Sampling rate selected for combined
cyclone heads

Lesson 36
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics FRM 201/201A

CTM-040: Method for Determination
‘ - of PMIO/ PM2.5

‘ :‘ L] Samphng same as, FRM 5 (1 e. sample
: pomts and tlme)

w PM—IO/ PM 2.5 software package
-available

Lesson 36
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#468 Compliance Test and Source Test Observation , ;
Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

EPA’s Defines Emitted Particulate

U.S. EPA APTI ‘ Matter (PM) in 40CFR51.100

Compliance Test and Source Test ) o
“Particulate matter emissions mean all finely

Observation divided solid or liguid materials, other than
FRM 202 Condensi bI e Particulate uncombined water, emitted to the ambient air as
Matter (CPM) measured by an applicable reference method, or
Dry (mpinger Tiain Round 2 an equtvalent or alternative method, specified in

the regulations, or by a test method specified in an
approved State Implementation Plan (SIP).”

Basic Measurement Methods for
Particulate Matter (PM)

= [ixternal Fleated Filter Total particulate matter
as measured by ERM 5 at defined temperature

w [n-stack Filtration: Total particulate matter as
measured by FRM 17 at stack temperatuce and
pressure

® [a-stack Cyclone: PM-10 particulate matrer
using FRM 201/201A

w [n-stack Cyclone: PM-10/PM-2.5 particulate
matter ustng Conditional Test Method 040
(CTM-040)

Basic Measurement Methods for Basic Measurement Methods for
Condensibles o ; Condensibles

wFRM 315: Determination of Particulate
and Methylene Chlordde Extractable
Matter (MCEM) From Selected Sources
At Pdmary Aluminum Production
Facilities

wConditional Test Method 039 (CTM-039):
Determination of PM10 and PM2.5
Emissions by Dilution Sampling

sFRM 6: Determination of Sulfur Dioxide
Emisstons from Stationary Sources

a[FRM 8: Determination of Sulfuric Acid
Mist and Sulfur Dioxide Emissions from
Stationary Sources

aFRM 202: Determination of Condensible
particulate Emissions from Stationary
Sources

Lesson 37
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#468 Compliance Test and Source Test Observation . ;
‘ FRM 202 Condensibles

‘Session #6: Acid Gases, PM and Special Topics
Regulatory Background Regulatory Background
CPM CPM

= FRM 8 (1971): New soutce measurement
method for SO;/H,SO, emissions

= PM-10 NAAQS (1987): EPA
acknowledges the effect of PM-10 on
human health

= FRM 201/201A (1990): New source
measurement methods for PM-10 for
quantfying emissions

= FRM 202 (1991): EPA acknowledges
that some emissions in the vapor phase at
stack conditions are converted to the
condensed phase (as a liquid or solid)
immediately upon discharge into the
ambient air and those compounds are not
captured on a particulate filter during
stack testng

Regulatory Background

CPM
= PM-2.5 NAAQS (1997): EPA
acknowledges that effect of fine
particulate matter (i.c., PM-2.5) on human
health

= Conditional Test Method 040 (2004):
EPA proposes test method for combined
PM-10 and PM-2.5

& Condittonal Test Method 039 (2004):
EPA proposes test for PM-10 and PM-
2.5 by diluton sampling

Condensible Particulate Matter

m Condensible particulate matter (CPM)
consists of species that are emitted
from a source in the vapor phase at
stack gas temperature but condenses
into a liquid or solid aerosol at
ambient temperature

10 - )
Fine Particles Coarge Particles
[ . . -1
" o N
E Crustat Material \ T3
@ 50| lSi“é:‘-s:z»“»? ‘ Hival ]
T Plast Particles: p ,
. . o o= 40 b “
S.rzes of Typicai 2 | Nies Py wrac
Aitborne Particies g % Orpamics o, \.f 3
Compared to ‘g’(:’ 20 - Cartort X 7
Common Materials 2 0l Tocc ezas A .
ot
Lg ¢t [esse ! 1 ferged x\J t 189t
%5z o5 1 2 5 10 20 50 100
Aerodynamic Particle Diameter (D}, m
«————— Total Suspended Particles (TSP}
SN “—— PN (Fraction {0-10 urm)
Cosrse
X Fraction
—— PMy (RS um} ﬁﬁmw‘;’(
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#468 Compliance Test and Source Test Observation . ,
Session #6: Acid Gases, PM and Special Topics , FRM 202 Condensibles

ESTIMATION OF THE IMPORTANCE
OF CONDENSED PARTICULATE MATTER
AMBIENT PARTICULATE LEVELS

Historical Measurement
Methods for CPM

= Condensible Particulate Matter by FRM 202: ;
Particulate matter captured in the back half D§3iugggggr§§‘lé::§_g?§§§f1 3
of the FRM 5 sampling train, including
< water and organic soluble extraction Contrace No. S850%33%12
PN 3525-37

Task Manager

Richter. Ph.D

Harold G-

Prepared for

componefits -
PROTECTION AGENCY

u Total Particulate: The sum of the filterable
particulate (i.e., front half of the FRM 5
U.S5. ENVIROMMENTAL
CE OF AIR QUALITY PLANNING AND STANDARDS
CAROLINA 27711

sampling train} and the condensible
particulate matter (i.e., the back half of the QEFICE OF AIR QUALITY PLANNIN
FRM 5 sampling train, including water and
organic soluble extractions)

April 1983

N Zinc sweat kiin
1 Zinc fume kila

Zine ore bricuas deyer
Lead =inter 11n,

Aear irenting
Flemeatsl phosphorows
Fibartoard dryer
Glacs plant
Grafa dryers
thetneeators X :

Copper convarter, alectrle gee

TABLE 2. EPa NET’(OO % TEST RESULTS-~RATIQ RONMT MALF (
AT FILTERABLY
SACk waLr eAATICOUATes @Y Souce Tvrek e Saurce type partisulates, % Yumber of
S : test r
- Hlacral produ 1
iy am [
Anode baxing furmece P T ; ciay drya | 303 i !
Aspbatt olants ; i . £s1dspar Geyer 1.6 ! :
Botlerscnal {industetal) H ¢ 10 Min. :z, N P i 2.6 2
(we11tey) . i i e ° o ; 60.7 i EEN-T ]
eo1tarson i i i . Petrolowm refinerles i 1 i
%o tTar/uood i ¢ ! . teatars P { . i
Chemical oroductron . . ¢ R Catalycie regencracor i a6le ; 53la ’ 2z
Poraszfum still N i ortland cemenz
i sz ; 1e.
Chrume oxids kitn : sal3 i R g ¢ H Kiln (gas-fired {
Boric ac [ H s5le 2 goa'l-(!:e;) ‘ 2002 ! H
Electric arc furnaces i i | e tprocesd; 26z | 1
sor H : dry-process) { 82, l a
ot wanrth i i 2 arocess aot spactried) £33 H
Coke evers H i 3 / s | H
Sendnlas : i i i ! izl o N
i i H 2 Finiah mill (wot-process) { 304 [ H
; p Primary aonfarrous zmelturs T ’
i E
i s |
2

EITeo

Mo fctpat
Sndustriat
o 3ludge

Atory Curnsce

Recent History Why A Condensible
Test Method?

® Pre - PM- 10 & PM — 2.5 NAAQS
= Recognized condensable PM impact ‘
&8 New NAAQS for particulate matter (PM-

mCrustal PM was cause of most nog-attainment
aceas for TSP 2.5)
mCondensable PM was a small consideration e . .
& New emission mventories required
x Condensable PM method proposed 1990 .
xaWas 2 “Consensus Method” addressing several =M o're-comprchensivc.
emission factors required

State specific compliance test methods
xIncorporates several analytical options
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Why A Condensible
Test Method?

m More comprehensive test methods now
required to address non-attainment
questions

= Expanded use of dispersion models

= Expanded use of receptor models

Components of Direct PM, .

= Filterable PM,

® Solid or liquid matedal at stack temperature
and higher (measured at ~250° to 320° F)

= Stable in atmosphere and collected on
ambient samples
= Condensable PM,
= Vapor or gas at stack temperature
= Condenses to liquid or solid at stack exit
= Stable in atmosphere and collected on
ambient sampler

Precursors to Condensibles

Ammonia Nitrates
HCI Organics
HF Chiorides
Sulfates

List of Precursors Reactions to
Condensibles

m Condensible = H.C.(g) = H,C/(2)

Organics
= SO, n SO, () + H,O®) =
* H,SO,(a)
® SO, w/NH, 8 50;4(g) + HO(g) +
‘ ANH, = (NH,),S0,(s)

List of Potential Precursors
Reactions to Condensibles

= HCl = HCI(g) + FL,O(g) = HCLK))

« HF « HF(g) + H,0(g) = HE()

= Trace Metals w M(g) = M(I) or M(s)

u Nitrates m NO,(g) + H,O(g) = HNO4(D

FRM 202 for Measurement of
CPM

& Needed to measure CPM instead
of solid PM

m Allows the determination of both
filterable and condensible PM
simultaneously

Lesson 37
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Condensible Test Method

m Allow for speciation of collected
particulate
mElements Al through Pb
= Major Ions (Sulfates, Nitrates,
Ammonium, Sodium, Potassium etc.)
mTotal Mass, Carbon
(Elemental and Organic)
m Others (Semi-volatiles, Ds/Fs,
PCBs, Volatiles etc.)

Reasons to Consider Condensable
PM, . Emissions

m Condensable fraction of direct PM, 5
can be significant

m10 to 50 percent of PM; 5 emissions
depending on control measures,
temperature, other source-specific
conditions

Reasons to Consider Condensable

- PM, ; Emissions
= Combustion, metallutgical & wood product
sources emit latrge quantities of vapors that
condense to form PM, s

mAcids (e.g., sulfuric acid from coal
combustion)

wNeutralized acids (e.g., [NHJ5[SO,],
NH,C)

wOrganic maternals (e.g., alkanes, PAHs,
PCBs, PCDDs, acids)

mMetals (e.g., As, Se, Sb, Pb Compounds)

Reasons to Consider Condensable
PM, . Emissions

m A small fraction of point sources are
responsible for the majority of condensable
PM emissions

Inventories and PM,, ¢
Emissions

m Filterable PM ,

o Histordcally only PM included in databases

& Some States include filterable PM,, 0t PM, ¢
» Condensable PM

a Current knowlédge is spotty

m Some SIP databases fail to include PM
{even when required)

a When PM___, included - calculated from
emissions factors (e.g., AP-42) that are often

based on incorrect test methods

cond

Inventories and PM, ; Emissions

m Inventories reflect database errors
o Federal inventory includes some adjustments

m Underestimate some sources’ contributions,
overestimate others

Lesson 37
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Issues to Consider for CPM

m Most current regulations do not address
PM_,, 4 Effect on SIP Regulations

w Focus on filterable PM

m Force control technology towards
filterable PM

= Some regulations do include PM___,, but
with incorrect test methods

Issues to Consider for CPM

m Final rule creates a transition period
x Regulations addressing P} encouraged but not
required
= Develop more precise and accurate PM, 4 emissions
for inventodes and rules

CPM in Relation to Air Quality
Issues

m Potential impacts on PSD review
apﬁ]r_icability for PM-10 and PM-2.5
(Threshold levels: Rural vs. urban)

m Potential impacts on dispersion modeling
analysis

& Current NAAQS and PSID increments (Class [
areas)
m Monitoring de rminimis levels

B Visibilitzf impairment (VISCREEN vs.

MESOPUFEF-1I models)

& FHuman health tssues

Size Distribution and Sources of Atmospheric Particles.

Windg Blowrt 'Dust |

Ermlssions,

Sea Spray,

Voléanoes,
Pant-Emitted

Partictes

Biases from Condensibles

Positive
m Some condensibles that are not intended
to be regulated condense below stack
temperature and are collected on heated
filter

Biases from Condensibles

Negative
m Some condensibles that are to be
regulated do not condense at filter
temperature and pass through the filter
and are not counted

Lesson 37
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#468 Compliance Test and Source Test Observation

‘Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Steps to Handle Condensibles

m Determine if condensibles are to be
regulated by applicable emission
regulations

m Design proper sampling and analytical

procedures to match intention of the

regulation

Cautions on Condensible
Sampling Techniques

m EPA Reference Method 5 sample box
temperature may not be an accurate
indication of sample gas temperature

m Condensed particulate matter may change
its chemical composition after
condensation

Cautions on Condensible
Sampling Techniques

m Although temperature ts major parameter
for collection of condensibles, several
other factors can greatly affect
condensibles (i.e., moisture content,
dilution air, presence of other
compounds)

EPA FRM 202

w Used with filterable PM method
= Requires post sample
conditioning in field
m Uses existing methodology
and equipment

® Is used by several State agencies

FRM 202
CPM Sampling Program
m Impinger portion of a FRM 17 type
sampling train
m Nitrogen purge to remove dissolved SO,

Lesson 37
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles
FRM 202 EPA FRM 202
CPM Sampling Program

m Extraction of impingers with methylene
chloride

= Total of both fractions (water and
methylene chlorde) represent CPM

= Requites post sample separation in field
= Requires post sample adjustments in lab

= Limited speciation

FRM 202

= FRM 202 1s subject to false positive bias
because of conversion of nonparticulate
species into CPM in the method’s
sampling train

FRM 202 Sampling Train
EPA Particulate Ice

Reference Methods 17, bath Check

201,201A T p valve

Sampling Components

Impingers

By-pass valve

»—«E—‘f} [ Vacuum
c Main line
rkﬂi\ y valve
9 £
Dry gas_ — 5 Alde-tight
meter 1 3
pump

FRM 202
Post Nitrogen Purge

_____ Impingers
Ty-ass valve !

e v“,'i €3¢

S —

Nitrogen

cylinder

FRM 202 Biases

u Normally noncondensible gases may react
with other gases or condensibles to form
condeasible PM

m Oxidation of dissolved SO, in the
impinger water to form H,SO,

m Stabilization of H,SO, with NH,OH

when pH of the impinger solution is >
4.5

Lesson 37
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 202 Condensibles

FRM 202 Biases

r Use of water impingers to concentrate
consensibles has bias given the potential
to affect chemical reaction rate. Chemical
reaction rates generally increase with
concentration

% Condensible Particulate

Matter (FRM 202)
Source Category % of Total Catch
in Back Half
Fossil fuel fired gen. 50
Incinerator 20-30
Asphale Plant 40-85
Smelters 35-85

Results of FRM 202
For Condensibles

r Coal-burning Boilers: Condensibles were
~76 % of the total PM-10 stack emissions

m Oil/Natural Gas/Kerosene Combustion
Tutbines: Condensibles were ~ 68 % of
the total PM-10 stack emisstons

m Oil/Natural Gas Boilers: Condensibles
were ~ 49 % of the total PM-10 stack

enussions

FRM 202 Testing Conclusion

= Condensible particulate matter (CPM) is
composed mostly of inorganic matter,
independent of source type (boiler or
turbine) or fuel burned {(coal, o1l or
natural gas)

® Inorganic matter ts composed of mostly

sulfate associated compounds

FRM 202 Testing Conclusion

u Close relationship between ambient
sulfate concentrations and fine PM (i.e.,
PM-2.5)

m Based on review of FRM 202 stack tests,
the condensible PM emissions can make a
significant contribution PM constitutes a
porstion of the total PM-10 emussions
from FFESGs

Special Considerations When
Using Method 202

' May not be applicable at sources that emit
high levels of ammonia

= Jf SO, is present, the sample must be
purged with N, but recent studies
indicate that not all the SO, 1s purged
from the impingers

Lesson 37
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Other Test Method 28
(OTM-28)

{April 15, 2009}

Dry Impinger Method For
Determining Condensible
Particulate Emissions from
Stationary Sources

OTM-28

1. Scope and Applicability

2. Summary of Method

3. Definitions

4. Interferences [Reserve]

5. Safety

6. Equipment and Supplies

7. Reagents and Standards

8. Sample Collection, Preservation,
Storage and Transport

9. Quality Control

OTM-28 (Cont’d)

10. Calibration and Standardization
11. Analytical Proce3dure

12. Calculations and Data analysis

13. Method Performance [Reserved]
14. Pollution Prevention [Reserved]
15. Waste Management

16. Alternative Procedures [Preserved]
17. References

Definitions

® Pamary PM- Primary PM (also known as
direct PM) means particles that enter the
atmosphere as a direct emission from a
stack or an open source. Primary PM
comprises two components: filterable PM
and condensable PM

Definitions

m Filterable PM- Filterable PM means
particles that are emitted directly by a
source as a solid or liquid at stack or
release conditions and captured on the
filter of a stack test train.

® Primary PM-10- Primary PM-10 (also
known as direct PM-10, total PM-10, PM-
10 or fdterable PM-10, and condensable
PM, individually) means PM with an
aerodynamic diameter of 10 micrometers.

Definitions

w Pamary PM-2.5- Primary PM-2.5 (also known as
direct PM-2.5, total PM-2.5, PM-2.5 or filterable
PM-2.5, and condensable PM, individually)
means PM with an aerodynamic diameter of 2.5
micrometers from an air emission source or
gaseous emissions or liquid droplets from an air
source. Direct PM-2.5 emissions include
elemental carbon, dircctly emitted organic
carbon, directly ermitted sulfate, directly emitted
nitrate, and other inorganic particles

Lesson 37
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Session #6: Acid Gases, PM and Special Topics FRM 202 Condensibles

Definitions

= Condensable PM (CPM)- Condensable
PM meaas material that is vapor phase at
stack conditions, but which condenses
and/or reacts upon cooling and dilution in
the ambieat air to form solid or liquid PM
immediately after discharge from the stack.
All CPM is assumed to be in the PM-2.5
size fraction.

OTM-28 Train Components

= Upfront EPA Particulate Reference
Methods 5, 17, or 201A Sampling

- Components

= A FRM 23Type Condenser ;

= Empty Drop-out Impinger or Flask
Immersed in Water Bath ~ 85 °F

= Empty Modified Greenburg-Smith
Impiager With an Open Tube Tip
Immersed in Water Bath ~ 85 °F

OTM-28 Train Components

m A CPM 47-mm Teflon® Membrane Filter
That Does Not Have Ozganic Binder and
Maintained at 85 °F

& A Thermocouple Capable of Measuring
the Gas Stream Behind the CPM Filter
Holder

= Long-stem Greenburg Smith lmpinger
Containing 100-mL of Water Immersed in
an lce Bath

OTM-28 Train Components

a Tradigonal Greenburg Smith Tmpinger
Coatainung 200-300 g of Silica Gel

= Traditional FRM 5 Transfer Line and
Meter Box Assembly (i.e., Vacuum Gauge,
Main Valve, By-Pass Valve, Pump, Dry
Gas Meters with Temperature Sensors, and
Orifice Meter/Inclined Manometer

OTM-28 Train Components

= Sample Tram is Operated Similar to FRMs
5,17, or 201A

Lesson 37
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#468 Compliance Test and Source Test Observation ,
Session #6: Acid Gases, PM and Special Topics ‘ FRM 202 Condensibles

Use vmomd
romrms

==="| Post-Nitrogen Purge

e B e Dry Impinger Train

Eirect Comroad
Aquwon Teargaass
Fractoa
. 112z

EPA Updated Method 202

u Recomtnending use of Method 201A (existing
filterable PM,, test method) with supplemental

herp: -epa.gov/ttn/eme/methods/method20 hardware for filterable PM, 5 added to updated
2.honl 202 (OTM-28)

m Revise Method 202 in Appendix M
a Add filterable PM; 5 measurement
w Add condenser followed by dey impingers
= [irst two impingers in watet
w Sccond two tmpingers in ice water
w Promulgate 2008/2009

Lesson 37
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics o : ~FRM 2F Cyclonic Flow
U.S. EPA APTI Definition of Cyclonic Flow
Compliance Test and Source Test _ o A
Sy Cyclonic , swirling, or non-paralle] flow is
Observation defined to exist in the stack when the
FRM 2F Cyclonic and Non- average flow at designated sammple points in

Parallel Flows the stack average greater than 20 degrees
T e eggh e ; off parallel with stack walls

Yaw Angle

Velocity Error vs. Yaw Angle
for a Type S Pitot Tube

Lesson 38
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics FRM 2F Cyclonic Flow

Nozzle Misalignment Due to
Cyclonic Flow

Known Facts When Sampling in
Non-Parallel Flow

u Measured particulate concentration will
be bias low (less than true value); non-
parallel flow does
not affect measured gaseous
concentration

m Measured stack gas volumetric flow rate
will be biased high (greater than true
value)

Noxzie misalignment

Historical Approaches Blind’s Man’s Approach
to Sampling Under Cyclonic

m Testing is performed in the normal
Flow manner and the angular flow varations

m Blind Man’s Approach and biases are ignored
x Alignment Approach m Results produce particulate concentration
. . low (bias low)
m Compensation Approach
. . B \Volumetric flow rate is biased hich
' Source Maodificaton Approach ‘
. e \ass emission rate bias cannor be

Jderermined

Alignment Approach Alignment Approach
m Nozzle is pointed into direction of flow u Mathematical compensation is made on
in an effort to compensate for angular flow readings using velocity pressure and
misalignment; angle is recorded at each alignment angle

potnt

m Sample time at each point is compensated
for mathematcally
by cosine of misalignment angle

Lesson 38
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#468 Compliance Test and Source Test Observation ; : L
Session #6: Acid Gases, PM and Special Topics FRM 2F Cyclonic Flow

Alignment Approach Alignment Approach
m Sampling time at point adjusted according m Results
to misalignment angle u Testing is very difficult

and dme consuming

s m Particulate concentration contains less bias
t = t(cos angle) except
U = 2(cos 10 degrees) = 1.97 min. 8 Nozzle is not corrected for the
angulac misalignment

¢ = 2(cos 45 degrees) = 1.41 min. w Particles do not follow flow pattern

Alignment Approach Compensation Approach
m Results m Testing is performed in normal manner
s Flow rate will be more accurate \\’ith CXCCPY&OY\ fhﬁt a 1ﬁfg€f nOZZlC .XS USCd
= Mass emission rate may to cotrect for misalignment error and
contain less bias higher than true flow rate
Compensation Approach Compensation Approach
m Two efrors must un’ = n/(cos angle)
- e . 1) degree misalignment and
be compensated for , et

& . 45 degree musabiznmearand
(129 §n = 0410

® Misalignment of particulate approaching
nozzle

u Reduced cffective nozzle opening

Lesson 38
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 2F Cyclonic Flow
C on A h Compensation
ompensation Approac Approach Procedure

m Results
= Particulate concentration ¢ Determine ideal nozzle diameter
is less biased in normal manner with velocity
traverse

+ Record all misalignment angles
during velocity traverse

® Volumettic flow rate is biased high

® Mass emission rate is biased high

+ Divide ideal nozzle size by cosine of
average angle of misalignment

Compensation

Historical A h
Approach Procedure 1storical Approacties

m Source Modificatons

& Select nozzle that is closest = Placc a ﬂo\f' straightening C'i(f\/‘lCC
in stack to intercupt cvclonic flow

to this diameter for use
& Test in normal manner

= Multuply actual nozzle diameter
: . N on paratiel flow
by cosine of average angle of o :
o L = Pacticulate concentration
misalignment (0’ = n {cos angled: o o
: : ? shoald e aecurat
Flose rte should be maore accurawe

Recommended Particlate Emissions
Sampling in Cyclonic Flow
(January 2003)

Recommended Particlate Emissions
Sampling in Cyclonic Flow
(January 2003)

m #1: Find Another Sampling Locaton

m #2: Install Flow Straightening Vanes
Upstream Sampling Location

m #3: Apply a Modified Sampling
Procedure
m Alignment Method

® Time-weighted Alignment Method

Lesson 38
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 2F Cyclonic Flow

Recommended Particlate Emissions
Sampling in Cyclonic Flow
(January 2003)

= #4: Use Method 2F (Recommended)

FRMs 2F, 2G, and 2H
New Flow Test Methods

& Method 2F: Calculates Axial Velocity (3-
D Probes)

& Method 2G: Calculates “Near-Axial”
Velocity (Type S or 3-D Probes)
x Method 2H: Wall effects (Type S

or 3-D Probes or default wall effects adjustment
factor)

Federal Register Entry

8 “On May 5, 1999 the EPA Adwministrator
signed a direct final rulemaking anthorizing
Federal Register publication of three test wethods

[for velocity and rolumietric flow rate determination

I3

i stacks or ducts.

WHY?

m Under 40CFR75 and Title IV of the
Clean Air Act Amendments of 1990,
electric utility units are required to install
and operate continuous emission
monitoting systems (CEMS)

® The Acid Rain Program requires
reporting of emissions in mass emission
rate units

(i-e., Ibs SO,/Hour)

Measurement Units

.Concentraton ¢ (ppm, gr/dsct)
Stack gas flow rate Q (dscm)
Pollutant mass rate pmr (Ib/hr)
Mass emission rate E (b/10° Bru)
Process weight rate E (Ib/Ibs product
produced)
Lesson 38
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics FRM 2F Cyclonic Flow

Why Not Use FRM 2? How Does FRM 2F Work?

u Method 2F derives axial velocity

m In presence of non-axial flow, current ; i
of non-axial flow by measuring

Federal Reference Method 2 may over-

estimate volumetric flow at a source m Yaw component of flow through yaw angle

determination procedure

m Federal Reference Method 2 equipment

does not allow measurements for yaw = Pitch component of flow through use of

pitch calibration curves

. le determinati
or pitch angle determination m Impact velocity through use of velocity

pressure calibration curves

Where Do You Use FRM 2F? Method 2F Equipment

u 3D Probes

components of flow are present = Spherical

& Easy Leak Check

u Sites where yaw and/or pitch

= Where you have directional velocity (non- T .
’ # More Sensitive than Type 3

axial flow) of flow e
‘ : a |_css Costly Than Velncity CEMS
a With dircctional velociry, vou have vaw and - YA
: ch di al velc city, you have yaw m Prism (DAY
piich components which, when using FRM
n

ves a4 combined over

,

prod tbe,

cstimation £+ blasy to the source voand (

<

3-D Probe Measurements

w P1: Impact Pressure
w P2-P3: Yaw Angle

w P4-P5: Pitch Angle

m P1-P2: Total Velocity

Lesson 38
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~ FRM 2F Cyclo,n'icFlow

#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

3-D Measurements 3-D Equipment
® Probe (Spherical or Prism)

m P1- Impact Pressure
= Console containing magnehlics

m P2-P3 - Yaw Angle
m P1-P2 (Velocity)
= P2-P3 (Yaw Angle to null)

w P4-P5 - Pitch Angle
m P1-P2 - Total Velocity
w P4-P5 {Pirch Angled
g 3-1) probe specific manufacturer’s FLand

E 2 calibration curves

Pitch Angle Curve
(F1 Calibration Curve)

Velocity and Pitch Calibration is

Performed by Manufacturer at
Qualified Wind Tunnel

w [Ise pressure measurements to derive two

calibraton curves
® ['1 (P4-P5/P1-P2) vs. pitch angle curve

w Used o determine the pitch angle of flow

u F1 = (P4-P5)/(P1-P2)

» Manufacturer plots F1 vs. Pitch Angle at
Qualified Wind Tunnel at Two Flow
Rates (60 and 90 ft/sec)

Lesson 38
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics - FRM 2F Cyclonic Flow

2 Velocity and Pitch Calibration is
g sl Performed by Manufacturer at
g sk Qualified Wind Tunnel
Bl Lok S ST
;g - w F2 (velocity cocefficient) vs. pitch angle. .
A = Uséd to detetmine velocity calibration coefficient at-
cach pitch angle o )
25 b~

Velocity Coefficient Curve
(F2 Calibration Curve)

AP( std)

F2=C,s - 2

® Manutacturer Plots F2 vs. Pitch Angle ar

Quaditied Wind Tunnel at Two Flow L

Rartes (00 and 90 {t/secy =0 18 0 s 3
’ Pitch Angle (degrees)

Inspector’s Role in 3-D Probe

Resultant Axial Velocity Application
Based Upon Manufacturer’s
F1 And F2 Curves m Verify probe geometry
(FRM 2F/Scribe Line)
V. =K, F2, wﬁ@om(eosp) L Ob.tain ‘manufacturer’s F1 and F2
P,M, calibration curves from test team and

verify data
a F1: Picch Angle Curve
a F2: Velocity Coefficient Curve

Lesson 38
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#468 Compliance Test and Source Test Observation :
FRM 2F Cyclonic Flow

Session #6: Acid Gases, PM and Special Topics

Inspector’s Role in 3-D Probe
Application
m Inspect probe for dents/nicks and
recalibrate if needed
m Check probe’s horizontal straightness

w Verify that team has zero and calibrated
pressure devices

Inspector’s Role in 3-D Probe
Application

m Verify leak check
of 3-D probe system

m Observe and verify marking
of traverse point positions
on 3-D probe system

Inspector’s Role in 3-D Probe
Application

m Observe insertion of probe into port and
verify sealing of port

m Verify probe sitting at st traverse point,
as defined by FRM 1

m \Wait response time

Inspector’s Role in 3-D Probe
Application
m Observe measuremeat of velocity
® Yaw angle to null; Record vaw angle
& Observe impact pressure (P1-P2)
& Observe pitch angle pressurc
(P4-P3)
& [nsure procedure s repenied

ateach determimed traverse point and record

on feld test data sheet 17T,

Inspector’s Role in 3-D Probe
Application

m Observe calculation of site barometric
pressure (cortected for altitude),
molecularweight of stack gas (FRM 3),
moistute of stack gas (FRM 4) and static
pressure measurement

m Verify that plugging of 3-D probe doesn’t
occur; use positive pressure to clear probe
periodically

Inspector’s Role in 3-D Probe
Application

m Verify stack testing team is using proper
manufacturer’s generated pitch angle
curve (F1) and velocity coefficient curve
(F2) for that specific 3-D probe system

Lesson 38
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 2F Cyclonic Flow

Inspector’s Role in 3-D Probe
Application
m Observe calculadon of resultant axial
velocity
& Obtain P4-P5 and P1-P2 measutements for

each traverse point

u Calculate F1 (P4-P5/P1-P2) for each
traverse point

& Locate F1 value on F1 pitch angle curve,
move up to Intercept, then across to record
pitch angle for each traverse point

Inspector’s Role in 3-D Probe
Application

m Observe calculation of resultant axial
velocity (Con’t)
= Locate the recorded pitch angle on the F2
velocity coefficient curve, move up to
intercept, then across to record F2 for each
traverse point

Calculate Resultant Axial
Velocity For Each Traverse
Points

(P1— PZ)(Ts(i))
PM

5 s

Voo = K, F2, (CosY)(CosP)

Calculate Resultant Axial For Each
Traverse Point (FRM 1)

& R, = arc cosine [(cosine Y)(cosine P)

(If resultant average of R; for all traverse points >
20 degrees, then you have cyclonic flow across
the stack and at this sampling location

AND

[ the caleulated standard deviadon of the R,

values = T degrees, then can pot sample ai

1

this locaton.;

In Summéry Method 2F

m Derives axial velocity by measuring

& Yaw component of flow through
yaw angle determination procedure

& Pitch component of flow through
use of pitch calibration curves

& Impact velocity through use of

velocity pressure calibration curves

In Summary Method 2F

® Measurements provide accurate
determination of axial velocity at non-
parallel flow situations

Lesson 38
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics Agency Inspector’s Tool Kit

U.S. EPA APTI
Compliance Test and Source Test
Observation
Agency Inspector’s Tool Kit

Lesson 39
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#468 Compliance Test and Source Test Observation ‘ ‘
Session #6: Acid Gases, PM and Special Topics Agency Inspector’s Tool Kit

Required FRM 5 Calibrations
= Nozzle
= Nozzle and pitot tube orientation
& Thermocouples (stack, probe, filter,
impinger, dry gas meter)
= Pitot tube
® Dry gas meter Yand AH@

® Probe and filter box heater settings

FRM 5 Meter Console Required
Calibrations

& Leak check both positive and negative (<
0.04 cfm)

® Dry gas meter gamma
value of 0.98-1.02

® Therometers calibrated to + 2°F

I

® Orifice meter “AH
documented and verified

= Iil’ép‘ector’s Tool Kit

® Djal Caliper- Used for measuring nozzle
diameter and orientation of pitot
tube/nozzle/thermocouple

® Level Indicator- Used for verifying proper
construction dimensions and spacing for
Type S pitot tube and used in yaw/pitch
angle for cyclonic flow determination

Lesson 39
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics : Agency Inspector’s Tool Kit

: T’ooHK’it

~m Thermocouple Simulator Source- Used to
verify accuracy of temperature displays and
controllers B
w Calibration Orifice Set-* Used for
calibration and auditing of AHgand v of
dry gas meter

Lesson 39
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics , Agency Inspector’s Tool Kit

Tool Kit

m TsoCal Software- Used for integrated
isokinetdc source sampling calculations

= Pocket Barometer- Used to determine
“atmospheric pressute within 0.02 inches of
‘mercuty N

= Modular Pitot Tube- Used to measure
stack gas.velocity, static pressute and
cyclonic flow

Ervronmentol Piotection Agency L 40 Aoy, A Meth. 2

Tool Kit

T rees Rwte.

m Hand-held Manometer- Used in
conjunction with modular pitot tube

m Hand-held Digital Thermometer- Used to
measure stack temperature and filter box
temperatute

e e ® Bull’s Bye Level- Used for indicatng level

rrece
Low STELTL 30 ec

of pitot tube during evaluaton of level

14 Ty S st et e, indicator

Wet Bulb/Dry Bulb
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Agency Inspector’s Tool Kit

-

.-

Watar vapor, parcent by yoama
e

»

o

Psychrometric Chart

23! 2833

LR

s
329731

W 400 2 T B W WM DOm0 ™ ow oy

Ory buib Secroacarcs. *F

Paychrometne chart expreasing volume of
water vapar by pemoend

‘= Agency Checklist- Used to assist Agency

Tool Kit

= Tape Measure- Used to document stack
- geometry and sampling port location. Also
used to locate sampling points on stack gas
probe. '

inspectors in evaluating stack test methods
# Field Nomographs- Used to estimate stack

gas moisture, excess air, velocity and

volumettic flow rate, and concentration

11N

nah
i

i)

Nomagraph
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics ~ Stack Port Locations

U.S. EPAAPTI
Compliance Test and Source Test
Observation
Sampling and Port Locations and
Specifications

FRM 1 Sampling Site Locations

el
koo
G

Common Stack -

Leakage? W Stack *
District Eniergy
FRM 1 Siting Criteria Ideal Siting Criteria

A j_J‘J

x 8 stack diameters ] {—~ ' R
j downstream and 2 R Yu 7B
: stack diameters ; I port
upstream of a flow
T Post is downstream of A
disturbance Portis upstresm of 8
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#468 Compliance Test and Source Test Observation ’ .
Session #6: Acid Gases, PM and Special Topics ' Stack Port Locations
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics - Stack Port Locations
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Port Locations
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Stack Port Locations

1CS

Acid Gases, PM and Special Top

r Poft Seal

ions

Proper Port Locat

Session #6

ing?

Prope

Lesson 40

5



#468 Compliance Test and Source Test Observation ,
Session #6: Acid Gases, PM and Special Topics ~ Stack Port Locations

Lesson 40
6



#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics On-site Changes to FRMs

U.S. EPA APTI
Compliance Test and Source Test
Observation
On-Site Changes to FRMs

On-site Request for Changes to
FRMs

w The U.S. EPA has established administrative
procedures in place to allow deviations to
Federal Reference Methods (FRMs) in the field.
When a stack tester requests the use of an
alternative method or modification of an
existing FRM, an EPA Agency response is
expected within a reasonable time.

m EPA developed a logical approach for approval
called the “bias concept”.

Lesson 41
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#468 Compliance Test and Source Test Observation
Session #6: ‘Acid Gases, PM and Special Topics Oun-site Changes to FRMs

Bias Concept Changes to On-site FRMs

m When the bias (from prior knowledge or = Minor Changes
comparative data) is determined to be = Docs not affect the stringency of the emission
insignificant or against (deterrent) the initiating limitation or standasd(ic., no emission limit oc

standard relaxation);

w Has no national significance (e.g., the change will not
affect the applicable regulation’s implementation for
other sources in the affected category); and

= The minor change to the methodology produces test
results equal to or greater than what would be
produced utilizing the specified reference method.

patty or the patty who bears the burden of
proof, the alternative o modified method is
acceptable for enforcement or compliance
testing. For most sources, this equates to
agency—negative bias; industry—positive bias.

Example of Minor Changes Changes to On-site FRMs

= Examples of Minor Changes Maior Ch
= Major Changes

= The requested change in the testing or monitorng
method or procedure should provide a determination of

u Sclecting alternative sample traverse points to avoid
interference from an obstruction in the stack;

" Addiﬂgon.c or more moisturg COHCC&?“ impi.ﬂ gers compliance status at the same or higher stringency as
o san‘lplmg : c('mﬂg.umuon- for high molsttfrc; the method orx procedure specified in the applicable
= Extending the sampling time to increase seositivity micthodology; ‘

of a sampling test method or a low concentration
cmission level source; and

& Accepting emission results for a test run conducted
with a lower than speafied filter temperatuee (eg.,
less than 250 1.

Major Changes : ~ Major Changes

= The requested change in the testing or l,’COmp,eﬂidg'Réasons
monitoring method should include compelling w Overcoming significant intecferences or biases (e.g.,
reasons which prompted the change; That is, a addition of an FICI-filled impinger to cemove an SO,

request for any change should address gas sample);
significant deficiencies in applying the " w Allowing for new technology for improviag method

prescribed procedure or provide the meaningful ‘accuracy, lower cost procedures, or i“C‘C“SCd_ )
improvements achieved over the existing applicability (e.g., use of spedally-trcated canisters tn
S8 licu of Tedlar bag or solid adsocbent tube sampling);

procedure or method. and

m Allowing for alternative measurement locations foc
hybdd processes subject to multiple regulations.
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics Oun-site Changes to FRMs

Requesting Party Responsibility Example of Guidelines
. (See Resource CD, Session 6)
= Responsible For: e ,
= Assuring that the techniques oc altematives are in 3
fact applicable and are propedy executed;
= Including a wrtten descaption of the alternatve
method in the test ceport (the written method must
be clear and must be capable of being pecformed
without additional tnstruction and the degree of
detail should be siemilar to the detail contained in the
reference methods); and

4 Ust of Flexible Tobes . Testes Noae
Betw iy

= Providing any rationale or supporting data gecessacy
to show the validity of the alternative in the
particular applicadon.

Lesson 41
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Test Special Topics

Compliance Test and Source Test
Observation
Stack Testing Special Topics:
~

Typical Sources With High
Moisture Content In Stack

- Lime Hydrators

= Evaporators

* Coke Oven Quench Towers

« Ammonia Nitrate Prilling Facilities

« Steam Generators

Compliance Test and Source Test
Observation

Stack Testing Special Topics:
= High Moisture
= High Pressure Stacks
w High Temperature Stacks
= Low Flow Rate

The Problem

- High moisture in stack gas causes pitot
tube to plug, thus poor Ap readings (i.e.,
velocity measurements)

« Problems with maintaining isokinetic
sampling rate (i.c., AH =kAp)

« Water droplets on filter increasing
pressure drop and effecting isokinetics

= Dilution of impinger solutions thus
effecting collection efficiency of analytes

+ Condensation in pitot tube saniple lines

Lesson 42
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics * - Stack Test Special Topics
High Moisture Error
The Problem: FRM 5
Isokinetic Rate Equation x With low moisture (i.e., <15 %), the error
ismathersmall ;
M.T. P ~ = However, with high moisture (i.e., > 15
AH={846.72 D, ‘A C;, (1 - B,)? _Ni"f"[i AP %, the él:tor becomes small
= Typically, for every 1 % etror in moisture

determination reflects a 1 % error in
isokinetics

. . . What Approaches Can Be Taken To

Sampling Problems With High Sample UnF()i[;r High Moisture Situations?
Moisture Stacks

= Erroneous readings due to low flow rate
through orntfice due to large volume of
moisture drop-out in impingers

® [naccurate control of sampling rate due to
small volume of gas passing through
control valves

® Non-tsokinetic sampling due to
fluctuations in motsture content of stack

ras
£as

General Solution #1
(Placement of Orifice Meter
In Stack)

= Place orifice meter before impingers
instead at end of sampling system
w Total sample volume passes through orfice meter *
= Moisture content measurement unaecessacy

 [sokinetics not affected by moisture
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics - Stack Test Special Topics
e o oo o General Solution #2
(Placement of Orifice Meter
In Heated Filter Box)

+ Orifice meter is located in heated
sample box behind filter -

= Prevention of condensation at
orifice

= Protected from particulate fouling

General Solution #3
JACA HIGH MOISTURE SAMPLING TR (II\-Situ Ol‘ifi(le With
. Changeable Orifice Plates)

+ Orifice meter is located in the stack with
changeable orifice plates (i.e., In-situ)

+ Filter located before silica gel impinger
+ Probe heated to prevent condensation

¢ Developed for use at ammonium nitrate
facilities

General Solution #4

S —— (Consultant’s Approach)

+ Orifice meter is located in the heated filter
compartment of FRM 5§ sampling train

+ Filter located before silica gel impinger

+ Probe heated to prevent condensation
and pitot tube lines cleaned by
pressurized air

+ Developed for use at ammonium nitrate
facilities

Lesson 42
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Test Special Topics

General Solution #5

u Use FRM 5 Saropling Train Except:
w [nstall cyclone and drop-out impinger in sample
train to catch larger volume of water
w Use larger 1% impinger and change pedodically
durdng test (Must leak check during each changel)
w Install drop-out traps in pitot tube lines or blow-
back lines pedodically duding sampling

All of The Solutions Involve
Removing B, From The Isokinetic
Rate Equation

M, T, P
= 3 4 Ccz2 d 'm Vs
AH { 846.72DAHg C2 i e }AP

Problems Common To All Three
Approaches

= Entrained water droplets

= Condensation in manometer and pitot
tube lines
= [mproper condensation in impingers

General Solutions

m Use of larger knock-out impinger after
heated filter compartment

m Use of condenser to aid in knocking out
moisture coupled with larger impinger in
sampling train

= Changing impingers frequently during
testing (must leak check cach tme)

Compliance Test and Source Test
Observation

Stack Testing Special Topics:
= High Moisture
= High Pressure Stacks
u High Temperature Stacks
m Low Flow Rate

Stack Testing At High

Pressure Sources

William T. “Jerry” Winberry, Jr.
EaviroTech Solutions
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#468 Compliance Test and Source Test Observation
Stack Test Special Topics

Session #6: Acid Gases, PM and Special Topics

Three Problem Areas With
Stack Testing At High Pressure
Stacks (> 5 %)

= Port Leakage
= Pressure Measurement Difficulties

= Sample Losses

Port Leakage

m Locations with NEGATIVE STATIC
PRESSURE
= Ambient air (O, = 20.9 %) will be sucked into the
duct
m Locations with POSITIVE STATIC
PRESSURE

» Flue gas will be blown out of port into the
immediate test area

( As the magnitude of the static pressurc tncreascs, the cffects
become significant )

Minimizing Port Leakage

m [nstall gate valves or globe valves on
ports for use during sample train insertion
and removal

m Use port adapters with compression
fittings around probe to seal off port
during sampling

Pressure Measurement
_ Difficulties
= During probe insertion/removal:

= Pitot tube lines can be blown off the manometer
from the force of the static pressute

« Gayge oil in manometex can be pushed oc pulled
into the fluid reservoirs from the force of the static
pressure

= In extreme cascs, the fluid can be pulled into pitot
lines

Overcoming Pressure
Measurement Difficulties

= Use compression fittings to attach pitot
lines to manometer

x Install a series of shut-off valves to the
pressure lines

® Measure static pressure with a magnahelic

gauge

Lesson 42

5




#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Test Special Topics

Sample Losses Can Occur

u During probe insertion/removal:
wm Filter can become unseated from the filter holder
and sucked forward, along with any sample
collected on the filter ’
= Imipinger contents can bécome sucked forward
through the impinger train '

Sample Losses Can Occur

o Duging sampliog:
= Probe (and all attached components of the sample
train) can be inadvertently displaced by positive or
negative pressurce
= [mpinger trzin can burst from extreme positive
pressure

Preventing Sample Losses

= |.ocations with NEGATIVE STATIC
PRISSSURIL:
= Engage the pump and allow a small amount of gas to
flow through the sample train while putting the
sample train into the port
= [.ocations with POSITIVE STATIC
PRESSURIE:
w [Engage the pump and allow a small amount of gas to
flow through the sample train while taking the
sample train out of the port

Preventing Sample Losses

= Use port adapters with compression fittings
around probe to support sample train and kecp
it fixed in place
= Reduce positive pressure on impinger train
= Inserta valve at the inlet of the impinger train to
reduce gas flow
a {sca cotled condenser at the inlet of the impingers
train to capidly cool the gas stream

Compliance Test and Source Test
Observation

Stack Testing Special Topics:
x High Moisture
m High Pressure Stacks
x High Temperature Stacks

m Low Flow Rate

Lesson 42
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics Stack Test Special Topics

Typical Sources With High
Temperature Stack

> Gas Ti; rbines

-« Municipal Incinerators

Glass Furnaces

Other Sources

Lesson 42
7



ics

I Topi

-

ecia

Stack Test Sp

ICS

-

Acid Gases, PM and Special Top

#468 Compliance Test and Source Test Observation

Session #6

(i)

T
SEAC

X ﬁa
A
d,%%

Lesson 42

8



#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics . Stack TeSt Special Topics

The Problem

- High stack temperatures causes problems
with obtaining proper leak check of
sampling system and safety problems

+ Problems with achieving airtight seal
between nozzle and probe liner

« Breakage of glass probe liner due to
different coefficients of thermal expansion
between probe liner and stainless steel
jacket

Maximum Temperature of

Stack Temperatures ) )
p Various Materials
® Teflon: <350 F
& Tradittional FRM 5 good to about 700 F a Glass: < 900 F
= Municipal incinerators and gas turbines a Stainless Steel: < 1210 F

usually emit effluents well in excess of

750 F, and up to 2000 F = Quartz: <1650 F

& [nconel: <1800 F

Sampling Problems

u Teflon ferrels and Viton-O rings must
not be used atfteinpcramres exceeding
their softening point (i.e., seal between
nozzle and probe liner etc.)

& The organic material in the glue on the
tape used to wrap the heating wire on the
probe can burn off and bias the test

Nevs Design

Tubi Su ted -
- Free Nonting altmes ihermal = The probe should be free of tape since
ansion of the mdividual tubes. -
expansion of the indndurt tubes there is no reason to heat the probe

Lesson 42
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Test Special Topics

L'J-Rl'ing Backer

Y Rng Prcbe
Sheath
5"{’

ik Nozzle  Fermule

58—

Tube 5 B - Liner Tube
Hut Unian Nt
Solution #1

(Construction of High
Temperature Probes)

& Devise a cooling system allowing use of
standard construction materials (ie.,
Glass, Teflon, Stainless Steel)

= Ambient Air
= Water

= Steam (Very dangerous)

Use of Probe Cooling
Techniques
( Advantages)
= Durability of probe
w Unrestricted probe length

& Cooling of gases ensutres that filter
temperature can be maintained within
limits

m Sensing lines (i.e., pitot tube) can be
included within cooling jackets

Sampling Problems

m Metal probes, at high temperatures,
become catalyst (reactive surfaces) for
substances in the stack gas (i.e., oxidation
of metals, SO, to SO, etc.)

» High effluent gas temperature could cause
softening of the nozzle, probe and pitot
tube

w Difficulty of maintaining filter box
temperature at 248 F

Solution #2
(Construction of High
Temperature Probes)

w Construct probes of materials which can
withstand high temperatures
= [nconel
= Spedial Alloys

= Quartr

Use ot I’robe Loolng
Techniques
(Disadvantages)
= Requires structural support equipment at
sampling site

m Vapor pockets may form which may
rupture jacket

m Condensation in probe may give
problems with maintaining isokinetic
sampling rate

m Cooling nozzle/pitot tube gives variable

effects an stack oas flox
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#468 Compliance Test and Source Test Observation ~ o ;
Session #6: Acid Gases, PM and Special Topies - . Stack Test Special Topics

Use of Quartz Probe

Use of Quartz Probe e
( Disadvantages)

( Advantages)
= Very brittle/may crack duﬁng adding

w Stack gas effluents will not react probe
probe nozzle

matedal during sampling
= Absence of bulky cooling system

= No condensation i1 probe

= Traditionally, fixed nozzle sizes

= Probe lengths greater than 5 ft are
) . } impractical
= No heat expansion and distortgon of . ) .
= If using quartz probe without probe liner,
then can’t attach pitot tube and

thermocouple wires

probe and nozzle
® Gases not cooled below 248 F

Miscellaneous Samplin
pung Compliance Test and Source Test

Problems )
. . Observation
+ Sagging of probe and pitot tubes
in gas effluent Stack Testing Special Topics:
+ Heat radiation from process . -
affects temperature = High Moisture
measurements (may have to = High Pressure Stacks

shield stack gas components) = High Temperature Stacks

+ General safety consideration for
handling hot probe and working
close to stack liner

e Low Flow Rate

Velocity Measurement

+ Used in determination of nozzle size

+ Used in obtaining K-factor for setting
isokinetic rate conditions during
testing

+ Used in determining pollutant mass
rate

Lesson 42
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Stack Test Special Topics

Federal Reference Method 2

Average Velocity Over Cross-Section

Average Stack Gas Dry
Volumetric Flow Rate

“*(“g))vs(avs) A T FS—

" s(avg) © ad

Q.4 = 3600 (1 -B

The Problem

m Pressure differential devices insensitive
below 17 ft/second

m Unreliable pitot tube accuracy below 7
ft/second

The Problem

a FRM 5 typical incline manometer has
incline range of 0-1 “ H,O with 0.01 «
divisions, and vertical range of 1-10
H,O with 0.10 « divisions

a FRM 5 designed to monitor flows around
1.84 “ H,0, not in the 0-0.5 “ H,0 range

Federal Reference Method 2
Guidelines
u A differential pressure gauge other greater
sensitivity shallbeused: ;
= The arithmetic avesage of all Ap readings at the
traverse points < 0.05 “H,0O ’ :
= For traverse of 12 or more points, more than 10 %
of the individual Ap readings < 0.05 “H,0
w For taverse of < 12 points, more than onc Ap
ceading < 0.05 “ H,O

Lesson 42
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#468 Compliance Test and Source Test Observation o
Stack Test Special Topics

Session #6: Acid Gases, PM and Special Topics

I Reference Method 2 S
Federal Re (_3 e . Determination of Sensitivity of
Guidelines
Pressure Gauge
& As an alternative to ceiteda (1) through
(3) above, the following equation may be 8
used to determine the necessity of using a & ;A‘ 'I‘ K
more sensitive differential pressute gauge. Z N P 1
If T is greater than 1.05, the velocity head T= =1
data are unacceptable and a more - o
sensitive differential pressure gauge must Z . Ap :
be used. ™ v
1=

Using Magnehelic Gauges Etc.

m [f differential pressure gauges other than inclined
manometers are used (eg., magnehcelic gauges), their
calibration must be checked after each test serdes.

= To check the calibration of a differential pressure
gauge, compare Ap readings of the gauge with those
of a gauge-oil manometer at a minimum of three
poiats, approximately representing the range of Ap
values ia the stack.

Alternative Approaches for Low Techniques For Measurement of
Velocity Measurements Low Flows
® The use of techniques other than Type-S

& Standard pitot tube with portable inclined
manometer (0-0.25 “ F,O with 0.005 “
H,O scale divisions) or digital manometer

& Standard pitot tube with dual scale
portable inclined manometer with 0-1.0
H,O with 0.01 “ H,O scale divisions and
0-10 “ H,0O with 0.10 “ H,O scale
divistons

pitot tubes

& Modification of the source to effect a
sufficiently high velocity for using the
Type-S pitot tube

m Measure velocity at a different location
and use data to calculate velocity at
sampling site

u Compute flow and velocity using process

Naramotere
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#468 Compliance Test and Source Test Observation
Session #6: ‘Acid Gases, PM and Special Topics : - Stack Test Special Topics

Techniques For Measurement of
Low Flows Other Low Flow Techniques

u Rotating vane anemometer with digital
readout (0-100 ft/sec with 1 ft/sec
accuracy)

w Thermal anemometer with digital readout
(0-100 ft/sec with 1 ft/sec accuracy)

= Venturi Meters
x Orifice Meters
®m Mass Flow Meters

Compliance Test and Source Test
Observation

Stack Testing Special Topics:
n High Moisture
» High Pressure Stacks
= High Temperature Stacks
a Low Flow Rate

Lesson 42
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics . ~ Emission Test Report and;Revie;w
U.S. EPA APTI Step 1: Objectives, Protocols and
Compliance Test and Source Test Pre-site Survey
Observation et
The Emission Test Report and

Review

Step 2: Equipment Preparation Step 3: Pre-test Conference and
Evaluation

Step 4: The Test Step 4: The Test

Lesson 43
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#468 Compliance Test and Source Test Observation ;
Session #6: Acid Gases, PM and Special Topics ; Emission Test Report and Review

Step 4: The Test (Cont’d)

Step 4: The Test (Cont’d)

Step 5: Sample Recovery (Cont’d)

Emission Test Report

The emission test report serves as a legal record of the
testing pecformed along with the cateulations in
detesmining the compliance status of the emission
source: The emission test report must provide the
information necessary to document the objectives of
the test and determine whether proper procedures were
used to accomplish these objectives.

Lesson 43
2



#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics Emission Test Report and Review

Emission Test Report
Guideline Document

U.S. Environmental Protection Agency (EPA)
has prepared a guideline document (GD-043)
eatitled:

“Preparation and Review of Emission Test Reports”

Purpose of GD-043
m The purposé of this guideline is to
promote consistency in the
preparation and review of test reports
for emission test programs.

x The emission test report must
provide the information necessaty to
document the objectives of the test
and to determine whether the proper
procedures were used to accomplish
the obiectives

Purpose of GD-043

u GD-043 presents a standard format
for preparing the emission test repott
= Table of Content ‘
= [iive Sections

= Appendices

Emission Test Report

a Table of Content

& Section 1: Introduction

m Section 2: Plant and Sampling
Location Descriptions

m Section 3: Summary and Discussion
of Test Results

Emission Test Report

m Section 4: Sampling and Analytical
Procedures

m Section 5: Internal QA/QC
Activities

u Appendices

Section 1: Summary of Test
Program and Results

m Responsible Organization

® Overall Purpose of Test

m Regulations

m Type of Industry

& Name of Plant and Location

® Summary of Test Results

Lesson 43
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics Emission Test Report and Review

Section 1: Summary of Test Section 3: Summary and
Program Discussion of Test Results

m Process of Interest

u Air Pollution Control Equipment = Objectives and Test Matrix
= Emission Points and Sampling m Field Test Changes and Problems
Locaton = Presentation of Results

® Pollutants to be Measured
m Dates of Emission Testing

Emission Test Report
Summary of Results

aBref test method identification

mRegulatory agency approval of
method

sComments on process operation
alZmission rate determined by the test

= [imission rate limit given by law

Table 1. Fest Resalts af Federnl Hefevence Method 5 Texting a8 the Jerry €. i
% ifiams aud Sons Wond Fuch-Fired Heiler, December 1930, 2006,
Jerry G. Willians and Sens Federal Reference Actbad § Test Hepults!,

. 2

P

, 20¢6 N

wh | | Run? [Hend | Avcrage { FOLUMETRIC FLOW RATE BATA
i 5

Avi Seock G Velooity | Vo o XY SRRy
Gag Crovg Sevt vy | A 435 i B S
Actial Suek G Flow | Qugeatln 18387 17250 B
Dry Sed Stk G Fiow Qs dsclin 3647 4133 REEEE
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics : -~ Emission Test Report and Review

Section 2: Plant and Sampling
Location

m Process Description and Operation

- & Control Equipment Description
m Flue Gas Sampling Locations

& Process Sampling Locations

Ot stramd Soand (1) proces Thons sfiagram

Schematic - —
of Unit 1
Inlet
Sampling
Location
1
T
. TO [C] |
- Schematic Press Vents —=o }_
of Unit 1 Sampling ¢l
Outlet Location EREL e
Stack ) Configuration
Sampling and Testing
Location Scheme
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Emission Test Report and Review

mTes

m Pro

Section 4: Sampling and
Analytical Procedures

t Methods Discussion
cess Test Methods Discussion

Emission Test Report

Test Methodology
aSampling scheme with drawing and
dimensions of site and sample points

sDescription of sampling method
aDescription of analytical method

aModifications to methods and
approved justification

ST 2O FRONTHALF OF
FHES  FROMTHRLEOF BCKBALE Cf  PREHS BACGLP ELTER  BACKUR
ozE i 8idc] ERXRMQUENEI  [DUMAIER Hoxany RIES
o iy rercre el g ey e
e ko contares e by
peridics prtdik
ey Bt
B ol
ak pe gt
L
AR BUF
Coutalas 2 Cotahe 8

Emission Test Report

Process Description
aDescribe process
aDescrbe control equipment
aFlow diagram of entire process

aFlue gas sampling location
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#468 Compliance Test and Source Test Observation , -
Session #6: Acid Gases, PM and Special Topics Emission Test Report and Review

Section #5: Internal QA/QC

m QA/QC Problems That Occurred
During The Test

m Sample Identification and Custody
Problems

§

i
1
i

Emission Test Report

Results

mSummary of data
mCharts and tables

mExample calculations

Emission Test Report Emission Test Report Review
Appendix
* Test log (record of events at site)
- Raw field data sheets mStep 1: Obtain Emission Test
- Labomtory report including raw daa, tables, and
calibration graphs Reportt, Test Protocol and Test
« Testing equipment listing design and manufacturer Observation Rep ort
- Calibration procedures and data sheets :
- Seral numbers of equipment used i test " Step 2: Review Permit for Emission
- Copies of the methods applied from CFR Appendix A, or Standards and Test Requjrcmerlts
other reference procedure outline
+ Copies of applicable statutes and regulations conceming = Stf:p 3: Read Emission Test Report
the testing
| - Results and Calculations
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Emission Test Report and Review

Emission Test Report Review

= Step 4: Locate All Field Test Data
Sheets :

u Step 5: Conduct Independent
Comprehensive Calculations of
Emission Rates

u Step 6: Determine Correctable and
Non-Correctable Errors

Emission Test Report Review

= Step 7: Compare Calculated
Emission Rate to Standard

= Step 8: Complete Review Summary
Checklist and Sign/Date

= Step 9: Notify Source of Acceptance
and Compliance Status

Reviewing Stack Test Report

® Section 6.12 of FRM 5 states:

“LAfF90 %<I< 110 %, the results are
acceptable. If the results are low in
comgparison fo the standard and I is beyond
the acceptable range, or if I is less than 90
percent, the Administrator may opt lo accept
the results...”

Basic Approach to Reviewing

The basic approach of the procedure
is to account for the inertial effects of
particulate matter and to make a
maximum adjustment on the
measured particulate matter

concentration

Step 1

u Check or calculate the percent
isokinetic (I) and the particulate
matter concentration (c)) according to
the procedure outlined in FRM 5

& The ¢, must be calculated using the volume
of effluent gas actually sampled (in units of
dry standard cubic feet, corrected for
leakage).

m Convert ¢, to emission rate (E), units of the
standard.

Step 2

® Compare E to the standard. Then

accept or reject ¢, using the criteria
outlined below:

m Case 1: Iis between 90 and 110 percent.

The concentration ¢, must be considered

acceptable. A variation of & 10 percent
from 100 percent isokinetic is acceptable.

Lesson 43
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Emission Test Report and Review

Step 2 (cont’d)

w Case 2 (I Is Less Than 90 Percent)

Sltuatlon 1: If E meets the standaxd, <,
~ should be acccpted since c, can either be
correct (ifall partlculate matter ate: Iess
 than 5 micrometers in diametes) or it can
be biased high (if larger than 5
micrometer particulate matter is present)
relative to the true concentration.

w Case 2 (I Is Less Than 90 Percent)

' accepted (a maximum adjustment which

Step 2 (cont’d)

Situation 2: If E is above the standard,
multiply c_ by the factor (I/100) and
recalculate E. If, on the one hand, this
adjusted E is still higher than the =~
standazd, the adjusted c, should be

accounts for the inertial effects of
particulate matter has been made and E
still exceeds the standard).

Step 2 (cont’d)

m Case 2 (I Is Less Than 90 Percent)

Situation 2 (cont’d): On the other
hand, if the adjusted E is lower than
the standard, a retest should be done.

w Case 3 (I Is Greater Than 110

Step 2 (cont’d)

Percent)

Situation 1: If E is above the
standard, c_ should be accepted,
since cs can either be equal to the
true concentration or biased low
relative to it. One has the assurance

that [+ 15 definitely over the standard.

Step 2 (cont’d)

m Case 3 (I Is Greater Than 110
Percent) Situation 2: IFE is below the
standard, multiply c, by the factor (I/100)
and recalculate E. If, on the one hand,
this adjusted E is still lower than the

 standard, the adjusted c_should be:
accepted (a maximum adjustment which
accounts for the inertial effects of
particulate matter has been made and B
stll meets the standard). ‘

m Case 2 (I Is Greater Than 110

Step 2 (cont’d)

Percent)

Situation 2 (cont’d): On the other
hand, if the adjusted E exceeds the
standard, a retest should be done.
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#468 Compliance Test and Source Test Observation
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Summary of Acceptance Summary of Acceptance
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#468 Compliance Test and Source Test Observation , ;
Session #6: Acid Gases, PM and Special Topics o Emission Test Report and Review

EPA’s Electronic
Reporting Tool
- Part of EPA’s Electronic Stack Testing

and Assessment Pro]ect

- BERT Version 3 Accepts Data ftom
FRMs 1-4, 3A, 5, 6C, 7E, 25A, 264, 29,
101A, 201A, and 202

Three Parts to ERT

App]ic ation ERT US ers Guide

#1: The Application http://www.epa.gov/ttn/chief/
ert/ert toolhtml

#2: The Project Data Set
#3: An Excel Spreadsheet
Also includes template for
importng test data to EPA’s
WebFite

Lesson 43
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#468 Compliance Test and Source Test Observation

~ Session #6:. Acid Gases, PM and Special Topics .Units of the Standard/Emission Factors
U.S. EPAAPTI . ;
Compliance Test and Source Test Emission Standards for Sources
Observation m Concentration of stack gas (Co)
F-Factors and Units of . tbg Standard ® Pollutant mass rate (pms)
u Emission rate (E)
m Process weight rate (R)

Concentration of Stack Gas (c,)
For example:

Can be expressed in: The New Source Performance
« ppm Standards (NSPS) for asphalt
concrete plants is:
B g/dscm
= gr/dscf 0.04 gr/dscf <=> 90 mg/dscm

Pollutant Mass Rate (pmr)

Stack gas
volumettic flow

Pollutant Mass Rate (pmr)

pmr = Councentration x
: o e e
Can be expressed in: e
b . dsef
mIb/hr = Tdser hr

mg/hr
b

hr

Lesson 44
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#468 Compliance Test and Source Test Observation

Session #6: ' Acid Gases, PM and Special Topics Units of the Standard/Emission Factors

Emission Rate (E)

Can be expressed in:

= 1b/10% Btu heat input
u ng/joule heat fnput

Pollutant mass rate

Heatinput rate
Ib /Ar
104 Btu/hr
I ’

10° Btu

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

Particulate emissions limited to
0.03 1b/10% Btu.

For Example:

The NSPS for sulfusic acid plants is:

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

Process Weight Rate (E)

Can be expressed in:

® Ib/tons of product

m ke/metric tons of product

Pollutant mass rate

Combustion=
’ Heat input Rate

Poltutant mass rate

Process =

Item of mass process rate

Lesson 44
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#468 Compliance Test and Source Test Observation ‘ ‘
Session #6: Acid Gases, PM and Special Topics Units of the Standard/Emission Factors

PSthS - _ - 1 2

Ccorr = CS —_— —
P, %CO0,

G5 [209-60) %EA = % 02~ 05 (4C0) x 100

CSG%Oz = 209 %0, 0.264(%N; ) - [%05— 0.5 (%CO)]

tbsAT
Method 19 L_pm_cQ, s
F Factor Methods Qu  Qu  10° Btu/ir
| _ Ibs ~
10* Btu
Lesson 44
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

Units of the Standard/Emission Factors

£ Ibs 1bs

E = — =
10° Btu &  10° Btu

Dilution correction term is
dimensionless.

Dilution
E = CSF correction
term
[ 2009 ]
E = Cst /_/
[ 209 - %0, |

E = Cuws Fd

/f 20.9
{ 20.9(1 - By.) - %On,

L\\\\I

B = Eﬁ\\.’E‘\V 20‘9
P | 2090 - B..) - %0n
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~ Session #6: Acid Gases, PM and Special Topics Units of the Standard/Emission Factors

160 (243041 1D
LX0 (235005
W 2

2&a0t
1Bxigt
257 a8
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#468 Compliance Test and Source Test Observation

FRM 311 Formaldehyde

Session #6: Acid Gases, PM and Special Topics

U.S. EFAAFTI
Compliance Test and Source Test
Observation
FRM 316 and SW-846, Method 0011:
Sampling and Analysis for

Test Methods Identification
m FRM 1: Port location
= FRM 2: Volumetric flow rate
w FRM 3 or 3A: Correct conc. meas.
w FRM 4: Moisture content

w FRM 5: Particulate matter (PM); Each
run 2 hours with min. 60 dscf; Probe
temperature set to 350 °F

= FRM 316/FRM 318: Formaldehyde;

Fach run 1 hour with min. 30 dscf;

Probe temperature set to 248 <1

Sources of Formaldehyde?

= Products of incomplete combustion (e.g.,
vehicles, incineration of waste,
combustion of fuels)

» Formed in photochemical reactions

® Production sources: Formaldehyde
manufactures, product sources, mineral
wool and wool fiberglass

40CFR63, Subpart NNN:
National Emission Standards for
Wool Fiberglass Manufacutring

w 3/31/97: Proposed rule and notice of
public hearing

w 2/12/99: Proposed supplemental
rulemaking

® 6/14/99: Final rule

What Is Formaldehyde?

s Formaldehyde (CH,O) is an organic
aldehyde compound having a terminal
carbonyl group (R-CHO)

» Formaldehyde is 2 gas a room
temperature (BP-20 °C; VP 2700 mm Hg
@25 °C)

m Odor: Pungent, penetrating; Odor
threshold of 27 ppb

& Verv reactive compound

Mineral Wool Process

» Mineral wool made in cupola furnaces
charged with blast furnace slag, silica
rock, and coke

" Charge heated to 3000 °F and fed to a
blow chamber where steam atomizes the
molten rock into globules that develop
into long fibrous tails as they are drawn to
the other end of the chamber

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde

Mineral Wool Process

m Temperature of between 150-250 °F is
maintained in the blow chamber

= Wool blanket formed is conveyed to an
oven to cure the binding agent and then
to a cooler

= A batting operation normally follows the
cooler

Questions to Ask

m If the source is wet, what type of source is it?
= Incinerator (e.g., hazardous waste, cement kiln,
BIF, thermo oxidizers etc.)? Use SW-846, Method
0011
= Mineral wool or wool fiberglass industry? Use
FRM 316 or FRM 318
& Do you need to know about other aldehydes
and ketones?
= SW-846, Method 0011 speciates
w FRM 316 docesn’t

Questions to Ask

= Are the concentrations high (> 50,000
ppm,) ot low (<'50,000 ppm,)?
u SW-846, Method 0011 becomes saturated
resulting in low bias
= FRM 316 has slightly better detection limits
& Do the formaldehyde measutrements need
to be continuous or time-integrated?

Questions to Ask In Selecting A
Method

m Is the sampling for indoor, ambient or
stack emissions?

m [s the source regulated under a specific
regulation (i.e., NAAQS, NSPS, SIP, BIF,
MACT, NESHAP)?

m [f it {s a source emission, does the source
have liquid droplet?

m [ yes, then isokinetic sampling]
m If no, then constant sampling rate!

Questions to Ask

= Do you need to know about other
aldehydes and ketones?
m SW-846, Method 0011 speciates
= FRM 316 doesn’t
= [f the source is dry, what type of source?
w Pulp and Paper Industry: NCASI Chilled
Impinger/Silica Gel Test
m Other sources, FRM 316 or SW-840,
Method 0011

Questions to Ask

& Do special sampling and recovery
considerations need to addressed:
m Reagent certified “organic-free
formaldehyde free”
m Recovery of samples in polyehtylene bottles
with no head-space and dry ice storage
u Clean-up step during analysis to remove
interference of acetylacetone
w Analysis of second impinger to determine
“breakthrough™

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde

History of Formaldehyde

= 1990 EPA Ambient Air Method
(EPA/600/3-90/005)
= Constant Rate Sampling: DNPH Cartridges
n Constant Rate Sampling: DNPH
Impingers
= EPA’s Compendium of Methods

= [ndoor Compendium
® Ogganic Compendium

Compendium Method
TO-11A
Derivatization Reaction
R R’
~
¢
i
N

2,4-Dinitrophenylhydrazine
(DNPH)

[0} HN HN

NGO,
Cartmnyld DNPH derivative
compoun {A hydrazone}

Example of Dual-port Carbonyl
Sampler ‘

Flushing pump

Compendia

& Indoor (IP-1 through IP-10)
= EPA-600/4-90-010
& Inorganic (I0-1 through 10-5)
nEPA-625/R-96/010a
& Organic-Second Editon (TO-1 through
TO-17)
= EPA-625/R-96/010b

Example of Commercially
Available DNPH-Cartridge

Basic HPLC System

injection valve Sample loop Waste

Autosampler

Solvent reservairs

Lesson 45
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#468 Compliance Test and Source Test Observation

FRM 311 Formaldehyde

~ Session #6: Acid Gases, PM and Special Topics
HPLC Chromatogram History of Formaldehyde
1 Formaldehyde
2 Acetaldetiyde m 1991 Boiler and Industrial Furnaces
4 Aroten Regulations (BIF)
5 Propionatdehyde

Y 3 10 15 Winutes

SW-846, Method 0011 Sampling

Train
Heated probe
- P Theanometer
O ——
Pitot tube Manometer
Vacuum
gauge
Inclined
manometer

Vacuum

Dry gas meter pump

History of Formaldehyde

& NCASI Chilled Impinger Methods

& Constant Rate Sampling (40050 cc/min);
Water ) )
= CI/SG/PULP-94.02 ( pulp & paper mills)
& No filter; Midget Impingers; Silica Gel
= CI/WP-98.01 (wood products mills)
= Hot probe/filter; Impingers
= 1M/ CAN/WP-99.01 (wood prod mills)

= ot probe/filter; Impingers, Canister

& EPA Method 301 Validation

u Method 0011 (SW-846)
u Federal Reference Method 5 Sampling
Train With 5 Impingers
w [sokinetic Sampling
» DNPH Impingers (opt. breakthrough
check)

BIF Formaldehyde Method
(5W846, Method 0011)

8 FRM 5 sampling train without heated
filter and filter compartment

s Isokinetic samphing; FRM 1-4 apply

= Impinger solutions DNPH (~100 mL)
s Analysis: HPLC @ 360 nm

a Methylene chlonide rinse

e Sample volume of 40 ¢f for 1 hour

Sampling

Silica Gel
Tube{s)

Generic

Train

Meter Box Assembly

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde

NCASI Formaldehyde Method History of Formaldehyde
(C1/SG/Pulp-94.02 and 98.01) m Federal Reference Method 316: Mineral
' P ) Wool Manufacturing Industry

= FRM 6 sampling train without glass
wool filter

= Constant sampling rate of 400 cc/min
for 60 minutes o

= Impinger solutions of water with back-up
two (2) silica gel traps (n-propanol/water
extraction)

= Analysis: GC/FID

L w Xater rinse

w Promulgated and published with the MACT
mineral wool regulations, May 1999:
Impinger Technique

= Federal Reference Method 318:
Industries Using Phenolic Resins
(Mineral Wool and Fiberglass)

m Promulgated and published with the MACT

regulations, May 1999: Instcumental FTIR

Applicability

m FRM 316 is applicable for the
determination of formaldehyde emissions
from stationary souzces in the mineral
wool and wool fiberglass industries

Applicability

m Method requires the use of FRMs 1-4

® Method uses standard FRM 5 equipment
except elimination of the heated filter

Principle
FRM 316
m Gaseous and particulate pollutants of
formaldehyde are withdrawn
isokinetically from the soutce and
collected in a series of impingers
containing high purity water
» Formaldehyde collected in the impingers
is determined by the modified acidic
pararosaniline method

FRM 316 Sampling Train

m Nozzle/heated probe
m No heated filter box assembly
w [mpinger assembly containing D1 water

o Meter box assembly

Lesson 45
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#468 Compliance Test and Source Test Observation : '
FRM 311 Formaldehyde

Session #6:  Acid Gases, PM and Special Topics
FRM 316 Sampling Train FRM 316 Principle
m Formaldehyde and particulate
il skl matter/formaldchyde are withdrawn

isokinetically from the source through a nozzle
and heated probe '

a Formaldehyde and particulate matter are
trapped in the impingers containing DI water

FRM 316 Principle

= Formaldehyde 1s highly soluble in high
purity water ‘

u Concentration of the soluble
formaldehyde in the water 1s determined
using the modified acidic pararosaniline
colorimetric method

FRM 316 Principle

® Formaldehyde reacts with acidic
pararosaniline and the sodium sulfite
forming a purple chromophore

= [ntensity of the purple chromophore is
mesasured spectrophotometrically

m Detecton Limit is 11 ppb, and as high a
23,000,000 ppb, fora 1-hr sample (~
30cf)

FRM 316 Objective

& The objective of pecforming FRM 316 is to
determine the pollutant mass rate (pmr) or
emission rate (E) of formaldehyde from the
regulated source

= pme = ()(Q)
= [ = pme/Q,

FRM 316 Interferences
= Sulfites
m Cyanides
Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics ; ~ - FRM 311 Formaldehyde
FRM 316 Sample Nozzle FRM 316 Sample Nozzle
= Seamless stainless steel tubing, quartz or glass = Range of nozzles (0.32-1.27 cm 1.D.)
= Other matedals approved = Nozzles must be calibrated
by administm;or ’ = Measure 3 reading using micrometer (take
= Button-hook/elbow design average)
= Sharp/tapered leading édge ' = Low/high reading not exceed 0.004 in
(< 30 Angle) »
= Coustant internal diameter

FRM 316 Sample Nozzle FRM 316 Pitot Tube
= Nozzles that have been nicked, dented, or = Must b_e constructed
corroded must be reshaped and recalibrated according to FRM 2
= Fach nozzle must have a = Position of pitot tube
pecmanent identification with reference to nozzle

= nozzle entry plane must be
even or below pitot orifice
u Centerline of orifice
and nozzle must agree

FRM 316 Pitot Tube FRM 316 Pitot Tube

= Minimum spearation for 1.3 cm L. nozzle = Must develop calibration factor

and pitot is 1.90 cm = Manometer/magnahelic usually attached to

= Position of pitot tube with reference to . indicate differential pressure
probe sheath/thermocouple

aProbe sheath end and pitot tube separated
by 7.62 cm

s Thermocouple must cither be offset 1.90
cm or no closer than 5.08 cm

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde

FRM 316 Sampling Probe

m Typical diameter of 2.54 cn

m Probe liner should be borosilicate or quartz
with heating system to prevent “visible”
condensation
(do notuse metal probe liners!)

FRM 316 Sampling Probe

= Pitot tube must be

firmly welded to probe

w Probe designed to prevent accidental

misalignment in

gas stream

FRM 316 Sampling Probe

= Probe designed to protect liner

m Materal of construction
m Borosilicate Glass liners up to 480°C
m Quartz liners up to 900°C

FRM 316 Sampling Probe

m Must have heating system capable of
maintaining gas temperature of 120°C + 14°C

m Temperature must be calibrated

FRM 316 Impinger System

m Material of construction
u Glass, Teflon, stainless steel
» Minimum of 4 impingers
m Design may allow for additional space for
impingers beyond FRM 5 requirements
m Need for water drain tap

FRM 316 Impinger System

» Ball joints with Teflon®
compression fdngs
mSilicone grease not required
mReduced contamination probability
mFavorable to most stack testers
m Screw type fittings
mConvenient

mReduced contamination probability

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde

FRM 316 Impinger System

= First and Second Impingers: 100 mL of high
purity water (May go to 200 mL if
formaldehyde concentration in stack is high)

» Third Impianger: Dry

» Fourth Impinger: 200-300 g of silica gel

FRM 316 Umbilical Cord

= Contains vacuum lines, pitot tube lines, and
electrical connections

= Keep bundle simple and light

= Use heavy rubber vacuum tubing for
pump/impinger connection

= Use tygon or Teflon® for pitot tube lines
(color coded)

FRM 316 Meter Console Desirable
Features

= Light weight
= Reliable leak-free pump
= Good temperature controls

= Rugged construction/
good carrying handles

FRM 316 Meter Console Required
Calibrations

m Leak check both positive and negative (< 0.04
cfm)

® Dry gas meter ¥ value 0f 0.98-1.02
m Therometers calibrated to £2°F

= Orifice meter “A H@"
documented and verified

FRM 316 Meter Console Desirable
Features

= Accessibility to components and fuse
compartment

= Communication system

& Fasy to read digital readouts

FRM 316 Isokinetic
Rate Equation

m The relationship between “v,” and “v.” is the
core understanding of FRM 316 isokinetic
sampling

= Reading the “Ap” from the pitot tube and
setting the proper “AH” on the meter box
allows one to sample isokinetically

Lesson 45
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 311 Formaldehyde

FRM 316 Isokinetic Rate Equation
(Simplified)

= AH =(K)(Ap)
u Isokinetics must be between 90 to
110%

FRM 316 Causes for not Meeting
100% Isokinetics

= Moisture value wrong in setting preliminary
isokinetic rate equation

w Inability to follow rapid fluctuations in Ap and
corresponding calculating /setting AH

FRM 316 Causes for not Meeting
100% Isokinetics

= Large temperature vadations not corrected in
isokinetic rate equation

u Leak in pitot or sampling lines (broken probe)
= Preliminary selection
of wrong nozzle size

Difficulty in
Maintaining Isokinetics

= [mpioger stem too restocted

» Buildup of particles in impinger #1, thus
plugging tip

& Nozzle too small/large for
velocity of stack gas

FRM 316 Pre-test Preparation

m Calibrate the meter system
& Determine the number and
location of sampling points
& Prepare sampling train
= Add 100 mL of high purity water to first and
second tmpinger
= Third impinger dey
= Add 200 g silica gel in last impinger

FRM 316 Pre-test Preparation

& Place ice and water around
bubbler/impingers

& Adjust probe heater
to desired temperature

Lesson 45
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 311 Formaldehyde

FRM 316 Sampling

& Leak check the sampling system
(Optional) ’

& Record initdal DGM reading
and barometric pressure

FRM 316 Sampling

& Adjust flow rate to isokinetic conditions
during the entire sampling run (Sampling
rate should not exceed 1.0 cfm)

m Traverse taking reading every 2 minutes

= Position tip of probe and recording on FTDS
at first traverse point
FRM 316 Sampling FRM 316 Leak Check

= Add more ice during run to maintain last
impinger outlet < 68°F

m At concluston of run, turn off the pump,
remove probe from stack, and record

final DGM reading

m [eak check the sampling train
(raandatory)

& Similar to FRM 5, if the leak rate exceeds
0.02 cfm, then the tester has two options:
= Adjust final sample volume as outlined in
Secdon 6.3 of FRM 5
& Void the sample run
= [f change components during sample run,
then must perform leak check prior to
component change

FRM 316 Sample Recovery

= Drain the ice bath

= Allow probe to cool, then disconnect
from sampling train. Cap inlet to first
impinger and both ends of probe

= Measure to the nearest 1.0 mL the
solutions in the three impingers and
transfer to polyethylene bottle

FRM 316 Sample Recovery

= Rinse impingers with additional water and
recover in bottle

® Also rinse nozzle and probe line with
water and collect in bottle. Use brushes

to clean nozzle and probe liner

m Weigh silica gel impinger

Lesson 45
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#468 Compliance Test and Source Test Observation

“Session #6: Acid Gases, PM and Special Topics FRM 311 Formaldehyde
FRM 316 Sample Recovety FRM 316 Sample Recovery
w Seal, identify the sample = Seal, identify the sample

container, and mark liquid level container, and mark liquid level

= Complete “chain-of-custody”

m Complete “chain-of-custody”
for sample run

for sample run

m Complete field test datﬁ sheet (FTDS) m Complete field test data sheet (FTDS)
m Collect high purity water as = Collect high purity water as
reagent blank reagent blank
FRM 316 Analysis FRM 316 Analysis
= Develop Work%ng f(-)rmaldehyde standards m Color development period is 60 minutes
to generate calibration ?urve- ) = Intensity of the purple chromophore is
= Formaldehyde reacts with acidic measured spectrophotometrically at 570
pararosaniline and the sodium sulfite am in cuvettes
forming a purple chromophore
FRM 316 Post-test FRM 316 Post-test
Calibration Requirements Calibration Requirements

m Post-test calibration check procedure = ]f the calibration factor does not deviate

same as inial calibration check for orifice by more than 5 percent from the initial
meter and DGM calibration factor, then the DGM
volumes obtained during the test series

are acceptable

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics : FRM 311 Formaldehyde
FRM 316 Other Components  FRM 516 Audie Vial
Needing Calibration m Obtained from EPA

m Thermometers: Calibrated against
mercury-in-glass thermometers

m Barometer: Calibrated against
a mercury barometer

= Emission Measurement Center
Research Trangle Pask, NC 27711

FRM 316 Audit Vial

w Analyze vial with each set of samples
® Acceptable limits of 5% of stated value

SW-846, Method 0011

m Uses FRM 5 sampling train (Isokinetic)
except without the heated filter
m Extends the impinger train to five (5)
impingers
= 200 mL first impinger
= 100 mL in second and third impinger
= Fourth impinger dry

a Fifth impinger contains 200-300 g silica gel

SW-846, Method 0011 Sampling

Train
Heated probe Thenmometer
Pitot tube J Manometer
Impingers  Fige
Vacuum
gauge
[oclined
manometer

Vacuum

Dry gas meter pump

SW-846, Method 0011
u Uses 2,4-dinitrophenylhydrazine (DNPH)
as the absorbing solution rather than high
putity water in FRM 316

m Use methylene chloride as the rinse
solution

m Apalysis by HPLC @ 360 nm
m Must chill samples pdor to analysis

& Can also analyze for other aldehydes and
ketones

Lesson 45
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#468 Compliance Test and Source Test Observation

Session #6: Acid Gases, PM and Special Topics e FRM 311 Formaldehyde
Method 0010 Reaction SW-846, Method 0011 Analyte List
Derivatization Reaction
‘ ' m Formaldehyde Acetaldehyde
2,4-Dinitrophenylhydrazine = Acrolein Acetone
DNPH
o /,NHz u Propionaldehyde Crotonaldehyde
i Iy = Butyraldehyde Benzaldehyde
AT
R R NO,
Carbonyl DNPH derivative
compound (A hydrazone)
SW-846, Method 0011 Analyte List Allegheny Particleboard Tests
= 06/94 1990 EPA Method (constant rate)
s [sovaleraldehyde Valeraldehyde and 08/94 BIF Method 0011 (isokinetic)
m Board Press & Cooler results were
= o-Tolualdehyde m-Tolualdehyde substantially lower
» p-Tolualdehyde Hexanaldehyde ® Results were considerablely different?
= 2 5-Dimethylbenzaldehyde & Process Variability?
= ]\{Cthyl Cthyl ketone ® Diffcrence in Sampling Rate?
a Breakthrough?

Yorktowne Department Tests Yorktown Department Tests

® Waste Wood-Fired Boilers w/common = 10/96 BIF Method 0011
stack _ = 4 impingers, each with 150 ml of DNPH
w5 MMBtu/hour heat mput ([)Cf U.ﬁlt) - 0-10/n of CHzo iﬂ lﬂSt unpmgcr‘, 0o
m Cyclones used for particulate control breakthrough
u 07/96 BIF Method 0011 ® Mass emissfon rate was 2.7x higher
w 2 impingers, each with 150 mL of DNPH w CH,O emissions much higher than AP-42
® 31.6% of CH,Q in last impinger; probable Factor
breakthrough u 2 bs/toa versus 0.019'bs/ton (assuming HHV of 8500

btu/1b)
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FRM,3~1“1"F0nna‘ldehyde

Wood-Mode Department Tests

= Vitgin or Waste Wood-Fired Boiler
= 30MMBtu/hour heat input
m Cyclone used for particulate control
= 08/96 BIF Method 0011
" m 4 impingers, each with 150 L of DNPH
x 0.1% of CH,O in last impinger; no
breakthrough

= 5 Ibs/ton versus 0.019 Ibs/ton (assumming HEV of 8500
btu/1b)

Wood-Mode Department Tests

(Contd)
= 08/96 BIF Method 0011
= Fuel had no appredable impact oa CH,O
emissions
= Some aldchyde emissions increased for waste wood
» CH,O emissions much higher than AP-42

Factor
= 5 Ibs/ton versus 0.019 lbs/ton (assuming HHV of 8500
btu/Ib)

Testing at MDF Plants
(BIF Method 0011)

= 10/97 Allegheny MDF
= 57.3% of formaldehyde in last (2°¢) impinger
= Probable breakthrough

= 11/97 MacMillan Bloedel Clarion
& 4.4% of formaldehyde in last (3%) impinger

= No breakthrough

Issues of Concern

® Do the various test methods produce
data that is comparable?

m [f the test methods are not comparable,
how does one decide which procedure is
appropuate?

m Is breakthrough a problem?

= Is formaldehyde betng accounted for?

® Would audit samples help validate the

datad

Testing at MDF Plants

gN CASI Method CI/WP-98.01)
= 12/98 Masonite Corporation

w 2-58% of formaldehyde in last (219)
impinger
& 1% for Dic Form Press
& 38% for Resin Blender
& 46% for Felter Scrubber
® 58% for Board Cooler
= 46% for First Stage Dieyer

& 2% for Sccond Stage Dryer
® Probable breakthrough when sampled at

650 cc/min

FRM 318
Extractive FTIR Method for
Measurement of Emissions from
Mineral Wool and Wool
Fiberglass Industries

m See FTIR Video
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Session #6: Acid Gases, PM and Special Topics ‘ FRM 311 Formaldehyde

EPA’s FTIR Support EPA’s FTIR Support

= FRM 318: Extractive FTTR Method for = Performance Specification 15 for
Measurement of Emissions from Mineral Extractive FTTR CEMS in Stationary
Wool and Wool Fiberglass Industries Sources (www.epa.gov/ttn)

u FRM 32.0: Vgpqr Pbas¢ Organic and u Protocol for ‘Ext;active FTIR for Analysis
Inorganic Emissions by FTIR of Gas Emissions (www.epa.
(Extractive) = EPA/EMC FTIR Database

u FRM 321: Determination of HCI from (www.epa.gov/ttn)
Portland Cement lndustries
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FRM 13A/13B Fluorides

- U.S. EPAAPTI
Comphance Test and Source Test

FRMBA:U:J B: Dcz‘cmzmzaon of]

. I‘FRM 1: Port [ocation‘

. FRM 2: Volumetnc flow rate
- l FRM 3 or3A: Correct conc. meas
f u FRM 4: Mo1stu.te content

Test Methqu Identification

[ & FRM 13A or 13B: Determmauon of
Total Fluotide Emissions

FRM 13A or 13B Applicability

o This method is used to determine the
concentration of particulate matter (PM)
fluoride and gaseous fluoride emissions
from stationary sources
= FRM 13A: SPADNS Zirconium Lake
= FRM 13B: Specific Aion Electrode

a Sources comprise mostly of the:
phosphoric actd phosphate fertilizer
MACT and the aluminum MACT

Summary of Method

u [RM 5 sample train with Stainless steel
or glass nozzle and probe liner

= Filter temperature maintained @ 248°F
and interchangeable

® Particulate fluonides caught on filter
while gaseous fluorides caught in
tmpiagers

® Analysis by SPADNS zirconium lake
colodmetric @ 570 nm for I"'RM 13A

FRM 13A or 13B
Design Requirements

m Gas flow measurement

system (FRM 1-4)

FRM 5 sampling train

Operated isokinetically, but below 1 cfm

Optional filter locaton

FRM 13A or 13B
Sampling Train
8 [Heated probe (248 °F) with nozzle (glass
or stainless steel)
® Pitot tube/temperature sensor acray
® Heated filter assembly maintained at 248
°F +/-25°F
a Standard FRM 5 impingers

® Pump/dry gas meter/orifice assembly
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FRM 13A/13B Fluorides

Fsms?«,
PROBE 'HG

| F—
HEATED BOX

EPA METHOD 13 SAMPLE TRAIN

FRM 13A or 13B
Sampling Train

Optional

p
robe nozzle Filter holder

/l

Stack Probe == Thermocouples —
wall heater| e~

Type S pitot I
be

Fine control
valve

pitot |
manometer |

FRM 13A Sample Preparation

& Container #1: Observe level, then filter
contents in 1-L volumettic flask. This is
the filtrate.

= Filteted material:
m Nickel crucible plus DI water
= Add 100 mg CaO, 2 drop phenolphthalein, hot
plate evaporate to dryness, then char
m Muffle furnace to ash; 4 ¢ NaOH, fuse, DI water
transfer to filtrate flask

PROBE _ » | METERING
sl — 1 - g

ICE BATH
L IMPINGERS

EPA METHOD 13 SAMPLE TRAIN

FRM 13A or 13B Sample
Recovery

= Container #1: Probe, filter and impinger catches,
including DI water rinses of all active
components {must not exceed 500 mL total
volume)

m Conminer #2: Sample blank plus same volume
of DI water Conuainer #1

a Continer #3: Note color of silica gel o

determine whether it has been complerely spent

wergh on st

weightungeg

FRM 13A Sample Preparation

= Containers #2: Treated same as
Container #1
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FRM 13A/13B Fluorides

Session #6: Acid Gases, PM and Special Topics

FRM 13A Analysis Preparation

m Distillation :
u Adjustment of acid/watet ration in
disallation flask
2400 mL of DI water/200 mL of H,SO,
wmHeat to 175 °C; Discard distillate
® Add separate aliquots from sample
preparation Containers #1 and #2 to
fluoride distllaton flask, add DI water to
make 220 mL total, heat rapidly to 175 °C,
collect disdllate in 250 volumetric flask

FRM 13A Sample Analysis

= Sample Preparation Containers # 1 and
#2

» Dilute distiflate with D1 water to exactly
250 mL

uPipet aliq\jot to beaker, add 50 mL of DI
water, add 10 mL of SPADNS reagent

u Mix thoroughly

uPlace in a constant-temperature bath for
30-minutes

FRM 13A Sample Analysis

m Spectrophotometer

walibrated using fluoride standard
solutions (F mg/50 mL) plotting
absorbance vs. concentradon @ 570 nm

wDaily zero spectrophotometer using zero
reference solution

mRead absorbance of sample preparation
Containers #1 and #2 and determine
concentration

&\ calibrution siandard must be run wiih

cach st of sample analysis

FRM 13A Analysis Interferences

m Large quantities of chloride will interfere;
Add silver sulfate into distillation flask

m After sample and colorimetric reagent are
mixed, the color formed is stable for ~ 2
hours

# Temperature of standard solutions and
sample solutdons must be within 390 of
cach other or else a 0.005 mg I'/1, crror

may occur

FRM 13B Sample Analysis
& Sample Preparation Containers # 1 and #2

mDilute distillate with DI water to exactly
250 mL

aPipet 25-mL aliquot to separate beakers,
add 25-mL of TISAB and mix

& Maintain sample and calibration
temperatures the same

w[nsert fluoride and reference electrode
into the soluton, record millivolt reading
and determine concentraton from
calibration curve

FRM 13B Sample Analysis

 Fluoride Standardization Solutions

u Serial dilution of 0.1 M fluoride standard.
Make 10! to 1075 standard soludons

m Add 50 mL of each standard solution to a
beaker, add 50 mL of TISAB solution and
record millivolt reading (Start with most
dilute standard and proceed to strongest
standard)

u Plot millivolt reading on linear axis vs.
concentration of standard on log axis

Lesson 46
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#468 Compliance Test and Source Test Observation
Session #6: Acid Gases, PM and Special Topics

FRM 13A/13B Fluorides

- FRM 13A or 13B
Operational Requirements

m See Field Observation Checklist for FRM
5

Multi-point integrated sampling

Isokinetic sampling rate but below 1 cfm

1-hr sample with minimum
sample volume of 45 cf

FRM 13A or 13B
Impinger Arrangement

m {Stgand 27d Impinger- 100 mL DI water
= 3rd Impinger- Dry

e 4th Impinger- 200-300 g silica gel

FRM 13A or 13B Operation
® Pre-/post leak check in accordance
with FRM 5

m Sample collection in general accordance
with FRM 5

® Sample recovery in general agreement
with FRM 5 except all active components
are rinsed with DI water and the filter is
place with the impinger catch

FRM 13A or 13B
Operational Requirements

® Probe/filter at 120°C (248°F)

= Optional filter placement; However,
gaseous fluorides collected in impingers

FRM 13A or 13B Operation

m Sce Field Observation Checklist for FRM

S}

® Preliminary field determination (sample

location, nozzle size,
probe length) same as FRM 5

® Sample train preparation {charging of

mmipingers ctc.} same as 'RN A

FRM 13A or 13B Key Points

= All active sample train components can

be made of glass or stainless steel (no
mendon of Teflon components)

= All active sample train components must

be cleaned

Lesson 46
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#468 Compliance Test and Source Test Observation :
Session #6: Acid Gases, PM and Special Topics FRM 13A/13B Fluorides

FRM 13A or 13B Key Points

m EPA audit vial available for quality
control evaluation

Lesson 46
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#468 Compliance Test and Source Test Observation

FRM:s 34, 6C, 7TE

Session #7: Instrumental Monitoring for HAPs

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRMs 6C, 7E, and 34 Instrumental

Applicability

= “ . _controlled and uncontrolled emissions
from sources specified in the

regulations...”
= Fossil fuel-fired boilers

= Municipal waste combustors

How the Method Works
= [nject calibration gases directly to
analyzers '

= Inject calibration gases through sampling
system

& Coaduct a sampling run and record data

Principle

= “__sample contnuously extracted and

>

conveyed to an instrumental analyzer...

How the Method Works

m Inject calibration gases
through sampling system again

= Use average values from sampling system
calibrations to correct the sample data

= YOU CORRECT EMISSION DATA!

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRMs 34, 6C, 7TE

- Eight Major Points

m Calibration Error (Both Analyzer): Zero,
mid-, high (2%)

w Zero/Calibration Drift (Both Analyzer):
Proceeding/ FolloWirig Each Run): <3%
of span or Réject , :

w Sampling System Bias Check/Recovery
Check(Both Analyzers): Zero, Mid-
/High Range at Probe and Analyzer (5%
of span) '

Eight Major Points

m Interference Check (SO2 Analyzer): Use
Modified Method 6 (3 Runs/1 L/min) vs.
Analyzer at Vent (7%)

m Converter Check (NOx Analyzer):
Introduce CO @ 500 ppm, SO2@200
ppm, CO2@10% and O2@20.9%; < 2%
of span response, pass

Eight Major Points

m Calibration Error (Both Analyzer): Zero,
mid-, high (2%)

m Zero/Calibration Drift (Both Analyzer):
Proceeding/Following Each Run): < 3%
of span or Reject

® Sampling Svstem Bias Check/Recovery
Check{Both Analvzersi: Zero, Mid-
/High Range at Probe and Analvzer (5%

ot span)

Interesting Points

u Perform Calibraton Cutve: High (80-
100% span), Mid (40-60% span), Zero
(<0.25% span)

n Calibration Gas Certification: Protocol 1
or Method 6 (3 Runs/1 L/min), 5%

Interesting Points

w Span of instrument: Emission standard at
30% of span

w Calibration gases can be SO2/N2,
SO2/Air,SO2/CO2, or SO2/C0O2/02

w Emission data corrected with determined
bias number

m No EPA Method 6 audit vial required due
to “Intetferece Check”

Interesting Points

® Sampling system bias test done before
and after test, then average, and apply
value to emission data to correct

® Zero/Calibration Drift (Both Analyzer):
Proceeding/Following Each Run): < 3%

of span; May not reject if pass bias check!

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRMs 34, 6C, 7E

Method 6C
Only Analytical Techniques
Allowed Now!

u Ultraviolet Absorption (UV) ;
= Nondispersive Infrared (NDIR) ] 4 o

& Fluorescence

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRMs 34, 6C, 7E

Vibration

Wavelength (nm) Rotation Electronic

TRANSITION REGIONS

CHARACTERISTICS OF THE EM SPECTRUM

Hectronic Transons | Molecular | Motecular | A
(mo!zazla!aad atcmsc) Abam;:’éen V&mﬁm Rotaban

Kormal Vibrations of €0,
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#468 Compliance Test and Source Test Observation
FRMs 3A, 6C, 7E

Session #7: Instrumental Monitoring for HAPs

- Spectra of Different
Molecules .

Molecules Absorb
- Lightat
Specific Wavelengths

e

5
>
m

INFRARED .
REGION ght ~—s= £ = hy=es Absorption =2 Beer-lambert Law s Instrument

g
8

\ "o

]

]

!

!

K

o

I

!

i

i

]
k
'\

!

H

4

- — —— - - ——— o

. et :
T N )
1 [

RELATIVE _ A830RDANCE

Extractive Type
Gas Filter Cell

Correlation Analyzer

Rotating
Chopp ﬁ'&fk Detector

INDIR ANALYZERFORCO

65 FIES e

Measuring
Aperlure

” Sample Cell
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRMs 34, 6C, 7E

Famoie

Exhagst

Prossure
Traneducer

Flow

S
2
o
e
é

Mode!

A
ia

Ererd Ay
SRR

Photomul
Tube

tiplier

210-nm
Bandpass Tilter
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs FRMs 34, 6C, 7E

MODEL 43C-SO2 Analyzer

Pulsed Fluorescence
SO, Analyzer

SOZ + hV( Ia SOZ*
JE——

50,* K¢ 80, +hy,
———

A\draaced Technology

The Laded 45C myesicn e provea ol
S esoroe de Y

SAMPLE IN

[, = [o[l-e{ax(S02i

Erommrmonl Intmen devica
mgtacess bass mEolsend 3 mer mietisce
waich temsdy
¢ $tndes LK

I = Lax(SO,) or

- & .
K (S0,) & o
i LERREER
Zeusene 11 MAT e gy
5 3 1O 20 el v et i
User safreaze Dol seciods B b T (R e eyt |
poprmsabel et rsuem 23 T e |
Comeratyaom vtz g by b o i
e i vt gy et

PO ORI § ;-7 y ¢ Te

AU AT Oy

& Fluorescent Analyzer
o photometric Analyzer

Twenty-one

Percent Op
Calibration
Experiment

tastrument Reading - SO,.ppm

S0 300 GO0 800 1000 3260 2400
EFA Hiethod 6 80,, ppl

& Nuorzscent Zazhzer
§ Puotomelric Analyzer
£ tn-5tz Moniter

g

&0, in
Hitrogen
Span Gas

Experiment

(371 ppm B0, u Ky}
Bpay Gas

g &

fnstruntent Nending - BO,, ppm
13
8

00 A0 0 80 1600
EPA Holhod 6 - 80, pom
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRMs 34, 6C, 7TE

, ‘ ‘ Chemiluminescent
HOW IS NO MEASURED? Reduction of NO, to NO
Chemiluminescence Technique
NO + 0; == NO,S+O0, —
3NQO, + Mo 3NO + Moy

NG, > NO,+hv
Intensity of emitted light Is proportiond to A molybdenum catalyst, heated to ~325°C, is
NO concentration used to Convert NO, to NO

Measurement Principle

Step 2
KO +HNO =
{Converied from NO3)

03 Generator

PR
Bampie in Sample In
0280urce C3Source

O+ 0y
Reactlon Bandpass Photomultipler
Chamber Filter  Tube i
p ;

Bandpass Photomultiplier
Filter  Tube A
% !
i

1t
Chemiluminescence Analyzer

U
Chemilumlnescence Analyzer
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRMs 34, 6C, 7E

{03 Chemiluminescent Emission Spectrum

Bandpass Filter

Relative
Emission Intensity

1200 2000
Wavelength (nm)

Analytical Range
® .. Select span so that concentration
equivalent to emission standard 1s not less
than 30 percent of span...”

& “If gas concentraton exceeds
the span, the run is invalid...”

Flow 0 Cteanser

Capliery Dectronicy

Qzongter

{ND Moge)

Reaction

Sample ©

N0y ~NO
Cansarter Pressurc
(10, Mode}

Exhoust O’Qi D

Pump 03 Converter

Model 42C Pow Diagrom

Performance Specifications

& Analyzer calibration error
& Less than + 2% of span for zero, mid, and
high-range gases
& Sampling system bias
& Less than + 5% of span for zero
and mid or high-range gases

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRMs 3A, 6C, 7E

Performance Specifications

m Zero drift and calibration drift

m Less than + 3% of span
over the period of the run

- ® Mid-range

‘Calibra‘tkidn‘,Gases :
ifﬁgh—range = 8\0‘&\100%‘ ofspan
= 40-60% of span

‘mZerogas = < 0.25% of span

Calibration Gases

® Protocol 1, or triplicate

analysis using Method 6
m SO, ia N, or SO,/CO,/O,in N,
= Beware use of triple-blénds

in dilution systems

For Fluorscence-based Analyzers

m O, and CO, concentrations of calibration
gases and effluent samples as introduced
to analyzer must be within +1% O, and

Measurement System Performance
Test Procedures

® Measurement system preparation
® Acquire equipment/calibration gases
® Set-up the components
m Warm up the analyzers

® Adjust flow rates

Recommended Samph'ng System
Design Criteria

= Remove particulate
m Remove moisture or otherwise lower the
dew point of the sample

m Minimize sample loss through leaks,
absorption, and reaction

Lesson 47
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#468 Compliance Test and Source Test Observation

FRMs 34, 6C, 7E

Session #7: Instrumental Monitoring for HAPs

Recommended Sampling System
Design Criteria

m Allow for introduction of calibraton gas
through as many components as possible

Recommended
Particulate Removal

m In-stack filter at probe
tip ot probe outlet

w Filter aftet moistute removal system to
catch condensable particulate

= Final filter at analyzer inlet

Sample Handling
= Maintain the sample above the dew point
temperature except in the condensers

= Use only non-reactive wetted surfaces
(i.e., glass, Tetlon, and stainless steel)

Moisture Removal
Condensers

= Use ice bath, refrigerated, or
thermoelectrically cooled impingers or
cotls

= Design condenser to minimize contact

area berween sample and condensace

Moisture Removal
Condensers

® Continuously remove condensate from
traps to further reduce contact with

sample and limit absorption of SO, and
NO,

Other Methods of Lowering -
Sample Dew Point

= Semi-permeable membrane dryers

(Perma-Pure®)

m Dilution probes

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRM:s 3A, 6C, 7E

Injecting Calibration Gases Into
the Sampling system

= One of the most common problem areas

= Calibration gases should be introduced
under flow conditions that are as close as
possible to the sampling conditions

m Testers hate to waste calibration gas

Three Suggested Ways to
Introduce Calibration Gases

m Straight Tee
m Closed Loop
m Closed Loop with Vent

Calibration Gas Introduction -
Straight Tee

= No 3-way valve required

= Will not pressurize sampling system if
probe filter is clean

B Uscs analvzer zero readings to establish

adequate calibration gas flow

Calibration Gas Introduction -
Closed Loop

m Uses 3-way valve to isolate sampling
system from probe

= Sample flow meter is used to match
calibraton gas and sample gas flows

# Pressurizing the sampling svstem can

disguise leaks

Calibration Gas Introduction -
Closed Loop with Vent

= Uses 3-way valve to isolate sampling
system from probe

m Vent with rotameter ensures that
calibration gas is introduced under
vacuum

Leak Check

= Not required by the method
due to bias test procedure

= Should be conducted from probe tip to
analyzers before and after each test

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRM:s 34, 6C, 7TE

Analyzer Calibration Error

m Less than I 2% of span for zero, mid and
high-range gases

m Demonstrates accuracy and linearity

Sampling System Bias Check

m Less than & 5% of span for zero
and mid or high-range gases
m Check integrity of system; cannot adjust

monitor calibration after calibration error
(CE) test

Emission Testing

= Same sampling points as Method 6

= Sample run duration plus twice
the sampling system response time

Sampling Procedures

= Conduct sampling system bias checks
before and after each run

= Make no calibration adjustments prior to
recording bias results after a run

If System Exceeds
Bias Specifications

= Run is invalid
= Fix system (maybe just
re-calibrate analyzer)
= Repeat analyzer calibration error and

sampling system bias checks before
proceeding

If System Meets
Bias Specification

= Use average of bias results before and
after the run to correct the measured
effluent gas concentration

Lesson 47
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRM:s 34, 6C, 7TE

If System Exceeds Zero or
Calibration Drift Limits

& Run is still valid if
bias limits wete met
m Repeat analyzer calibration error and

sampling system bias checks before next
run

Data Recording

m Strip chart or computer data acquisition
system with resolution of at least 0.5% of
instrument span

a Commonly done with PC-based data
acquisition systems

Emission Calculations

® Data cortected for errors observed in
calibration error bias checks

Known SO,
Analyzer Interferences

® Some eatlier model NDIR SO, analyzers
demonstrated a high bias due to residual
moisture in the sample (after condenser)

x Some earlier model UV analyzers
demonstrated a high bias when NO,
concentrations were high relative to the
SO, concentradons

Interference Checlk

m Difference of less than 7% of the
modified Method 6 results

m Method 6 sampling at the analyzer
manifold

Known SO,
Analyzer Interferences

a Fluorescence analyzers suffer from
quenching effects from CO, and O,

Lesson 47
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs

FRM:s 34, 6C, 7E

Sampling in the
Presence of Ammonia

= Ammmonia reacts with SO, in the
condenser causing a low bias

= Amount of bias depends on the relative
concentrations of SO, and ammonia

Sampling in the
Presence of Ammonia

= Some success reported using diludon
sampling systems

m Used modified Method 6 or modified
Method 8 instead of Method 6C to ensure
good results

Alternative Techniques
for Method 6C

= The following techniques have been
approved by EPA in limited applications
a Dilution probes for sampling

m Calibration gas dilution svstems
{Not Part 753

Dilution Probes
for Method 6C

m EMTIC Guidance Document GD-012

= All gases introduced
at the probe dp

e \\cr basis concentradon results

Dilution Probes
for Method 6C

= Initial 3-point calibration
still required

m Bias calculated as deviation
from gas value

Calibration Gas
Dilution Systems

m EMTIC Conditional
Test Method CTM-007

= Proposed as Method 205,
FR 8/3/94, Vol. 59, No. 148

= Dilute high level Protocol 1 gases to
achieve desired concentrations

Lesson 47
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs FRM:s 34, 6C, 7E

Calibration Gas
Dilution Systems

= Not approved for acid rain (40CFR75)
testing

m Field verification procedure
for at least five diluton ratios

® Yearly lab calibration procedure
for flowmeters (INIST traceable)

Method 7E - NO,

= Must use chemiluminescence analyzer
m No field interference check
(use Method 20 laboratory interference
test)

m NO, to NO converter efficiency test
(same as Method 20)

Method 7E - Ammonia (NH;)
Interference Problems

m Use low temperature (molybdenum ot
activated carbon) NO, to NO converter
to prevent conversion of NH; to NO

® Molybdenum converters lose etficiency
quickly and need to

be regenerated ofen

Method 7E - High NO,/NO
Ratio in Sample

m NO, is readily absorbed by the sampling
system, causing low bias

m Most NO, calibraton
gases contain little NO,

Method 7E - High NO,/NO
Ratio in Sample

u NO, to NO converter efficiency becomes
much more important

m Tester should perform NO/NO, balance
adjustment

Method 3A - O, and CO,

= Any analytical technique

m Less rigorous sampling system material
specification

» Option to substitute low-range check for
zero gas for O, analyzers

m Laboratory interference
check same as Method 20

Lesson 47
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs , , FRM 320 FTIR

U.S. EPA APTI FRM 320
Compliance Test and Source Test ;
® Measurement of Vapor Phase Organic and

Observation Inorganic Emissions by Extractive Fourier
FRM 320 and 321 FTIR Transform Infrared (FTIR) Spectroscopy
: ‘ . = 1.0 Introducdon
w 2.0 Summary of Method
m 3.0 Definitions
= 4.0 Interferences
w 5.0 Safety
= 6.0 Equipment and Supplics

FRM 320 (cont’d) FRM 320 (cont’d)
® Measurement of Vapor Phase Organic and & Measurement of Vapor Phase Organic and
Inorganic Emissions by Extractive Fourier Inorganic Emissions by Extractive Fourier
Transform Infrared (FTIR) Spectroscopy Transform Infrared (FTIR) Spectroscopy
= 7.0 Reagents and Standards m 13.0 Method Validaton Procedure
w 8.0 Sampling and Analvtcal Procedure = 14.0 Polluton Prevendon
® 9.0 Quality Control m 5.0 Waste Management
w 0.0 Calibration and Smndacdization m 16,0 References
s 1140 Data Analvas zaad Calealaions s Addendum o Test Method 326
B 124 Method Performuance = Pro
of Gaseous Pamission

FRM 320 (contd) | ~ FRM 320 (cont’d)

‘w Measuremeﬁt of V apbr Phase Organic and

u Méésu:ement of Vapor Phase Crganic and Ino’r’gam‘c Emissions by Extractive Fourijer
Inotganic Emissions by Extractive Fourier Transform Infrared (FTIR) Spectroscopy
Transform Infrared (FTIR) Spectroscopy = Addendum D to Test Method 320

I~Addcndum A to Test Method 320 = Estimating Minimum Concentration Mcasurement
: ) ) Uncertaintics
= Protocol for the Use of Extractve FTIR for the Analyses . o \
of Gascous Emissions from Stationary Sources x. Addendum E to Test Method 320
u Addendum B to Test Method 320 ~ m Determining Fractional Reproducibility Uncecrtaintics
x Idendfying Spectral Interferants ® Addendum F to Test Method 320
® Addendum C to Test Method 320 : ~ m Determining Fractional Calibration Uncertaintics
® Estimating Noise Levels " Addendum G to Test Method 320

w Measuring Noisc Levels
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

b
FRM 320 (cont’d) FRM 320 Sampling Types
= Measurement of Vapor Phase Organic and
Inorganic Emissions by Extractive Fourier x Screening
Transform Infrared (FTIR) Spectroscopy

u Addendum H to Test Method 320

= Dectermining Sample Absorption Pathlength and m Validaton
Fractional Analydeal Uncertainty ’

u Addendum I to Test Method 320

8 Dectermining Fractional Model Uncertaintics

m Emission Test

FRM 320 (cont’d) FRM 320

® Measurement of Vapor Phase Organic and
[norganic Emissions by Extractive Fourier
Transform Infrared (FTIR} Spectroscopy

u " This method applies to the analysis of vapor phase
organic or inorganic componnds which absorb energy in

the mitd-infrared spectral region, about 400 to 4000 cnr’

a System involves typical CEM probe and pump to
’ : . . 25 to 2.5 wm). This wethod is used to determine
extact the sample to the IFIIR analytical bench (2510 2.5 1 /)_ N T ]0' ] € )
l'U/I/])Ul{/I[/—J;Dé’I’//I[ concenltrafions m a ///11/11—[0//{/90/16’/1/
vapor phase sample, which is contained in a closed-path

cell. Specira of saniples are collected nsing dorble beans

a An [R spectra of the sample is digitized from the
FTIR gas cell

m “Reference specira” prepared in ihe iboratory of

redd 1 the Infrared abserption shectroscapy. - compicter progran s

the sundard sunples of

: , ;
Hivd o FHE AN eprd copoitid

digiized FIUIR spocira o the sampic
' Self-validauon method s udlizing 2 QA analvie concepitiaticns.

spike of the exiracted sa

de

=
E
B

elength (m“}

Lesson 48
2



#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs , FRM 320 FTIR

CHARACTERISTICS OF THE EM SPECTRUM

Eotation Electronic

Eechronic Transifons | Moleadar | Moleculas | Molecular 400)m  250,080um

{molecular and atomic) | Absorption| Yibrafion | Rotafion

Molecules Absorb
Light at
Specific Wavelengths

4B um
3360 ¢t
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

vimAvIlEl :
REGN lfgsiéﬂ&b

Spectra of Different L Noo
-~ Molecules - f N
Can Overlap '

RELATIVE  ABsORsancE

Uom 0 @070 W3 567

Cansmdame e

Beer-Lambert Law

1=,

intensity of radiation through the
sampie
intensity of radigtion with c = 00ra=0

absorption coefficient

ght == F = hyw=z- Absorption =2 Beer-Lambert Law =2 Instrument

3 .
/"J/

¢

a

¢ = gas concentration

4 = pathiength of radiation through
" thegas

i Concentration
of Unknown
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

INFRARED BAND CENTERS
OF SOME COMMON GASES

FTIR Interferometer Cell

Operation of the FTIR Spectrometer

® IR energy eaters the spectrometer

= A beam splitter reflects back 50 percent and
transmits 50 percent of the incoming infared
radiation

® The two beams are then reflected back to the
beam splitter by a meoving mirror and a
stationary misror

& Depending ou the posidon of the moviag
mirror, these rwo heams recombine with a

specific path difference hetween them

Operation of the FTIR Spectrometer

® This produces the interferogram

® The interferogram is generatéd by the
interferometer modulating the infrared beam as
the moving mirror is translated

The modulated frequencies depend on the
wavelength of the incident radiadon and the

veloctty of the moving mirror

® [homicriorogram is produced after absorption

b the sample and is detected by the detector

~ Operation of the FTIR Mitror

DETECTOR

n
MIRROR (1 |
(MovaBLED | ! SOURCE OF
e RADIATION
1t
ot
Ly il

MIRROR
{FIXED}
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

FTIR Interferogram FTIR Transmission Spectrum

FTIR Generated Standardized FTIR Identification Process
Spectrum

Reference Spectra
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRM 320 FTIR

Components of FRM 320

& Sample probe: Glass, stainless steel or other
appropriate material of sufficient length and
physical integrity to sustain heating.

& Particulate filter: A glass wool plag inserted at
the probe tip and a filter to remove partculate
matter.

& Heat trace sample line: Fleated sufficiendy to
prevent condensation.

Components of FRM 320

a Gas Distribution Manifold: A heated manifold
allowing the operator to control flows of gas
standards and samples directly to the FTIR
system ot through sample conditioning system.
May use heated flow meters, heated valves etc.

= Calibration/Analyte Spike Assembly: A three-

way valve assembly to introduce analyte or
surrogate spikes into the sampling system at the
outlet of the probe upstream of the out-of-stack
filter and the FTIR analytical system.

a FTIR Analytical Beach

Water Bemoval

pling

Sam
Fump

FRM 320 Extractive FTIR
Sampling System

Sampling and Analysis
Procedures
& Set-up Sampling System
& Pre-test Preparation and Evaluation
u Select required detection limit (DL)) and maximum
permissible Analytical Uncertainty (AU;) for each
analyte. Estimate maximum expected concentration
of each analyte.
® List potential interferences

% Determine Fractonal Reproducibility Uncertainty

(TRU)

Sampl‘ing:aﬁd .AnaIYSis
Procedures

® Pre-test Preparation and Evaluation (Cont’d)
w Calculate Minimum Analyte Uncertainty (MAU)

m Prepare computer program and input reference
spectra for all analytes

& Leak-Check Sampling System
w Firom probe to pump
= [FTIR cell

& Determine Linearity of Detector

Lesson 48
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#468 Compliance Test and Source Test Observation
Session #7: Instrumental Monitoring for HAPs

FRM 320 FTIR

Sampling and Analysis
Procedures

& Perform Background Spectrum with dry
nitrogen in FTIR cell
a Also have in data base spectra of major interferences
w Pre-test Calibrations k
= Fill FTIR cell with Calibration Transfer Standard
(CTS). CTS should be certified + 2% by

manufacturer. Record spectra

w QA Spike to probe to FTIR analytical bench using
certifted standard (70-130 % recovery)

w Begin Sampling

FRM 320 FTIR
Sampling/Spiking Configuration

Heated Mandoid FTIR
Ceit

HotWat

Heated
Manifold

Secondary
Fitter

Sampling and Analysis
Procedures
& Post-test QA

& Verify instrument parameters

w Perform post-test CTS spectra (£ 5 %)

FRM 320 QA Activities

m Analytical Spike (Section 9)-Three spiked
samples, analyte concentration in the spike
sample compared to expected spike

_concentration to verify that the
sampling/analytical system is working properly

8 QA Spike Procedure (Secdon 8.6.2)- QA Spike
to probe to verify that sampling/analytical
svstem {s working.

® Response Time Determination (Secdon 9.2.23-

& Validadon Procedure (Secton 13-

FRM 320 QA Activities
n Method Validation Procedure (Section 13)-
Similar to QA Spike procedure in that one
acquites two un-spiked samples, then introduces
QA Spike gas into continuous flow of sample
gas. Collect spectra of two sample gases.
u Use FRM 301 to calculate bias as:
B=5S,-CS
Where:
B = Bias at spike level
S = Mean concentration of the analvte spiked samples

CS = Expected concentration of the spiked samples

FRM 320 FTIR
Sampling /Spiking Configuration

Heated Mandold

Crifice

Secandary
Fitter

Lesson 48
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

FRM 320 QA Activities
& Method Validation Procedure (Section 13)-

FRM 320 Interferences

u Use Method 301 to evaluate statistical significance of = Analytical Interferences (Background and
the bias. Sampling) '

» If bias is significant (0.7 < CF < 1.3), then develop a = Background interference occurs when ugexpected
correction factor (CF) is calculated and emission change in background spectza from dirt on lenses,
results are multiplied by the CF for final analyte changes in detector sensitivity, changes in infrared
concentration. ’ source ctc. This requires 2 new background to be

» If CF 2 30 percent, then the test method is generated. )
considered to be “not valid.” m Spectral interferences from mosty water and CO,

which causes interferences with measurement
analyte wavelength.

GASMET CEMS APPLICATIONS GASMET CEMS
APPLICATIONS

Gasmet CEMS and reference measurements:

502 measurement o T
BFB boder wood, patt, ek shsige . NOx measurement

BB toder wood, peat. bak, sudign

3

g

-— UV-fluorescence

- TR

£

Concenration (mg/Nm3)
Concentration
{MmgND2Nm3)

Austin Energy Sandhill GASMET CEMS
APPLICATIONS
Unlt #I DCmOHStration RCSUHS Gasmet CEMS and refercnee measurciments:

CO measurement
BFB boder, wood, pood, bk, Sige

3BEE

10000

Concentration (mg/Nm3)

Lesson 48
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Session #7: Instrumental Monitoring for HAPs FRM 320 FTIR

U.S. EPA APTI
Compliance Test and Source Test
Observation
FRM 320 and 321 FTIR
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs CEMs for HAPs
~ US.EPAAPTI Why is EPA Requiting
Compliance Test and Source Test Development of New CEMS?
Observation m Control of hazardous air pollutants (HAPs)

CEMs for Hg, PM, Multi-metals, and through the MACT program!

Emission Standards for ..
. . ) Implications of MACT Standards
Existing Incinerators
m Combustion system upgrade

® Air pollution control upgrade

» Continuous emission momitoring
® Permitting

w Testing

m Operational

Monitoring Hierarchy
(Three Tiered Approach)
m Tier 1: CEM for HAPs

m Tier 2: CEM for HAP Surrogate/Sum
Operating Limits

® Tier 3: Feedstream and Operating Permit
Litnits With Periodic Testing

Lesson 49
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Session #7: Instrumental Monitoring for HAPs

_CEMs for HAPs

What Are the Drivers To Use
CEMS?

= CEM Emphasis in Draft MACT Regulations
u Eg, PM, THC, CEMS Required
» Metal, HCL and Cl, CEMS Optional
m No.VOC, SVOC CEMS Proposed
= CEMS Provide Stakeholder and Regulatory
Assurance
% CEM Data Can Be Used For System
Optimization
m CEM Technologies Are New and Changing. ..

- Use of CEMS

Why are PM CEMs Important?

m Opacity correlates pootly to PM
emissions

u No less than t4 NSPS have opadity monitoging
= All States have opacity monitoring

= Many MACT require COMS as PM surrogate
® PM CEMs cin address the shoctfalls of COMS

Tide V CAM plans

Wet stack PM monitoring

Udality & Industrial Boiler MACT
[WC & Portland Cement MACT

New coal-fired power plant permies

tine PM Transport Rule

Historical Perspective
# 1964 — German Federal Law for Citizens

= Continuous “dust” monitoring of industrial plants
= No “dust” monitors were yet available
= Started monitor development and field study

m 1974 — German Federal Law of E
Protection (new plants)

m 1983 — German power plants

& 1990 — German waste incineratorg

® 1990°s — UK requires “dust”
momitoring

Opacity vs PM Emission Conc.

Sherca § & & Pardculne Emissions vs Stack Opacay

Historical Perspective (B)

w 1970’ U.S. EPA does several é’orr_clatiop studies

w 1975 - EPA Promulgates PS-1 for COMS

w 1976-77 - University of Windsos field study
& 2 opacity monitors bé"’

u 1 light scatter monitor
u | charge transfec monitor
= [ beta gauge monitor

m 1980 — Last EPA funded study on
conceatration monitoc

Lesson 49
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Session #7: - Instrumental Monitoring for HAPs

CEM:s for IIAPS

Historical Perspective (C)

= 1995 — EPA OSWER begins looking at
PM CEMs for HWC MACT NN

u 3 field evaluations
= Proposed PS-11 in Apdl 1996

= 1997 — EPA QSWER NOD
. # Second proposed PS-11 in December 1997

Historical Perspective (D)
1999 — EPA OAQPS EMC does field study

w 1999 - Tampa Electric Consent Décree —1 PM CEM
for 2 year demonstration — installed Feb. 2002 )

= 2001 - EPA reproposcs PS-11 in December

= 2003 — Dominion Energy and WE Energy Consent
Decrees — 19 boilers will have PM CEM; final PS-11-
soon

= Light scatter

m Forward, side, backward
= Beta Gauge
= Probe Electrification (charge transfer
= Light Extinction (opadity)
m Optical Scintillanon

Beta Attenuation PM CEMs

w MSI BetaGuard PM
= Durig FO04K
= Environment S.A. Beta 5M

Typical Light Scatter PM
CEMs

Sigrist KTNR &
CTNR

Durag DR-300-40
ESCP5

w Sick RM210, FW% 100,
FWE 200

Grimm Technology
6300 )éf
m Teledyne MIL 3001,

Probe Electrification

PCME DustAlert
Aubum Triboguard
Codel StakGard
DataTest 201LP
FilterSense ProFLOW

Lesson 49
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Session #7: Instrumental Monitoring for HAPs CEM:s for HAPs

Optical Scintillation Recent Opacity CEMs

= Land Combustion 4500 ® Rosemount OPM

= BHA CPM 5000
u PCME Scatilla SC600 = Dusag DR-280 and 290 ZOOOR‘
= KVB Enertec MIP = Phoenix OPAC 20/20
= ML,/USI 560 = Sick OMD41
= TECO 440

u DataTest 1000

Light Scatter Adv./Disadv.

m Easy to nstall
u Low maintenance

u Sensitive to low PM
concentration

u Not restricted to visible

light spectrum
u Low prce $10-15,000
u Effective after FIF or
multi-stage APC

Measurces secondary
propertics of PM
Adversely affected by

= Pacicle size, density, shapc

change

IR light better than visible
light
Measures liquid drops as
PM; caa’t be used aftera
scrubber
Must correlate output to
RM measurements

Beta Gauge Adv./Disadv.

Direct measure of PM
concentration

Not affected by particle
charactenstic changes —
use at multi-fuel ficed
boilers

Designed to work in
wet stack applications —
use after scrubber
Lower cost of
ownership

m More difficult to stall
m Sample extraction and
transpost must be doae
properly

Lixpenstve $50-75,000

Probe Electrification Adv./Disadv.

u Simple to'tnstall
=, Sénisitive to low PM

concentration = Particle size and velocity d“_“‘g“
w Inexpensive <$5,000 changes = g;s;ncmj to 500-600nm by

u Effective as bag teak
detectocs

w Adversely affected by

u Particle chagge (don’t use
after an ESP)

u Mcasures liquid drops as

PM; can’t be used after a
scrubber

u Difficult to correlate to

mass emissions

u Mecasures opacity

Opacity Adv./Disadv.

u 10,000+ alrcady installed®
= Adversely affected by

= Measures liquid deops as PM

Measures attenuation of light

= Paride size, shape, density

Not sensitive to low PM
concentration <20mg/m3
Cost more than a light scatter
PM CEM

Carrelation to mass conc. not
lincac

Lesson 49
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#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs CEMs for HAPs
BetaGuard PM Data
Optical Scintllation Adv./Disadv. o T I

" Mt 1623, 2008

= Easy to install n Not sensitive to low
PM concentration

= Low maintenance ) co ;
= Doesn’t detect particles

= Not affected by dust

buildup on windows or <~ 2pm

misalignment m Adversely affected by

Low price $1 partide density change
= Low Pﬂcc? 0,000 = Measures liquid deops

as PM )
= Must correlate output :
to RM measurements AN N
e
CEMS For PM CEMS For Total Mercury

m Monitors Are Commercially Avatable & One Monitor Is Commercially Available
® Several Monitors Have Been Certified by And Nearing TUV Certification

rov (G’::rmzm “Technical Inspection m Several Other Monitors Are Under

%gcnq\f, ) g ] ) Development
- G ey Are Used For Compliance in m Conclusion: Compliance Monitoring for

yermany Total Mercury Appears To Be Feasible

m Conclusion: Monitoring Appears Feasible o Y AAppes

\With Current Available Instruments

CEMS For HCI CEMS For Cl,

B Several Monitors Are Commercial B At Least One Monitor Is Commercial

Available Awvailable
u Several Have TUV Certification, But Not & This Monitor Has TUV Certification

For Cl, m Conclusion: Compliance Monitoring
& Conclusion: Compliance Monitoring Appears To Be Feasible With Currently

Appears To Be Feasible With Currently Available Instrument

Available Instruments

Lesson 49
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Session #7: Instrumental Monitoring for HAPs CEMs for HAPs

CEMS For Multi-Metals

m Scveral Technologies Are Under Development, One Is
Commercially Available

= Several Prototypes Have Been Field Tested By
EPA/DOE

= Conclusion: Compliance Monitorng Appears To Be
Feasible. Pesformance on Integrated, Manufactured
Instruments Is Unknown

CEMS For Organic Compounds

= One Mass Spectrometer Based Monitor Is
Commercially Available

u Several Others Are Under Development and Are Close
To being Available

u Necd Field Testing To Evaluate

= Scveal Instruments Were Ficld Tested By EPA/DOE

= Conclusion;: Compliance Monitoring Appears To Be
Fcasible For VOCs, maybe For Some SVOCs

PM CEMS

= Opacity Monitors

= Opdcal Attenuation
Forward/Back Light Scattering
90° Light Scattedng

s ‘Tnboclectric Effects

Beta Transmissivity
a Acoustic Energy Monitors

a ‘Tapered Osallation Flement Microbalance

PM CEMS Beta Attenuation
Vendors

m Durag F-904K Beta Attenuation
m Environment SA 5M Beta Atteauation

u MSICEMS BetaGuard Beta A ttenuation

PM CEMS Light Scatter
(Extractive/In-Situ) Vendors

m Sigrst KITNR and CTNR (Extractive)
& Durag DR-300-40 (In-Situ)

u 2SC P5 (In-Situ)

& Sick RM210 aad FFW 100/200 (Ia-Situ)
a Gamm Technologies 6300 (In-Situ)

u Monitor Labs 3001 (In-Situ)

PM CEMS Scintillation Vendors

& BHA Group CPM 5000
m PCME Sciatilla SC 600

Lesson 49
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CEMs for HAPs

Session #7: Instrumental Monitoring for HAPs -

PM CEMS Other Vendors

w [nsitec Tess In-Situ/Extractive Laser

~ Light Extinction-Scatter

w PCME Dust Alert 90 Electrostatic
JInduction

w Aubura Intemational TriboGuard III
Tdboelectric

w Codel Stakgard Triboelectdc

B-Ray-System

Type: B-Ray

Method: Extractuve/Dynamic/Isokinetic

Measurement Value: mg/m® Dust
Concentration

Calibration in mg/m? possible: yes
(VDI 2066) / required

Dependent Values: V/V,, Isokinetic
Measurement required

Isokinetic Measurement: Required

Wet Stack Application: Yes (additional
Condensor and Dryer required)
Approvals: TUV / no EPA (opacity required)
Advantages / Disadvantages: No direct
oaline values
- only integrated values available
- measurement cycle depends on dust level
(stack applications 30 ... 60 mim)
- short maintenance cycles (3 - 5 days)
- high maintenance costs
- large mnvestment

Dependent Values: V/V,, [sokinetic Measurement
requited

Isokmctxc Measurement: Required

Wet Stack Application: Yes {additional Coudmsor
atid Dryer required)

Advantages / Disadvantages: No direct online
values
- only integrated values available
- measucement cycle depends on dust level (stack
applications 30 ... 60 min)
- short maintenance cycles (3 -5 days)
- high maintenance costs
- large investment

Investment Approx. US$ 60,000.- (100,000.- for wet
stacks)

D-R 300 Dust Concentration and
Smoke Spot Number (Soot) Meter

- tn-situ measlmng ditectly in the flue gas flow’

- Digital evaluation of the measuring s:gnals

- High-per HCrop and
software

+ Automatic system tests and correction of measuring
values

~ Autocalibrationin 4-h-cycles

+ Optics and electronics in a hetrnetically sealed
housing

+ Maintenance-friendly due to optimal purge air fanin
front of the heated boundary surfaces

~ Direct access to all parameters by way of the controt
display

Simpte adjustment without special devices

- Automatic cut-off, 250 seconds delay

.

+ Automatic range selection accordingto 17 BimSchv

Lesson 49
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Measuring and Control Cycle of

D-R 300 System Components ;
R — - the D-R 300-40

:

D-R 300 Optics Diagram
PM Instruments Demonstrated

Fagder
s aing s

PM CEM User Assessment
w11 Umts Available, Several Have Long-
terrn Application Reducing Power Plant
m $15K-$45 K Unit Cost Air Toxics Emissions:
m Demonstrations and Certification in Addressing Mercury
Europe under Section 112 of the
P Clean Air Act

= However, Calibration Concerns

Lesson 49
8



#468 Compliance Test and Source Test Observation

Session #7: Instrumental Monitoring for HAPs , : | CEMs kfﬂ;yl' HAPS

Mercury Deposition is a Nationwide Issue

Power Sector Emissions

2000 Saifur Dioxide

= In 1999, coal-fired planis. rgﬁtsouweofmeru:rylnmeus emitied 48 tons
B Electric power 0 fndustrial Processing of merciuy (a WWB'YMO'W')
. = EPA estimates that 60% of the mercury falfing on the U.S. & coming from curent U.S.
’ 8 Transporiation man-made sources
¥ QOther stationary = Mercury ks ransported regionafly and globatly, and reducing deposition in the U S.to
combustion * 8 Miscellaneous acceptable leveis will require a by other countries to reduce their emssio
» AsU.S. mefcury emissions are reduced, mercury enmtedmmhermumdsbeeoman
*Other stationary combustion includes residential . increasingly Large percentage of our domestic problem
and commercial solrces w  Mercury emissions from the rapidly develogam ic Rim economies, which are
dej jant on coal for much o rnme generating capacity, magnifiesthe U.S,
ic problem
Challenges: Mercury Depaosition Impacts : :
g reury bep o pac Overview of Section 112 MACT Standards

»  Fish consumption is the primary route of exposure to mercury

+ 44 Suates currently have fish advisories due to mercury contamination. = Regulation of source category pollutant emissions,

- : not air quality
Power Plants and Morctry tmpained Watorbodies ; = Different set of poliutants — 188 distinct Hazardous Air
Potiutants {(HAPSs) - -~ or “air toxics”
= No ambient standards.
= EPA sets the emissions limits on sources, not states.
= Nearing the end of the cumrent program phase: Maximum
Achievable Control Technology (MACT)
= Starting the next phase ~ Residual Risk standards

= Clean Air Act is quite prescriptive on EPA deadiines, criteria
for setting emissions limits, and source compliance deadlines

= Litigation is frequent

Clean Air Act Section 112 - Governs All MACT Key Studies Leading to Determination of Whether Utility
_Rules MACT Regulatlon was Necessary and Appropriate

- L] 1990 Ame dmems requrred
- Em«ssnon mrmizuevedfm pradl;:e béelge best controfied hazards to plblic heatth of HAP emissians from
Hloof” for new sourt electric utility- steart generating urits

Determination on whether regulation necessary and
w Avdirdge of the top) petfommg 12 pércent for existing sources - appropriate req i
defines the floor emissiort fimit « Study to have been done by November 1993
w Costcannot be conscdered in establishing floor, Can be considered in
evaluating whetfier controls beyond the floor are appropriate « 1990 Amendments also required

. Allows for s egdries = Study of mercury emissions from alf sources
= [nitiated data collection for mercury

- Emissior.ls standa.rd applfca_ble to eadj source _ = 1999 Information Collection Request (ICR)
= Requires camipliance within 3 years, with possible 1-year extension = 112(n)(1)(A) defermination delayed untif ICR completed
= Section 112 does not allow trading between fadilities to meet the = National Academy of Science (NAS) report on methylmercury
standard = Mandated by Congress
=’ Avéraging among units at a given facility can be considered « Released in July 2000

= Confimed EPA's RfD for methyimercury (0.1 pg/kg/day)

Lesson 49
9



#468 Compliance Test and Source Test Observation
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Control Technologies for Power Plant Mercu
Summary of Utility MACT Determination ontro ° gElmissions Y

= From 1999 data, approximately 1/3 of the mercury in

« EPA announced findings on 12/20/2000 u
coal was being captured as a ‘co-benefit’ of SO, or

= Regulation appropriate and necessary for oil- and coai-fired boilers

= Regulation not necessary for gas-fired boilers NO, confrot — not intentionally as mercury controf
= Basedon . i axisting equij t ranges from O'to >95%
= Public health concems - especially mercury from coal-fired plants : Capuuecapﬂm dbyependengt 3 o,:;el;].pe
= Fish advisories « Capture dependent on instalied air poflution control device

- Nemu—devefopmental effects to children exposéd in utero
n Activated cztbon injection - ACI - (and other new
technologies) and optimizatiorn of existing technolognes

. '(?foncems cfﬂrl:tdcd ﬁvnrry oitfired plmfglan(S canbo controlled could greatly enhance mercury capture and confrol
= Determination on health and environmental concems regarding other = Fullscale demonstrations completed that quantify removat
HAP was uncertain rates for ACI for bituminous and subbituminous coals
= Test duraﬁons range from a few hours fo Iess thar Z weeks
L] s up to 90%
T 4 dop

= No full-scale ACl facility in operation

Other Utility HAP Issues Public Outreach/Participation
= Other hazardous air pollutants from coal-fired = Public meeting in June 2000 to gain input on what
units regulatory determination should be
- nAu‘?,‘f,g;?’f e (0.9 hydrogan chioride. hydrogen = Stakeholder meetings in March 2001 to determine
» Trace metals (e.g., arsenic, chromium, lead) best format for stakeholder involvement
= Organics (e.g. dio;(ins) ' ' « Decided on Working Group under CAAAC
* w Formed for & period of 1 year
= Nickeland other hazardous air poliutants - :E::T“ide :"al Report to CAAAC on October 30, 2002
{primarily trace metals) from oil-fired units o St StaterLocallTrbal) Agancy representatrves
= Eight i al Group repi
- industry rep

= No consensus reached on issues.. but did have good
discussions of the issues
a Materials relating to Working Group (and MACT) posled on

Intermel
Issues for Utility MACT Summary
= Fow Should we suﬁcatego‘ Tiz& e hital SouTce i i
] = Under settlement agreement, MACT rule must
= Whatshould the floor levels be? be proposed on or before December 15, 2003
= Variability Issue - How should hourly test data « Promulgation: December 15, 2004
b? ugeddtg set an achievable longer-term = Compliance: December 17, 2007
standar - . . P
Publ m d foll lication in
= What other HAP should be regulated? " thléb‘:tzggrr;\l rg\tis;rrlo wilt follow publicatiort i
= Should the rule go “beyond-the-floor? g
= Whatshould the rule fook like? = Public Hearings will undoubtedly be requested
= input- vs. Output-based « Single hearing?
= Emission limit vs. Percent reduction = Multiple hearings in different parts of the country?

= How should compliance be determined?
= Same issues for oil-fired units

Lesson 49
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Session #7: Instrumental Monitoring for HAPs S . CEMs for HAPs
Source Monitoring for Hg Source Monitoring for Mercury
u Mercury Emitted In Different Forms = Five EPA Time-Iategrated Test Methods
u Elemental Hg? u FRM 29/SW-846, Method G060
= HgO = FRM 101 (Hg in Air Streams)
= HaCl, = FRM 101A (Hg in Scwage Sludge
= (CH,),Hg " Indnerators/ NESHAP)
=u CH;HgCl = FRM 102 (Hg in H, Streams)
& One Ontanio Hydro Method

CEMS For Hg Monitoring Summary of Testing

® Elemental Hg

= Non-Elemental Hg (Typically Mercuric
Chlonide)

& Total Gaseous Mercury

® Measurement of Flemental {Ig and Conversion of
Non-Hlemental Hyg to Elemental fg

m CIOMS Sensitivity down o 1 ug/m? (0.1 ppb,)

Mercury CEMS Total Mercury CEM HM 1400 TR, TUV

§-a” Durag/ Verewa Total Mercury Momtor ] .
(h!tp //durag.com) : . R . Maintenance cyele: 3 Month
inetic Sampling Measuring range © 0~45 to 0-2000 pa/Nm?
tment of Gas Stream
& Elemenral Ha by UV Photomeny :
/K ADA Technolomes (htp: //ada, communm isoft. com) . Sample treatment ¢ Thermocatalytic
& Nonisokincric S2apling - - N Signal output T 4-20 mA, ng / Nm* dry
8 Flter/ Thermal Converrer | . y
& Elemental Hg by UV Photomerry
7 Opsis SE (hep:/ /opsis.se) - ] ] Remote control ¢ via DMS 500 or DMS 285
- @ In-Sis Messurement : i Failure control: Memory stored
o UV Absoprion RN ;

Lowest detection imit:0,5 pg/Nm*

Controlier : Omron PLC

Interference : None

& P31 Monitor (hey sicorp.coxﬁ)
= Dilution Gas i ’ : A’ Detector : Dual Beam Photometer

Diclectric Basvicr Discharge

i $pectr0me'rcr.’_xs'{he,D¢m{.‘rion ?ﬁﬂdﬂ‘_’_ . Sample probe: M & C, SP 2000
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Chiller

Prefilter
Iodine
Charcoal

Thermocatalytic
Reactor

The way how
the reactor works

From the ;' To the
. Stack detector ,ees
) X seeo

+ SO, . Hg"*, ionic Mercury
* LCI = Hg0, elemental
o NO Mercury

The Dual Beam UV

Detector

Lesson 49
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Project Overview

The Portable Version

Rear View

w Mercury CEMS extended period
evaluation
il‘ Coal-fired power plants
 mPhase I (August 2001-March 2002) -
‘= Phase II (S"ept—chc‘ 200'2), ~
w Phase III (May - July 2003)

Frontview

Phase III Test Design Test Conditions

. . . . MW coal-fice . ’
u Installation & calibration of CEMS = 600 MW coal-fired power plant (2 yr old)

u Powder River Basin coal

= TOt-al vapor phase Hg (no speciation) = NIH; injection, SCR, spray dryer, fabric filter
= [nitial RA test series ® 2-6 ug/m? mercury (expected)
a Long-term operations (3 months) w 1-10 ug/m? mercury {observed)

= Final RA test seres " 35-50 ppm SO,

Systems Evaluated

CEMS Selection
: - Focus "0;:’;' COTS, dry systems
_® Chosen by availability, cost, experience
w 4 dry-catalyst CEMS, 1 paper tape/XRF

u Reference method: Ontario-Hydro

Lesson 49
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Cooper X, EPRI QSEM

Durag HM-1400TR Genesis Quicksilver

Sampling Configuration MRI Sampling System
Configuration
;"-""“""u“””u””"”""”uu""“““.”.“"": L] I‘IL’Z[(Cd prObC, ﬁltcr Ot
S = [leated sample line
MRrOF MRt Prode & Heated manifold
Cooper NIPPON u Teflon PIA
opsts = 360°F (300°F probe)
& [lowrate 5-10 Ipm
a Connected to Durag,
Genests, Cooper X,
Nippon, OPSIS on
own separae lines:
Audjt Gas Checks Irlitial R.A Test Results
w Elemental Hg standard
w Performed during RATA, long-term
phase, diagnostics
= During RATA at beginning/end of
each day
u Gas value ~8 ug/m3
m Oak Ridge Phase IT ETV gases
available for lineanty checks (6 and 19
ug/m3)
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Session #7: Instrumental Monitoring for HAPs | ; T CEMs for HAPs
Final RA Test Results Relative Accuracy

Results

Initial RA - Final RA

{bestine} ; -~  (besthine]
- : 145&"
18%. A%
13%
NA:
NA

CEMS Daily Averages - June

Long-term CEMS Operations

w [ntegrity of filter, sample line and
manifold (i.c., no bias or losses)

w 4 CEMS operated during long-term
monitorng phase

m Practical maintenance knowledge
gained by CEMS vendors

] . . Summary Observations
Transients’ in Hg Concentration Low SO, & NO_,
Newer Power Plant (PRB coal)

a Hg CEMS performance can meet 20% RA
criteria of draft PS-12

m Hg CEMS operation/maintenance problems
improved compared to Phase I, but...

We S, fupmy)

a Continued development of individual Hg
s CEMS at various (high SO,) power plants
mm e waw e wer  wmw nem mem e = Transient emissions observed during study

= Duplicate Ontario Hydro trains valuable for
increased precision at low Hg concentration

z
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CEMS For Hg Conclusions

& Mercury Detectable at Less than 1 ug/m?

= Mercury species can be converted to elemental
mercury and measared using an elemental
mercury analyzer

« Accurate and reproducible calibration sources
are available; Elemental Hg is preferred and
sufficient

& Successful field tests of analyzer on gas streams
with mercurty concentradons > 1 ug/m?

Source Monitoring for HCI/Cl,

= Four EPA Time-Integrated Test Methods

= FRM 26 (Consrant Sampling Rate)

. WFRM26A (Isokinetic)

- SW-846 Method 0050 (Isokmeuc) ;
u SW-846, Method 0051 (Coastant Szmp]mg
Rate) .

Acid Gas CEMS Monitoring
Technologies
w Infrared Spectroscopy/Gas Filter Correlation
(IR/GFEC)
w fon-Selective Electrode (ISE)
Ion Mobility Spectroscopy(IMS)
» Ultraviolet Spectroscopy (UV)

u Colormetric Spectroscopy (CS)
w Fourier T'ransform Infrared Spectroscopy (FTIR)

w Mass Spectroscopy (MS)

Acid Gas CEMS Vendors
(IR/GFC)
a Altech Eavironment USA (Environment
SA)
w Extractive/la-Situ/IR/GEC
w Ajr Instruments and Measurements (AIM)
w Extractive/In-Stta/IR/GEC
@ Thermo Eavironmental
& [n-Situ/Dilution Probe/IR/GLEC

Environment SA
MIR 9000
Ext /IR/GEFC

] Q mHigh temp probe
i c‘}l}"sas ?ir =Perm. sampling
mRem control cable:

L fg TIG [] MDS mAuto. Cal
- T mAic dryer

=MIR9000 (IR/GFC)

CO,, HCl, HE

u50,, NO, NO,, CO,
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e B—— - Acid Gas CEMS Vendors
(Ion Selective Electrode Based)
= TessCom
= Extractive/Potentiometry
w Bran & Luebbe

= Extractive/Potentiometry

Acid Gas CEMS Vendors Acid Gas CEMS Vendors
(Ion Mobility Spectroscopy) (UV/FTIR Spectroscopy Based)
m Environmental Technologies Group, Inc. m Opsis DOAS System
(ETG) & Io-Situ System (Cl,, HCL HF etc)

= Enviroplan -
= Dilution Probe/FTIR
= Rosemount
= {Ixtractive Probe/FTIR
& Thermo Environmental
= Dilution Probe/Gas Filter Correlation

= Dilution Probe/ton Mobility Spectroscopy

Lesson 49
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Multi-Metals (MM) CEMS Multi-Metal CEM Summary

u Each Multi-Metal CEMS Has Five Major
Components
= 1. Energy Source
= 2. Stack Intecface )
= 3. Light Measurement System
= 4. Data Acquisidon And Analysis System
= 5. Calibration Method

Cufrent Detection Limits Current Detection Limits
(ug/m?) (ug/m?)

Current Detection Limits
(ug/m?) General Technology Evaluation

= Most techoologies need further
development and quantitative field
validation

u Suitability testing and certification
procedures could improve user confidence

= QA/QC specification may need
modification

Lesson 49
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Conclusions

u Technology advancements are encouraging to
developess and the EPA

= Strong support from Govemment sponsors
(DOE/EPA)

w User concerns need to be addressed to improve
confidence

w Process control applications could lead regulatory
compliance assurance

= CEM:s could provide valuable data and help
negotiations with regulators
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