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Ref: 8S-S

To Whom It May Concern:
Re: Complfance Testing Information

In the past few months, several interesting and valuable papers
have been prepared dealing with new developments in the areas of
stack testing and emission measurement. This compilation of such
articles is being sent to you in the hope that some upcoming questions
on the subject will more easily be answered, that your program will
benefit from the additional reference information, and that field
tests will go smoother because all the contractors in the region
also received a copy of this material.

Much of this information was written in EPA's North Carolina
facility at Research Triangle Park. If you should have any questions
on these topics or would Tike to discuss additional topics not
referenced here, please call me in Denver at (303) 837-4261 any time.
I look forward to working with you on future projects. With luck,
and if you feel it is worthwhile, I will attempt to forward a similar
compilation of reference material around the first of the year. ‘

Sincerely yours,

ﬂ;Ehn R. F]oyd,iEnvironmental Engineer

Air Surveillance Section:
Surveillance Branch
Surveillance & Analysis Division

Enclosures
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COMPLIANCE TESTING CONTACTS LIST - £0g Reg i onTTIT

q[¢

Contacts in agencies for - stack testing & monitoring
- Compliance monitoring

REGION VIIT

*John Floyd-Air Surveillance Section (8S-S)
Surveillance & Analysis Division

En vironmental Protection Agency

1860 Lincoln Street

Denver, CO 80295

Telephone: (303) 837-4261
F1S: 327-4261

*Please contact John Floyd or Marshal] Payne in the Region VII .
before contacting any state or Tocal agencies directls. I Office

COLORADO
John Sumtiweey Clous €

Air Pollution Control Division
Colorado Dept. of Health

4210 East 11th Ave.

Denver, CO 80220

Telephone: (303) 320-4180

COLORADO LOCAL AIR POLLUTION CONTROL AUTHORITIES

Title County(s)
Ken Mesch, Environmental Health Boulder

Boulder City-County Health De
3450 Broadway partment
Boulder, CO 80302

Phone: 441-3582

Richard Young, Air Pollution Co

Denver Department of Health & H?):;?l.als oen ter
Environmental Health Services

650 Bannock St. Room 333

Denver, CO 80204

Phone: 893-6243

Pon Stone Chief, Air Polluti -
€1 Paso County Hsalth Dept. " ConorOl - E1 Paso
712 S. Tejon St. er
Colorado Springs, CO 80903

Phone: 475-8240, ext. 250



COLORADO (Continued)

Mel Davis, Chief, Air Pollution Control
Jefferson Courty Hlealth Department
260 S. Kipling
Denver, CO 80110
Phone: 238-6301

Emret Hance f)eﬂnfslﬂqr»s
Pueblo City-County Health Department (w(er fife p

151 Central Main St. ) o
Pueblo, CO 81003 n“'é‘@{ f‘#“j’
Phone: 547-4680 S5 -476c

Robert Balliger

San Juan Basin Health Unit

P.0. Box 1403 Durango, CO 81301
Phone: 247-5702

Bob Jorgenson

Tri-Courty District Health Department
4857 So. Breadway

Englewood, Co 80110

Phone: 761-0383

MONTANA:

Harry Keltz

Air Quality Bureau

Montana Dept. of Health & Environmental Sciences
Cogswell Building

Helena, Montana 59601

Telephone: (406) 499-3454
, FTS:  587-3454

NORTH DAKOTA:

By,

20f%

Jefferson

Pueblo

Archuleta
La Plata

Adams
Arapahoe
Douglas

wake
_gp::)\j Hadlb ¥ Env. Seno
Mo{dawfl )
- FT15 -587-314¢

Dana Mount or Kevin Kiemele o m.-m (‘““'V'v n,,a o'a‘;..

Div. of Environmental Engineering
N.D. State Dept. of Health

1200 Missouri Avenue

Bismarck, N.D. 58505

Telephone: (701) 224-2348
. FTS: 783-4011

SOUTH DAKOTA:

Ron Huber or Dave Eaton

Air Quality Program

South Dakota Dept. of Environmental Protection
‘State Office Bldg #2

Pierre, South Dakota 57501

?
Telephone: (605) w-3329 or 3784
FTS: 782-7000



UTAH:

Lynn Menlove ot Lcarge Chlovm
Bureau of Air Quality

Utah Div. of Health

150 W. N. Temple

P.0. Box 2500

Salt Lake City, Utah 84110

Telephone: (801) 533-6108
FTS: 5884088 < 5¢0

WYOMING:

Charles Collins

Air Quality Div.

Wyo. Dept. of Environmental Quality
Hathaway Bldg.

Cheyenne, Wyo. 82002

Telephone: (307) 777-7391
FTS: 328-939]

WYOMING AREA OFFICES

Lander Area: Qﬁﬁw“

Le®
Mr. Woody Russel gt
Department of Environmental Quality

933 Main St.
Lander, Wyoming 82520

Telephone: (307) 332-3047
Sheridan Area:

Mr. Richard Schrader

Department of Environmental Quality
30 E. Grinnel St.

Sheridan, Wyoming 82801

Telephone: (307) 672-6488

39f8



LISTING OF PRINCIPAL TECHNICAL CONTACTS FOR
STATIONARY SOURCE COMPLIANCE TESTING ACTIVITIES
IN EPA HEADQUARTERS, RTP AND REGIONAL OFFICES

Full Address:
OFFICE QF ENFORCEMENT

Louis Paley

Technical Support Branch

Division of Stationary Source Enforcement (EN-341)
Environmental Protection Agency

Washington, D. C. 20460

Telephone: (202) 755-8137
FTS: 755-8137

Kirk Foster _

Technical Support Branch

Division of Stationary Source Enforcement §)D-7)
- Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-4571
~FTS: 629-4571

" OFFICE OF AIR QUALITY PLANNING AND STANDARDS

Roger Shigehara, Chief

Test Support Section

Emissions Measurement Branch (MD-19)
Emissions Standards & Engineering Division
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-5276
FTS: 629-5276

Joseph McCarley, Chief

Field Testing Section

Emission Measurement Branch

Emission Standards & Engineering Division (MD-13)
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-5245
FTS: 629-5245

AUGUST 1978 t,{’



COMPLIANCE TESTING CONTACTS LIST (eun+)

OFFICE OF AIR QUALITY PLANNING & STANDARDS (continued)

James Dealy

Air Training Institute

Manpower & Technical Information Branch
Control Programs Development Division (MD-17)
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-2401
FTS: 629-2401

Dr, James Jahnke, Section Manager
Northrup Services, (MD-20)
Environmental Protection Agency
Research Triangle Park, N.C. 27711

Telephone: (919) 541-2766
FTS: 629-2766

OFFICE OF MONITORING & TECHNICAL SUPPORT

Rodney Midgett, Chief

Source Methods Section

Quality Assurance Branch (MD-77)
Encironmental Monitoring & Support Laboratory
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-2196
FTS: 629-2196

William Mitchell

Source Methods Section

Quality Assurance Branch (MD-77)
Environmental Monitoring & Support Laboratory
Encironmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-2769
FTS: 629-2769



COMPLIANCE TESTING CONTACTS LIST sont

OFFICE OF MONITORING & TECHNICAL SUPPORT (continued)

Tom Logam, Continuous Monitoring

Source Methods Section

Quality Assurance Branch (MD-77)
Environmental Monitoring & Support Laboratory
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-2580
FTS: 629-2580

OFFICE OF AIR, LAND & WATER USE

James Homolya, Chief

Gaseous Emissions Research Section

Stationary Source Emissions Research Branch (MD-46)
Environmental Protection Agency

Research Triangle Park, N.C. 27711

Telephone: (919) 541-3085
FTS: 629-3085

OFFICE OF ENERGY, MINERALS & INDUSTRY

Bruce Harris

Process Measurement Branch (MD-62)
Industrial Environmental Research Laboratory
Environmental Protection Agency

Research Triangle Park, N.C. 27711

. Telephone: (919) 541-2557
: FTS: 629-2557

Larry Johnson

Process Measurement Branch (MD-62)
Industrial Environmental Research Laboratory
Environmental Protection Agency

Research Triangle Park, N.C, 27711

Telephone: (919) 541-2557
FTS: 629-2557

NATIONAL ENFORCEMENT INVESTIGATIONS CENTER

Gary Young
National Enforcement InvestigationsCenter
Box 25227, Bldg. 53
Denver Federal Center
- Denver, CO. 80225
' : Telephone: (303) 234-2336
S FTS: 234-2336
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COMPLIANCE TESTING CONTACTS LIST-WESTERN REGIONS

REGION IV

Jerry Rom

Air Engineering Branch

Air & Hazardous Materials Division
Environmental Protection Agency
345 Courtland Street, N.E.
Atlanta, GA. 30308

Telephone: (404) 881-5552
FTS 257-2786

NORTH CAROLINA:

Michael Aldridge

Air Quality Section

North Carolina Dept. of Natural & Economic Resources
P.0. Box 27687

Raleigh, North Carolina 27611

Telephone: (919) 731-4740
WEST VIRGINIA:

Dale Farley

West Virginia Air Pollution Control Comm.
1558 East Washington St.

Charleston, West Virginia 25311

Telephone (304) 345-4022
FTS: 885-4022

REGION V

Edwin Zylstra

Air Surveillance Branch
Surveillance & Analysis Division
Environmental Protection Agency
203 South Dearborn

Chicago, Il1linois 60604

Telephone: (312) 353-2303
FTS: 353-2303

REGION VI

Phil Schwindt
Surveillance Branch
Surveillance & Analysis Division
‘Environmental Protection Agency
1201 Elm Street '
Dallas, Texas 75270 ‘*
Telephone: (214) 749-7126
FTS® 749-7126



WESTERN REGIONS, (continued) {43

TEXAS:

Charles Goerner, Acting Chief
Source Evaluation Section
Texas Air Control Board

8520 Shoal Creek Blvd.’
Austin, TX 78758

Telephone: (512) 451-5711
FTS: 734-5011

REGION VII ' ",‘

Dwayne Durst, Chief

o
Air Surveiﬂazcg S(lection Ro h ‘(u Sfé :
Surveillance nalysis Division If“ 0
'\ R a skl

Environmental Protcction Agency nq
%*MW“””-'Q—--#a ﬂaq Dwn
Kansas City, Kansas SSE®. o - v‘o' P

® - - e

Telephone: (816) 374-4461
FTS: 758-4461

i

REGION VIII

John Floyd

Air Surveillance Section (8S-S)
Surveillance & Analysis Division
USEPA ui«g{'cv\ ym

1860 Lincoln St.

Denver, CO 80295

Telephone: {3u3) 837-4261
FTS: 3Z-4261

ke
Air Investigdfion Séction
Surveillance & Analysis Division
Environmental Protection Agency

215 Fremont St.
San Francisco, CA 94105

Telephone: (415) 556-8752
FTS: 556-8752

REGION IX
» Chief (or Ken Kitchingman)

REGION X

.arry Sims or Paul Boys

Surveillance & Investigation Branch

Surveillance & Analysis Division

Environmental Protection Agency

1200 Sixth Avenue ﬁ
Seattle, Washington 98101 Teléphone: (206) 422-1106 FTS: 399-1106



For additions, deletions or corrections contact:

REVISED LISTING

STACK SAMPLING FIRMS KNOWN TO WORK IN REGION VIII

(/14

John R. Floyd, U. S.

Environmental Protection Agency, Surveillance Branch (85-S), 1860

Lincoln Street, Denver, Colorado 80295. Phone FTS: 327-4261, Commercial

303-837-4261.

COLORADO

Coors/Spectro - Chemical Laboratory
Division of Coors Porcelain Company
Frank B, Schweitzer, Dan Briggs

P. 0. Box 500

Golden, Colorado 80401

303-279-6565

knviro ~ Test, Ltd.

Sam S. Geer, Jr.

P. 0. Box 15325

8545 West Colfax Avenue
Lakewood, Colorado 80215

303-233-4082

Impact, Ltd.

Ronald Battles, R. Stephen Schermerhorn

1409 Larimer Square
Denver, Colorado 80202

303-571-1300

Stearns-Roger Corp.
Environmental Sciences Division

Dave Osborn
P, 0. Box 5888

Denver, Colorado 80217

303-758-1122  ext 360|

STW Testing, Inc.

Tom Fuaon.i}d' Fuson

P, 0. Box 26212

1480 Hoyt

Lakewood, Colorado 80226

303-232-3299

[
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COLORADO

MONTANA

"WYOMING

 WEST

SOUTH

U.S. Army - Environmental Health A. 2%(
Capt. James Strattaj; Lt. Peterson

U.S. - AEHA, Rgn. Division - West

Fitzsimons Army Medical Center (FAMC)

Aurora, Colorado 80240

303-341-8881

York Research Corporation - West
Lou Grothier

7100 Broadway, Building 3A
Thornton, Colorado 80221

303-426~1582

Yapuncich, Sanderson, and Brown Laboratories (EERC)
Ed Waddington, Dean Arthun

13 North 32nd, P.0. Box 593

Billings, Montana 59103

FTS: 585-6011, Commercial 406-252-6325

Ecology Audits, Inc.
Casper Office - Greg Smith
P.0. Box 2956

Casper, Wyoming 82602

FTS: 328-5330 (307-~266-1356) Wyo.

FTS: 749-1011, Commercial 214-350-7893 -~ Bill Harris

Engineering-Science, Inc.
M. Dean High, Don Holtz
150 N. Santa Anita Avenue
Arcadia, California 91006

FTIS: 8-508-445-7560, Commercial 213~445-7560

Wilson Wright, Inc.
Clair C. Wilson
Pollution Division
P.O. Box 2526
Tulsa, OK 74101

FIS: 736-7011, Commercial 918-584-5819



Corning Laboratories, Incorporated
Robert N. Corning, Gary Ochs

1922 Main Street, P. 0. Box 625
Cedar Falls, Iowa 50613

FTS: 863-2011, Commercial 319-277-2401

David Brasslau Associates, Incorporated
David Brasslau

2829 University Avenue, S.E.
Minneapolis, Minnesota 55414

FTS: 725-4242, Commercial 612-331-4571

Environmental Research Corporation
William Bosin

3725 North Dunlap Street

St. Paul, Minnesota 55112

FTS: 725-4242, Commercial 612-484-8591

Interpoll, Incorporated
Perry Lonnes, Larry Jennings
1996 West County Road C.

St. Paul, Minnesota 55113

FIS: 725-4242, Commercial 612-636-6866

Midwest Research Institute (MRI)
Paul Constant
425 Volker

Kansas City, Missouri 64110

FIS: 758-7212, Commercial 816-753-7600
Northstar Research, Division of MRI

A. E. Vandergrift

3100 38th Avenue South

Minneapolis, Minnesota 55406

FTS: 725-4242, Commercial 612-721-6373

o5



EAST (Cont.)

Particle Data Laboratories, Ltd.
Meryl Jackson

115 Hohn Street

P. 0. Box 265

Elmhurst, Illinois 60126

FTS: 8-409-832-5658, Commercial 312-832-5658

Pollution Curbs, Incorporated

" Frank Belgea

502 North Prior Avenue
St. Paul, Minnesota 55104

FTS: 725-4242, Commercial 612-647-0151

Research-Cottrell, Incorporated
Norm Troxell

P. 0. Box 750

Bound Brook, New Jersey 08805

FIS: 342-5500, Commercial 201-885-7000
Stephen W. Upson, Associates, Incorporated
Stephen W. Upson

2361 Wehrle Drive

Buffalo, New York 14221

FTS: 432-3311, Commercial 716-634-2105

Clean Air Engineering

835 Sterling Avenue
Palatine, IL 60067

FTS: 8-312-991-3300

Biil Walker, Pres.

Yof$



Bovay Engineers, Inc.
5009 Caroline St.
Houston, Texas 77004

David Braslau Associates, Inc.

2829 University Ave., S.E.
Minneapolis, MN 55414

Bucher & Willis Consulting
Engineers, Planners and
Architects

605 W. North St. .

Salina, Kansas 67401

Leo A. Daly Company

8600 Indian Hills Dr.

- Omaha, Nebraska 68114

Ekono, Inc.
410 Bellevue Way, S.E.
Bellevue, WA 98004

Frankfurter, Inc.
201 Elliott Ave. W.
Seattle, WA 98119

Manchester Laboratories
105 N. Franklin St.
Manchester, Towa 52057

Wenzel & Company
4035 10th Ave., S.
Great Falls, MT 59403

Zurn Environmental Engineers
Zurn Industries, Inc.

150 North Santa Anita Ave.
Arcadia, California 91006

Pollution Curbs, Inc.
502 North Prior Ave.
St. Paul, MN 55104

Environmental Research Corp.
3725 North Dunlap St.
St. Paul, MN 55112

Interpoll, Inc.
1996 West County Road C
St. Paul, MN 55113

STACK SAMPLING CONTACTS

Enviro-Test, Limited
1086 South Reed St.
Lakewood, CO 80226

Research-Cottrell
Box 750
Bound Brook, NJ 08805

Yapuncich, Sanderson and
Brown Laboratories

13 North 32nd

Billings, MT 59101

Coors/Spectro-Chemical Lab.
Div. of Coors Porcelain Co.

P. 0. Box 500
Golden CO 80401
ATTN: Frank B. Schweitzer

Testing & Engineering Co.
2000 E. 40th Avenue
Denver, CO 80205

Entropy Environmentalists

P. 0. Box 12291

Research Triangle Park,
NC 27709

ATTN: Walter Smith

Midwest Research Institute
425 Volker Blvd.

Kansas City, M0 64110
ATTN: A. E. Vandergrift

Particle Data Labg, Ltd.
P. 0. Box 265

Elmhurst, IL 60126
ATTN: Eric Ansley

STW Testing, Inc.
1480 Hoyt
Denver, CO 80215

Wilson Wright, Inc.
Pollution Division
Box 2526

Tulsa, OK 74101
ATTN: Clair C. Wilson

o

York Research Corp.-West
7100 Broadway, Bldg. 3A
Denver, CO 80221

Sierra Research Corp.
Box 3007
Boulder, CO 80302

Stearns-Roger

Environmental Sciences Div.
Box 5888

Denver, CO 80217

ATTN: Don S. Packnett

Alan M. Vorhees & Assoc.Inc.
1751 Williams St.
Denver, CO 80218

The Ken R. White Co.
3955 E. Exposition Ave.
Suite 300

Denver, CO 80209

IMPACT, Ltd.

1409 Ltd.

Denver, CO 80202
ATTN: Ronald Battles

Stephen W. Upson,
Associates, Inc.
2361 Wehrle Drive
Buffalo, NY 14221
ATTN: Stephen W. Upson

Capt. James Strada

US AEHA - West

Fitzsimons Army Medical
Center

Denver, CO 80240

11715774 B
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i’m §  UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

2 ,,.‘5‘6-“’P WASHINGTON, D.C. 20460
August 18, 1977
MEMORANDUM

SUBJECT: Transmittal of Technical Reports on New Developments in
Emission Measurement Methodology

T0: Regional and State Compliance Testing Contacts

This mailing is the start of what hopefully will be a continuing
program of direct information exchange between the headauarters and
research offices of EPA, and the technical staffs of EPA regional
offices and state air pollution control agencies involved in monitoring
or conducting emission tests of stationarv sources for compliance
purposes. Emission testing has been aptly characterized as a highly
dynamic and changing field that is rapidlv becoming less of an art and
more of a science. A large-scale research and studv effort is carried
on by the EPA offices in Research Triangle Park, North Carolina, for the
purposes of developing better test methods and techniques for more re-
1iable and rapid emission measurements. The technical data and infor-
mation gained from this major research program are used in making
continued improvements and refinements to the EPA reference methods
and procedures for performance testing.

It is important that field enfoviement personnel stay abreast of
new developments anq changing concepts in emission measurement method-
ology. Timely receipt of EPA reports and publications dealing with
test methodology research should be helpful to the regional and state
source-testing staff in this regard. Comments received from persons
attending the Compliance Testing Workshops held by the Regional offices
and the Division of Stationary Source Enforcement confirm the need for
a better flow of information to field personnel. The workshops have
also helped us identify key persons responsible for the review and
evaluation of performance or cemplia.ce tests in each of the EPA Regional
offices and the majority of the state agencies. A mailing list has been
compiled of the names and addresses of those individuals serving as the
principal coordinators for stationary-source compliance-testing activities
in each of the offices. In turn, the various EPA offices engaged in
test method development and evaluation have agreed to make a concerted
effort to include the persons listed as Compliance Testing Coordinators
in the initial distribution of both in-house and contract technical re-
ports judged to be of possible interest to field enforcement personnel.
Henceforth, on a monthly basis, if possible, these renorts will be sent
to the designated persons as copies become available. Conversely, any
comments or suggestions that the field personnel would care to make
concerning the reported information or other research needs in this
technical area would of course be appreciated and welcomed by the RTP
programs. ‘
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In receiving the technical reports, it must be remembered that
the majority of them are prepared by EPA contractors or other non-
EPA organizations working under EPA's general direction and guidance,
Although the reported data are usually thoroughly reviewed bv the
sponsoring EPA program, the findings may not necessarilv reflect or
represent the views or policies of the agencv. For example, it is
common for the sponsoring program to release one or more "interim
report" documents when the study is complex and lengthly in order to
make the data and preliminary findinas immediately available to the
technical community. Maturally, the conclusions or findings contained
- in these preliminary reports may be subject to change in the final
report. Moreover, as with all scientific publications the technical
soundness and overall acceptability of a report or research paper can
only be determined over a period of time by further examination and
testing by knowledgeable persons in the emission measurement field.
Nevertheless, having access to current and update information, even if
not time-tested, should aid field enforcement personnel in their
application of reference test methods and interpretation of results,
particulary vhere other guidance is not readily available for handling
novel and difficult sampling situations frequently encounted in the field.

If the proper person in your organization is not receiving the -
technical reports, please notify either Kirk Foster, DSSE (MD-7), EPA
Research Triangle Park, N, C., 27711, Telephone: (919) 541-4571 / FTS:
629-4571; or Lou Paley, DSSE (EN-341), EPA, 401 M, Street, Washington,
D. C. 20460, Telephone: (202) 755-8137 / 755-8137.

We encourage you, as the primary person selected to receive this
information for your program, office or agency, to make everv effort
to see that the information is promptly circulated to other persons in
your organization having a need to know. Usually, only limited quantities
of these publications are printed by the cponsoring EPA program, and
generally only one copy can be made available to each recipient.

Technical Support Branch Staff
Division of Stationarv Source Enforcement
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COMPLIANCE TESTING INFORMATION No. 1 / AUGUST 1977
CONTENTS
Item Title or Description of Material
1 Transmittal Memorandum
2 List of reports issued by Quality

Assurance Branch, Environmental
Monitoring and Support Laboratory

3 A Study on the Accuracy of Type S Pitot
Tube, EPA 600/4/77-030, June 1977

4 Effective Sampling Techniques for Parti-

culate Emissions from a typical Stationary
Sources (Interim Report), EPA 600/2-77-036,

February 1977

5 Stack Sampling Technical Information (collection)
of papers prepared by Emission Measurement Branch,
Emission Standards and Engineering Division)

6 Evaluation of Stationary Source Particulate Measure-

ment Methods - Volume II., OQil-Fired Steam Generators,
February 1977

Next Month
. Revised EPA Test Methods 1-8
. Collaborative Study of EPA Method 13A and Method 13B

. and other reports



COMPLIANCE TESTING INFORMATION

"Item
]

Next Month

CONTENTS

Title or Description of Material

Revision to Reference Methods 1-8,
(August 18, 1977 FR) (additional copies
available on request)

Public Comment Summary (in response to
proposed revision to Reference Methods
1-8 [June 8, 1976 FR])

Guideline for Evaluating Compliance Test.
Results (Isokinetic Sampling Rate Criterion)

How EPA validates NSPS Methodology (reprint
from July 1977 issue of ES&T)

Standardization of Statidnary Source Method

- for Vinyl Chloride, EPA 600/4-77-026, May 1977

Determination of Hydrogen Sulfide in Refinery
Fuel Gases, EPA 600/4-77/007, Januarv 1977

Standardization of Method 11 at a Petroleum
Refinery: Volume I and II, EPA 600/4-77-008a

and b

HP-65 Programmable Pocket Calculator applied to
Air Pollution Measurement Studies: Stationarv
Sources, EPA 600/8-76-002, October 1976

Pollution Control Technology and Environmental
Assessment (overview of measurement methodology
studies sponsored by Process Measurement Branch,
IERL/RTP)

. HP-25 Programmable Pocket Calculator Manual

. IERL-RTP Procedures Manual - Levé] 1 Environmental Assessment

m

No. 2 / SEPTEMBER 1977
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COMPLIAMCE TESTING INFORMATION No. 3 / OCTOBER 1977

Item
1

10

Next Month

CONTENTS

HP-25 Programmable Pocket Calculator Applied
to Air Pollutian Measurement Studies: Stationary
Sources

List of Reports Issued by Process Measurements
Branch, Industrial Environmental Research Laboratory,
EPA/RTP

Process Measurements for IERL/RTP Environmental
Assessment Programs

Methodology for Measurement of Polychlorinated
Biphenyls in Ambient Air and Stationary Sources:
A Review, EPA 600/4-77-021, April 1977

Highlights of August 18, 1977 EPA Test Method
Revisions 1-8

Determination of Optimum Number of Traverse Points:
An Analysis of Method 1 Criteria, April 1977 (A Paper
Prepared By Entropy Environmental for DSSE Compliance
Test Workshops] :

Isokinetic Particulate Sampling in Non-Parallel Flow

Systems - Cyclonic Flaw, Octaber 1977 (A Draft Paper

Prepared by Entropy Environmental for DSSE Compliance
Test Workshops -~ Comments are invited)

Selecting a Stack Sampling Consultant (Reprint from
June 1977 issue of Pollution Engineering)

EPA National Emission Standardg'for Hazardous Air
Pollutants, EPA 340/1-77-020, June 1977 (A Compilation
of Federal Regulations)

An Evaluation of the Cyrrent EPA Method 5 Filtration
Temperature - Control Procedure, (Unpublished Paper
Prepared by Emission Measurement Branch, Emission
Standards and Engineering Division, EPA/Durham)

« Measurement of Polycyclic Organic Materials and Other Hazardous Organic
Compounds in Stack Gases: State of the Art



COMPLIANCE TESTING INFORMATION No. 4 / NOVEMBER 1977
ITEM CONTENTS
] Preliminary List of Corrections to August 18, 1977
Revisions to Reference Methods 1-8
2 Comment on Spurious Acid Mist Values and Their Cause
(Reprint from August 1977 Issue of Stack Sampling News)
3 Number of Sampling Points Needed for Representative
Source Sampling, October 1976 (A paper by K. Knapp,
EPA/ESRL presented at 4th Energv & The Environment
Conference)
4 Measurement of Polycyclic Organic Materials and Other
Hazardous Organic Compounds in Stack Gases - State of
the Art: EPA No. 600/2-77-202, October 1977
5 EPA Standards of Performance for Stationary Sources,

Next Month

EPA-340/1-77-015, November 1977 (A Compilation of NSPS
Regulations as of October 1, 1977)

. Source Testing Manual: Observation and Evaluation of Performance Tests at
Asphalt Concrete Plants (Draft)

iops



Item

NEXT MONTH

CONTENTS

Determination on Including Soot Blowing
Periods in Performance Tests for New Fossil-
Fuel Fired Steam Generators

Listing of Stationary Source Enforcement Series
Publications Through December 1977 (DSSE)

Collaborative Study of EPA Method 13A and Method
13B, EPA-600/4-77-050, December 1977 (QAB/EMSL
report)

Development, Observation and Evaluation of
Performance Tests at Asphalt Concrete Plants
(Draft report prepared for DSSE - Comments are
invited)

Revised Technical Guide for Review and Evaluation
of Compliance Schedules for Air Pollution Sources
EPA 340/1-77-017 (DSSE report - reference source
for industrial process information)

-Revised EPA. Reference Method 11
-Instrumental Sensing of Stationary Source Emissions

. Jo4(s”

COMPLIANCE TESTING INFORMATION NO. 5 / DECEMBER 1977
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COMPLIANCE TESTING INFORMATION NO. 6 / January 1978
Item CONTENTS
1 Remote Sensing of Gaseous Pollutants by Infrared

Absorption and Emission Spectroscopy (Paper by ESRL
presented at the Joint Conference, New Orleans, La.)
: Nov. 6, 1977),
2 Instrumental Sensing of Stationary Source Emissions
(Reprint from October 1977 issue of Environmental
Science and Technology.)

3 Legal Aspects of Remote Sensing and Air Enforcement
(Reprint from February 1978 issue of APCA.)

4 Methods for Determining the Polychlorinated Biphenyl
Emissions from Incineration and Capacitor and Trans-
former Filling Plants, EPA-600/4-77-048, November 1977

(EMSL) _ :

5 Development and Laboratory Evaluation of a Five-Stage
Cyc}one System, EPA-600/7-78-008, January 1978 (IERL/
RTP

6 Particulate Sampling Support: 1977 Annual Report

EPA-600/7-78-009, January 1978, (Report on IERL/RTP
source sampling activities.) | - ‘

7 Application of Remote Techniques in Stationary Source
Air Emission Monitoring, EPA-340/1-76-005, June 1976
(DSSE) . | -
- 8 Continuous Emissions Monitoring Conference Dallas, Texas:

February 15-17, 1977, EPA-340/1-77-025, December 1977
(DSSE) | |

~NEXT MONTH

‘Revised EPA Reference Method 11 (January 10, 1978 Federal Registar)
*NAPA Stack Sampling Manual
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COMPLIANCE TESTING INFORMATION NO. 7 FEBRUARY 1978
Item CONTENTS
1 Abstract of Study Report on Evaluation of

NEXT MONTH

EPA Method 5 Probe Deposition and Filter
Media Efficiency. (Reprinted from NTIS
March 7, 1978 Envir. & Poll. Contr. abstract
summary)

February issue of Source Evaluation Society
Newsletter containing, 1) Corrections and
Revisions to EPA Methods 1-8, and 2) Procedure
for Calibrating and Using Dry Gas Volume Meters
as Calibration Standards, (ESED paper).

Survey of Techinques for Monitoring Sewage Sludge
Charged to Municipal Sludge Incinerators, EPA
340/1-77-016A, (DSSE Report).

NAPA Environmental Inspection and Testing Manual
for Asphalt Plants (A trade association publication).

Regulations and Resource File of Coﬁfinuous Emission
Monitoring Information, EPA 340/1-78-002, (DSSE
report prepared for regional & state CEM workshops).

Control of Particulate Emissions for Wood-Fired
Boilers, EPA 34/1-77-026, (DSSE technical report
useful as background information on testing this
type of sourceg.

October 1977 issue of Stack Sampling Newsletter
containin? article entitled "It's The 01d Condensible
Trick." (copies supplied by Technomic)

*Municipal Incinerator Enforcement Manual
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COMPLIANCE TESTING INFORMATION No. 8 / MARCH-JUNE 1978
ITEM CONTENTS

1

RECEIVED
‘JUL 311978

7-11

Next Month

S & A Dvsion

General Notice and Comment Regarding Draft
Quality Assurance Guidelines for EPA Methods
6, 7 & 8 and Revised: Soot Blowing Procedure

Request for Comments on ESED/OAQPS Tentative
Recommendation to Allow Use of EPA Method 17
(In-Stack Filter) on Combustion Sources With
Stack Temperatures of 3200F or Less.

Thermocouple Calibration Procedure Evaluation,
June 1978 (a paper prepared by ESED).

Process Measurements Review, First Quarter, 1978
(A newsletter issued quarterly by PMB/IERL on
development of process measurement techniques)

Information Memorandum - Substitution of 10 Percent
HEOZ for 3 Percent Hy02 in Method 6 Analysis, May 1978
(

repared by ESED).

Operating Stoker-Fired Boilers at High Efficiencies

& Burning Clean Fuel Together with Coal Reduces Emissions.
(Two articles reprinted from February 1977 issue of Power
which gives background information on techniques for
adjusting and fine tuning industrial boilers for minimizing
emissions).

Resource Manuals for !mplementin NSPS Continuous Emission
Monitoring (CEM) Requirements. ?Issued by DSSE).

Vol. 1 - Source Selection and Location of CEM Systems
(EPA 340/1-78-005a)

Vol. 2 - Preliminary Activities for CEM System Certi-
fication (EPA 340/1-78-005b)

Vol. 3 - Procedures for Agency Evaluation of CEM Data
and Excess Emission Reports (EPA 340/1-78-005c)

Vol. 4 - Source Operating and Maintenance Procedures for
CEM Systems (EPA 340/1-78-005d)

» Municipal Incinerator Enforcement Manual

« Updated NESHAP Regulation Compilation Manual

* Revised Soot Blowing Procedure

« Particulate Sampling Strategies for Large Power Plants (June 1976 - A Reprint)
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COMPLIANCE TESTING INFORMATION NO. 9 / July-August 1978
ITEM CONTENTS

] Notice on Delay in Issuing Sool Blowing
Procedure

2 Information Memorandum - Method 8 Test for
Peroxide Impurities in Isopropanol, August
8, 1978 (issued by ESED) '

3 Municipal Incinerator Enforcement Manual,
EPA 340/1-76-013, January 1977. (reprint)
(Technical Guideline Tssued by DSSE which
gives background information on testing this
type of source]

4 ‘Particulate Sampling Strategies for Large Power
Plants Including Non Uniform Flow, EPA 600/2-76-
170, June 1976. (reprint] (ESRL publication)

5 Technical Manual: A Survey of Equipment and Methods
: for Particulate Sampling in Industrial Process Streams,
EPA 600/7-78-043, March 1978. (IERL pubBlication)

6 Controlled and Uncontrolled Emission Rates and Applicable
Limitations for Eighty Processes, EPA 340/1-78-004.
(reprint - the original report was issued September 1976
by CPDD)  (a reference for background information on a
variety of industrial processes).

Next Month

*+ Updated NESHAP Regulation Compilation Manual

« Paper on Procedure for Including Soot Blowing Run in Performance Test

« EPA Performance Test Methods and Data Forms ?1n standard size type and fully corrected)
* Industrial Guide for Air Pollution Control (general sampling guide)
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COMPLIANCE TESTING INFORMATION NO. 10 / September-October 1978
ITEM CONTENTS
1 Technical Paper - Source Sampling at Steam

Generators with Intermittent Soot Blowing,
October 1978. (Recommended NSPS performance

testing procedure prepared by Entropy Environ-
mental for DSSE)

2 Information Memorandum - Methods for Collecting

and Analyzing Gas Cylinder Samples, September
1979. (Issued by ESED)

3 National Emission Standards for Hazardous Air
Poliutants - A Compilation as of April 1, 1978,
EPA 340/1-78-008, April 1978, (DSSE publication)

4 ~ EPA Performance Test Methnds - Parts I and II.
EPA 340/1-78-011, August 1978. (A reprint of current
reference methods in full size type including re-
commended data forms), (DSSE publication)

5 Progress Repqrt on Process Measurement Methods
Research - High Temperature, Particulate Sampling,
Inorganic Analysis, Quality Assurance, Fugitive

Emissions, Organic Analysis and Biological Analysis,
June 1978, (IERL report)

6 Industrial Guide for Air Pollution Control, EPA
625/6-78-004, June 1978. (Technology Transfer

Dfficelpublication). (See Chapter 5 for industrial
source testing procedures)

7 Descrjptive Brgchure on Using EPA Library Services
for Air Pollution Literature Searches and Documents.
(Issued by Research Triangle Park_ EPA Library)

Next Period

* Roundup on Sampling Procedures for Cyclonic Flow (three most recent
technical papers on the subject)

* Final NSPS Determination for Hand1ing Soot Blowing
+ Procedures Manual for Fabric Filter Evaluation



COMPLIANCE TESTING INFORMATION

ITEM
1

4-7

10

1"

CONTENTS

Listing of EPA Reference Methods for NSPS
Performance Tests. (A1l test methods -
tentative, proposed or promulgated - that
have been assigned a reference number as
of December 1, 1978)

Sampling of Tangential Flow Streams, (paper
appearing in August 1978 issue of AIHA Journal
based on study done under ESRL grant to
University of Florida)

A Method for Stack Sampling Cyclonic Flow, June
1978. (paper by Texas Air Control Board Staff
presented at 1978 Houston APCA meeting)

Stack Sampling Technical Information - Volumes

I - IV, October 1978. (A collection of mono-
graphs and papers prepared by ESED staff on NSPS
test methods and equipment)

Sensitized Fluorescence for the Detection of
Polycyclic Aromatic Hydrocarbons, EPA 600/7-
78-182, September 1978. (Simplified spot test
for rapid detection and semi-quanitative measure-
ment of PAH's) (IERL report)

Informational Memorandum - An Alternative Method
for Stack Gas Moisture Determination, December
28, 1978. (Issued by ESED)

Proposed Changes to NSPS Appendix B - Performance
Specifications I, II and III. (Recent draft of
proposed changes to continuous source emission
monitoring requirements and specifications)
(Released by ESED for information purposes)

Listing of NSPS Process Monitoring Requirements,
December 1, 1978. (A brief background review

and summary list prepared by EMSL) (Interested
comments solicited)

(Continued)

139415

No. 11/November-December 1978
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COMPLIANCE TESTING INFORMATION NO. 12 / January-February 1979
ITEM ‘ CONTENTS
1 Listing of EPA Reference Methods for NESHAP

Compliance Tests. (A1l test methods, tentative,
proposed or promulgated, that have been assigned
a reference number as of January 1, 1978)

2 Amendment to EPA Reference Method 16 (TRS emissions)
published January 12, 1979 in 44 FR 2578. (Requires
use of scrubber to prevent potential interference
from high SO, concentrations)

3 Precision Estimates for EPA Test Method 8 - 503
and HoS04 Emissions from Sulfuric Acid Plants.

(EMSL "paper published in January 1979 issue of
Atmos. Envir.)

4 Announcement and Conference Program for Engineering
Foundations Ninth Stack Sampling and Stationary
Source Emission Evaluation Conference, April 1-6,
1979 at Asilomar (Calif.). (The program emphasis
is on continuous monitoring and organic measurement

methods. )

5 Measuring Inorganic and Alkyl Lead Emissions from
Stationary Sources, November 1978. (Paper by EMSL)

6 Procedure for Determining Inorganic Lead Emissions
from Stationary Sources, November 1978. (Paper by
EMSL)

7 Procedure for Determining Alkyl Lead Emissions from

Alkyl Lead Manufacturing Plants, November 1978.
(Prepared by EMSL) I

8 A Data Reduction System for Cascade Impactors, EPA
600/7-78-132a, July 1978. (IERL report)

9 The Use of Tedlar Bags to Contain Gaseous Benzene
Samples at Source - Level Concentrations, EPA
600/4-78-057, September 1978. (EMSL report)

10 Colaborative Testing of EPA Method 106 (Vinyl Chloride),
EPA-600/4-78-058, October 1978. (EMSL report)

1 Measurement of Volatile Organic Compounds, EPA 450/2-
78-041, October 1978. (ESED Guideline Series)
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COMPLIANCE TESTING INFORMATION ‘N0. 12 / January-February 1979

Next Period

- Update (February 1, 1979) of NSPS regulations manual
- Primary sulfate emissions from combustion sources (measurement methods)
- Ultraviolet video technique for visualization and measurement of
stack plumes (particulate and SO )
2



Method
Method

Method

Method
Method
Method

Method .

Method

Method

Method

Method

Method

Method

Method

Method

Method

Method

Method

h%{JZ
LISTING OF .
EPA REFERENCE METHODS FOR 4’/1g
NSPS PERFORMANCE TESTS
APPENDIX A - REFERENCE METHODS
Sample and velocity traverses for stationary sources

Determination of stack gas velocity and volumetric flow
rate (type S pitot tube)

Gas analysis for carbon dioxide, excess air, and dry
molecular weight

Determination of moisture in stack gases
Determination of particulate emissions from stationary sources

Determination of sulfur dioxide emissions from stationary
sources

Determination of nitrogen oxide emissions from stationary
sources

Determination of sulfuric acid mist and sulfur dioxide
emissions from stationary sources

Visual determination of the opacity of emissions from
stationary sources

10 - Determination of carbon monoxide emissions from stationary

sources

11 - Determination of hjdrogen sulfide emissions from stationary

sources

12 - Determination of inorganic lead emissions from stationary

sources

13A - Determination of total fluoride emissions from stationary

sources - SPADNS Zirconium Lake method

138 - Determination of total fluoride emissions from stationary

14

15

16

17

sources - Specific lon Electrode method

Determiqation of flunride emissions from pot room roof monitors
of primary aluminum plants

Determination of hydrogen sulfide, carbonyl sulfide, and
carbon disulfide emissions from stationary sources

Semicontinuous determination of sulfur emissions from
stationary sources

Determination of particulate emissions from stationary
sources (In-Stack Filtration Method).
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Method 18 - Determination of total gaseous nonmethane organic compound
emissions from stationary sources

Method 19 - Determination of sulfur dioxide removal efficiency and
particulate, sulfur dioxide and nitrogen oxide emission
rates from utility steam generators

Method 20 - Determination of nitrogen oxides, sulfur dioxide, and
oxygen emissions from stationary gas turbines

* Method 21 - Determination of nitrogen oxide emissions from stationary

reciprocating internal combustion engines

* Method 22

Visual Determination of Fugitive Emissions from Material
Processing Sources

*Have not been proposed, as of 10/25/78.



SUBJECT:

FROM:

TO:

'S

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY /bé ?
0ffice of Air Quality Planning and Standards
Research Triangie Park, North Carolina 27711

Corrections to Reference Methods 1-8 pate: QFC1 51977
Roger T. Shigehara, Chief, Test Support Section RE
Emission Measurement Branch, ESED (MD 19) CEIVED

J
See Below AN171 1978

. 3 & A DIvSION
Please find enclosed a list of corrections to the "Revision

to Reference Methods 1-8," published in the August 18, 1977
Federal Register. Note that this is an abreviated 1ist, containing

only those changes that significantly affect the procedural and/or
analytical aspects of the methods, and therefore may have an impors
tant bearing on the test results. A complete list of correcti?ns to

Method§ 1-8 will be published and distributed at a later date.

€PA Ferm 13206 (Rev, 8-72)
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ABBREVIATED LIST OF CORRECTIONS TO
REFERENCE METHODS 1-8

1. 1In Section 6.2 of Method 3, page 41771, Equation 3-1 is

corrected to read as follows:

%0, - 0.5% C0
%A = | oozeq N, - (%0, - 0.5% coy | 190

2. 1In Section 3.1.8 of Method 4, page 41774, delete all of first
paragraph except the first sentence and insert the following:

Leak check the sampling train as follows: Temporarily insert a
vacuum gauge at or near the probe inlet; then, plug the probe inlet and
pull a Qacuum of at least 250 mm Hg (10 in. Hg). Note the time rate of
change of the dry gas meter dial; alternatively, a rotameter (0-40 cc/min)
may be temporarily attached to the dry gas meter outlet to determine the
leakage rate. A Teak rate not in excess of 2 percent of the average
sampling rate is acceptable. Note: carefully release the prote inlet
plug before turning off the pump,

3. In Section 2.1.12 of Method 6, page 41783, the phrase “and
Rotameter." is inserted after the phrase "Vacuum Gauge" and the phrase
“and 0-40 cc/min rotameter,’ is inserted between the words "gauge” and "to."

4. In Section 4.1.2 of Method 6, page 41784, delete the last sentence
~ of the last paragraph. Also delete the second paragraph and insert the
following paragraphs instead: |

Temporarily éttach a suitable (e.g., 0-40 cc/min) rotameter to the
outlet of the dry gas meter and place a vacuum gauge at or near the probe

inlet. Plug the probe inlet, pull a vacuum of at least 250 mm Hg (10 in. Hg),

E
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and note the flow rate as indicated by the rotameter. A leakage rate not
in excess of 2 percent of the average sampling rate is acceptable. Note:
carefully release the probe inlet plug before turning off the pump.

It is suggested (not mandatory) that the pump be leak-checked
separately, either prior to or after the sampling run. If done prior to
the sampling run, the pump leak-check shall precede the leak check of the
sampling train described immediately above; if done after the sampling run,
the pump leak-check shall follow the train leak-check. To leak check the
pump, proceed as follows: Disconnect the drying tube from the probe-impinger
assembly. Place a vacuum gauge at the inlet to either the drying tube or
the pump, pull a vacuum of 250 mm (10 in.) Hg, plug or pinch off the outlet
of the flow meter and then turn off the pump. The vacuum should remain stable
for at least 30 seconds.

5. In Section 4.1.3 of Method 6, page 41784, the sentence "If a leak is
found void the test run" on the sixteenth line is corrected to read "If a
leak is found, void the test run, or use procedures acceptable to the

Administrator to adjust the sample volume for the leakage."
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July 1976 VISIBLE EMIGSION EVALUATION FORM | o‘ 5
Nov,1978 (rev) REGION VIII - DERVER

COMPANY : DATE:

TP OF FACTLITY:

STACK LAME: | CDS 1.D. NO.
ORSERVER: OBSERVER CERTIFICATION DATE:
Sky Condition (% clouds ote,): Bermin Find
Piume Characteristics (color etc): Begin Fnd
Plume Background Description: Begin End

(If different than Sky Condition)

Wind Speed (mph): Begin End
Wind Direction: (from) Begin End
Ambient Temp (OF): Begin End
Relative Humidity (%): Begin End

Psyc or Wea. Bur. (Check One)
Observer Location: Feet Of Stack (Begin)

Feet of Stéck { End 5
Stack Height: Feet ;| Inside Diameter of Stack Exit Feet
Distance Plume Visible: Feet
Point Plume Read: Feet From Lip of Stack or Orisin of
oo Visible Emission
Type of Emission, From a stack or Fugitijve (check one)
SUMMARY OF AVERAGE OPACITY (24 consSecutive 15 sefOnd Tteadings/set):
Time Method 5 Opacity
Set Number Start/End Run No. Sum/Average

e —————
T ——————————
s ————————

1]

STGNATURES (name, affilistion, date):
ORSERVER:

WITNESOES:

E-'



FORM A T
OBSERVATION RECORD
COMPANY : OBSERVER :
LOCATTON: ' . TYPI; OF FACILITY:
OATE: CONTRO}, NEVICE:
15T NUMBER: , Obsierved while on company proporty sye:s
STACK I.D. NO. TIME: REGIN EEND '
| MIN SECONDS REMARKS MIN SECONDS REMARKS
o |15 | 0 | as o |15 | 30 las
0 30
L 31
2 32
3 33
4 34
5 35
o 36
7 37
8 38
9 39
10 40
1 41
12 42
13 4.5
L 44
15 45
/2 — LI N SR NS S
[ 47 .
13 48
19 49 ‘
M) 50
ol 51 )
. 52 i
2 53 |
24 54 :
25 55 i
. s f
e & .
B ' SRR TR SO SO [ o i_ . |
N T ST T
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FORM A PAGE 3 of 3

SKETCH: Indicate within the figure provided below: 1) Point of Emission (Draw a small circle indica-
ting the emission point being evaluated, including its distance and direction from the observer. The
position of the observer is located in the center of the circle, at the intersection of the quadrant
lines. Orient the sketch in accordance with the North arrow shown. Include specific features such
as bulldings, streets, .etc., which will positively identify the location of the emission source being
evaluated. If more than this single emission source are .located in the immediate area, identify the
evaluated source, and indicate its distance from the adjacent emission.sources.) 2) Direction of
Plume Travel (Draw an arrow, originating at the emission point being evaluated, pointIng in the
drection of plume travel.) 3) Sun Position (Use an asterisk to show the sun's position with respect
to its height above the horizon and the observer's location. A sun, low in the sky, should be drawn
gear the dashed horizon circle, whereas a midsummer noon sun, high in the sky, should be shown
directly above the observer, etc. Insure the sun is properly oriented within the 140° sector at the

observer's back.) N
/‘ \
. '
e | \
/ | )
, \
.- ! \
!
J 4
f '
‘ \
.” _______ — e e e o o —— 1
! !
. /
Y | J
\‘ '
. |
| e
\\\~ |
.\ 1 //

e | o

: S
Wet or Dry Plume (circle one) If wet, is it attached or detached? (circle one)
If detached, estimate breakpoint distance from stack- ft.

Persons present during evaluation:

Title: Title:

Copy of this Visible Emissions Observation (VED) Given: Date Time
Y Name : . tO: Name:
Title: Title:

Signature: (Company person recelving data):

Date:- Title:
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July 1078

USEPA REGION VIII DENVER

Nov,1978 (rev) Visible Emission FEvaluation

Ficld Investipntion
Work shoet,

Plant. Mame: Date:

Mame of Company:

Adreos:

Type of Facility:

1.

Applicable Visible Emission Regulation:

Prior Notification to Company:

a. Notified by: d. Time of Notification
b. Name of Official Notified: e. Date of Notification.
c. Title:

Plant Process:

a. Based on company information, did any type of plant process upsct occur during
the visible emission evaluation? If so, cxplain. If no upset occurred, did .
the company give any reason for the violation?

b. What was the approximate plant production rate at the time of inspection? Is
this rate above or below the normal production rate?

c. In peneral, what products utilized in the production process are responsible for
the visible emissions? . Are thesc the same products that were utilized during
your visible emission evaluation?

d.  When wias the observed source constructed or last modificd?

. Were there any opacity preblems identified from fupitive sources (rond, transfor
points, cte)? If so, where and to what oxtent? Was the source operating o ro-
cording, transmissometer on the stack that was evaluated? .

E-
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. What waes the poneral correiation of the inotrument (trianosmissome ftor) datn o
compared to the visible emissions observations taken concurrently? Attach
a copy of the concurrent transmissometer data if available.

Pol . inn Control Lguipment.:

a., What type of pollution control device(s) are utilized on the stack evaluated?
If low-sulfur coal is used, what is the value of the most-recent ana1y51s
(BTU, Ash, and Sulfur %, on Dry Basis)?

b. Based on company reports or your parsonil inspaction, wore the control device:s
mentioned above operating properly? If not, explain.

c. If the facility was equipped with a flue gas monitoring system (S02, NOy, ctc.)
was this system operable? If so, what compliance or operation and maintenance
condition of the control system did the data indicate? Attach a copy of this
data if available.

d. If an EPA Method 5 stack test was done during this Method 9 evaluation,

what was the run number and time of this Method 5 test?
Miscellaneous Remarks: (any other unusual circumstances mentioned by company
personnel or observed by field inspector; comments made by state or local pollution
control officials; your comments, if any, concerning appropriateness of initiating

an enforcement action).

Source of information for above information (items 1-5):
a. Name: Telephone Number:

b, Title: Mailing Address:



THE NUMBER OF SAMPLING POINTS NEEDED FOR REPRESENTATIVE SOQURCE SAMPLING‘”r

K. T. Knapp :
- Environmental Protection Agency
Research Triangle Park, N. C. 27711

Introduction ~ One of the major problems in stationary source emissions measure-
ments 15 getting a representative sample to the measuring device. The number
and location of the sampling points to be used depends greatly on the flow of
the gas stream being sampled. Not only are good representative sampling points
needed for the pollution measurements, but they are also needed for accurate
volumetric flow rates for total emission determinations. This paper presents -
some of the results obtained from work done in the development of source sam-
pling strategies for sampling in-large ducts. :

Test Program - EPA Method 1 gives the EPA procedure for setecting the location
of sampling sites for stationary source emission measurements. It recommends
the selection of a sampling site at least eight stack or duct diameters down-
stream and two diameters upstream from any fiow disturbance. Twelve sampling
points are required for such a Tocation. When such a sampling site is not
possible, sampling sites closer to disturbances may be selected, but more sam-
pling points are required. At the minimum recommended downstream distance of
two diameters, 48 points are required. In large modern installations, few have
reasonable sampling sites that are at least eight diameters downstream of a -
flow disturbance. In those installations which have complicated flow fields
influenced by one or more disturbances but designed with turning vanes, etc. to
minimize draft losses, the flow may be relatively uniform, thus requiring less
than the indicated number of sampling points for representative sampling. To
define this and similar flow situations and to establish good sampling strate-
gies for these types of installations, EPA contracted Fluidyne Engineering
Corporation to make a study of the gas flow and particulate distribution in the
ducts and stacks of large power plants. This study had as its prime objectives:

(1) Determine the effects of duct and stack geometries on velocity profiles
and particulate distributions.

(2) Establish sampling strategy guidelines which describe the expected flow
grofiles and the magnitude of errors caused by the proximity to mechanical
isturbances. :

(3) Identify geometric flow configurations in large power olants which
generate cyclonic flow.

(4) Study the effect of emission levels at part-load operation and scale
these measurements to the full-load case.

A deta}led report on the findings of this study has been prepared by Hanson
et al. - .

"Superior numbers refer to similarly-numbered references at the end of this paper!
563

F
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The study was conducted in several phases. After a literature review, a survey
of large power plants was made. Several of these plants were chosen as test
sites, and many tests by EPA Methods 2 and 5 were conducted for both gas velo-
city and particulate loading measurements at different duct and stack geometrics
near mechanical disturbances. These tests included many runs with as many as 84
sampling points. In addition to these tests, a 1/10 scale test model of the
precipitator and stack breeching of one of the power plants was constructed.

The test model had removable turning vanes and many measurements were made with
and without the turning vanes.

Results and Discussion - From the test data obtained at the power plants and
from the model, simulated profiles for both velocity and particulate distribu-
tion were constructed. Figures 1 and 2 illustrate examples of velocity distri-
butions found near flow disturbances. In the Hanson report{l) 26 illustrations
for rectangular ducts and 6 for round ducts are given. Both velocity distribu-
tions and particulate concentration distributions are presented. Table I is
part of an evaluation of these data giving the percent error in the measurement
as a function of the number of traverse points for a given matrix. Table II is
the average error from 21 tests of the total volumetric flow rate for certain
matrices. These data are also shown in Figure 3. In an independent study,
Brooks et al{2) obtained the same kind of results. The results of both studies
showed a definite leveling off of the percent error after 16 sampling points
with a symmetrical matrix.

Conclusions - The conclusion that may be drawn from the data presented here is
that no appreciable improvement in gas flow measurement can be obtained with
symmetrical matrices of more than 16 traverse points in rectangular ducts of
large power plants. In addition, good results can probably be obtained from a
matrix with only 12 traverse points provided that at least 3 points are in each
direction. Results for similar conclusions are given in the report by Hanson(l)
for gas flow in round ducts and for particulate concentration distributions in
bot? types of ducts. These conclusions are supported by the work of Brooks et
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especially that of Dr. H. A. Hanson. The author also wishes to thank Ed Brooks
for his helpful comments.
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TABLE 11

Average Percent Error of Total Volumetric Flow Rate

Matrix

>
<

ONHEHLWNINWN —
SOy WwPONTWN —

from 21 Tests as a Function of Traverse Points

Traverse Points

Number of Average Percent Error
Points 21 Tests
1 14.90
4 4.01
9 0.92
10 2.39
12 2.36
12 0.62
12 0.72
16 0.47
25 0.33
36 0.25

l‘-lf'

al
Error

wt

Figure 3 Dependency of Error in Total Volumetric
Flow Rate on Number of Traverse Points

. Equal no. of points X and Y
+ Other
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SAMPLING LOCATION FOR GASEOUS POLLUTANT MONITORING IN
COAL-FIRED POWER PLANTS

R. T. Shigehara*

Introduction

"performance Specification 2 - Performance Specifications and
Specification Test Procedures for Monitors of SO2 and NO, from
Stationary Sources"lrequires that continuous monitoring systems
for SO2 and Nox emitted'from éoal-fired power plants be "...in-
stalled at a sampiing location where measurements can be made
which are directly representative or which can be corrected
so as to be representative of the total emissions from the
affected facility." The specification provides two alternatives
for locating the monitoring points:

1. At sampling locations 8 or more equivalent stack diameters
downstream of any afr in-leakage or where stratification of the
pollutant gas is demonstrated not to exist, any point of average
concentration no closer than 1.0 meter to the stack or duct
wall may be monitored (with extractive systems), or (with in-
situ systems) any path of average concentration may be monitored.
ustratification,” according to the specification, 1s "“a
condition identified by a difference in excess of 10 percent
‘between the average concentration in the duct or stack and the
concentration at any point more than 1.0 meter from the duct or

stack wall."

*Emission Measurement Branch, Emission Standards and Engineering
Division, Office of Air Quality Planning and Standards, Environ-
mental Protection Agency, Research Triangle Park, N.C., July 1978,
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2. At sampling locations less than 8 equivalent diameters

or where stratification of the pollutant gas is shown to exist,
a. a single point no closer than 1.0 meter to the
stack or duct wall or a path may be used provided that a diluent
monitor (co2 or 02) is used with the pollutant monitor or
| b. a multipoint sampling probe or a path that yields

an average pollutant concentration may be used.

Data from seven power boilers (six coal-fired and one coal/oi}l
mixed fuel-fired units ranging from 125 to 800 Mw) were examined
in 1ight of the above alternatives and Subpart D}'which requires
the use of a diluent monitor to convert the pollutant concentration
into units of the emission standards. The data were obtained
by the Exxon Research and Engineering Company.2 under EPA sponsor-

ship. This paper presents the conclusions of the data evaluation.

Sampiing Locations

| A summary of the sampling locations for the seven boilers (in
terms'of the distances from the nearest upstream and downstream
disturbances) is given in Table 1. Note that, in all instances,
the sampling locations were downstream of the rotary air pre-
heater. The Navajo unit stack location was more than 8 equivalent

diameters downstream from the ID fan,2

a source of air in-leakage,
and was the only location that met the requirement of alternative
(1) above (see Introduction). The duct location of the Navajo
plant was estimated to be about 6 to 7 equivalent diameters

from the preheater, another source of air in-leakage.



TABLE 1. SUMMARY OF SAMPLING LOCATIONS

Equivalent Distance from nearest
. . diameter, disturbance, ft
Unlt Sampling locqtion ft ' ____downstream upstream
Widows Creek  Downstream of rotary air pre- 11.6 a] 1/2 a5 1/2
Unit 5 heater and fly ash collection,
' Just upstream of 1.D. fan |
Widows Creek Downstream of rotary air pre- 15.0 35 4
Unit 7 heater, just upstream of
electrostatic precipitator
E.C. Gaston Just dovinstream of the rotary 13.5 Sampling ports located
Unit 5 air preheater at the start of an

expansion section

Barry Unit 4  Downstream of air preheater and 15.3
electrostatic precipitator,
Just upstream of stack

Sampling ports located
at the end of a com-
pression section
immediately before a

90° bend
Barry Unit 5 Downstream of rotary air pre- 14.7 Sampling ports located
- heater, just upstream of at the start of an ex-
electrostatic precipitator pansion section
Morgangown Downstream of rotary air pre- 13.4 Sampling ports located
Unit 1 heater, just upstream of at the start of an
electrostatic precipitator expansion section
Navajo Downstream of rotary air pre- 19.5 ~70 ~7
Unit 1 heater, just upstream of I1.D.
fan
Navajo 350 ft up stack 25.0 2350 ~350
Unit 1
(in stack)

| )N 3coal/oil mixed fuel fired



Location of Data Points

For each boiler, the pollutant and diluent concentrations
were measured at the points shown in the figures in the Appendix.
For each unit, a “run® consisted of measurfng the pollutant
‘and diluent concentrations at each of the traverse points.

Data Reduction

For each run, the SO2 and NO, data were reduced on the
basis of both 02 and 002 diluent measurements as follows: °

1. A1l pollutant and diluent point values were expressed
in terms of the standard (i.e., mass per unit calorific value).
Then the "overall average” emission rate was calculated.

2. The emission rate at each traverse point, located at
least 1.0 meter from the stack wall, was compared to the overall
average emission rate. The percentage deviation of each of these
points from the overall average was calculated.

3. The average pollutant and diluent concentrations along
various sampling paths were calculated; then, the average con-
centrations Were converted to emission rates and the results
were comparéd to the overall average emission rate. For rectangular
stacks, the path averages were, for simplicity, calculated on
the basis of the "rows" and "columns" used in the data gathering
process; in most cases, at least one sample path passed through
the centroid. (The centroid is defined as a concentric area
that is geometrically similar to the stack cross section and

no greater than 1 percent of the total cross-sectional area).
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The percentage deviation of each path average emission rate from
the overall average emission rate was calculated.

[The reduced data for Items 1, 2, and 3 are presented in
the Appendix; the numerical va]ués shown are the plus or minus
percentage deviations of the point or path average emission rates
from the overall average. The percentage deviations are "paired,"
each pair of numbers corresponding to a particular sampling
run. The first numbér of each eair of deviations was deter-
mined on the basis of 02 measurements; the second number (in
parentheses) was determined by use of Co2 measurements. ]

4. The percentage deviations for all runsvin a given
duct or stack were then averaged. They are summarized in Table
2. Table 2 1ists only the maximum negative percentage deviations
from the overall average emission rate values, because they
indicate the amount by which a tester could have underestimated
the overall emission rate by using a particular measurement
strategy. In those cases where there were no measurements in
the centroid or where no sample path passed through the centroid,
the data were interpolated to obtain the centroid and centroid

path values.

Discussion and Data Evaluation

Theoretically, at the locations selected for moniforing in
power plants, SO, and NO, should be well mixed and stratification,
if any, should only come from air infiltration. This would be

“rue more §° for SO, than for NO,. However, the data obtained in



TABLE 2.

SUMMARY OF PERCENTAGE DEVIATIONS FROM AVERAGE AT SELECTED SAMPLING POINTS

50
2 - ‘ o .
Sampling 1-Meter” Centroid®  Otherd 1-Meter” Centroid” Other"
point | Centroid Point Path Path Centroid Point Path Path
WC-5A (1) -a(a1) -1(=1) -2(-4) A(-1) -2(+2) A1) -2(-2)
58 -2(-4) -6(-7) -4(-3) -2(-2) o(-1) +1(-1) -1(-1) -1(-4)
| AP se(-n) A0 c2(-19) 2(-3)°  -6(-7) A1) -ac-6)
B | 20 -7(0) 0(-2)  -2(-9) A1) -3(-5) 1(-2)°  -a(-6)
G-5A 7043)°  -6(-4) 0(-2)° -10(-6) 2(-2)®  -2(-4) 0(-2)®  -7(-8)
58 a+2)Y  ag-2) o(-1)®  -5(-6) o(-2)®  -2(-4) a(-1)°  -2(-2)
B-4A o-2)? -1 o-1P  -2(-2) 2(-3)%  -10(-12) 22(-2)2  -a-a)
48 0(-1)  -2(-2) 0(-2)® -2(-2) o(-1)®  -6(-8) 0(-1)  -2(-4)
5A H(+2)  -2(-2) A(-1)  -2(-2) +(+2)  -4(-4) A+ -2(-3)
58 #1(-2)  -10(-4) H(=1)  -10(-7) a(-1)%  -s(-6) A1) -6(-2)
w1 | aEnd o A(-3)  -3(-8) -4 - 2(1)  -6(-)
1B o(+1)P - A(+1) -3(-2) -1(0) ® - S1(+2)  -8(-8)
N-1A 23(=3)  -T1(-11) 0(-2)  -7(-8) 1(-1) -4(-4) 0(-1)  -4(-4)
18 23(-3)  -4(-3) -3(-2)  -11(-10) -4(-3)  -a(-4) 210)  -3(-4)
1 +3(0) -7(-7) A(+1)  -7(-8) A1) -5(-6) o(-1)  -2(-3)
1D +7(+9) 0(+3) 22(-1)  -22(-23) 0(0) -6(-5) (-2)  -1(-2)
s 2(-2)®  -a(-7) A(-2)  -1(-2) o-1°  -a(-7) 0(0) 0(0)

3 Maximum negative values
b Interpolated values
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the cited test progrém did not reflect this theory. A likely explana-
tion is that the data included temporal variations and measurement
errors.

In the test program, sampling was conducted from two ducts.
The analyses at each traverse point were performed by the same set of
instruments, and the samples from the two ducts were a]terna£e1y
measured by means of two probes and a switching valve. The time at
each point was about 1 to 2 minutes. A complete traverse was con-
ducted twice and the entire test usually lasted 3 to 5 hours. The
duplicate measurements at each traverse point for most plants differed,
which strongly indicates temporal variations or, possibly, instrument
drift. Thus, the data evaluation below would be based on data that
include both temporal and instrument drift variations. However, the
cbnc]usions drawn from the data would be conservative ones and should
serve as adequate guidelines for the selecting of representative
measurement locations.

The results of the data reduction demonstrate the following:

1. By measurement of emission rates at the centroid of the stack
or along a path that passes through the centroid, there is only a .
5?percent chance that the tester would have underestimated the average
emission rate by as much as 4 percent.

2. By selective monitoring of the pollutant and diluent concen-
trations at a single point (located 1 meter or more from the stack
wall), which yields the lowest emission rate, there is a 95-percent

chance that the tester could have underestimated the average emission



rate by as much as 11 percent.

3. By selective monitoring of the poliutant and diluent concen-
trations along a path (other than one passing through the centroid)
'that yields the lowest emission rate, there is a 95-percent chance that
the tester could have underestimated the average emission rate by as
much as 17 percent.

4. The Navajo data show that stratification can exist at sampling
locations that are 8 or more diameters downstream from the nearest point
of air in-leakage. Stratification also existed in the Navajo duct loca-
tion that was 6 to 7 equivalent diameters from the air preheater.
Conclusion |

In light of the above, the following conclusions are drawn:

1. The "8 equivalent diameter" criterion of alternative 1 (see
Introduction) is not necessarily a reliable indicator of the presence
or absence of stratification. Therefore, this criterion is not viable
for coal-fired power plants.

2. The tester will not necessarily be prevented from significantly
underestimating the average emission rate by the use of both pollutant
and diluent monitors to monitor the emission rate (a) at a single point
(other than the centroid), located at least 1 meter from the stack wall,
or (b) along a path other than one passing through the centroid. There-
fore,»a1tefnative 2a (see Introduction) is not viable for coal-fired
power plants.

3. Even when stratification is present, monitoring the emission
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rate at the centroid of a coal-fired power plant duct or stack (or
along a path passing through the centroid) will yield emission rate

numbers that are either correct, biased high, or biased very slightly

(4 percent) low.

References
1. Federal Register, Vol. 40, No. 194. Monday, October 6,

1975, p.46250-46271.
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EPA-600/2-75-053. September 1975.
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APPENDIX

Legend
1. The paired numerical values shown in each figure are

percentage deviations from the overall emission rate for a
particular measurement strategy. Percentage deviation values are
given for (a) all traverse points located 1.0 meter or more from
the stack walls (these points are within the boundaries of the
dotted lineé in each figure) and (b) various measurement paths,
some of which pass through the centroid and some of which do
not (the percentage deviation values for these paths are out-
side the boundaries of the stack cross section in each figure).

2. The first value of ‘each numerical pair is based on 02
measurements.

3. The second value (in parentheses) is based on co2
measurements.

4. Each pair of percentage deviation values corresponds
to a particular run.

5. For further explanation and example, see the figure

on page 11 for Widows Creek Units SA and 5B.
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WIDOWS CREEK UINTTS 7A AND 7R
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GASTON UNITS 5A AND 5R
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BARRY UNITS 5A AND 5B
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MORGANTOWN UNITS 1A AND 1B
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02) 003 L3} NG A0 At 6 206

-1(-1)
-1(-1)
-1(-1)
-1(+2)

0(-1)
-1(-1)
+1(0)

0(0)

0(0)
-1(-2)
+1(+1)

0(+1)

0(-1)
+1(0)
0(+1)

0(+1)
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+3(+6) -1
-3(0) -3

MORGANTOWN UNITS 1A AND 1B

NOX :

=3(+1) -1(+1) -3(-3) -3(-1) -6(-2) +4(+7) +6(+13) -1(+7) +6
-5(-1) -4(-1) +2(+4) o0(+3) -5(-6) +5(+10) +2(+8) +1(+6) +7

é

+11) +4(+13)
+14) +2(+12)

L

)

b * [ o . . ¢

'r_“'—'_ __-c___ _.____ _— __0_____._0__ __'

Lo — i e m — = = e
-72-8 -7{-7 -2{0) -4(+1) +5€+1) +5(+5) +8(+9) +4(+6) +13(48)
-5(-4) -4(-5 +1(-4) +2(+2) o(+1) +8(+7) H11(+11)+8(+10) -4(0)

o A

.

L

Rt

*

+5(+9)
0(+2)
0(+2)

-4(+3)

-1(-2)
0(0)
+](+]}

0(0)

+1(+6)
+3(46)
-4(0)

-1(+5)
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NAVAJO UNITS 1A, 1B, 1C, AND 1D

502 _ Ducts
+10(+10) +6(+5 o{() -2(-2) o(-2) -7(-8)  -3(-3)  -3(-3) A
+4 (+3) +7(+6 -2(-3)  #2(+2)  -3(-2) @ +2(x1)  -2(-2) -6(-5) B
+2(-1) +8(+7) 0(-1) -2(-3) +1(+H1) -7(-8) +2(+2) -3(-3) C
+1(+2) -4(-4) -4(-3) +2(+2) -2(-1) +2(+4) +2(+5) +3(+4) D
Ducts
+2(+2) A
: : -11(-10) B
[] ] [ . ] * L4 _4(_4) C
-22(-23) D
:— - M 3—)I (1) e Y o
. +5(+4)  +4(+4) -3(-3)  +4(+43)  +5(+4)  -2(- 1)| . +4(+4)  was made per duct.
* 110(+8) * +6(+6) " -2(-3) “+3(0) “+6(+4) ‘+3(+4) +5(+4)
| +10(+10) +3(+5)  +7(+9) 0(+3)  +8(+13) +4(+9)' +7(+9)
l H1(+11) -3(-3)  -3(-2) -3(-3) +2(0) -3(-3) ' 0(0)
. (A1) a8(+7)  +7(+47)  _-3(-3)  _#2(+7)  a5(+6)l | 5(+5)
| *414(111) ° +w6(+4) "-6(-7) "+3(0) “+3(0)  "+3(+2) +4(+2)
+6(+9)  +6(+8) +11(+12) +7(+#9)  +8(+10) o(+5)I +10(+13)
| +3(+2)  +4(#4)  -3(-2)  +3(+2)  -3(-3)  -3(-3) +1(+2)
. HI1(+11) +6(+4)  +4(+4)  -4(-3) _+2(0) S1-2) +4(+3)
*H0(+8) *-7(-2) °-6(-7) °*+1(0) °-5(-7) "-1(-2) -1(-2)
+2(+3)  #5(+6)  +7(+7)  +15(+16) +12(+14) +3(+7) +9(+11)
-
-3(-3)
. ° 0("])
L] L] ] . -3(_4)
-5(-5)

L2



NAVAJO UNITS 1A, 18, 1C, AND 1D

NOX
-4(- -1(- -3(- 1(+ 0(-1) +2(+2) +3(+2) +3(+3) . Navaio Unit
1 C NN O 1S  r J 4 3 daca e or
o NG 4 L 5 +(1]§o; A(-2) A) o) e2(+2) chinge in natation.
-1(-1)
+3(+4)
° . N ) . L) 1 4 L4 0(0)
+4(+1)
r i:— _]"- -;—;3 ~—;2(+;——— +2;:;5 —_:2(+;_. —.:é(;;l +1(+1)
R L O T - IO I
. . =1 * {0 . - *4+1(-~ . ¢ 4(-
‘ -5253)) 0%0; -1(-1)  -6(-5) 0(+3) -5(-2; ~-1(0)
-1(- ~4(- 2(+4 =1(-1 +4(+2) +5(+5 0(0)
IR
[} . - [ - . 0_ *41(-. . - * _ - . -
' +Ai+; f}go}) +1§+1) 0(0) 0(+1g 0(+3i 0(+1)
' -2(- O(+1 +2(0 -1(-1 +2(+2) +1(0)
I i O I
L d [ o_ - 0_3_ L 4 - -
’ t‘l‘(t” -35-?3 o§0) -3(-3) 0(+1) -2(0) -1(0)
L - - _ _ _ _ - _ _
: 0(0)
02-1)
. . . . . 0 . . 00)
+1(0)
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NAVAJO UNIT 1 - STACK
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THERMOCOUPLE CALIBRATION PROCEDURE EVALUATION

Kenneth Alexander*

Introduction

The Federal test methods1published in the August 18, 1977,

Federal Register require that thermocouple-potentiometer systems
be calibrated after each.field use. Above 405°C, an NBS calibrated
reference thermocouple-potentiometer system or an alternative
reference, subject to the approval of the Administrator, is
specified for the comparison. Since the calibration procedure
requires the use of high températures in the Taboratory and the
use of expensive reference thermocouples, a study was conducted
to determine whether extrapolated values from low-temperature
calibrations would provide sufficiently accurate values at the
high temperatures. |

The purpose of this paper is to report the findings of the

study and to establish a simplified calibration procedure.

Equipment and Procedure’

Six chromel-alumel (type K) thermocouples and one potentiometer
with readout were selected for calibration. ASTM mercury-in-glass
reference thermometers and an NBS calibrated p]aiinumqrhodium

(type S) thermocouple-potentiometer were used as the temperature

references.

*Emission Measurement Branch, ESED, OAWPS EPA, Research Triangle
Park, May 1978.
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The foi]owing procedures were used in calibrating the therio-
couples:

1. For the ice point (32°F) calibration, crushed ice and
liquid water were placed in a Dewar vessel to form a slush. The
thermocouples were p]aced'in the slush to a depth of not less than
2 inches, and care was taken so that they did not touch the sides
of the vessel.

After a 3-minute wait for the system to reach thermal equi-
1ibrium, the readout on the botentiometer was. observed and recorded.
Eight readings were taken in l-minute intervals. When necessary,
ice was added and excess 1liquid drained off to maintain a temp-
erature of 32°F. |

2. For the boiiing point calibration a hot plate and a
Pyrex beaker filled with deionized water and several boiling chips
were used. After the water reached a full boil, the thermocouples
were placed in the water to a depth of no less than 4 inches and
the system was allowed to equilibrate for 3 minutes.. Eight
potentiometer readings were obtained in successive l-minute in-
tervals and recorded. Barometric pressure was also recorded
periodical]y} The temperature of the boiling water was measured
concurreht]y with a reference thermometer to obtain the cbrnect
temperature of the water.

3. For higher temperature calibrations, a tube furnace and
ASTM reference thermometers (up to 760°F) or the NBS calibrated

platinum-rhodium reference thermocouple (above 760°F) were employed.
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The tube furnace had a heated cylindrical volume approximately
13 inches in length and a 1-inch I.D.; the volume at either end

was opened to the atmosphere.

The highest and most stable temperature was found to be
at the center of the Sven volume. This is where the tip of the
reference device and the tip of the thermbcouple were placed.
The test and reference thermocouples were inserted into the
furnace a£,1east 4 inches. The ASTM reference thermometers,
however, which were designed for full immersion, could not be
totally immersed in the furnace. A temperature correct10n2
was made, therefore, for the length of the mercury shaft that
was exposed to the outside of the furnace.

To minimizé temperature fluctuations, the furnace was
heated 50° to 100° above the desired calibration temperature
and then allowed to cool at a rate that the slower responding
device could accommodate. When it was clear that both devices
were responding to the temperature drop at the same steady rate,
temperature readings were recorded at 1-minute intervals until
eight readings were obtained. The average of all eight readings
was taken as,the'caiibration tempefature. Several high-temperature
calibrations were made in the range of 600° to 1600°F.

To determine whether the thermocduples lose any of their
aécdrécy or precision at Tow temperatures after repeated
exposuré to high temperatures, three:thermocdup1es were successive-

ly calibrated at the ice point, boiling point, And approximately
1600°F.



Discussion_of Results

Resﬁ]ts of all tests are summarized in Tables 1, 2, and 3.
Table 1 lists the temperature observed. Table 2 shows the results
of constructing an extrapolated 6urve from only the ice point and
boiling point data found in Table 1 by using the least-squares
method. The final column in Table 2 shows the percent error be-
tween extrapolated and actual values to be always less than 1.1
percent. This is well within the specified'accuracy] of 1.5 percent
of the measured absolute temperature. Table 3 summarizes the tests
made to determine the.retention of calibration by thermocbup]es
after repeated cycling between high and Tow temperatures. The
percent error between the observed and reference temperatures'1s
never more than 1 percent and rare1y above 0.5 pércent. Thus,
there seems to be no indication that any loss of'precision or
accuracy occurs by cycling the thermocoupTes between temperature
extremes.

Recommended Procedure

The following procedure is recommended for ca]ibrating thermo-"

couples for field use:

1. For the ice point calibration, form a slush from crushed
ice and 1iquid water (preferably deionized, distilled) in an
insulated vessel such as a Dewar flask.

Taking care that they do not touch the sides of the flask,
insert the thermocouples into the slush to a depth of at least
2 inches. Wait 1 minute to achieve thermal equilibrium, and

record the readout on the potentiometer. Obtain three‘readings

Ygp 4
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taken in 1-minute intervals. (Longer times may be required to
attain thermal equilibrium with thick-sheathed thermocouples. )
2. Fill a large Pyrex beaker with water to a depth of no
less than 4 inches. Place several boiling chips in the water,
and bring the water to a full boil using 2 hot plate as the heat
source. Insert the thefmocoup]e(s) in the boiling water to a

depth of at least 2 inches, taking care not to touch the sides

or bottom of the beaker.

Alongside the thermocouple(s) an ASTM reference thermometer
should be placed. If the entire length of the mercury shaft in
the thermometer cannot be immersed, a temperature correction
will be required2 to give the correct reference temperature.

After 3 minutes both instruments will attain thermal
equilibrium. Simultaneously record temperatures from the ASTM
reference thermometer and the thermocoup1e-potentiometek three
times at l-minute intervals.

3. From the calibration data obtained in the first two
steps of the procedure, plot a 11neér curve of observed temperature
versus reference temperature. Extrapolate a linear curve from
these two points usihg the least-squares method, and the result will
be a calibration curve for higher temperatures (up to 1500°F)
accurate to within 1.5 percent on the’abso1uté temperature sca]e;

4. For even'greater accuracy in constructing a cé]ibration
curve, it is recommended that a boiiing 1iquid (such as cooking

0i1) be used for a calibration point in the 300°- 500°F range.

5:@{‘(
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Table 1: DATA SUMMARY OF THERMOCOUPLE CALIBRATION

1.D. NO. I.0. NO. 1.0. NO.
101+ | 102 103 -
. Test Reference o Test Reference . Test ~ Reference
temperature, R| temperature, °R|temperature?R; temperature,°R|temperature, °R_ltemperature, °R
. 49s 492 {32°F) - 494 . | 492 493. 492 |
676 675 (216°F) 676 675" 674 672
M3 1108 (648°F) | 1295 1292 Sins.. SMma. .
1261 1260 (800°F) 1596 1583 1276 1273
Y o I
1664 1658 (1196°F) 153 1537
o * | o 71969 1972
1.D. NO.. I.0. N0. _ 1.0. NO. ”
5 108 - . R | R ARR SR M C
Test Reference | = Test . _Reference | . . Test 4§ . _ Reference
temperature, R} temperature, °Rltemperature’R| temperature,®R|témperature, °R |temperature, °R
o493 .. .| 492 493 ..492. .. cf..0o493... . )oooav2. .
674 672 . 72 ZEE RESEN Y / S K77 R B 672. ... ."
1107 1104 ""1298 1295 - 1293 1285 ...
1304|1298 1628 - 1618 .. 1624 1609.
1598 . .| 1590 2074 2068 . feoTolo ol
2012 2008 - | | b

) Boe



Table 2: TRUE REFERENCE TEMPERATURES VERSUS EXTRAPOLATED REFERENCE TEMPERATURE

S Observed Refearence. Reference Temperature 1% Error Between Actual
I.D. NO. temperature, temperatura, Extrapolated From 32°, | . .Referente:And
R . °R 212° F (1), R® Extrapulated Reference
101 1261 1260 1263 0.24
101 1663 1658 1667 10.54
102 1295 1292 1297 0.39
102 1596 ° 11583 1600 1.07°
103 1276 1273 1271 0.16
103 1537 1537 1530 0.46
- 103 1969 1972 1960 1.0
108 1304 1298 1298 0
108 1598 1550 1591 Lo 0.06 -
108 2012 2018 2003 1.0
10 1298 1295 1293 0.5
110 1628 1618 1621 0.18 .
110 2074 | 2064 2064 0
i m 1293 1285 1288 0.23
1 1624 1509 1617 0.50

%15



Table 3: EFFECTS OF REPEATED CYCLING BETWEEY HISH AND LOW TEMPERATURES

1:D: No:

' 1.D. No. I.D. No.
110 103 108
Test Reference - Test eference Test Reference
temperature{ temperature, ¥ Error temperature, moerature, temperature, ;tenperature,
%R °R e °R SR °r 1%

1 493 492 0.2 493 2492 493 492 0.2
2 493 492 0.2 493 492 494 492 0
3 493 492 0.2 494 492 7 S N 493 0.4
4 493 492 0.2 494 492 494 499 0.
5 493 492 0.2 494 492 494 492 _0

16 494 492 0.41 494 492 494 492 0.
1 675 672 0.45 674 672 674 672 0.3
2 674 672 0.3 674 - 672 674 672 0.3
3 674 672 0.3 674 672 674_ By 7 0.3
4 674 672 0.3 674 672 674 672 0.3
5 675 672 0.45 674 . 672 674 672 0.3
6 675 672 0.45 674 - 672 '1'0. 674 622 0.3
1 2090 2074 | 0.71 2076 2063 20695 2063 0.29
2 2110 2100 - 0.48 2097 2090 2038 2032 0.3
3 2068 2056 0.39 2063 2056 2064 2056
4 2096 2085 0.53 2092 2086 2094, 2087 0.34
51 -2382 2374 0.34 2381 2373 2378 ~ 2373 0.21
6 | 2079 2075 0.19 2080 2074 2079 2073 .

b



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY - W\l 5
Office of Air Quality Planning and Standards ¢

Research Triangle Park, North Carolina 27711

SuBjEcT, Stack Sampling Technical Information
) : DATE: MAR 101
F | s 978
RoM: Roger T. Shigehara, Chief, Test Support Section
Emission Measurement Branch, ESED (MD 19) RECEIVED
To: See Below MAR 16 1978
S & A DIVSION

The present procedufes in EPA Reference Methods 4, 5, 6, 11 and
13 specify that a wet test meter be used as the calibration standard
for volume measurements. A recent study has shown, however, that a
properly calibrated dry gas meter may be used in lieu of a wet test
meter. The enclosed stack sampling technical document, "Procedure
for Calibrating and Using Dry Gas Volume Meters as Calibration
Standards,” sets forth the procedure for their use.

The reference test methods will be revised at a later date to
specifically allow the use of standard dry gas meters as an alterna-
tive. In the meantime, the enclosed procedure may be used.

Enclosure
Addressees:

John Feldman, Region I

Robert Kramer, Region III

Richard S. DuBose, Region IV

Jerome J. Rom, Region IV

Ed Zylstra, Region V

Phil Schwindt, Region VI

William A. Spratlin, Region VII

Lee Daniels, Region VIII

Arnold Den, Region IX

Robert D. Harp, Denver Federal Center, NEIC
Louis Paley, EG. 341 '

Rodney Midgett, (MD 77)

Directors, Enforcement Division, Regions I-III, V-X
Director, S. & A Division, Region X

(73
A Form 1320.6 (Rev, 6.72)



PROCEDURE FOR CALIBRATING AND USING
DRY GAS VOLUME METERS AS
CALIBRATION STANDARDS

P. R. Westlin and R. T. Shigehara

INTRODUCTION

Method 5,] “Determination of Particulate Emissions from Sta-

2

tionary Sources," and APTD-0576,  Maintenance, Calibration, and

Operation of Isokinetic Sampling Equipment, specify that a wet

test meter be used as the calibration standard for volume measure-
ments. A recent study3 has shown, however, that a properly cali-
brated dry gas volume meter may be used in lieu of a wet test
heter for calibrating Method 5 equipment. The procedure below
outlines the proper calibration steps for preparing a dry gas
volume meter as a calibration standard. In addition, the proce-
dures outlined in APTD-0576 for calibration of a dry gas meter
in the Method 5 sampling train are modified to reflect the find-
ings of the above mentioned study.
CALIBRATING THE STANDARD DRY GAS METER

The dry gas meter to be calibrated and used as a secondary
reference meter should be of high quality and have a scale of
3 liters/rev (0.1 ft3/rev). A spirometer (400 liter or more capacity)
may be used for this calibratipn, although a wet test meter is
usually more practical. The wet test meter should have a scale
of 30 liters/rev (1 ft3/rev) and capable of measuring volume to within
< 1.0 percent; wet test meters should be checked against a spiro=
meter or a liquid displacement meter to ensure the accuracy of

the wet test meter. Spirometers or wet test meters of other sizes
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may be used, provided that the specified accuracies of the proce-
dure are maintained.

Set up the components as shown in Figure 1. A spirometer may
be used in place of the wet test meter in the system. Run the pump
for at 1eést 5 minutes at a flow rate of about 10 liters/min
(0.35 cfm) to condition the interior surface of the wet test meter.
The pressure drop indicated by the manometer at the inlet side of
the dry gas meter should be minimized [no greater than 100 mm HZO
(4 in. H20) at a f]ow‘rate of 30 liters/min (1 ¢fm)]. This can be
accomplished by using large-diameter tubing connections and straight
pipe fittings.

The data collected for each run include: approximate flow rate
setting, wet test meter volumes, dry gas meter volumes, meter
temperatures, dry gas meter inlet pressure, barometric pressure,
and run time. Figure 2 shows an example data sheet that may be used
in data collection. 'Repeat runs at each orifice settings at least
three times.

Repeat the calibration runs at no less than five different
flow rates. The range of flow rates should be between 10 and
34 liters/min (0.35 and 1.2 cfm). |

Calculate flow rate, Q, for each run using the wet test meter
gas volume, V., and the yun time, 6. These calculations are as

follows:



THERMOMETERS)/

CONTROL'
VALVES' B |
‘msnmmere_a@ MANOMETER
UsTUBE
MANOMETER( /7 \
u
| PUMP| DRY GAS METER| IWEY TEST METER'

Figure 1,7 Equipment arrangement for dry-gas meter calibration.|




DATE:_.
DRY GASMETER IDENTIFICATION:

BAROMETRIC PRESSURE (Pg): in. Hg
TEMPERATURES
SPIROMETER | DRY GAS DRY GASMETER | DRYGAS -
APPROXIMATE | (WETMETER) | METER | SPIROMETER | METER FLOW | METER AVERAGE
FLOWRATE | GASVOLUME | VOLUME | (WETMETER) | INLET | OUTLET | AVERAGE i PRESSURE | TIME | RATE |  METER METER
(@ vy Vag (g W | ) (Ap | (@) | (@ |COEFFICIENT | COEFFICIENT
cfm @3 fi3 b 2 ¢ ¢ % in.H20 | min. | cfm (Y49 (Vgs)
0.40
0.68
0.39
1.00
1.20
v
0 -5 D
6 (i +460)
V;  (ty+460) Py
Yag =—

Vg g+ a50) (P,,+%%)-

Figure 2. Example data sheet for calibration of a standard dry gas meter for method 5 sampling equipment (English units).

s



P v
b W .
Q = 0.3855 m . (s1 Aun‘lts)
| Equation”]
Py v, _
Q=17.65 m 5 (English)

Calculate the dry gas meter coefficient.'Yds. for each run as

follows:
q Vw (tds + 273) Pb (st 1t )
- —— units
ds Vo (%, +273) (P, + T%?E’
Equation 2
V. (t, +460) p
Y, =2 ds (English)

- R
ds Vg (#w +460) (Py + T%?g)

Where:

‘ Yds = dry gas meter coefficient, dimensionless
V.= wet test meter volume, liters (ft3)
= dry gas meter volume, 1iters (fta)
tds = average dry gas meter tempgrature. °C (°F)
t_ = average wet test meter temperature, °C (°F)

barometric pressure, mm Hg(in. Hg)

Ap = dry gas meter inlet differential pressure, mm HZO(in. HZO)
0 = pun time, min

Compare the three Yds values at @ach of,the‘flow rates .and
3
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determine the maximum and minimum values. The difference Eetween
the maximum and minimum values at each flow rate should be ng
greater than 0.030. Extra runs may be made in order to coﬁplete
this requirement. If this specification cannot be met in six |
successive runs, the meter is not suftab]e as a calibration stan-
dard and should not be used as such. In addition, the meter coef-
ficients should be between 0.95 and 1.05. If these specifications
arevmet. average the three Yds values at each flow rate resu)ting
in five average meter coefficients, Vhs.

Prepare a curve of meter coefficient, Vhs. versus flow rate,
Q. for the dry gas meter. This curve shall be used as a reference |
when the meter is‘used to calibrate other dry gas meters and‘to
determine whether recalibration is required.
USING THE STANDARD DRY GAS METER AS A CALIBRATION STANDARD

The sampling dry gas meter shall be calibrated as it will be
used in the field; therefore, it shall be installed into the field
meter box, if applicable, prior to calibration. Set up the com-
ponents as shown in Figure 3. Run the pump in the meter box about
15 minutes to warm the pump and other components. Select three
equally spaced flow rates for calibration that cover the range of
flow rates expected in the field. Then collect the data for cali-
bration. These data include approximate flow rate, orifice setting,
~initial and final standard dry gas meter volumes, initial and final
meter box gas meter volumes, meter températures, barometric pres-

sure, and run time. Repeat the runs at each flow rate at least twice.
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The range of flow rates will depend somewhat on the use of
the meter in the field. That is, if the meter is to be used at
flow rates between 10 and 34 liters/min (0.35 and 1.2 cfm), then
duplicate calibrations should be run at three equally spaced flow
rates between these two values.

Determine the flow rate for each run using the standard dry

gas meter volume, Vds‘

Py Vs

Equation 3
P v
Q= 17.65 bt = (English)

Using the curve of Yds versus flow rate established earlier for

the standard dry gas meter, determine the meter coefficient, Yd.

at each orifice setting, aH, as follows:

N Vys (tq * 273) Py
d " v, i SI unit
d " 'ds Vg TEy+ 273) (P, + 7oL  ( units)
Equation 4
Vi (ty + 460) Py

Y, =Y (English)
d ds V (t,. + 4667 AH g :
| d thas T (P, + TAo)



Calculate an average 7& over the range of operation and calcu:.te
a standard deviation for all the calibration runs. The maximum <ian-
dard deviation should not exceed a value of + 0.020. Figure 4 shows
an examp]é data sheet that may be used for these calibrations with
the necessary calculations. The average Va should be marked on the
calibrated meter box along with the date of calibration and AH@, the
orifice setting that corresponds to 21 1iters/min (0.75 cfm) at 20° C
and 760 mm Hg (68° F and 29.92 in. Hg).

RECALIBRATION OF STANDARD DRY GAS METER

| In a recent study3 a dry gas meter under controlled conditions in
a 1abokatoryrmaintained its calibration within about 1 percent for
at lTeast 200 hours of operation. It is recommended that the standard
dry gas meter be recalibrated againét a vet test meter or spirometer
annually or after every 200 hours of operation, whichever comes first.
This requirement is valid provided the standard dhy gas meter is kept
in a laboratory anq, if transported, cared for as any other ]aboratohy
instrument. Abuse to the standard meter may cause a change in the
calibration and will require more frequent recalibrations.

As an alternative to full recalibration, a two-point calibration
check may be made. Follow the same procedure and equipment arrange-
ment as for a full recalibration, but run the meter at only two flow
rates [suggestéd rates are 14 and 28 liters/min (0.5 and 1.0 cfm).
Calculate the meter coefficients for these two points, and compare
the values with the meter calibration curve. If the two coefficients
are within + 1.5 percent of the calibration curve values at the same

flow rates, the meter need not be recalibrated until the next date for

6
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DATE: i : CAUBRATIDN METER IDENTIFICATION:

METER BOX IDENTIFICATION: BAROMETRIC PRESSURE (Py): in. Hy
, TEMPERATURE
APPROXIMATE CALIBRATION | METER BOX CALIBRATION METER METER BOX METER

FLOW 'ORIFICE |  METER METER METER BOX

RATE READING | SAS VOLUME | GAS VOLUME | INLET | OUTLET | AVERAGE | INLET | OUTLET | AVERAGE [ TIME | METER

(@ _ (an) WVag vg) Mad | Masod | Qa9 | tad | (aod | &) | (©) | COEFFICIENT

. icfm in. H20 a3 #3 | °F k3 o 3 b 2 Of min. {Ya) (AH®)
4 i : ‘
: 0.40
4
{ 080
:
§ 120 ]

AVERAGE :
Vis Gg+460) Py
Yé¢ =Yg -

Vi @t d50) @+ 30

Alg =

|
|
!
0031700 (4 +460)0 2 l
Py (T + 460) Vis ] ‘:

‘ WHERE: AHg = ORIFICE PRESSURE DIFFERENTIAL THAT GIVES 0.75 ¢fm OF AIR AT 70° F AND 29.92 Im:hes OF MERCURY, in. Hzo.
f ) TOLERANCE +|I 15 ¥

Figure 4. Example data sheet for calibration of meter box gas meter against a calibration dry gas meter (English units).



a recalibration check.
CALIBRATING THE DRY GAS METER FOR METHOD 6 SAMPLING

Method 6,] "Determination of Sulfur Dioxide Emissions from
Stationary Sources," requires a meter box with a flow rate of .
about 1 Titer/min (2 ¢fh). A dry gas meter may be used as a stan-
dard volume méter for this apblication. if it has been calibrated
against a wet test meter (1 liter/min) or spirometer in theiproper
flow rate range. For this purpose, a dry gas meter standard need
be calibrated at 1 liter/min (2 cfh)‘and the meter box shoﬁld be
calibrated against the standard dry gas meter at the same flow rate.
The calculations are similar to the ones described earlier. Again,
the calibrations of the standard meter should be repeated three times
against the wet test meter or spirometer. The caTibrationvof the
meter box gas meter should be kepeated twice. Exampie data sheets
for these calibrations are shown in Figures 5 and 6.
SUMMARY

A dry gas volume meter is calibrated against a spirometer or
a wet test meter under cqntroTled conditions. A curve of'@eter
coefficient versus meter flow rate is established and keptiwith the
dry gas meter. The calibrated dry gas meter is then used as a
raference meter in the calibration of meters used in field testing.
REFERENCES
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DATE:

DRY GAS METER IDENTIFICATION:

BAROMETRIC PRESSURE (Pp): in. Hg
TEMPERATURES
SPIROMETER | DRY GAS DRY GAS METER DRY GAS :
APPROXIMATE | (WETMETER) | METER | SPIROMETER METER FLOW
FLOWRATE | GASVOLUME | VOLUME |(WETMETER) | INLET | OUTLET | AVERAGE | PRESSURE | TIME | RATE METER
() vy N%,) (tg) g | (o Q) (ap) | (@) | (@) | cOEFFICIENT
cfh 3 ft o¢ oF °f F in.H20 | min. | cfh (Yde)
20
" AVERAGE |
0 = 1083 5.
0 (t5+460)

Vi @g+ac0)  py

v‘s E — =
Vag (54460 @ +.1_§LG)

Figure 5. Example data sheet for calibration of a standard dry gas meter for method 6 sampling equipment (English units).
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DATE:

: _ CALIBRATION METER IDENTIFICATION
METER BOX IDENTIFICATION
BAROMETRIC PRESSURE {Py): . Hg
TEMPERATURE
APPROXIMATE CALIBRATION | METER BOX CALIBRATION METER METER BOX METER
FLOW ORIFICE |  METER METER METER BOX
RATE READING | GAS VOLUME | GASVOLUME | INLET | OUTLET | AVERAGE | INLET |OUTLET | AVERAGE |  METER
(@) (AH) Vdg vg) (e | (tdso) (#R) td | fao @ COEFFICIENT
<fh in-H0 @3 . #3 ¢ O % O °F b {Yq)
AVERAGE
; .

H T . .
5y
- Ve ;[tds*“ﬁul[fhfi%]

Figure 6. Example data sheet for calibration of meter box gas meter against a calibration dry gas meter {English units).
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AN ALTERMATIVE METHOD FOR STACK '
GAS MOISTURE DETERMINATION

Jon Stanlay and Peter R. Westlin*

Introduction

Reference Method 4, "Determination of Moisture Content in Stack
Gases," in Appendix A of Title 40 CFR Part 60, Standards of Performance
for New Stationary Sources, describes two sampling methods - a reference
methad and an approximation method. The reference method employs
Smith-Greenburg impingers; the approximation method uses midget
impingers. A stucy was conducted to determine whether the approximation
method sampling train and procedure could be modified and be used as
an alternative method. In addition, a similar study was conducted
with the Reference Mathod 6 train to determine whether the procedure
could be modified to simultaneously measure moisture content and 502

concaentration.

Test results showed that the midget impinger sampling train can
be used for accurate moisture determination, This baper describes the
two alternative moisture measurement methods and presents a summary-and
anaiysis of‘results.of the field tests with the methods.
Test Method |

1. Apparatus. The sampling equipment.is the same as specified
for the moistdre approximation method in Reference Method 4 and in
Reterence Method 6, axcept for tha addition of a silica gel trap.

(See Figures 1 and 2). The silica gel trap is a midget bubbler with

w tmission vMeasurement Branch, Emission Standards and Engineerin Divisi
Ffice of Air Qualily Planning and ‘Standards, Environmental Prgtectionon’
Agency, Rasearch Triangle Park, North Carolina 27711, August, 1978,
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a straignt tube.
2. Reagents

a. For the modified approximation Method 4, add 10 ml of
water to each of the first two {mpingers and approximately 15 g of
siljca gel in the bubbler.

b. Fof the Modified Reference Method 6 train, add 15 ml of
. 80 percent isopropanol to the first impinger, 15 ml of 3 percent
hydrogen peroxide in the next two impingers, and approximately 15 g
of silica gel in the final bubbler,

3. Procedure

a. Apply silicone grease as necessary to the grouid glass
fittings of the impinger halves.' Wipe any extra grease from the ball
Jjoint fittings and the outside of the impingers and weigh all the -
impingers at one time to the nearest 0.05 gram. Record the weight.

b. Assemble the train as shaown in Figure 1 or Figure 2.

c. Perform a leak check by disconnecting the first impinger
from the probe and, while blocking the impinger inlet, activating the
pump and Opéning the needle valve. An acceptable leak cbeck {s
acnieved when the rotameter indicates no flow, the dry gas meter is
stationary for 1 minute, and bubbling in the impingers is limited to
less than one bubble per second. Raelease the impingar inlet plug
slowly, turn off the pump, and reconnect the probe,

d. Read the record the dry gas mefér volume. Ice down
the impingers and heat the probe as necessary. Read and record the

daromatric prassure.
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Figura 1. Modified Approximation Method 4 train.

SiLICA GEL TUBE

RATAMETER | | !

DRY GAS METER

PUMP

L~
J

FILTER (GLASS WOOL)

ICE BATH

>

v

MIOGET IMPINGERS

»

Figure 2. Modified Raferance Method 8 train for moisture determination.,
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e. Start the sample pump and adjust the sample flow. Main=
tain the flow for the modified approximation Method 4 betwesen 1 and
4 liters/min and the flow for Reference Method 6 at 1 1pm.

f. Continue the sampling for 20 minutes or other appro-
priate sampling time. (The total moisture catéh must be at least
1.0 gram to maintain measurement accuracy.) Read and record the dry
gas meter temperature every 5 minutes during the sampling run.

g. At the end of the sample run, stop the pump and record
the final volume reading on the dry gas meter. Conduct a leak check
a§ specified in Part 3c.

h. Remove the impiﬁgers from the ice bath, cap them, and allow
them to warm to ambient temperature.

{. Wipe any moisture from the outside of the impingers and
. re-weigh them in the manner specified in Parf 3a.

Caleculations

The Tollowing calculations are used to determine the moisture
content of the stack gas:'

-3
(1) Vwc » 1,336 x 10 © aW

Where: Vwc = Volume of watar vapor condansed, corrected to

- standard conditions, scm.
AW = Total weight gain of the condenser and silica
gal trap assambly, g.

(2) V. =0.3855Y ° Pm ‘v

' m
std T;



5
Where: Vmstd = Ory gas volume measured by meter, corrected
to standard conditions, dscm.
Y = Meter calibration coefficient, dimensionless.
P = Absolute meter préssure, mm Hg.
Th = Absolute temperature at meter, °K.
v

= Dry gas volume measured by meter, dcm.

v
B) B ot — x 100
we mstd

Where: Bws = later vapor content in stack gas, percent.

Discussion and Summary of Test Results

A series of test runs was completed using the procedures
described in this paper on the exhaust of a gas-fired incinerator.
- Initial tests were made using trainsvbased on the ¢ondensation
principle of Reference Method 4, Sut u$1ng midget impingers and
up to three silica gel traps in each trajn. A separate weighing of
these extra silica gel traps showed that complete (> 95 percent)
moisture doliection was possible with the condensation train and
one silica gel trap. An error analysis showed that the moisture
collection must be at least ] g to maintain the absolute aécuracy

required of the method (see Recommendations).

Each test run consisted of two identical tast trains (except

Run MA-19) opérated simultaneously and the results were calculated

5%8’
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Trom data collected by each train. The repeatability of the results
was detarmined by comparing the results of the two trains run side
by side. Table 1 shows a summary of test results, which includes
a drief description of the trains for each run.

Analysis of the results shows that either modified moisture |
method is precise, can be used with no loss of accuracy, and can
- be usaed as an alternative moisture .method. 0f the 13 duplicate
runs shown in Table 1, all but one yielded + 0.5 percent absolute
- agreement or betvtar betwean the results of the paired trains.

Error Analysis

The minimum moisture catch should be at least 1 g to assure
accurate results. An error analysis illustrates the importance of
the recommendation. For example, ¥or a moisture weight gain of
0.50 g, a balance with an accuracy of + 0.05 g could produce results

batween 0.55 and 0.65 g, For a gas volume of 1.51 x 10'2 dscm,

thesa two values correspond to moisture levels of 4.6 and 5.4 percent,

réspective!‘. Sampling the same stack gas until 1.0 g was collected
would require 2.54 x 10'2 dscm of sample gas. A similar measurement
error of + 0.05 g in the sample waight gain would produce moisture
Jevels between 4.8 and 5.2 percent.
Raterances

40 CFR Part 60, Standards of Parformance for New Stationary

Sources, Federal Registar, Vol. 42, No. 180, August 18, 1977.
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TABLE 1. SUMMARY OF RESULTS
““““““ Moisture Moisture
calculated calculated
Flow from from Description
Run rate train 1 train 2 of
number liters/min percent percent Difference trains
MA-2 4 3.6 4.1 0.5 1 water impinger
’ 3 silica gel traps

MA-6 1 7.6 8.0 0.4 2 water impingers
2 silica gel traps

MA-7 1 7.1 1.2 0.1 2 vater impingers
2 silica gel traps

MD-8 2 5.9 6.0 0.1 2 water impingers
2 silica gel traps

MD-9 2 6.7 6.6 0.1 2 water impingers
2 silica gel traps

MA-10 2 6.0 5.9 0.1 2 water impingers
2 silica gel traps

MA-12 3 6.4 6.3 0.1 2 water impingers
2 silica gel traps

MA-14 3 5.2 5.2 0.0 2 water impingers
2 silica gel traps

MA-15 3 4.8 4.9 0.1 2 three percent peroxi.
2

impingers
silica gel traps

N}
=
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TABLE 1. SUMMARY OF RESULTS

(Continued)
ST - Moisture Moisture ]
calculated calculated
Flow from from Description
Run rate train 1 - train 2 of
_nhumber liters/min percent ‘percent ___Dbifference trains .
MA-16 3 6.6 6.5 040 2 three percent
peroxide impingers
2 silica gel traps
MA-17 3 6.9 5.1 1.8 2 three percent
peroxide impingers
_ 2 silica gel traps
MA-1E 3 4.8 4.9 0.1 1 80 percent isopropzne
impinger
2 3 percent peroxide
impingers
1 silica gel trap
MA-19 3 6.4 6.6 0.2 Train 1
1 80 percent
isopropanol
impinger
2 3 percent perox’
impingers
1 silica gel trap
Train 2

2 vater impingers
2 silica gel traps

<
A %



Reprinted from American Industrial Hygiene.Association
Journal, August 1978, Study funded py Environmental ]
Science and Research Laboratory, Environmental Protection
Agency, Research Triangle Park, N.C. 27711,

The causes and characteristics of tangential flow in industrial stacks are de’scribed..Errors
induced by tangential flow in the determination of volumetric flow rate and particulate
concentration are analyzed. Experiments were conducted at the outlet of a c\(clone
collector in order to investigate the effect of tangential flow on the det?rmunatlon of
emission rates. Straightening vanes were found to be useful in the reduction of error in

flow rate measurements.

Sampling of tangential flow streams

DALE A. LUNDGREN!', MICHAEL D. DURHAM’, and KERRY WADE MASON?
Dept. of Environmental Engineering Sciences, University of Flarida, Gainesuville,
Florida 32611; 2South Carolina Dept. of Health and Environmental Control, Columbia,

South Carolina 29201

sources of tangential flow
Tangential flow is the nonrandom flow in a
direction other than that parallel to the duct
center line direction. It is often encountered in
industrial stacks and provides a diffic}xlt
situation for obtaining a representative
particulate sample and for accurate determina-
tion of flow rate. In an air pollution control
device, whenever centrifugal force is used as the
primary particle collecting m;chanism,
tangential flow will occur. Gas flowing from the
outlet of a cyclone is a classic example of
tangential flow and a well recognized problem
area for accurate particulate sampling.
Tangential flow can also be caused by flow
changes induced by ducting. If the duct work
introduces the gas stream into the stack
tangentially, a helical flow will occur. Evenifthe
flow stream enters the center of the stack, if the
horizontal velocity is high compared to the
upward gas velocity, a double vortex t:low
pattern will occur. In all of these cases, in a
cylindrical stack the flow will be _charactcrized
by one or two primary vortices spiraling up the
stack. Since any other eddies produced in the
stack will be of a much smaller magnitude, there
will be very little interference and dissipation of
the primary vortex and thus, the spiraling flow
can be maintained the entire length of the stack.
" Therefore, satisfying the requirement of
sampling 8 stack diameters downstream from a
flow disturbance will not eliminate the
tangential flow sampling problem.

errors caused by tangential flow

Types of errors that areintroduced by tangential
flow are particle concentration gradients, nozzle

640

misalignment, and invalid flow rate and
concentration measurements, Concentration
gradients occur because the rotational flow in
the stack acts somewhat as a cyclone. The
centrifugal force causes the larger particles to
move toward the walls of the stack, causing
*higher concentrations in the outer regions.

The bias due to misalignment of the probe is
similar to that caused by superisokinetic
sampling. In this situation the nozzle velocity is
greater than the flow stream velocity and
therefore the sampled area will be greater than
the nozzle area. As the flow stream converges
into the nozzle some of the larger particles,
because of their inertia, will be unable to make
the turn and will not be collected. Therefore, the
particle concentration in the gas that is collected
wil] be less than the actual concentration. When
the nozzle is at an angle to the flow stream, the
projected area of the nozzle is reduced by a
factor equal to the cosine of the angle between
the flow direction and the nozzle axis. Even
though the nozzle velocity is equal to the flow
stream velocity, a reduced concentration will be
obtained because some of the larger particles will
be unable to make the turn in the nozzle.
Therefore, whenever the nozzle is misaligned,
the large particle concentration will always be
less than when the nozzle is aligned.

Previous investigations relating to
anisokinetic sampling have primarily dealt with

_the bias induced when free stream velocity was

not equal to the suction velacity. This bias, A, is
defined as:

A=C/C, m

where C; = volumetric particulate concentra-

Am. Ind. Hyg. Assoc J (39) August, 1978
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tion in the uvzzle, and
C. = volumetric concentration inthe gas
stream.

It has been determined from experimentation
that the anisokinetic sampling bias, A, is a
function of two parametcrs: the inertial
impaction parameter, K, and the velocity ratio,
R. The parameters K and R can be defined by:

K= (Cp,V.D,z)/( 18uD) (2)

where C = Cunningham correction factor,

pe = particle density,

V., = duct velocity,

D, = particle diameter,

p = gas viscosity, and

Di = nozzle diameter.

R =V, /Vi (3)

where Vi = probe inlet velocity.

The sampling bias is related to K and R by the
following expressions:'"?

A =1+ (R-1]) B(K) 4)
where B(K) is a function of both K and R."”!

Sampling error associated with the nozzle
misalignment due to tangential flow has not
been adequately evaluated in past studies
because the sampled flow field was maintained
or assumed constant in velocity and parallel to
the duct axis. The studies that have been
performed on the effect of probe misalignment
do not provide enough quantitative information
to understand more than just the basic nature of
the problem. Results were produced through
investigations on the effect of the nozzle
misalignment on the collection efficiency of 4,
12, and 37 um particles.'”” In a study on the
directional dependence of air samplers,' it was
found that a sampler head facing into the
directional air stream collected the highest
concentration. Although these results coincide
with theoretical predictions (i.e., measured
concentration is less than or equal to actual
concentration and the concentration ratios
decrease as the particle size and the angle are
increased), the data are of little use since two

nozzle diameter, are not included in the analysis.

Particles of 0.68, 6.0 and 20 um diameter were
sampled® at wind speeds of 100, 200, 400, and
700 cm/sec with the ngzzle aligned over a range
of angles from 60 to 120 degrees. A
trigonometric function was then used to convert
equation (4) to the form:

See equation 5 below

This function only serves to invert the velocity
ratio between 0 and 90 degrees and does not
realistically represent the physical properties of
the flow stream. In fact, equation (5) becomes
unity at 45 degrees regardless of what the
velocity ratio or particle size is. This cannot be
true since it has been shown that the
concentration ratio will be less than or equal to
unity, and will decrease inversely with angle and
particle diameter.

A more representative function can be
determined in the {ollowing manner: Consider
the sampling velocity Vi to be greater than the
stack velocity V.. Let a, be the cross sectional
area of the nozzle of diameter D;, The stream
tube approaching the nozzle will have a cross
sectional area a, such that:

aVo=aV, (8)

If the nozzle is at an angle 8 to the flow stream,
the projected area perpendicularto the flowisan
ellipse with a major axis Di, minor axis Dicos8,
and area (D’ cos8)/4. The projected area of the
nozzle would therefore be acosd. It can be seen
that all the particles contained in the volume
Voaicos8 will enter the nozzle. A fraction 8(K) of
the particles in the volume (a. — aicos8)V, will
leave the stream tube because of their inertia and
will not enter the nozzle. Therefore, with C,, the
actual concentration of the particles, the
measured concentration in the nozzle would be:

C C.a.cosOV.[‘F l—B'(K)](ao—a.cosO)Veca
avVvi 7

Using equations (6) and (3), this may be
simplified to:

A =1+ B(K)(Visin8 + Vocos)/(Vicosd + Vesing)— 1] (8)

American Industrial Hygiene Association JOURNAL (39) 8/78
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A =CJ/Co = | + B(K) (Rcoso—1) {(8)

B’(K) would be a function of the velocity raztio R
and the inertial impaction parameter K, and
would also be a function of the angle 8 because as
the angle increases, the severity of the tur.n that
the particles must make to be collected is a.lso
increased. For small angles the sampling
efficiency will be of the form:®

A = | — 4sin(wK/0) (9)

Errors in the measurement of tangential flow
velocity and subsequent calculations of flow rate
are due primarily to the crudeness of the
instruments used in source sampling. Because of
the high particulate loading that exists in source
sampling, standard pitot tubes cannot normally
be used to measure velocity. Instead, the S-type
" pitot tube is used because it has large dia.meter
pressure ports that do not easily piug. This type
of pitot tube can give an accurate velocity
measurement, but is quite insensitive to flow
direction. It can be misaligned up to about 48
degrees in ecither direction of the flow and still
read approximately the same velocity head. This
means that the S-type pitot tube cannot be used
in a tangential flow situation to accurately
measure the velocity in a particular direction.

The velocity in a rotational flow ficld can be
broken up into an axial and radial component,
The magnitude of the radial component relative
to the axial component will determine the degree
of error induced by the tangential flow. The
radial velocity component does not affect the
stack gas flow rate but does affe?t the measured
velocity because the S-type pitot tube. lagks
directional sensitivity. If the maximum veélocity
head were used to calculate the stack velocity,
the resultant calculated flow rates would be off
by a factor of 1/cos@. Aligning the probe paralle|
to the stack centerline will reduce but not
eliminate this error because a large part of the
radial velocity component will still be detected,
Therefore, the actual stack gas flow rate cannot
normally be determined by an S-type pitot tube
in tangential flow because neither the radial
velocity V. nor the axial velocity V, can be
measured directly. Also, V, increases in
magnitude as the probe is moved from the stack
center to the walls. Complicating analysis of the
subject is the fact that tangential flow is
sometimes accompanied by a reverse flow at the
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stack center. One method to greatly reduce the
error in velocity measurement and flow rate
calculation is the use of in-stack flow
straighteners upstream from the sampling port.
These can eliminate the radial component of
velocity and allow a true flow rate to be
determined.

emission rate measurements obtained
from sampling the outlet of a cyclone

The outlet of a small industrial cyclone was
tested to determine the errors that arise from
sampling tangential flow.” The previous
discussion suggests that sources of error induced
by tangential flow are: concentration gradients
across the stack, sampling bias due to
misalignment of the probe, and inaccurate
measurements of flow through the stack.
Experiments were also run to determine what
effect an in-stack flow straightener would have
on the measurement error.

experimental procedure

The major components of the experimental set
up included a dust feeder, fan, cyclone collector,
sampling equipment, and two stack extensions.
The test dust was a crushed gypsum rock with a
40 um mass median diameter (MMD). A
standard design, high efficiency cyclone
collectar with a body diameter of 45 cm was used
as the collector. Dust leaving the cyclone had a
MMD of 2.7 um, Two sampling trains were used
in the experiments: an Andersen cascade
impactor was used for particle size distribution,
and an EPA Method Strain was used for particle
concentration and emission rate. The stack
extensions included a straight vertical stack
placed on the outlet of the cyclone; a second
extension turned the flow 9¢ degrees into a
horizontal duct section which contained a one-
foot long, cross type straightening vane.

Four types of tests were performed to
determine the errors involved in sampling
tangential flow: 1) velocity traverses at various
locations; 2) concentration measurements at
various probe angles; 3) emission rate
measurements at different locations; and 4)
particle size distribution measurements across
the dust traverse. Velocity traverses used for
determining volumetric flow rates were obtained
using an S-type pitot tube positioned parallel to

Am. Ing, I:Iyg, Assac. J (39) August. 1978
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the stack wall for one traverse and then rotated
to the point of maximum velocity head for
another traverse. A third velocity traverse was
performed in the section of duct following the
straightening vanes. To determine the effect of
sampling at various angles, four apparent
isokinetic samples were taken at 0, 30, 60, and 90
degrees with respect to the axis of the duct.
Emission rates were determined by sampling
downstream of the flow straighteners and
upstream in the straight stack extension. In the
straight stack extension, measurements were
made with the sampling nozzle aligned paraliel
to the stack wall and also with the nozzle rotated
to the angle of maximum velocity head. Probes
were washed with acetone so wall losses were
included as collected particulate matter. Actual
emission rates were determined by subtracting
the collected dust in the cyclone from the dust
feed rate.

results

To determine the emission rate from a source, it
is necessary to determine the flow rate. Results
of flow rates determined at different locations of
the cyclone discharge indicated serious errors
can result in cases of tangential flow. A
maximum error of 212% (three times actual
flow) occurred when the pitot tube was rotated
to read a maximum velocity head. Sampling
parallel to the stack wall produced a flow rate
determination error of 74%. When sampling
downstream of the flow straightening vanes, the
flow rate error was reduced to 15%.

Dust concentration measurements were made
- after the cyclone at a fixed sampling point, but at
different nozzle angles. Measured dust
concentration was lowest when the sampling
nozzle was located at an angle of 0 degrees or
paralilel to the stack wall. The measured dust
concentration continued to increase at 30 and 60
degrees but then decreased at 90 degrees.
Equation (8) suggests that when sampling at an
angle under apparent isokinetic conditions (i.c.,
R = 1), the measured concentration will be less
than the true concentration by a factor inversely
proportional to cosf. A maximum concentra-
tion, which would be the true concentration, will
occur when the sampling nozzle axis is parallel
with the actual gas flow direction, which from
these data shoulid lie at an angle between 60 and

Amencan industrial Hygiene Associstion JOURNAL (39) 8/78

90 degrees to the axis of the stack. This angle was
calculated from flow velocity data to be 72
degrees.

Dust concentration measurcments obtained
by sampling with the nozzle parallel to the stack
wall produced an indicated concentration of
47% of the actual concentration. An even larger
error was expected because this position
represented approximately a 70 degree
misalignment with the actual flow. However, the
velocity determined by the S-type pitot tube,
which was used for the nozzle inlet or sampling
velocity, was much less than the actual approach
velocity and tended to counteract the effect of
the off-angle sampling. Sampling with the nozzle
aligned to the angle of maximum velocity head
reduced the error. Samples obtained from
sampling after the straightened flow produced
an indicated concentration of 64% of actual. It
was expected that sampling following
straightening vanes would produce accurate
results, but a significant amount of particulate
matter was impacted onto the straightening
vanes and was deposited in the horizontal
section of the duct. ‘

Particle size distribution measurements made
at several points across the duct traverse show
particles greater than 6 um to be present in
higher concentration near the duct wall.

conclusions

To obtain a representative sample of particulate
matter in a tangential flow field, the nozzle
should not be aligned parallel to the stack wall,
but turned toward the direction of the maximum
velocity head. The sampling rate should be based
upon the maximum velocity. This will align the
probe with the correct direction and velocity of
the flow, and will produce a more representative
sample. Although an unbiased particulate
concentration may be determined by this
method, the overall emission rate will be
incorrect because an S-type pitot tube cannot
accurately determine the volumetric flow rate
through the stack when a tangential flow exists.
A velocity measuring device is required that is
sensitive to both direction and velocity of the
flow and is able to operate properly in the high
particulate environment of an industrial stack.
The use of in-stack flow straighteners is one
solution to the problem of tangential flow. This
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solution may not be feasible in large stacks
because of installation problems, cost, and
increased pressure drop created by the flow
straighteners.
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Abstract

This paper presents a method for particulate sampling in
stacks with cyclonic flow. Specific procedures and quantita-
tive adjustments to sampling parameters are described. Sam-
pling is performed isokinetically with the nozzle and pitot
tubes aligned parallel to the direction of flow and with sam-
pling time at each point weighted by the cosine of the flow
angle at that point. The method is specifically applicable
to particles with tangential velocity components without con-
sideration of radial velocity components. Comments are made
concerning the behavior of particles with radial velocity com-
ponents as applicable to the accuracy of this method.
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Introduction

Accurate sampling results cannot be obtained with conventional
sampling procedures from stacks with severe cyclonic flow,
i.e. flow with tangential velocity components. Cyclonic flow
may exist after cyclones, tangential stack inlets, or other
configurations that tend to induce swirling.

Several papers have been written describing and evaluating
various procedures for sampling cyclonic flow. This paper
presents a method that is currently being used by the Texas
Air Control Board staff. One inherent characteristic of this
method is that adjustments to the nozzle and pitot tube posi-
tion are made for tangential velocity components (yaw) but no
adjustments for radial velocity components (pitch) are made.
This fact and its possible effect on the accuracy of the meth-

od are discussed.

The generally accepted criteria for acceptable flow conditions
for stagk sampling requires that the direction of flow be
within T 109 of the stack axis. If the flow direction is out-
side this range, special sampling procedures are needed to
obtain unbiased results. The angle between the longitudinal
axis of the stack and the plane of the pitot tubes when
aligned parallel to the flow direction is referred to as the
flow angle. It has the same magnitude as the angle between a
plane perpendicular to the stack axis and the plane of the
pitot tubes at the null (zero manometer reading) position.

The basic attempt of this paper is to describe the method as
applicable to determination of pollutant mass flow rates.

This requires determination of pollutant concentration as well
as volume flow rate. The procedure is not as complex if only
pollutant concentration is needed.

Particulate Sampling

A particulate stack sample must be extracted isokinetically at
each sampling point, aqd the volume extracted must be propor-
tional to the stack exit volume from each area increment.

If particulate sampling is performed with the nozzle and pitot
tubes in any position other than parallel to the flow stream,
various sources of bias are introduced. Distortions of nozzle
area and variations of pitot tube reading with flow angles
other than zero are sources of bias. The method presented is
offered as a procedure to reduce biasing effects.
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The volume extracted at a sampling point may be expressed as

Vo = (An) (vp) (&) (1)
where:
Vh, = Nozzle volume extracted at the point
Ap = Area of the nozzle
vy = Nozzle velocity at the point
t = Sampling time at the point

Varying nozzle area (Ap) from point to point is not feasable,
and nozzle velocity must be equal to the velocity of the flow
stream. Therefore, sampling time at each point must be
adjusted so that the volume extracted at each sampling point
is proportional to the stack exit volume from each area incre-
ment. This is accomplished by weighting the sampling time at
each point according to the vertical component of velocity at
that point (cosine of the flow angle).

Suggested Procedure

Sampling parameters for cyclonic flow sampling are set up in
the same manner as for non-cyclonic flow. Preliminary velocity
traverse readings are taken with the pitot tubes aligned paral-
lel to the flow at each sampling point. The direction of flow
at each point is determined by locating the null position of
the pitot tubes (zero manometer reading) and then rotating the
pitot tubes 90° to obtain velocity measurements. The flow
angle at each sampling point is recorded during the preliminary
velocity traverse.

Isokinetic sampling is performed at each sampling point in the
normal manner except with the nozzle and pitot tubes aligned
parallel to the flow and with sampling time weighted according
to the cosine of the flow angle at each point. This may be
accomplished by selecting a basic sampling time for each point
which may be multiplied by the cosine of the previously mea-
sured flow angle for each point. Inspection of the planned
sampling times is necessary to insure that total sampling time
and volume are sufficient, and that the shortest sampling time
is long enough for accuratc measurement and recording.

Calculations

Emission calculations on a concentration basis ére
C = M/V (2)

wheres

Particulate concentration
Mass of particulate caught
Volume of gas extracted

<20
ououn
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The results are directly applicable to stack emission concen-
tration since the mass of particulate caught (M) and the vol-
ume of gas extracted (V) have been weighted according to the
stack exit volume from each area increment.

Emission calculations on a pollutant mass rate basis are

P = (M/V) (vg) (Ag) (COS F) (3)
where:
P = Mass flow rate of particulate
M = Mass of particulate caught
Vv = Volume of gas extracted
vg = Average measured stack velocity
Ag = Area of the stack
GOS8 F = Average of the cosines of the flow angles

The emission concentration (M/V) is weighted according to the
stack exit volume from each area increment, and the average

measured stack velocity (vg) is measured with the pitot tubes
aligned parallel to the flow at each sampling point. There-
fore, the average velocity must be multiplied by the average
of the cosines of the flow angle at each point to obtain the

exiting component.

Calculations of isokinetic variation are made in the normal
manner. Since sample volume becomes weighted when sampling
time is weighted, no additional adjustments are necessary, and
input values to the isokinetic calculation are directly used
as measured. :

Accuracy Considerations

According to sampling terminology, a large particle is one
that is influenced more by its own inertial characteristics
than by the flow stream. Therefore, when the nozzle is paral-
lel to the flow direction of a cyclonic flow stream it may not
be parallel to the flow direction of large particles in the
stream. This problem is not necessarily peculiar to cyclonic
flow streams. The effect of particle paths not parallel to
the nozzle is a smaller effective nozzle area resulting in
high isokinetic variation which in turn tends to induce a low
bias to the sample.l The effects of this type bias have not
been quantitated but this sampling method is an attempt to
keep such bias to a minimum.

The sampling method presented is limited to flow streams with
tangential components of flow. The following exercise shows
that adjustments for radial flow components are unnecessary if
the sampling ports are at least two stack diameters downstream
from the stack inlet or disturbance.

L
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Consider a particle in a stack with a vertical velocity compo-
nent, v, a tangential velocity component, vt, and a radial

velocity component, Vy, at a distance R from the center of the
stack.

The radial acceleration (Ar) of the particle due to centrifu-
gal effects of v¢ 1s

Ay = VtZ/R (4)

If the particle starts from rest at the center of the stack
(most restrictive case) and accelerates at Ay, the time (t)
required to reach the position, R distance from the center, is

t = R/(}vg)

and | vy = (Ag) (t)

(5)

(6)
Substituting (4) and (5) into (6)

Ve = (Vtz/R)(R/ivr)

 Simplifying Vel = 2 vy2 (7)
At the initial occurence of cyclonic flow (flow 10° from axial)

ve/v = tan 10°

or ve = v tan 100 (8)
Substituting (8) into (7)

| vp2 = v2(2 tan? 109
nr Ve = (0.25)v (9)

. which shows that at the smallest flow angle ; .
flow exists, the radial velocity of a Pagticig ?Zlggeczglgiic
the vertical velocity. Therefore, if the sampling port u
at least two diameters from the entrance to the sgagkr :hare
particle will reach the stack wall before reachin thé et
pecause it will travel half a diameter in a radia% 5 P:; s
while it travels two diameters in a vertical directi rec L?n
the particle reaches the stack wall before reachin 2?. I
‘no radial component of vglocity is possible, and ng }i $orts,
adjustment of the probe is necessary. This is SUbstE;tqlt g
by the cyclonic flow work described by Phoenix ang Grovla e
"Two 24-point traverses were chosen but, in most cases e. .
1, 2, 23, and 24 were not sampled because of an excessi points
amount of particulate and water droplets at the wall" v?f .
average flow angle in the stack is greater than 109 the

. , + the par-
ticle reaches the stack wall before travelling two diametors v
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vertically. If the average flow'angle in the stack is less
than 109, sampling is performed in the normal manner with no

adjustments necessary.
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MEMORANDUM

SUBJECT: Clarification of How Soot Blowing is to be Included in
Performance Tests for New Power Plants

FROM: Kirk Foster
Technical Support Branch, DSSE

TO: Regional and State compliance testing coordinators

Requests for determination of applicability or other clarification
of the NSPS regulations are usually directed to the Division of Stationary
Source Enforcement. DSSE prepares and periodically issues summaries of
NSPS determinations that have been made by the agency. These determinations
often involve questions related to compliance testing.

The attached determination, abstracted from the May 26 - September
16, 1977 Summary Report, addresses the problem of how periods of soot
blowing are to be included in the compliance test in a manner representa-
" tive of their contribution to overall emission levels. If you have any
questions regarding application of this technique, please contact your
EPA Regional Office coordinator.




DETERMINATIONS OF APPLICABILITY OF NEW SOURCE PERFORMANCE
STANDARDS - MAY 26 - SEPTEMBER 16, 1977 SUMMARY REPORT

DETERMINATION CODE NO.

REFERENCE:

QUESTION:

AFFECTED REGULATION:

DETERMINATION:

: D-78

Memo to R-VII (E. Reich
to R. Markey) 29 JUN 77

How is soot blowing to be included
in performance tests for fossil
fuel fired steam generators which
have non-automatic, non-contin-
uous soot-blowing?

60.8

Units which do not blow soot continuously must
have the effect of soot-blowing included bv
performance testing in the normal manner,
provided that the following precautions are
taken: 1) soot-blowing is permitted only

* during one of the test runs, 2) this soot-

blowing is representative of the plant's
typical cycle, and 3) the test run in which
the soot-blowing occurs is properly weighted
wh2n averaging with the other two test runs.
Tha soot-blowing performance test run should
include as much of the soot-blowing cvcle as
possible. The weight of the soot-blowing
performance test run may be determined bv the
following generalized equation. This equation
insures proper weighting of a soot-blowing
performance test run regardless of whether the
soot-blowing lasts the entire time of the test
run, and also regardless of the number and
duration of the non soot-blowing test runs
made while performance testing a fossil fuel-
fired steam generator.

W

ST/ (AR-SB)
WHERE : R

the average number of
hours of operation per
24 hours day.

;lﬁ{'
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S = the average number of
hours of soot-blowing
operation per 24 hour
day.

T = the total test time of
the non soot-blowing per-
formance test runs
(hours).

A = the time spent blowing
soot during the soot-
blowing performance
test run (hours).

B = the time spent not
blowing soot during the
soot-blowing perfor-
mance test run (hours).

Multiply the soot-blowing test run by W be-
fore taking the arithmetic mean of the per-
formance test runs as required by Section

60.8 (f).
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PARTICULATE SOURCE SAMPLING AT
STEAM GENERATORS WITH INTERMITTENT
SOOT BLOWING

Introduction

At fossil-fuel fired steam generators which utilize intermit-
tent soot blowing practices, a major contribution to the total
particulate emissions from the facility often occurs during
relatively short duration soot blowing periods. Since emissions
during soot blowing periods can be quite significant, a procedur®
is needed for conducting performance tests and weighting the

test results in a manner which will accurately reflects the

total emissions from the source. The major problem areas encount’
ered in developing such a procedure include: (1) establishing

a workable definition of "representative' emission values which
is directly comparable to the applicable emissions standard;

(2) determining representative source operation conditions for
conducting the performance test, (both for normal operating
conditions and soot blowing conditions); and (3) collecting
particulate samples which accurately reflect the emissions for
both source operating modes. This paper discusses these problem
areas and outlines methods which may be employed to determine
representative emission values for fossil-fuel fired steam gen-
erators with intermittent soct blowing. It should be noted that
some control agencies enforce emission standards which are effec-
tively "never to exceed' emission limitations. In this situation,
sources must comply with the emission standards during soot:
blowing and testing must be conducted to reflect the maximum emis-
sions from the source. Other control agencies may exclude soot
blowing from all performance tests as a non-representative opera-

ting condition. This paper does not attempt to address either of
these issues.
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Soot Blowing Practices / Effluent Characteristics

Soot blowing practices are highly variable between sources and
;}e subject to change both with time and with operating conditions
at any specific source. The frequency and duration of soot blow-
ing periods is dependent on many factors including: boiler
design, firing method, furnace operating conditions, combustion
efficiency, type of fuel, ash content of fuel, operating load,
and the frequency/magnitude of load fluctuations. Soot blowing
may be conducted as a regularly scheduled intervals or may be
initiated as necessary when indicated by operating parameters
such as increased pressure drop across the furnace and heat
exchanger surfaces, or decreased heat transfer efficiency.

Some modern large scale generators blow soot continuously. For
steam generators with intermittent soot blowing, the frequency
of the cleaning periods ranges from once per 24 hours to nearly
continuously. Both manual and automatic soot blowing systems
are used at steam generators.

The soot blowing process employs a number of lances to remove
accumulated material from the heat exchange surfaces in the fur-
nace, boiler, superheater, and air preheater while the boiler is
operating. The lances travel across the heat exchange surfaces
and remove the deposits by means of high pressure jets of steam
or air. The effectiveness of the lances is dependent on (1)
spacing of the lances, (2) nczzle design and ahgle of attack,

(5) air or steam pressure, (4) lance-to-tube speed, (5) frequency
and duration of operation, and (6) the nature of the deposits

on the tube surfaces.

The particulate concentration of the uncontrolled‘effluent stream
is subject to large temporal variations during the soot blowing
period due to the nature of the tube cleaning process. For a
specific lance, most of the accumulated material is removed
from the tube surfaces on the instroke of the lance. The re-
maining deposits are removed as the lance is retracted. In
addition, the cleaning process is usually initiated at the heat

N
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exchange surfaces nearest the burners and moves downstream,
finally cleaning the air preheater. Since deposits on the various
heat exchange surfaces are generally not uniform, this method

of cleaning adds to the temporal variations in the uncontrolled
particulate concentration during the soot blowing period. The
variations in the particulate concentration during soot blowing
may be minimized or "smoothed" to some extent by the particulate
control device and effluent handling system.

For the purposes of conducting particulate emission performance
tests, steam generators utilizing intermittent soot blowing
practices should be treated as cyclic or batch processes where
each cycle consists of a period of normal operation and a period
of soot blowing. The normal operation period is characterized

by Steady-state source operation and relatively constant emission
levels over the duration of the performance tests. In contrast,
the soot blowing period is characterized by increased particulate
emissions and large fluctuations in the emission values over a
relatively short time period.

Representative Emission Values

Isokinetic sampling for particulate matter automatically integrates:
or averages the particulate concentration of the effluent stream '
over the duration of the sampling run. Thus, at most sources, the
time period for averaging emission values is indirectly defined by
the duration of the sampling run. Three sample runs are averaged
to determine the performance test results. For steam generators
with intermittent soot blowing, the fluctuations in particulate
concentration are relatively large and the interval between soot
blowing periods may be considerably greater than the duration of
the sampling runs. Therefore, at these sources, alternate sampling
procedures and alternate averaging or weighting procedures must be
employed to determine representative emission values.

For the purposes of this discussion, '"representative'" emissions
are considered to be the emission values which would be measured
if, for a given time period, the entire effluent stream could be

W
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‘collected, well mixed, and then sampled. Employing this definj-
tion, the representative emission rate for a steam genergtor with
intermittent soot blowing is equivalent to the emission rate from
a steady-state source which would produce the same net pollutant
mass emissions over the time period being considered.

Consider the simplest case where independent sampling runs are
conducted to determine the pollutant mass rate at normal operating
conditions and during soot blowing. If multiple sampling runs

are performed at either operating condition, then the averages of
the samples at each operating condition should be used to determine
the representative emission rate. The pollutant mass emission

rate which is representative of the emissions from the source,
(pmr), may be calculated from the following equation:

pmT =(pmryt; + pmr,t,) x 100 (1)

where: pmr, = average pollutant mass rate of
1 samples at normal operating
conditions

pmr, = average pollutant mass rate of
samples during soot blowing

t, = percent of source operation time
at normal operating conditions

t, = gercent of source operation time
lowing soot

The volumetric flow rate, (dry, standard conditions) and percent
excess air are not expected to vary significantly between periods
of normal operation and periods of soot blowing. Therefore, a
representative mass concegtration, (C), or representative specific
emission rate, (E, 1bs/10 Btu), may also be determined by simply
time weighting the measurements at each condition;
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C = (Cltl + Cztz) x 100 (2)
= 20.9
E = F(Cyty *+ Gty x 100 x (35757457 ) (3)

where: Cl = average particulate concentration
of samples at normal operating
conditions

C, = average particulate concentration

z of samples during soot blowing

It should be emphasized that if the volumetric flow rate varies
significantly between normal operation and soot blowing periods,
then alternate equations should be employed to determine repre-
sentative particulate concentrations and representative specific
emission rates. In addition, if the percent excess air varies
significantly between the two source operating modes, then alter-
nate equations must be employed to determine representative spe-
cific emission rates. These equations are derived in Appendix A
of this paper.

As an alternate to conducting independent sampling runs during
normal operations and soot blowing periods, a representative
emission rate may be determined if sampling runs are conducted
at normal operating conditions and additional sampling runs are
conducted which include both normal operation and soot blowing.
In this case, the representative pollutant mass rate may be
calculated as:

pmr = pmrl(tl-% t,) *+ pmr, (-A-ig)t2 x 100 *(4)
where:
pmr, = average pmr of sample(s) at normal operating
conditions

pmr, = average pmr of sample(s) containing soot blowif

*This equation was developed by C. L. Goerner of the Texas Air
Control Board. See Appendix B for details. ;
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t, = percent of source operating time at normal
operating conditions

t, = percent of source operating time blowing soot

A = hours of soot blowing during sample(s)

B = hours not soot blowing during sample(s)
containing soot blowing

The above equation may be employed to determine a representative
particulate concentration, (T) or representative specific emission
rate, (E) provided that the volumetric flow rate remains constant,
and in the case of the specific emission rate, the excess air also
remains constant. It should be noted that Equation 4 may be
employed even when independent sampling runs are conducted at
normal operating conditions and during soot blowing. 1In this
situation, B=0 and pmr, = pmr,. Thus Equation 4 reduces to

Equation 1.

Sampling Strategies

Due to the variability of both operating conditions and soot
blowing practices between sources, an appropriate sampling strat-
egy should be devised for each source based on the source -
specific conditions encountered. It is essential that the source
operating conditions and soot blowing practices are Clearly under-
stood and well documented in order to conduct performance tests
which are representative of emissions from the source. Factors
such as normal maximum operating load, frequency of soot blowing
periods, duration of soot blowing periods, and methods or para-
meters employed to initiate soot blowing should be considered.
Data from installed transmissometers may provide the most useful
information for establishing the conditions at which the source
should operate during the performance tests. The source should
note all periods of soot blowing on the permanent data record of
the transmissometer measurements. A comparison of the plant pro-
duction rate records and transmissometer data will then provide

a simple means for determining both the frequency and duration of
typical soot blowing periods while the source is operating at the
maximum normal production rate or other conditions which the con-

N
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trol agency may specify as representative conditions for conduc ing
the performance tests. In addition, assuming that a linear corre-
lation between the optical density and mass concentration of the
effluent exists, it provides a rough estimate of the relative
particulate emissions levels during soot blowing. Such an esti-
mate is useful in evaluating the significance of temporal varia-
gfbns during the soot blowing period and in determining the level
of effort which should be expended in sampling the soot blowing.
For example, if the transmissometer data indicates that the part-
iculate concentration is much greater during soot blowing and if
soot blowing constitutes a significant fraction of the total
source operating time, then more emphasis should be placed on
sampling the soot blowing period than would be expended in sampliné
soot blowing periods at a source where the apparent particulate
concentration is not drastically increased during cleaning, or
where the cleaning periods are infrequent or of short duration.

For sources where the interval between soot blowing periods is
relatively short, performance tests should be conducted such that
each sampling Tun spans an entire cycle of normal operation and
soot blowing. Each sample traverse should be intitated at either
a different sampling point or at a different time in the operating.
cycle so that the composite sampling during the soot blowing periodl
is representative of the effluent across the entire stack or duct
cross section. The agency should not allow the source to schedule
sampling such that sampling at a point of minimum velocity or
minimum particulate concentration is always coincident with the
soot blowing portion of the plant cycle. The average of three
sampling runs should provide a representative emission value.

For sources where the interval between soot blowing periods is too©
long to permit sampling runs to be conducted over the entire oper-
ating cycle, two options are available: (1) separate sampling run$
may be conducted during normal operation and during soot blowing
to determine the parameters required for calculation of represen-
tative emission values; or (2) sampling runs may be conducted at
normal operating conditions and additional runs may be conducted

which include both normal operation and soot blowing to allow

luyse of In-stack Transmissometer in Manual Source Sampling for

Particulate Mass Concentration Measurements", K.Foster, N.White:
Presented at East Central Section, APCA Annual Meeting, Dayton,
Ohio, September 17-19, 1975.
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calculation of a representative emission value according to
Equation 4. The number of sampling runs used to determine values
for the appropriate parameters directly affects the accuracy of
the calculated emission rates. At a minimum, two runs should be
conducted during normal operating conditions and one run should

be conducted during or containing soot blowing. For sources where
soot blowing constitutes a very significant portion of the total
emissions from the source, it may be necessary to conduct more
than one sampling run during or containing soot blowing. Essen-
tially, the number of runs conducted at each operating condition
should be directly dependent on the fraction of emissions arising
during each operating condition. Sampling runs conducted during
soot blowing should span the entire blowing period due to the
existence of temporal variations in the effluent particulate

concentration over the cleaning cycle.

If independent sampling run(s) are to be conducted during the soot
blowing period, the short duration of typical soot blowing periods
will usually prohibit completion of a full sampling traverse during
the cleaning cycle. When a short duration soot blowing period re-
quires a reduced number of sampling points, all of the sampling
points should lie on the same stack or duct diameter to allow con-
tinuous sampling during the blowing period without interruption of
sampling to change ports. Ideally, the sampling points which are
selected would be representative of both the average particulate
concentration and average volumetric flow rate in the stack or
duct. However, the sampler and agency observer have no prior
knowledge regarding the particulate concentration variation across
the stack with the exception of those cases with obvious flow
disturbances. Sampling sites where the velocity profile is fully
developed and where the particulate concentration is relatively
uniform reduce the significance of measurement ertors arising from
traversing only a portion of the stack. Single point particulate
sampling should always be avoided but may be necessitated at sources
with very short duration soot blowing periods. A point of repre-
sentative velocity should be selected when single point sampling is
required. When this situation is encountered the errors in the

N
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calculated emission rate due to sampling at a single point will

be minimized due to the relatively small fraction of the total
§lissions occurring during the short soot blowing period. If more
than one soot blowing period is to be sampled, the sample traverse’
should be initiated at different sampling points, (or conducted
at different sampling points for single point sampling) to mini-
mize the effects of concurrent spatial and temporal variations.
The effluent velocity must be measured at the point(s) sampled
during soot blowing runs in order to maintain isokinetic sampling
conditions. These velocity measurments should be compared to

the values measured at the same points during normal operation
sampling runs to check the validity of assumptions regarding con-
stant volumetric flow rate during both operational conditions.

For sources subject to specific emission standards, (mass per

unit of heat input) measurements of $CO, and/or %0, during soot
blowing periods should be used to determine if the excess air
varies significantly between soot blowing and normal operation.
The equations in Appendix A should be employed to determine
representative specific emission values for sources where sig-
nificant variations in the percent excess air are encountered.
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It should be noted that the method for determining a representa-
tive emission value is in some cases dependent on the applicable
apission standard, (i.e., mass emission rate, concentration, or
specific emissions standard - lbs/lO6 Btu). Each case is consid-
ered separately in the following sections. The following nomen-

clature is employed.

C1 - effluent particulate concentration during normal
operating conditions, (dry standard conditions)
C2 - effluent particulate concentration during soot

blowing, (dry standard conditions)

Q1 - effluent volumetric flow rate during normal operating
conditions, (dry, standard conditions)

Q, - effluent volumetric flow rate during soot blowing
(dry, standard conditions)

pmr; - pollutant mass rate during normal operating conditions

pmr, - pollutant mass rate during soot blowing

T, - amount of time source operates at normal operating
conditions
T2 - amount of time source blows soot
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Case I - Representative Mass Emission Rate, pmr

b/ . .
Y total mass emissions
pmr = total time A-1
The general equation for N operating modes is;
N N
—_ pmr. t. - c.Q.t.
pmr = l=l l 1 l:l l 1 l 5
Y N A-e
5ot Lo,
1=1 i i=] i
For 3 FFFSG with intermittent soot blowing, N = 2, then;
i pmry T; + pmr, T2 ) C1QTy + C:Q:T:
pmr Tl . TZ Tl . TZ A-35
£ the volumetric £low rate does not change during scot
=lowing, then,;
r +
) *ClTl CZTZ)Q )
- = Q = constant
oor A-4
: Tl+ T,
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Case II - Representative Concentration, C

_ total mass emissions A-§
C = total volume of eftfluent

The general equation for N operating modes 1is,

N N
> pmrt, C; Q¢
R S iz=1 ' A-6
& N
2, U Xty
i=1
For a FFFSG with intermittent soot blowing, N = I, then;
pmr, T, + pmr, T C.Q T, + C.Q.T AT
T = 1 1 2 72 . 18171 2}z 2
T, + T
QT +Q T, T, * Q,T,
I£ the volumetric flow rate does not change during soot
blowing, then;
¢, T, * C,T
= _ 11 2°2 - A-8
C T, T, Q = constant
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Case III - Representative E, (1bs/106 btu)

total mass emissions

E = "total heat input A-9
N
Z pmr; tg
i=1- A-10
E= N
L it
i=1
where: H = heat input rate
Since considerable difficulty is encountered in attempting tc
measure heat input rates and/or total heat input, the F-factcr
method is usually employed. Therefore, a different approach
should be used to determine E, based on the parameters which
are actually measured.
E=CEF <T‘2‘O—i¢'6‘) A-11
- .9 - (] 2

-

Define Z such that equation 11 can be written in generali:zed

form,

K} N
E (le/lO6 Btu) = cf =28 le < 6StOlCh> :< Sft ] A-12
10" Btu ft” stoich.

Since F is a constant, equation 10 can be written as;

_ [ total mass emissions A-13
E = F L [okA total stolchiometric erfluent voliume

! 9:"\
Note that 7 Qs

where Qs = stoichiometric volume flow rat:e

A general equation for N operating modes can be written as;

N
- 2. C.Q.t ]
E=F =1 11 .. ¢ Za 1719 A-14
NNG) — :
1 .y
Z = T. W
is] “f 1 5&1 ity ‘\
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For a FFFSG with intermittent soot blowing, N = 2

_ 1T 6T, 15
E=F T LT,
If the volumetric flow rate does not change during soot
blowing, then,
_ ClTl CZT: .
E= F “;I' . T, Q = constant A-16
If the excess air does not change during soot blowing, then
C,Q, T, + C,Q,T
= £- 1401 ‘QZ 2 Z = constant A-17
L = z
LU v T
12 beth the volumetric flow rate and excess air do not
<hange during soot blewing, then;
C.T, + C,T
T o= r l 11 22 Q = cons:zant "
L Tl + T, Z = constant A-18

For almost all steam generators with intermittent soot blowing
practices, the volumetric flow rate (dry standard basis) ard the
quantity of excess air are not expected to vary between periods

of normal operation and periods of soot blowing, Therefore, simpl»-
time weighting the emission values can be emploved to determzine

the representative pollutant mass rate (eg- 4), representative
concentration (ea. 8), and the representative specific emissicn
rate, E (eq. 18). Where the volumetric flow rate, and in ti:

case of the specific emission rate E, the quantityv of exce:: air
vary significantly during soot blowing,the generzl form of :ixe “
equations should be employed to determine representative emission
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TEXAS AIR CONTROL BOARD

8520 SHOAL CREEK BOULEVARD
AUSTIN, TEXAS 78758
512/451-5711

WILLIAM N. ALLAN

JOE C. BRIDGEFARMER, P. E.
FRED HARTMAN

0. JACK KILIAN, M. D.
FRANK H. LEWIS

WILLIAM 0. PARISH
JEROME W.SORENSON, P, E,

JOKN L. BLAIR
Chairman

CHARLES R. JAYNES
Vics Chdmman

BILL STEWART,P. E.
Executive Director

June 12, 1978

Mr. Quirino Wong

Surveillance & Analysis Branch
Environrental Protection Agency
Region VI

1201 Elm Street

First International Buildiag
Dallas, Texas 75270

Dear Quirino:

As you know, we have had some problems withthe recent EPA
determination concerning soot blowing Iin stack sampling
calculations. As suggested by yourself and Kirk Foster,
we would like to present our ideas for consideration.

The accompanying equation uses the pollutant mass rate (PMR)
basis but should readily adjust to & concentration basis. It
yields a time averaged pollutant mass rate averaged over the
daily operating time. Although splkes are included in the
average, the equation nas no peralty for splkes of emissions
above average (such as while blowing soot).

Development of the equation is included for the record.

PMRyvg = PMR gpg ——‘(A;:) e opury o, (R - B2 ‘
PMR = Pollutaant Mass Rate (1b/hr)

PMRAVG = Average PMR for daily operating time

PMRSBR = Average PMR of sample(s) containing soot blowing

PMRNOSB = Average PMR of sample(s) with no soot blowing

A = Hours soot blowing during sample(s)

B = Hours not socot blowing during sample(s) containing
soot blowing

Average hours of operation per 24 hours

Average hours of socot blowing per 24 hours

R
S

At least one sample must contain socot blowing and at least one
sample must contain no soot blowing.

Sincerely,

Gﬂ&&ﬂﬁtnﬂL, FE
Charlie L. Coerner, P.E.
Source Zvaluation Section

(Kepine



Averaging Soot Blowing in Stack Samples

PMR, g (R) = PMRgp (S) + PMRyyop(R-S)

Ty

PMRSBR(A+B) = PMRSB[A) + PMRNOSB(B)

Solving equation (2) for PMRSB;
PMRgp = [PMRgpp(A + B) - PMRy,cp(B)] /A

Substitute equation (3) into equation (1) yields;

h —3 g s I -
Collecting terms yields;

S
PMR,. ~(R) = PMR..,(A + B)% _<_BS
AVG SBR R + PMRyygp(R-S-F)

or;
. A+B)S R-S _ BS
PR,y = PMRgpp (R + PMRygsy (% - RR)

PMR = Pollutant Mass Rate (1lb/hr)

PMR,yg = Average PMR for daily operating time
PMR . .
SB = PMR while blowing soot
PMRVOSB = Average PMR of sample(s) with no soot blowing

PMRSBR = Average PMR of sample(s) containing soot blowing

A = Hours soot blowing during sample(s)

B = Hours not soot blowing during sample(s) containing

soot blowing
R = Average hours of operation per 24 hours

S = Average hours of soot blowing per 24 hours

lqgiJr

(1)
(2)

(4)

(5a)

(5b)
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A number of procedures for determing representative emission values
for steam generators with intermittent soot blowing practices have been
considered. Although a final NSPS determination has not been prepared,
we can suggest at this time a preferred method for handling soot blowing.

After reviewing various techniques presently being used and per-
forming our own independent analysis of the problem and factors that must
be considered in developing an equation for adjusting performance test values
to reflect soot blowing emissions, we feel that the following equation de-
veloped by the Texas Air Control Board (C. L. Goerner) offers a satisfactory
and technically sound approach for determining a time-weighted pollutant mass
rate for the daily operating cycle.

= A+B)S R-S _ BS
PMRAyG P”Rsnki‘ixﬁ"“ *+ PMRyoop (O~ - AR

PMR = Pollutant Rate (lb/hr)

PMRAVG = Average PMR for dajly operating time
PMR

SBR
pMRNOSB = Average PMR of sample(s) with no soot blowing

= Average PMR of sample(s) containing soot blowing

A = Hours soot blowing during sample(s)

B = Hours not soot blowing during sample(s) containing
soot blowing

R = Average hours of operation per 24 hours
S = Average hours of soot blowing per 24 hours

In using the above equation at least one sample must contain soot blowing
and at least two samples should contain no soot blowing. The equation may be
used for concentration measurements if the volumetric flow rate does not vary
significantly between normal operation and soot blowing. The equation may also
be employed for specific emission rates, (1bs/106Btu) where both the volumetric
flow rate and excess air do not vary significantly between normal operation and,
soot blowing.

The final NSPS determination and a background technical paper detailing
sampling procedures for conducting performance tests at steam generators with
intermittent soot blowing practices will be issued in September and will be
included in the next compliance test information mailing.



/Q(‘)

UNITED STATES ENVIRONMENTAL PROTECTION AGENC -
Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711
SUBJECT: Substitution of 10 Percent H,0, for 3 Percent H,0 DATE: i
in Method 6 Analysis  © 2 2"2 wAY 111978

FROM: Kenneth Alexander, Test Support Section
Emission Measurement Branch, ESED (MD 19)

TO: Roger T. Shigehara, Chief, Test Support Section
Emission Measurement Branch, ESED (MD 19)

Introduction
The revised Methed 6 published in the August 18, 1977

Federal Register calls for the use of 3 percent HZOZ to
collect samples of 502 gas for analysis.

By bubbling S0, gas through H,0,, 502 is oxidized to
H,S04 which is then“available for %i@ration with barium
perchlorate (Ba(C104);). Complete oxidation may not occur,
however, when SO, concentrations are high (Cgg, > 15,000 mg/DSCM);
the 3 percent HZSZ is too dilute to oxidize lagge concentrations
of SG;.

The objective of this test was to determine whether sub-
stituting 10 percent Hp02 for the 3 percent Hy0p would inter-
fere with the analysis procedure in Method 6.

Procedure

Audit samples were prepared by pipetting 5 ml of audit
solution into a 100 ml volumetric flask, then adding 30 ml of
3 percent Hy0, and diluting to 100 m] with deionized water.

A second set of samples were prepared in the same manner sub-
stituting 10 percent Hp0, for 3 percent Hp0,.

Three aliquots of each sample were titrated following the
normal procedure described in Method 6. Table 1 shows SOp
concentrations calculated from the titrated volumes.

Discussion and Conclusions

A t-test was made on the three pairs of average concentration
values shown in Table 1. A t value of 1.063 was calculated;
using a t-table this value can be translated to say that there is
at least 95 percent probability that there is no significant dif-
ference between the two sets of data (concentrations of $S05).
This leads to the conclusion that there is no significant gif-
ference when 10 percent Hp0p is substituted for 3 percent Hp0,
in the Method 6 analysis.

EPA Form 13206 (Rev, 6-72) 0
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As a check for the accuracy of the titrations, a perceni
error was calculated between the actual SO concentrations
and the concentrations calculated from the titrated samples.
The average percent error was 1.4 percent for the 10 percent
Bo02 solutions and 2.5 percent for the 3 percent H,0, solutions.
A percent error of 6.1 percent was calculated for Sampie #4349,
This could be due to possible error in preparation of the audit
sample for titration or an error in the initial preparation of
the audit solution before reaching this laboratory. In either
case, it does not detract from the conclusion stated before
that substitution of 10 percent Hp0, for 3 percent H202 does
not cause any interference in the titration procedure.

Table 1. Titration of Audit Samples Prepared With
3% and 10% Hydrogen Peroxide

Sample  Actual  Us0, % Error S0, % Error
Number 5o, 3 w0, % MO 0w w0, 1% MD2 tevatue
mg/dscm  mg/dscm mg/dscm
2220 4347 4338 0.2 4338 0.2
4349 5148 5464 6.1 5320 3.3
7409 1417 1428 1.2 1422 0.8
Average 2.5 1.4  1.063
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Ui C0 STATES ENVIRONMENTAL PROTEC . wiN AGENCY
OFfice of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711
SUBJECT: Method 8 Test for Peroxide Impurities in Isopropanol DATE: JUN 8§ 1978

FROM:  Robert F. Vollaro, Test Support Section R%V
Emission Measurement Branch, ESED (MD-19) °

TO: Roger T. Shigehara, Chief, Test Support Section
Emission Measurement Branch, ESED (MD-19)

In a recent letter (May 5, 1978), Mr. Vincent Ferraro of
the New York State Department of Health brought to our attention
what he considers to be "...technical error of omission..." in
the revised version of Method 8 (published in the August 18, 1977
Federal Register). Mr. Ferraro informed us (correctly) that the
method does not specify the optical path length to be used in the
test for peroxide impurities in isopropanol; rather, the method
simply states that the isopropanol shall have an optical density
of less than 0.7 at a wavelength of 352 nm.

A recent conversation with Joe Knoll (EMSL) confirmed that
Mr. Ferraro is correct in perceiving the need for a specified path
length in the isopropanol test procedure, because optical density
is a function of path length. According to Mr. Knoll, the most
commonly-used path length for this type of spectrophotometric
analysis is 1 cm. In view of this, to ensure uniformity of
application among source-testers, the peroxide impurity test pro-
cedure (which appears in both Methods 6 and 8), will be revised
to specifically state that a 1 cm. path length shall be used for
the isopropanol analysis.

Therefore, steps will be taken to see that the regional EPA
offices, source test contractors, and other affected parties are
notified of this revision.

cc: Foston Curtis (MD-19)
Vincent Ferraro, New York
Gary McAlister (MD-19)
J. E. McCarley (MD-13)
George W. Walsh (MD-13)

EPA Form 1320-8 (Rev, 6.72)
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METHODS FOR COLLECTING AND ANALYZING
GAS CYLINDER SAMPLES

Peter R. Vestlin and John W. Brown*

Introduction

Appendix B] of Part 60 - Standards;of Performance for New
Stationary Sources - includes specifications for continuous moni-
toring equipment. These specifications require the analysis of
sulfur dioxide (502) and nitrogen oxides (NOX) calibration gases
using Reference Methods 6 and 7, respectively.

Three gas cylinder sample collecticn and analysis procedures
are recommended as follows: (1) direct pressure, (2) vented
bubbler, and (3) evacuated flask methods. Laboratory tests
comparing these methods against Mational Bureau of Standards
(NBS) calibrated gases showed the error of individual measurements
to be within + 7 percent and the average of three consecutive
results to be within + 5 percent.

Direct Pressure Mathod Procedure

The direct pressure method applies only to SO2 cylinder gases
and uses Reference Method 6 sampling equipment and absorbing
solutions (see Figura 1). The mercury U-tube manometer is used
to monitor the system pressure at the inlet of the first impinger.
The isopropanol fritted bubbler in Reference Method.S need not

be used, and the meter box must be modified by by-passing the sample

pump.

*Emission Measurement Branch, ESED, OAQPS, EPA, Research
Triangle Park, North Carolina 27711, July, 1978.
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Figure 1, Direct pressure method.

he procedure is as follows:

1. Place 15 ml of 3 percent hydrogen peroxide (HZOZ)
absorbing solution in each of the twolimpiﬁgers and connect
the mancmeter, impingers, and meter box as shown in Figure 1.

2. Open fully the rotameter vaive. Connect a zero-air
gas cylinder or other source of pollutant-free positive pressure
air in place of the calibration gas cylinder. Connect a
flow control valve between the zero-air cylinder and the mano-
meter. Plug the exhaust of the gas meten and slowly open the
cy?inder pressure valve until the mancmeter registers 0.5 in.
fig. Close the pressure valve and monitor the systeim pressure
for 3 minutes. If the pressure changes by move than 0.1
in. Hg. in 3 minutes, find the leak source, repair it, and
reneat the leak test. Relieve the pressure in the system at
the end of the leak test by removing the plug in the exhaust
o7 the}dry gas meter. After thé system pressure reaches zero,

disconnect the zero-air pressure source and connect the SO2
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gas cyiinder

3. Record the initial meter volume, temperature, and ine
barometric pressure. Open the gas cylinder valve and adjust
ow rate to 1 liter/min. Do not exceea 0.5-1n.

Hg pressure at the manometer; this is & kay to ootaining

4. Record the meter temperature at 10-minute intervals;

sample until at Teast 1.0 cubic feot nas been collected. Caicu-

-t

@ the samp

[0

concentration from the titration analysis and

cr

N
the gas volume detérmination accerding to Reference Mathod 6.

Vented Subbler Method Procedure

The vented bubbler method applies only to SO2 calibration
gas cylinders and uses Reference Method & equipment and Qbsorb-
ing solutions (see Figure 2). The midget bubbler (a straignht
tube, no frit or impinger tip) is used to prevent excessive

oressure during sample collection. The impingers and the meter

sox are Referance Method 6 equipment.

ROTAMETER
NEEDLE
VALVE
»'\'f) é‘ L H
A F !
' i/ VENT] ‘ i
oo
OR
l hf@G DRY GAS
; TUZE ’
CyL 300, U-TUBE ———— METER

HZ(‘? MANOMETER!

VENTED
BUBBLER (D PUMP

k} 4
H207
{15 mi)

Figure 2. Vented bubbler method.
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The procedure is as follows:

1. Assemble the impinger train and meter box as described
in Reference Method 6. {The isopropanol fritted bubbler in
Reference Method 6 may be left empty or removed).

2. Conduct a positive pressure leak check as described in
step 2 for the direct pressure method from the manometer through
the test train. A negative-pressure leak check as prescribed
in Reference Method 6 is optional,

3. Fill the vented bubbler with 15 m1 of 30 percent H2 25
and complete the connections between the gas cylinder, the
vented bubbler, the U-tube mancmeter, and the test train. Re-
cord the barometric pressure, the initial gas meter volume reading,
and the meter temperature. Open the gas cylinder valve until a
steady stream of bubbles appears in the vented bubbler. Begin
sampling by starting the sample pump and adjusting the flow to
1 liter/min while maintaining a small stream of bubbles in the
vented bubbler. This flow of bubbles should be kept as slow as
practical, and the manometer reading should be monitored to
maintain the system pressure below 0.5 in. Hg. In addition, care
must be exercised in keeping the pump vacuum from exceeding the
pressure in the vented bubbler.

4. Record the meter temperature at 10-minute intervals; sample
until at least 1.0 cubic foot nas been collected. Calculate the
sample concentration from the titration analysis and the gas volume

determination according to Reference Method 6.
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Evacuated Flask Method Procedure

The evacuated Flask metnod applies to the sampling of either
502 or‘NOX gas cylinders and uses Reference Method 7 test

~

equipment. (See Figure 3.)

NEEDLE
VALVE

S _
/é\ e ?

&
GAS

[
r
e . i

cvL PN
/ \}
/ABSORBING) |
\ SOLUTION Hy VACUUM
\ FLASK ,/ MANOMETER PUMP
S .

Figure 3. Flask mathod.

The procedure is as followsi_
1. Place into the flask 25 ml of the Method 7 absorbing su«.

solution (H2504 + H202) for‘NOx or 15 m1 of the Method 6 absorbing

solution (H202) for SOZ

2. Prior to connecting the gas cylinder to the sample flask,

gas.

nurge the line from the gas cylinder with calibration gas.
Record the barometric pressure. Evacuate the flask to a pressure
of less than 3 in. Hg absolute, and leak-check the flask according
to the procedure in Reference Method 7.

3. Record the initial flask vacuum and open the flask
to the cylinder line. Very slowly open the gas cylinder
valve slightly, and monitor the flask pressure. The key to
obtaining a valid sample fs'to collect the flask samp]e'at a

relatively slow rate (the sadp]e period should be about 30



6
seconds). When the pressure in the flask approaches QO in. Hg

for S0, gas or -4 in. Hg for NOx gas, close the gas cylinder

2
valve and close the flask to the gas cylinder line. Turn the
flask valve, and close the flask to the gas cylinder line.
Turn the flask valve so that the flask is open to the manometer.
Record the final flask pressure and temperature. Disconnect
the gas cylinder line from the flask. For NOx gas, open the
flask valve to the atmosphere to relieve the flask vacuum to
atmospheric pressura. Close the flask valve to all connections,
and disconnect the flask from the sample train.

4, Complete the analysis of the NOX flask according to
Method 7. For the 502 gas sample, shake the flask vigorously

for 3 minutes and analyze the entire solution as cne aliquot

by the barium-thorin titration procedure described in Reference

Method 6. Calculate the sample concentration from the calibrated

flask volume, the measured flask pressures and temperatures,
and the analyses results.

Criteria for Accepting Results

For any of these procedures, use the results of three
consecutive runs to determine an average.  To be acceptable, all
resuits within the group of three must be within + 10 percent
of the zverage. If one result out of the three is not within

+ 10 percent of the average, discard that result and replace it

with the result of another run until the acceptability criterion

is met. If two or more results fail to be within + 10
percent of the three-run average, discard all three results and

repeat the test until the above criterion is met.

L !
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Once the acceptability criterion is met, compare the
average value with the manufacturer's gas cylinder tag value.
If the average is within + 5 percent of the gas cylinder tag
value, use the tag value as the true gas concentration.
If the average is not within + 5 percent of the cylinder tag
value, make three additional test runs. Calculate the average
of these results plus the original three results. To be acceptable,
each result must be within + 10 percent of the average. Additional
runs may be made to replace any of the test results. Use the
avarage of the six acceptable results as the gas cylinder
concentration value.

Recommendations

Because the analysis procedure for Reference Method 7
requires a delay of at least 1 day before results are determined,
and the evacuated flask method for 502 gas allows for only one
sample aliquot per flask, it is advisable to collect more than
three flask samples, initially. Nine flask samples should be
sufficient to provide results that meet the acceptability |
criteria. The sample results should be used in sequence with
the first three samples collected providing the base average.
This same recommendation can be applied to the other sampling
methods if the tester so desires.

Discussion

Preliminary tests have shown that the pressure in the
sampling system is a critical factor in obtainifg accurite
results with the direct pressure and the vented bubbler procedures.

During the method validation tests, the system pressure was
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maintained below 0.5 in. Hg to avoid positive pressure leaks.

The test results comparing the direct pressure method
results with the NBS values are shown in Table 1. These
results show a consistent 1 to 6 percent positive bias for
single-run results and less than 5 percent positive bias for
the average of any three consecutive runs at the same concentration.

The test results determined using. the vented bubbler pro-
cedure are shown in Table 2. These data show a single-run
result varijability from -7 to +8 percent and within + 5 percent
for the average of any three consecutive run results.

The test results found using the evacuated flask method

with the SO, cylinder gas are shown on Table 3. These results

2
show good consistency and accuracy with the range of single-
run errors between -9 and +5 percent. The maximum three-run
average error was less than + 5 percent.
Reference

1. 40 CFR Part 60, Appendix B - Performance Specifications,

Federal Register, Vol. 40, No. 194, October 6, 1975.



TABLE 1. RESULTS OF CYLINDER VERIFICATION TESTS USING
DIRECT PRESSURE METHOD

Percent

NBS Measured
concentration, concentration, | Difference, | error

228 238 +10 +4
228 241 +13 +6
228 235 +7 +3
228 241 +13 +6
891 927 +36 +4
891 899 +8 +1
891 921 +30 +3
891 935 +44 +5
891 915 +24 +3
891 931 +40 +4
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TABLE 2. RESULTS OF CYLINDER VERIFICATION TESTS USING
VENTED BUBBLER METHOD :

NBS Measured ' Percent
concentration, concentration, Difference error
228 226 -2 -1
228 235 +7 +3
228 232 , T +4 +2
228 232 . + +2
228 - 236 +8 +4
228 247 +19 +8
228 225 -3 -1
228 212 ~16 -7
228 230 +2 +1
891 908 +17 +2
891 9N +20 +2
891 935 - +44 +5
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TABLE 3. RESULTS OF CYLINDER VERIFICATION TESTS USING
EVACUATED FLASK METHOD

NBS Measured Percent
concentration concentration Difference error
228 227 -1 0
228 234 +6 +3
228 234 +6 +3
228 238 +10 +4
228 235 +7 +3
228 239 +11 +5
891 809 -82 -9
891 909 +18 +2
891 894 +3 0
891 901 , +10 +1
891 879 ~12 -1
891 932 +41 +5
891 872 -19 -2
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A METHOD FOR ANALYZING NO_ CYLIMDER GASES
Specific Ion Electrod® Procedure
Foston Curtis*
Introduction

Appendix B of Part 60 - Standards of Performance for New
Stationary Sources - includes specifications for continuous
monitoring equipment. One specification requires the analysis
of nitrogen oxides (NOX) calibration gases using Reference
Method 7.

The analysis of NOx by specific ion electrode has been
found to be acceptable as an alternative to Method 7. The
method is accurate and precise at the 200-and 500- ppm levels.
Laboratory tests of NO calibration ga;es collected by the
evacuated flask method and analyzed with a nitrate electrode
showed the error of individual measurements to be within + 5

percent.

Sampling Procedure

The evacuated flask method outlined in Reference Method 7
is used to collect the samples. A pressure balance device
should be constructed to eliminate variations due to dif-
ferences in cylinder line pressures (see Figure 1). The sam-
ple is collected by the following procedure:

1. Place into the flask 25 ml of the Method 7 absorbing

* Emission Measurement Branch, Emission Standards and Engi-
neering Division, OAQPS, OAWM, EPA, Research Triangle Park,
N. C. 27711, October, 1978.

q A\
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solution (H2$04 + H202).
2. Record the barometric pressure. Evacuate the flask
Lo @ pressure of Tess Lhan 79 wm (3 10.) Hg absolute.  Then Toak-

check the flask according to the procedure in Reference Method 7.

1/4~in, SWAGELOCK FITTING (VEFLON)

LIMITING ORIFICE

12/5-in. SOCKET TO 1/4~- -in.-

DIAMETER GLASS TUBING UMP VALVE

PUMP

i/4-in. TEFLON L

" PRESSURE
BALANCE ~tmg
DEVICE |7

Ll S

I- ;.: -
\.“?-".':;:.
A* @4
;T?'

FIGURE 1. Sampling Tfain

3. Record the initial flask volume, pressure, and tem-
perature. Adjust the cylinder gas line to a pressure suffi-

cient to cause bubbling in the pressure balance device

qR
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when sampling. Open the flask to the cylinder line. When the
pressure in the flask approaches 100 mm (4 in.) Hg vacuum,
close the flask to the cylinder gas line. Turn the flask valve
so that the flask is open to the manometer. Record the final
flask pressure and temperature. Disconnect the gas cylinder
line from the flask. Open the flask valve to the atmosphere
to relieve the vacuum and provide oxygen for the reaction.
Close the flask valve to all connections and disconnect the
flask from the sample train.

4. Shake the flask for 5 minutes. Then allow it to sit
for a minimum of 16 hours prior to analysis.

5. After the 16-hour absorption period, shake the flask

contents for 2 minutes.

Analysis by Specific Ion Electrode

A nitrate specific electrode with a reference electrode
and a digital pH/mV meter is used in determining nitrate in the
absorbing solution. The procedure is as follows:

1. Dry some potassium nitrate (KNO3) in an oven overnight
at 110°¢. Prepare a standard nitrate solution containing
2 mg/ml by dissolving exactly 3.261 grams of the dried KNO3 in
1 liter of distilled water. Prepare fresh daily (at the time
that samples are analyzed) a working standard solution
(200 ug/m1) by diluting 10 ml of this solution to 100 ml.
For calibration gases containing up to 500 ppm NOX, add 5.0,

10.0, 15.0, and 20.0 m1 of the KNO3 working solution to a

A
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series of four 100-m) volumetric flasks. To each. .dd 25 ml
of Method 7 absorbing solution, 2 m1 of 2 M ammon:..» sulfate,
and 1 m1 of 1 M boric acid before diluting to volume. Shake
well,

2. Transfer the contents of the sample flask to a
100-m1 volumetric flask using a funnel. Rinse the sample
flask twice with 5-ml portions of distilled water, and add the
rinses to the volumetric flask. Pipet into the flask 2 ml
of 2 M ammonium sulfate (provides a constant background ion
strength of 0.12 M) and 1 m1 of 1 M boric acid (preserves the
solution). Dilute to the mark and mix well.

3. Run triplicate analyses of the standard solutions
and the samples, alternating the samples and the standards.
Use a magnetic stirrer during analysis to maintain good mixing.
Calculations

Prepare a least square plot of the standard concentrations
versus millivoit responses. From this curve (or equation),
determine the sample concentrations of NOx in the cylinder;
use the following equation:

C = 38.80 ;-S-
sc

Where:

c = Concentration of NOx in the calibration gas
cylinder, ppm.

Cs = Concentration of NOx in the sample, ug/ml.
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VSc = Sample volume corrected to standard conditions
as in Reference Method 7, liters.

38.80 = Microliters NO2 per microgram NO3 per milliliter
of sample {100 m1 sample).

Criteria for Accepting Results

Use the results of three consecutive runs to determine an
average. To be acceptable, all results within the group must
be within + 10 percent of the average. If one result out of
the three is not within + 1C percent of the average, discard
that result and replace it with the result of another run until
the acceptability criterion is met. However, if two or more
results fail to be within * 10 percent of the three-run average,
discard all three results and repeat the test until the above
criterion is met.

Once the acceptability criterion is met, compare the
average value with the manufacturer's gas cylinder tag value.
If the sample average is within + 5 percent of the gas cylin-
der tag value, use the tag value as the true gas concentration.
However, if the average is not within + 5 percent of the
cylinder tag value, make three additional test runs. Calcu-
late the average of these results plus the original three
results. To be acceptable, each result must be within + 10
percent of the average. Additional runs may be made to
replace any of the test results. Use the average of the six

acceptable results as the gas cylinder concentration value.

AH



Discussion

The specific ion electrode method allows for ease of
.analysis and rapid readout of the nitrate electrode as opposed
to the Method 7 pheno1disu1fonic-acid analysis which requires
5 to & hours before completion. Sampling technique is a
critical factor in obtaining accurate results. The leak check
should be thorough and the sampling rate slow to prevent a
temperature change in the sampling flask due to rapidly
changing pressure. Experience has also shown that more con-
sistently accurate results are obtained when working standards
are prepared on the same day as the analysis is performed.

Test results are shown in Table 1. All individual sample
values varied from their average group value by less than 5
percent, though some varied from the certified values by as
much as 16 percent. This consistent bias occurred when fresh
working standafds were not prepared daily.
Bibliography

1. Federal Register, Vol. 40, No. 194, October 6, 1975.
p. 4650-46271,

2. Driscoll, J. N., A. W. Berger, and J. H. Becker.

Determination of Oxides of Nitrogen in Combustion Effluents
with a Nitrate Ion Selective Electrode. Walden Research
Corporation, Cambridge, Mass. Presented at the 64th Annual

Meeting of the Air Poliution Control Association, Atlantic

City, New Jersey. June 1971.
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Table 1. Summary of Data

Measured Certified

Sample  concentration, ~ concentration, % error
sets ppm . ppm Difference % grror  from mean
1 515 500 + 15 3 1.8
514 ‘ + 14 3 1.6
516 . + 16 3 2.0
483 - =17 3 4.5
503 ‘ + 3 1 0.6
2 526 500 + 26 5 2.3
509 + 9 2 1.0
514 + 14 3 0
511 + 11 2 0.6
| 511 w1 2 0.6
3 ' 468 500 - 32 6 5.4
423 : - 77 15 4.7
441 -.59 12 0.7
4 490 500 - 10 2 6.7
534 | + 34 7 1.7
531 ‘ | + 31 6 1.
536 + 36 3 2.1
524 + 24 5 0.2
532 + 32 6 1.3
5 465 . 500 \ - 35 7 2.4
471 - - 29 6 3.6
446 - 54 1 1.8
| 432 - 68 14 4.8
6 452 - 48 10 0.7
447 - 53 N 0.4
448 - b2 10 0.2
443 - 57 N 1.3
455 - 45 9 1.3
450 - 50 10

0.2

X



Sample
sets

7

10

1

12

Measured
concentration,
ppm

473
451
441
476
444
473
479
474
477
479
479
474
485
493
495
499
495
506
479
484
478
478
482
272 .
260
267
248
272
257
277

8

Table 1. Summary of Data

(Continued)

Certified
concentration,
ppm

500

500

500

500

294

294

Difference

27
49
59
24
56
27
21
26
23
21
21

% error
5
10
12
5

-
oy
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% error
from mean

2.8
2.0
4.1

w
.
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0.2
0.6
0.2
2.0
0.2
0.8
0.4
0.4
0.4
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Sample
sets

13

Measured
concentration,

ppm
260
282
275
267
280
250

9
Table 1. Summary of Data
(Continued)
Certified
concentration,
ppm pifference
- 34
294 - 12
- 19
- 27
- 14
- 44

% error

12
4
6
9
5

15

1

3

® W o~ — .

% error
from mean
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STRATIFICATION OF SOp EMISSION TESTS AT THE FMC

COAL-FIRED GREEN RIVER SODA-ASH PLANT

by
Peter R. Westlin, U.S. EPA, OAQPS

Introduction

During the week of October 16, 1978, an EPA test crew conducted stack
traverse measurements at the FMC Green River, Wyoming Soda Ash Plant. The
purpose was to collect mea§urements of the relative stratification of sulfur
dioxide emissions in the exhaust stacks of the two scrubber units. A Dyna-
science SO2 monitor and a Beckman 02 monitor were used for the measurements.
The scrubber units were similar in design having a by-pass duct routing some
un-scrubbed boiler exhaust to the stack upstream of the entry of the scrubbed
gas. Emission monitoring data from plant-owned monitors were recorded for
comparison purposes and to establish that loadings remained constant through-
out the tests.

In addition, short-test flask samples were collected from one scrubber
stack for analysis for 302. Sampling and analysis were performed according
to the outline in the monograph "Determination of Sulfur Dioxide Emissions -
Evacuated Flask Method."

Process Description and Operation

The FMC plant has two identical process boiler and scrubber systems. A
portion of the boiler gas for each system is by-passed around the scrubber
and is directed to the stack. This by-pass gas amount is controlled to some
extent by positioning of dampers in the duct. The by-pass duct enters the

11.5' stack about 40' upstream of the scrubber exhaust duct which is, in

467



24/l 4

turn, about 45' upstream of the sample ports. The boilers are coal-fired
units supplying power for the soda-ash production, and were operated at
constant loads during the stratification tests.

Summary and Discussion of Results
SO> Stratification

Tables 1 and 2 show the results of the 502 traverses for units 6 and 7,
respectively. Thirteen points, evenly spaced, were used for each traverse
diameter. Included was the central point on each diameter, and SO2 and 02
concentrations were measured simultaneously at each point. Figures 1 and 2
show schematics of the stack cross-sections and the measured SO2 concentra-
tions for the same units. Ispp]eths of 502 concentrations corrected to zero

percent O2 are drawn on these figures.

A stack mean value was calculated for both stacks from the traverse
data using SO, and 02 concentration estimates at sample points defined by
a 10-point traverse in Reference Method 1. The mean SO2 at 0 percent 02
concentration for Unit 6 was 481 ppm and for Unit 7 was 406 ppm. Stratifica-
tion was determined by comparison of the measured traverse results with the
calculated stack mean value and these results are shown on Table 1 and 2
in terms of percent change from the mean.

These results show severe stratification of SO, across both stacks.
The percent change for Unit 6 ranges from +27 to -32 percent and for Unit
7 ranges from +23 to -31 percent. The generally accepted value for maximum
percent change for determining gas stratification is +10 percent. These

results indicate that stratification of SO2 gas does exist in both stacks.
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Further analysis of these data include a determination of path con-
centrations as specified in the revisions to the continuous monitoring
specifications. An average path concentration was calculated for each
port or diameter of the traverses. The average path measurements for Unit
6 were 491 ppm from the southeast port and 483 ppm from the northeast port.
These values are well within 15 percent of the stack average of 481 ppm.
The path measurements for Unit 7 were 393 ppm form the northeast port and
412 ppm from the southwest port. These values, also, are well within +5
percent of the stack average, 406 ppm.

Additionally, 3-point average concentrations were determined using
measurements of SO and 02 concentrations at 16.7, 50, and 83.3 percent
of each stack diameter. The average 3-point concentration for the south-
east port of Unit 6 was 491 ppm and for the northeast port was 471 ppm.
Both of these values are within +5 percent of the stack average. The
average 3-point concentrations for Unit 7 were 385 ppm for the northwest
port and 410 ppm for the southwest port. The lower concentration is about
5 percent different than the stack average while the other is about 1 per-
cent different.

These results indicate that stratification of SO2 due to incomplete
mixing of by-pass and scrubbed gases can be overcome following the pro-
cedures of the continuous monitoring specifications revisions and such moni-
tor probe locations can obtain accurate representation of the stack emissions.
Analysis of these data show that either path measurements or 3-point measdre-
ments will provide average stack concentrations within +5 percent of the
actual stack average. This was true for both stacks and repkesents good
support for the continuous monitoring specification revisions on the location

on monitors and the reference test methods.



302 Short Test Results

Samples were collected from the Unit 6 stack using the short test
procedure. The results shown on Table 3 are biased low by an average 35
percent from the stack monitor measurement average covering the same
period. This bias is due to poor sample handling technique in the transfer
of sample from the flasks to the sample jars. The distilled water rinse
step was inadvertently neglected and, no doubt, caused some portion of the
502 collected to remain in the flasks and miss analysis. Therefore, these
results are inconclusive.

References

1. Determination of Sulfur Dioxide Emissions - Evacuated Flask Method;
monograph available from Chief, Test Support Section (MD 19); Environmental
Protection Agency; Research Triangle Park, N.C. 27711.

2. Performance Specification 2 - Specifications and Test Procedures for
SO2 and NOx Continuous Monitoring Systems in Stationary Sources; Draft,
November, 1978.

3. Performance Specification 3 - Specifications and Test Procedures for

CO2 and 02 Continuous Monitors in Stationary Sources; Draft, November, 1978.
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Table 1: Summary of SO2 and O2 Stratification Measurements
in the Exhaust of the FMC Unit #6
(mean SO, concentration at 0% 0, = 481 ppm)

Distance Uncorrected * S0, % Change
from wall SO O2 at 0% 02 from mean

Port (in.) (ppm] (%) (ppm)

Southeast 9 282 8.6 479 0
19 268 8.4 448 -7
29 272 8.2 448 -7
39 283 8.0 459 -5
49 296 6.8 439 -9
59 328 6.5 476 -1
69 344 6.3 492 + 2
79 347 6.6 507 +5
89 353 6.6 516 + 7
99 351 6.6 513 + 7
109 - 365 6.6 533 +11.
119 365 6.6 533 +11
129 369 6.6 539 +12

Northeast 9 383 6.4 552 +15

19 403 6.4 581 +21

29 419 6.4 604 +26
39 425 6.4 613 +27
49 417 6.4 601 +25
59 373 6.5 541 +12
69 338 6.7 497 + 3
79 318 6.7 468 -3
89 287 6.7 422 -12
99 256 6.7 377 =21
109 244 6.8 362 -25
119 226 6.8 335 -30
129 218 7.0 328 -32

*Note: The 0, for samples from the southeast port required significant
adjus%ment to be consistent with other measurements. This was due to
calibration errors on the 02 monitors.



Table 2: Summary of 502 and 02 Stratification Measurements
in the Exhaust of the FMC Unit #7
(mean SO, concentration at 0% 0, = 406 ppm)

2
Distance Uncorrected * 50, % Change
from wall SO 0 at 0% 02 from mean

Port (in.) (ppm (25 (ppm)
Northwest 9 171 8.2 281 =31
19 196 7.6 308 -24
29 200 7.4 310 ~24
39 204 7.6 321 -21
49 216 7.6 339 -17
59 228 6.6 358 -12
69 242 7.5 377 -7
79 264 7.5 412 +1
89 286 7.5 446 +10
99 305 7.5 476 +17
109 315 7.5 491 +21
119 319 7.5 498 +23
129 317 7.5 494 +22
Southwest 9 293 6.8 434 + 7
19 284 6.7 418 + 3
29 291 6.6 425 +5
39 282 6.8 418 + 3
49 278 6.8 412 +1
59 268 6.8 397 -2
69 268 6.8 397 -2
79 266 6.8 394 -3
89 276 6.8 409 +1
99 274 7.0 412 +1
109 274 7.1 415 +2
119 272 7.2 415 + 2
129 268 7.2 409 + 1

bofq
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Figure 1:

Schematic of Unit 6 Stack Cross-Section with

S0z at O%.Oz Isopleths.
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Table 3: Summary of Short Test SO2 Results from the FMC Unit 6 Stack

Run S0
(pp%)drx
167

—

160
205
219
166
219
163
144

W O N Y Y B W N

140

—
o

142
139

— —
N =

146

——

Mean 168 Plant Monitor Average = 260 ppm
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Citation reprinted from March 7, 1978 issue of NTIS Environmental pPollution
and Control Abstract Summary

Evaluation of EPA Methoad 5 Probe Deposition and Filter
Media Efficiency. Progress Repor, September 1975--
June 1977.

J. C. Elder, M. |. Tillery, and H. J. Ettinger.

Los Alamos Scientific Lab., N.Mex. Aug 77, 16p
LA-6899-PR Price code: PC A02/MF AO1

While developing an improved extractive stack sampler,
Environmental Protection Agency Method 5 was evaluated
to quantitate probe deposition and collection efticiency of
several glass fiber filters accepted by the method.
Monodisperse fluorescing dye aerosols trom 0.6- to 4.4-
mu m geometric diameter were generated from a vibrating
orifice aerosol generatar. Collection efficiencies were mea-
sured for MSA 1106 BH, Reeve-Angel 934AH, and Whatman
GF/A and GF/C glass tiber filters at operating velocities of
5.2 and 10.3 cm/s. Efficiencies of these four filters were
comparable, ranging from 99.6 to 99.8 percent against the
0.6- mu m aerosol and above 99.9 percent for aerosols
larger than 1.0 mu m. Probe deposition of a large (13.4- mu
m mass median diameter) glass bead aerosol was 94 per-
cent. Probe deposition of a 2.0- mu m fly-ash aerosol was
10.5 percent, with approximately half deposited in the noz-
zle. Only 1.5 percent of a 1.2- mu m dye aerosol deposited
in the probe. These measurements emphasize the im-
portance of consistent probe washing procedures, lower
gas velocity in the probe nozzie, fewer bends and diameter
changes, and smoother transition between probe com-
ponents in the design of an improved sampler. (ERA cita-
tion 03:004688)
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Taken from Auqust 1977 Issue of STACK SAMPLING NEWS

SPURIOUS ACID MIST VALUES
by
J. E. Knoll and M. R. Midgett
Quality Assurance Branch
Environmental Monitoring and Support Laboratory
U.S. Environmental Protection Agency
Research Triangle Park, North Carolina 27711

We wish 10 note that, in a recent evaluation study of EPA Reference Method 8, conversion of sulfur dioxide to sulfate
was observed in the isopropy! alcohol solution that is used to separate sulfuric acid mist from SO,. This resulted from
the presence of trace amounts of peroxide in the isopropy! alcohol. The observed conversion, though too small to affect
the sulfur dioxide measurement, produced sufficient H, SO, to cause a significant positive error in the acid mist value.
Testing of samples of reagent grade isopropy! alcohol from a number of well-known supply houses indicated that such
contamination is widespread.

A useful test for the presence of peroxides in isopropy! alcohol is as follows:
Shake 10 mi of isopropy! alcohol with 10 ml of freshly prepared 10% potassium iadide solution. Prepare a blank
by similarly treating 10 ml of distilled water. The appearance of a yellow color indicates the presence of peroxides.
After one minute, read absorbance at 352 nm. If absorbance exceeds 0.1, reject alcohol for use. _
Contaminated isopropy! alcohol may conveniently be purified by passage through a column of activated alumina.
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CONTINUOUS EMISSION MONITORING (CEM)

Programing and Experiences; EPA, Region VIII, Denver S22 9¢€

by John R. Floyd 5uvvuﬂm‘-0~(y O~. 855
' | 860 Li»esrin Sf

FT3 35> gg:ou AT3-£37.-Y3 4
Attatched are some comments ont 1) Pre-specification Test Meeting,

2) Field Responsibilities of the Agency Observer of a Specification Test,

3) Post-specification Test Activitles, and 4) Specification Test Report Review
and Office Report. Region VITI is primarily involved with power plants, there-
fore the comments focus more on CEM for this source category. Below is an out-
1line of some of the experiences Region VIIT has worked through. One key item
in any viable CEM program is the active support of a strong and progressive En-
forcement Section, both technical and legal.

Reglion VIII Experlences
I. Program Development
A. EPA Headquarters
B.. Reglonal Growth
C. State Involvement and Implementation
II. The Program
A, Resources Avallability
B, Contrast Support (DS3E)
¢, Planning Field Work
D, Travel Required--documenting key items
T. Quality Assurance
F. Field Audits
G, Report Auditing
H., Jlixcess Emission Reporting, Storage, and Use

111. Technical Difficulties

~A. The Regulations--40 CFR 60, Appendix B
B, The 3tate~0f-~The-Art

C. Location and Relocation--MR. Young, ND



IV,

D.

-
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F.
G,
H.
L.

New

D.

E,

Stratification-~FMC, Wyoming )300% (502)
Accuracy in Units of the Standard (1b/100BYU)
Quality Assurance-~varies with vender
Recertifications

Resources Demand and Travel Constraints
linforcement and Data Use

Developments

Subpart D(a.)

PSD Permits

N5P3 Revisions:Specs 1, 2, 3

SIP Revisions

CEM Work Group

24
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The Pre-Spec. Test Meeting

By John R. Floyd, USEPA, Region VIII

Because the continuous emission monitoring (CEM) regulations are lengthy,
somewhat complicated, and often not understood by a source, a pre-spec. test
meeting at the monitoring site with the agency(s), plant engineer, company environ-
mental expert, vendor, and the testing contractor, is a big step in assuring the
most timely completion of the requirements and acceptance of the continuous
monitoring system (CMS) being tested. Prior to this meeting, the agency should
forward to the company, a package of CEM information which would include a summary
of the regulations, a caution on the location of the CMS in the gas stream, an
example report format with data forms, and a suggested work schedule for the week
of the operational test period (OTP).

The plant people can then make sure that the monitor location is acceptable
and begin planning its testing activities to minimize the loss of resources by
all parties involved. The pre-spec. test meeting at the plant should then be
scheduled about 8 weeks prior to the intended OTP, at a time convenient to the
five parties mentioned earlier.

The meeting might proceed something like the agenda in Table I, below. The
agency person would be the most likely to chair the meeting, in that he should

know more about what needs to be addressed and planned for than anyone else.

Pre-Spec, Test Meeting Agenda

9:00 Introduction of Attendees
9:10 Statement of Purpose Agéncy
9:30 Description of System Plant or Vendor
10:00 Physical Inspection and Tour of System
Installation and Operation Tour Plant
D-1.1
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Pre-Spec. Test Meeting Agenda (continued)

11:00 Review historical data, as available to determine
Tikelihood of stratification

11:30 Lunch

12:30 Review applicable regulations and reference Agency and Tester
methods to be used (consolidate testing)

1:30 Establish schedule of events, including
input from all parties, for the week of ANl
the operational test period (OTP)

2:15 - Review the report format, including factory Agency
certification and raw data

2:30 Determine date for OTP, report due date, Agency
final compliance date (in case of failures),
and first Quarterly Excess Emission Report
date

3:00 Discussion and Adjourn

Early in the meeting, the agency person should explain the purpose of the
meeting and what needs to be agreed upon during the meeting. After the physical
layout of the CMS is explained, the group should tour the facility, especially
the entire CMS. During the tour, note the location of the monitors and the
orientation to bends in the ductwork or position of stack breeches from the
scrubber(s). Back at the meeting room the subject of stratification of particulate
or S0p should be addressed. This is more of a problem in scrubber applications,
especially those that have by-pass capability and only scrub enough gas to meet
the 502 standard. Data are available showing a radical SO, gradient more than
eight diameters from a disturbance. Particulate can also be stratified after
eight diameters in certain duct and breech designs. If the plant followed your
guidelines in the package sent out earlier, the transmissometer should be installeq
"in the plane defined by the bend" (Spec. 1, 4.1.3), regardless of the eight

diameter assumption. The gas monitor(s) should be installed so as to give emission

D-1.2
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values "representative of the total emissions from the affected facility."
(Spec. 2, 4.2) Attached here is an actual case where a source was forced to
reorient and relocate a transmissometer/gas system already located 12.7 diameters
from a disturbance. D-f)f-\é’ \5'/(4 , 5.2 (o2

If, after the tour, you find the monitoring system to be located in a repre-
sentative location, the applicable reference methods should then be discussed.
Keep in mind that these are the same procedures used for the performance tests
for compliance with the emission standards. A significant savings of both company
and agency resources is possible by consolidating the required SO, and NOx per-
formance tests for compliance with the 9 507 and 27 NOy monitor performance
specification tests. The agency should point this out and encourage it to be
done when possible.

In any case, the same procedures should be used for both--e.q., if traversing
during the 502 performance test was done and justified, then traversing for S0
during the specification test is necessary also. The intent is to judge the
monitor by the same reference techniques used to demonstrate compliance.

During the 168-hour OTP, several different tests need to be done. The
instruments need to be tested for accuracy. The zero and calibration drift checks,
and the calibration error tests are to be conducted, as well as various other
smaller checks on the CMS. This typically involves the agency, the plant, the
vendor, and the contractor. Without a detailed plan for the events of the week,
it is exfreme1y difficult to get everything done. An efficiently planned OTP may
look something like Table II, for a complete CMS.

Table II - The OTP

Monday 0800 - start OTP with a 24-hour calibration check and adjustment.

0930 Finish 1st hour of accuracy test
'I 030 " an n " n n
] 'l 30 (1] 3rd 1] i n 1]

0

1.3 J
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Table II - The OTP (continued)

1230 Finish 4th hour of accuracy test

1330 “ 5th "

1430 (1] 6th u n 1} 1"
'l 530 " 7th " " " "
'I 630 n Bth L n " "
-l 730 1 gth 1] u 1" "

Tuesday 0800 - record 1st 24-hour drift values, and set system up for 2-hour
calibrations, automatically if possible. Contractor begins analyzing SO samples

from previous day.

1000 Record 1st 2-hour drift values

1200 2nd "
]400 " 3rd " u "
] 600 " 4th " " "
]800 " 5th n 1) n
2000 n Gth n " "
2200 " 7th " t "
2400 " 8th " n L]
Wed. 0200 “ 9th " " "
0400 " ]Oth n n L1}
0600 n 'I 'l th " n i
0800 Record 2nd 24-hour drift values
0800 " 12th 2-hour drift values
0800 Contractor analyzes NO, samples from previous day
1000 Record 13th 2-hour dri¥t values
1200 " 14th " " "
1400 " 15th " " "
1400 Begin 1st particulate test if necessary
1400 Run response time and calibration error tests

Thurs. 0800 Record 3rd 24-hour drift values
0800 Begin 2nd particulate test
" 300 1] 3Y‘d n n

Fri. 0800 Record 4th 24-hour drift values
0800 Rerun any accuracy tests as needed

Sat. 0800 Record 5th 24-hour drift values
Sun. 0800 " 6th " " "
MOn . 0800 n 7th " n (1]

D-1.4 ‘/



798

The suggested minimum format for the Spec. Test Report sent to the company
should be reviewed during the meeting. It should be made very clear that certain
entries are a must for an acceptable report. Table III might be used as a table
of contents in an acceptable Spec. Test Report.

Table II]l - Table of Contents

I. Background and Purpose (include attendees and test date)
II. Executive Summary
A. Plant production and operation
B. Monitoring system description
C. 1. Instrument performance (results of Spec. Test)’
2. Reference method results (compare to instrument)
D. Conclusion of acceptability of the system (compared to
allowable Specs.)
ITI. Plant Operation and Production during OTP
A. During hours of accuracy testing
B. During other instrument specification testing
C. During duration of the 168 hours
IV. Results of Specification Tests on the System
Accuracy (relative to reference methods)
Drift (2-hour and 24-hour calibration)
Response time and calibration error tests
Reference methods description and results (include tests
on cal. gases, if used)
Factory and field certification of remaining specifications
Detailed description and schematic of monitoring system; include
type, model, serial number, drawing of installation location,
zero and span values to be used, installation date, method of
daily calibration checks, etc.
V. The Reference Method Tests
A. Results of SOp, NO,, diluent
B. Method and equipment used
C. Calibration of equipment
D. Quality assurance checks results
VI. Conclusions
A. Level of acceptability of the monitoring system
B. Any problems with data validity(during test)
C. Action scheduled by company, if any part is failed
VII. Appendix (copies of:)
A. Original raw instrument data for:
1. Accuracy tests
2. Drift and cal. error tests
B. Original raw lab and field data for reference methods
C. Original logs of plant operation and production (daily)

mm OO E>

Should any questions about either the methods to be used, the schedule, or

the minimum report requirements surface, they should definitely be solved well
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before the actual day of the field test. In section D-5 of this manual, you will
see parts of actual reports which may be used as examples.

One of the most important items on the meeting agenda is defining a date
for the seveh-day OTP to begin. This should be a date, within the 30 days of
the performance and not more than 210 days after the plant first began production,
at which all parties agree to have their part of the OTP ready. Should any one
of tﬁe five parties not be ready on the first day of the OTP, all other parties
are wasting their time. At the same time, it should be pointed out that 60 days
after the start of the OTP, the final report is due. This same date should be
established as the date of final compliance of the source. In any case, the
date of final compliance cannot be extended beyond 270 (180 + 30 + 60) days after
the plant first was started up. It should be pointed out to the plant that should
it operate without an approved CMS beyond the established date of final compliance,
it would be in violation of the NSPS (or SIP) regulations. The date the first
Quarterly Excess Emission Report - EER (see Figure 4, page E-2.29) is due to the
agency (postmarked) the 30th day following the end of the calendar quarter in
which the seven-day OTP was completed.

The purpose of the pre-specification test meeting is threefold: one, to
familiarize the agency with the individual source and its CMS program, as well as
to force the agency to prepare itself for the upcoming spec. test and the applicable
regulations; two, to review, with the source and its tester, the applicable
regulations and required testing methods, including all necessary modifications;
and three, to insure that all problems and questions have been dealt with prior
to the start of the OTP, such that the chances of having to repeat the OTP and
required specification testing would be greatly min5mized.

Indeed, a well planned pre-spec. test meeting of all parties involved with such
tests can guarantee timely completion of the testing requirements as well as

expeditious acceptance of the CMS being evaluated.

J



EMISSION f ITORING REQUIREMENTS

*ON-SITE CERTIFICATION PROCEDURES
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Field Activities of an Agency Observer During a
Specification Test of a Continuous Monitoring
System (CMS)
by John R. Floyd ; USEPA, Region VIII

There are certain responsibiiities an agency field person would
naturally assume during a Specification Test of a CMS. These includg
observing the reference method testing for technique, noting the pro-
duction and operation mode of the plant, and accepting or rejecting
modifications or problems with monitors being tested or the tests being
;onducted. This type of observing is carried over from having been an
observer at a traditional performance test for compliance with emission
standards. However, an observer at CMS Specification Test should assume
a much broader role in his responsibilities. A Specification Test is at
least five times more expensive to the source than a normal performance
test; it cannot easily be repeated. Much more documentation of the data
and the testing is necessary in the field to render the CMS and its data
continually more useful, both to the agency and the source.

These added responsibilities can be broken down into five basic
categories: First, the physical equipment (type and serial numbers, etc.)
of the entire CMS should be recorded. The changing of any single component
of a CMS (as defined in specs. 1, 2, and 3)., can have a tremendous impact
on the quality of the system and its resulting data. It is reasonable to
make the acceptance, or certification of a CMS conditional on the continued
use, and proper maintenance of the same individual components as were

originally evaluated during the specification Test. In certain cases, if
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a component, such as the output recorder, is being changed out, it may
be possible to evaluate a few days of data (calibrations and emission
values) produced with the old component (a recorder) just prior to the
change, as compared to similar data from the system using the new
component (possibly a computer), taken just after all the "post-maintenance
bugs" have been worked out of the system. If little or no change in data
or drift character is discovered from such a comparison, recertification
might be waived.

A second item to pay close attention to during a Specification Test
of a CMS is the procedure used to operate+§: system, record data, and conduct
the required daily calibration check. Look at the way in which the data is
recorded. Can a 3-hour, or 1-minute (opacity) average be adequately deter-
mined (e.g. if the chart speed is one inch per day, neither 1 minute or even
3-hour averages can be read)? One might think twice about accepting this
system. If the data is on mag tape, where is it stored and how is it de-
coded? Is a daily calibration check automatic? What does it 1ook like on the
record? If not automatic, how is sucﬁ a calibration check done; how long does
it take? If an actual calibration adjustment is necessary, who actually is
responsible for determining the need, doing it, and seeing to it that it is
done promptly? What are fhe values for the various zero and calibration
values used? Are these reasonableyconsidering the design of the system and
expected emission values of the plant? Finally, what system is employed for
reducing the data showing excess emissions in units of the standard for

purposes of the Quarterly Excess Emission Report (EER)? Who prepares the

D-2.2
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EER and how are the excusable "upsets" documented, by whom, and where are the
records kept? These items may seem unnecessary. However, if you ever intend
to make any use of subsequent data from the system, you will need to know

all this and probably more.

The Yhird major area of concern with a Specification Test and it's
validity is the technique and method used to accomplish the field test
for relative accuracy. Of course, they are the same methods (see page D-1.3)
used to demonstrate compliance with the emission standards. In virtually
all cases, the same procedures, as modified and approved (if such is the
case), should be used both in the performance test and the Specification
Test. The intent is to judge the acceptability of the monitor by the exact
same reference techniques used to demonstrate compliance. If this is not
done, how then is the CMS to be relied on as an indicator of the source's
compliance status? If any modified methods need to be used for the two
tests, these should be discussed and resolved during a pretest meeting, and
definitely not during a field test. Should the tester be using any techniques
not previously approved, or in sloppy manner, it is the responsibility of the
observer to inform the company and the tester, on the spot, that the procedures
(or part of) used cannot be accepted.

Fourth, certain Quality Assurance (QA) procedures should be implemented in
the field by the agency observer of a Spec. Test. QA can prevent the need to
come back and redo portions of the test, as well as lend a significant amount of
credibility to the tests, such that the entire CMS is more useful. Such QA ‘
procedures might include giving the tester blind NO, and SO, samples for analysis
with the field samples. These can be obtained by contacting Region VIII, or the

Quality Assurance Branch in North Carolina. Any mistake in the analysis procedure

v
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will become evident. A second item to check is the flow rate of the Method 6

Gee €.3 250d €.3.34)
and 8 trains. Method 6 cannot be operated more than one liter per minute., Other
QA duties would center around data validation. When later reviewing the report
in the office, the agency person would want to check all calculations from the
original raw (copies of) field and lab data. Two ways to assure that no data
were lost or misplaced in the report are: (1) to record in the field certain random
key numbers, as they are produced--such as the beginning and ending meter readings,
or (2) to initial, or make some mark, on each lab or field data sheet which you
observe being recorded. This initial should then come through on the copies of
the data in the report, thus giving the agency some assurance that the results
in the report are indeed the results from the correct raw field data which were
neither recopied incorrectly or misplaced in the report. The observer should
stress that{many errors in field data can occur wpsg‘g‘fezﬁﬁg recopies the field
data to be included in the report. Even though they, may not be as legible or
neat, the only way ;;T;geiew a report is looking at copies of the original raw
field data.

The same sort of assurance can be carried over to the instrument data. If
you see your initial on a copy of an original instrument record (strip chart or
computer paper) appear in the report, you can be fairly sure (short of fraud)
of that data representing what the instrument was doing during the test. With
so much data being produced, it is easy for the company to honestly submit the
wrong data for a specific time frame; there $o-e nitiad The mstra mont data §re<u¢nﬂy.

The final area of responsibility of an observer of a Spec. Test is the
production and operation of the plant and control system. This takes on added
significance when the regular compliance tests are combined with the Spec. Tests.

But, speaking only about the Spec. Tests, let us review the reasoning behind the

need to include such data.
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The extreme case would be that the plant was down (zero producfion - no
flow in the stack). An instrument, depending on the design, might appear to have
no drift and be exactly accurate. It is not difficult for an instrument to read
zero on a zero stack when it is calibrated at zero. Without the heat, vibration,
gases, and dust, the instrument would certainly perform well. However, this is
not the environment in which the instrument will be asked to perform in most
plant installations. So with that as an extreme, the agency would do well to
define the minimum limits of production, for purposes of the various parts of the
Spec. Test.

Of course, these limits would depend on the way in which the source was
normally operated. But, in the case of a base-loaded power plant or boiler,
it is normally operated above 80% of its absolute maximum capacity (valves wide
open and 10% over pressure). In that case, such limits as listed in Table I might
_be in order.

Table I - Production Limits for the Spec. Test

Test Mode % of Maximum Capacity (Average)
Accuracy 80-90
Drift (2-hour) 70+
Cal. Error and Response 60+
Drift (24-hour) 60+
Entire 168 hours 60+
Minimum to continue testing Minimum operating capacity of plant

If the agency does a good job in the field of documenting what is needed,
the office evaluation becomes much simpler and less time consuming. In addition,
if the responsibilities in the field are not properly conducted, the credibility
and utility of the entire CMS will certainly be diminished as a continual indicator

of the compliance status and operation/maintenance procedures of the source.

D
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The Observers Post-Spec. Test Activities

By John R. Floyd

In addition to the follow up evaluations and quality assurance procedures
discussed in section "E", the agency person evaluating a continuous monitoring
system (CMS) should develop certain office procedures, after the Spec. Test,
in order to complete the file on the CMS Spec. Test and evaluation. Table I
is a sampling of such activities.

Table I: Post-Spec. Test Activities

Trip report on what transpired in the field.

Office audit of Spec. Test report.

Final report on compliance status of source and acceptability of CMS.
Letter of agency findings to source.

Review Quarterly Excess Emission Reports (EER), see Figure 4, E-2.29.
Office and field evaluations of continued source compliance and
condition of (MS.

Redo (as needed), compliance test.

Redo (as needed), Spec. Tests on monitors.

o0~ DN LW —

See section D-4 on report auditing, D-5 for example reports, and "E" for

the use of the EER as a follow-up tool.
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Auditing the Specification Test Report and
Reporting Your Final Determination

. By John R. Floyd; USEPA, Region VIII

The review of a Spec. Test report is a fairly sizable task. Having done a
good job while observing the field test will help a great deal. Basically, the
items to be sure and check in a Spec. Test report are listed in Table I.

Table I - Items to Look for in Spec. Test Report

A1l math on field and lab data.

Standard sample volumes.

Normality calculation.

Calculations to ppm.

Moisture calculations and correction, as applicable.
Orsat math and reasonagleness (use nomographs)
Calculations to 1b./10° BTU.

Compare ppm and 1b.7/106 BTU from instrument with reference.
The one-hour average values from the instrument record.
The drift values from the record.

The calculation of drift according to register.

The calculation of accuracy by registered method.

The response and cal. error tests.

The factory (and other misc.) certification checks.
Original copied field and lab data for your initials.
Crosscheck of key numbers earlier recorded.

Problems with methods or results.

Other items as included on Table III, p. D-1.4.

—t ok el ol vl ol wd
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By using a preprogrammed calculator or computer, one can complete such an
audit in much less time (by an order of magnitude). On the following pages please
note the program developed by Region VIII to use a TI Programmable 59 to assist
in such an audit. The example here {is for an audit for a particulate test; one
will be developed by Region VIII for SO,, NOX, and drift calculations.

Once the actual calculations are checked, a final report of the status of
the CMS being evaluated should be written, usually to the enforcement section of
the agency office. Table II lists the key items to include in this final office

report.
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Table II - Final Office Report of CMS Status

Results of specification testing - summary.
Problems with the Spec. Test.

Need to redo portions.

Summary of testing history.

Scheduled follow-up activities.

Date final EER expected.

Recommandations
See Section D-5 for an example of a final office report. The final office

GO UT W N —
pdbulbud A

is the last official function in the acceptance of a CMS, except for notifying
the source of its status. The follow-up activities in Section E will insure
that good quality continuous monitoring data are being sent in, as well as flag

the need for redoing portions of the Spec. Test.
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A METHOD FOR THE DETERMINATION OF PARTICULATE AND TOTAL
GASEOUS HYDROCARBON EMISSIONS FROM THE )
ASPHALT ROOFING INDUSTRY

1. Principle and Applicability

1.1 Principle. Particulate matter is withdrawn isokinetically
“from the source and collected on a glass fiber filter maintained at
2 temperature no greater than 50°C (122°F). The particulate mass,
which includes any material that condenses at or above the filtration
témperature, is determined gravimetrically after removal of uncombined
water. In addition to particulate matter measurement, a simultaneous
determination of total gaseous hydrocarbon emissions is made by passing
a small portion of the filtered gas sample stream through a flame

ionization detector (FID) hydrocarbon analyzer.

1.2 Applicability. This me;hod is applicable for the determina-
tion of particulate and total gaseous hydrocarbon emissions from
asphalt roofing industry process saturators and blowing stills.

2. Apparatus

2.1 Sampliag Train. A schematic of the sampling train used in
this method is shown in Figure 1. Complete construction details are
given in APTD-0581 (Citation 2 in Section 7); commercial models of
this traih are also available. For changes from APTD-0581 and for
allowable modifications of the train shown in Figure 1, see the
following subsections.

The operating and maintenance procedures for the sampling train

are described in APTD-0576 (Citation 3 in Section 7). Since correct
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usage is important in obtaining valid results, all users should
read APTD-0576 and adopt the operating and maintenance procedures
outlined in it, unless otherwise specified herein. Instrument
manufacturer's instructions should be followed when operating the
flame fonization detector HC measurement system, unless otherwise
specified herein. The sampling train consists of the following
components :

2.1.1 Probe Nozzle. Stainless steel (316) or glass with sharp,
tapered leading edge. The angle of taper shall be <30° and the taper
shall be on the outside to preserve a constant internal diameter. The
probe nozzle shall be of the button-hook or elbow design, unless
otherwise specified by the Administrator. If made of stainless steel,
the nozzle shall be constructed from seamless tubing; other materials
of construction may be used, subject to the approval of the Administrator

A range of nozzle sizes suitable for isokinetic sampling should
be available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.)--or larger if
higher volume sampling trains are used--inside diameter (ID) nozzles
in increments of 0.16 cm (1/16 in.). Each nozzle shall be calibrated
according to the procedures outlined in Section 5.

2.1.2 Probe Liner. Borosilicate or quartz glass tubing with a
heating system capable of maintaining a gas temperature at the exit end
during sampling of no greater than 50°C (122°F). Since the actual
temperature at the outlet of the probe 1s not usually monitored during
sampling, probes constructed according to APTD-0581 and utilizing the
calibration curves of APTD-0576 (or calibrated according to the pro-

cedure outlined in APTD-0576) will be considered acceptable.



Either borosilicate or quartz glass probe liners méy be used
for stack temperatures up to about 480°C (900°F); quartz liners
shall be used for temperatures between 480 and 900°C (900 and 1650°F).
.. Both types of liners may be used at.higher temperatures than speci-
fied for short periods of time, subject to the approval of the
Administrator. The softening temperature for borosilicate is 820°C
(1508°F) and for quartz it is 1500°C (2732°F).

‘When practical, every effort should be made to use borosilicate
or quartz glass probe liners. Aiternatively, metal liners (e.g., 316
stainless steel, Incoloy 825], or other corrosion resistant metals)
m;de of seamless tubing may be used, subjeét to the approval of the
Administrator. Note: At certain stack temperatures, water-cooled
probes may be required to keep the probe exit temperature below 50°C
(122°F. |

2.1.3 Pitot Tube. Type S, as described in Section 2.1 of Method 2,
or other device approved by the Administrator. The pitot tube shall
pe attached to the probe (as shown in Figure 1) to allow constant
monitoring of the stack gas velocity. The impact (high pressure)
opening plane 6f the pitot tube shall be even with or above the nozzle
entry plane (see Method 2, Figure 2-6b) during sampling. The Type S
pitot tube assembly shall have a known coefficient, determined as
outlined in Section 4 of Method 2.

2.1.4 Differential Pressure Gauge. Inclined manometer or equiva-

lent device (two), as described in Section 2.2 of Method 2. One

TMention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.



ménometer shall be used for velocity head (ap) readings, and -fg‘ff
the other, for orifice differential pressure readings.

2.1.5 Particulate and Moisture Cyclone Precollector. To be
used when stack gas moisture concentration is high (above 10 percent)
or when the stack gas oil concentration is high enough to cause oil
to seep through the glass filter mat. The collector shall be
constructed of borosilicate glass. The top section of the cyclone
contains a known weight of glass wool to trap any condensed oil
and/or water. A 125 ml, or larger borosilicate glass Erlenmyer
collecting flask shall be connected to the bottom of the cyclone to
hold any condensate.

2.1.6 Filter Holder. Borosilicate glass, with a glass frit
filter support and a silicone rubber gasket. Other materials of
construction (e.g., stainless steel, Teflon, Viton) may be used,
subject to the approval of the Administrator. The holder design
shall provide a positive seal against leakage from the outside or
around the filter. The filter holder shall be attached immediately
at the outlet of the probe (or cyclone, if used).

2.1.7 Filter Heating System. Any heating system capable of
maintaining a sample gas temperature at the exit end of the filter
holder during sampling of no greater than 50°C (122°F). A temperature
'gauge capable of measuring temperature to within 3°C (5.4°F) shall be
installed at the exit end of the filter holder so that the sample gas
temperature can be regulated and monitored during sampling (see
Figure 1). Heating systems other than the one shown in APTD-0581

may be used.



2.1.8 Total Gaseous Hydrocarbon Measurement System. To remove
and analyze a portion of the filtered sample gas for total gaseous
hydrocarbon emissions (see Figure 1).

2.1.8.1 Heated Sample Line. FEP fluorocarbon tubing, heated
to maintain a gas temperature entering the FID analyzer_slightly
above the filter exit temperature. The tubing length should be kept
to a minimum to reduce transport delay time.

2.1.8.2 Flame Ionization Detectbr Analyzer. Commercially
available system with a gas pump and flow regulation device for
conveying a known amount of sample gas to the detector cell. The
sample stream temperature is 50°C (122°F) or less; therefore, either
ambient or heated cell FID instruments may be used. Operating
instructions and calibration procedures are given in later sections.

2.1.8.3 Data Recorder. To provide a permanent record of the
outpﬁt signal, 1n‘terms of concentration units.

2.1.9 Condenser. The following system shall be used to determine
the stack gas moisture content: Four impingers connected in series with
Teak-free ground glass fittings or any similar leak-free noncontaminating
fittings. The first, third, and fourth impingers shall be of the
Greenburg-Smith design, modified by replacing the tip with a 1.3 cm
(1/2 in.) 1D glass tube extending to about 1.3 cm (1/2 in.) from the
bottom of the{f]ask. The second impinger shall be of the Greenburg-
Smith design with the standard tip. The first and second impingers
shall be empty, and the fourth shall contain a known weight of silica

gel or equivalent desiccant.
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2.1.10 Metering System. Vacuum gauge, leak-free pump,
thermometers capable of measuring temperature to within 3°C (5.4°F),
dry gas meter capable of measuring volume to within 2 percenf, and
related equipment, as shown in Figure 1. Other metering systems
capable of maintaining sampling rates within 10 percent of isokinetic
and of determining sample volumes to within 2 percent may be used,
'.subject to the approval of the Administrator. When the metering system
1§ used in conjunction with a pitot tube, the system shall enable
checks of isokinetic rates.

Sampling trains utilizing metering systems designed for higher
flow rates than that described in APTD-0581 or APTD-0576 may be used
" provided that the specifications of this method are met.

2.1.1 Barometér. Mercury, aneroid, or other barometer capable
of measuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg).
In many cases, the barometric reading may be obtained from a nearby
national weather service station, in which case the station value
(which is the absolute barometric pressure) shall be requested and an
adjustment for elevation differences between tHe weather station and
sampling point shall be applied at a rate of minus 2.5 mm Hg (0.1 in,
Hg) per 30 m (100 ft.) elevation increase or vice versa for elevation
decrease.

2.1.12 Gas Density Determination Equipment. Temperature sensor
and pressure gauge, as described in Sections 2.3 and 2.4 of Method 2,
and gas analyzer, if necessary, as described in Method 3. The

temperature sensor shall, preferably, be permanently attached to the



pitot tube or sampling probe in a fixed configuration, such that
the tip of the sensor extends beyond the leading edge of the probe
sheath and does not touch any metal. Alternatively, the sensor

may be attached just prior to use in the field. Note, however,

that if the temperature sensor is attached in the field, the sensor
must be placed in an interference-free arrangement with respect fo
the Type S pitot tube openings (see Method 2, Figure 2-7). As second
alternative, provided that a difference of not more than 1 percent in
the average velocity measurement is introduced, the temperature gauge
need not be attached to the probe or pitot tube. (This alternative
1s subject to the approval of the Administrator.)

2.2 Sample Recovery. The following items are needed:

2.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle brushes
with stainless steel wire handles. The probe brush shall have extensions
'(at least as Tong as the probe) of stainless steel, Nylon, Teflon, or
similarly inert material. The brushes shall be properly sized and
shaped to brush out the probe 1iner and nozzle.

2.2.2 Wash Bottles-~-Two. Glass wash bottles are recommended.

2.2.3 Glass Sample Storage Containers. Chemically resistant,
borosilicate glass bottles, for 1,1,1 trichloroethane (TCE) washes,
500 m1 or 1000 m1. Screw cap liners shall either be rubber-backed
Teflon or shall be constructed so as to be leak-free and resfistant
to chemical attack by TCE. (Narrow mouth glass bottles have been

found to be less prone to leakage.)
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2.2.4 Petri Dishes.. For filter samples and for transporting
tared glass wool plugs to the field. Glass, unless otherwise
specified by the Administrator.

2.2.5 Graduated Cylinder and/or Balance. To measure condensed
water to within 1 ml or 1 g. Graduated cylinders shall have sub-
divisions no greater than 2 m1. Most laboratory balances are capable °
of weighing to the nearest 0.5 g or less. Any of these balances is
suitable for use here and in Section 2.3.4.

2.2.6 P1§stic Storage Contqiners. Air-tight contafners to storé
silica gel.

2.2.7 Funnel and Rubber Policeman. To aid in transfer of
silica gel to container; not necessary if silica gel is weighed in
the fiel.

2.2.8 Funnel. Glass, to aid in sample recovery.

2.3 Analysis. For analysis, the following equipment is needed:

2.3.1 Glass Weighing Dishes.,

2.3.2 Desiccator.

2.3.3 Anzlytical Balance. To measure to within 0.1 mg.

2.3.4 Balance. To measure to within 0.5 g.

2.3.5 Beakers. Glass, 250 and 500 ml.

2.3.6 Hygrometer. To measure the relative humidity of the
laboratory environment.

2.3.7 Temperature Gauge. To measure the temperature of the
laboratory environment.

2.3.8 Separatory Funnel. 100 ml.



3. Reagents

3.1 Sampling. The reagents used in sampliﬁg are as follows:

3.1.1 Filters. Glass fiber filters, without organic binder,
exhibiting at least 99.95 percent efficiency (59.05 percent
penetration) on 0.3-micron dioctyl phthalate smoke particles.

The filter efficiency test shall be conducted in accordance with
ASTM standard method D 2986-71. Test data from the supplier's
quality control program are sufficient for this purpose.

3.1.2. Precollector Glass Wool. No. 7220, Pyrex brand, or |
equivalent.

3.1.3 Silica Gel. Indicating type, 6 to 16 mesh. If previously
used, dry at 175°C (350°F) for 2 hours. New silica gel may be used
. as received. AAlternativer. other types of desiccants (equivalent
or better) may be used, subject to the approval of the Administrator.

3.1.4 Crushed Ice.

3.1.5 Stopcock Grease. TCE-insoluble, heat-stable grease (if
available). This is not necessary if screw-on connectors with Teflon
sleeves, or similar, are used.

3.1.6 Zero Gas. A grade of compressed zero air containing less
than 1 ppm hydrocarbon (as methane).‘

3.1.7 Calibration Gases. Compressed gas mixtures containing
known concentrations of methane or propane in air. Nominal concentra-
tions of 50 percent and 90 percent of the instrument full scale range
are required. The higher (90 percent of scale) concentration gas
mixture is used to set and check the instrument span and is referred

to as the span gas.
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3.2 Sample Recovery. 1,1,1 trichloroethane--reagent grade,
<0.001 percent residue, and stored in glass bottles--is required.

TCE from metal containers generally has a high residue blank and
should not be used. Sometimes, suppliers transfer TCE to glass
bottles from metal containers; thus, TCE blanks shall be run prior to
field use and only TCE with low blank values (<0.001 percent) shall

be used. In no case shall a blank value of greater than 0.001 percent
of the weight of TCE used be subtracted from the sample weight.

3.3 Analysis. Two reagents are required for the analysis:

3.3.1 TCE. Same as 3.2.

3.3.2 Desiccant. Anhydrous calcium sulfate, indicating type.
Alternatively, other types of desiccants may be used, subject to the
approval of the Administrator.

4. Procedure

4.1 Sampling Train Operation. . The complexity of this method is
such that, in order to obtain reliable results, testers should be
trained and experienced with the test procedures.

4.1.1 Pretest Preparation. A1l the components shall be maintained
and calibrated according to the pracedure described in APTD-0576,
unless otherwise specified herein.

Prepare several probe liners and sampling nozzles for use.
Thoroughly clean each component with soap and water, followed by a
minimum of three TCE rinses. Use probe and nozzle brushes during at
least one of the TCE rinses (refer to Section 4.2 for rinsing
techniques). Cap or seal the open ends of the probe liners and

nozzles to prevent contamination during shipping.



_ Weigh several 200 to 300 g portions of silica gel in air-tight
containers o the nearest 0.5 g. Record the total weight of the
silica gel plus container, on each container. As an alternative,
the s1lica gel need not be preweighed, but may be weighed directly
in its impinger just prior to train assembly.

Check filters visually against 1ight for irregularities and
flaws or pinhole leaks. Label filters of the proper diameter on the
back side near the edge using numbering machine ink. As an alterna-
tive, label the shipping containers (glass petri dishes) and keep
the filters in these containers at all times except during sampling
and weighing.

Desiccate the filters at 20 + 5.6°C (68 + 10°F) and ambient
pressure for at least 24 hours and weigh at intervals of at least
6 hours to a constant weight, {.e., <0.5 mg change from previous
weighing; record results to the nearest 0.1 mg. During each weighing
the filter must not be exposed to the laboratory atmosphere for a
period greater than 2 minutes and a relative humidity above 50 percent.
Alternatively (unless otherwise specified by the Administrator), tne
filters may be oven dried at 105°C (220°F) for 2 to 3 hqurs. desiccated
for 2 hours, and weighed. Procedures other than those described, which
account for relative humidity effects, may be used, subject to the
approval of the Administrator,

Prepare cyclone precollector systems for use, as follows: Desiccate
or oven-dry several plugs of glass wool and weigh these to a constant

weight (use techniques similar to those described above for glass fiber



filters). Place each tared glass wool plug in a labeled petri
dish. Next, thoroughly clean equal numbers of glass cyclones and
125 m) Erlenmeyer flasks, using.soap and water, followed by several
TCE rinses. Pair each cylcone with a flask and identify (mark or
label) each piece of glassware. Determine the tare weight of each
glass cyclone, to the nearest 0.1 mg. Seal the open ends of each
flask and cyclone to prevent contamination during transport.

4.1.2 Preliminary Determinations. Select the sampling site and
the minimum number of sampling points according to Method 1 or as
specified by the Administrator. Determine the stack pressure,
temperature, and the range of velocity heads using Method 2; it is
recommended that a leak-check of the pitot lines (see Method 2,
Section 3.1) be performed. Determine the moisture content using
Approximation Method 4 or its alternatives for the purpose of making
isokinetic sampling rate settings. Note: A portion of flow will go
to the FID analyzer. If this flow exceeds 1.0 liters/min, a nomograph
correction will be needed to properly set isokinetic sampling rates
(see Section 6.3.1). Determine the stack gas dry molecular weight,
as described in Method 2, Section 3.6; if integrated Method 3 sampling
is used for molecular weight determination, the integrated bag sample
shall be taken simultaneously with, and for the same total length of
time as, the sample run.

Select a nozzle size based on the range of velocity heads, such

that it is not necessary to change the nozzle size in order to maintain

' Rots



isokinetic sampling rates. During the run, do not change the

- nozzle size. Ensure that the proper differential pressure gauge
is chosen for the range of velocity heads encountered (see Section
2.2 of Method 2). |

Select a suitable liner and probe length such that all traverse
" points can be sampled. For large stacks, consider sampling from
opposite sides of the stack to reduce the length of probes.

Select a total sampling time greater than or equal to the minimum
total sampling time specified in the test procedures for the industry
such that (1) the sampling time per point is not less than 2 minutes
(or some greater time interval as specified by the Administrator), and
(2) the sampie volume taken (corrected to standard conditions) will
exceed the required minimum total gas sample volume. The latter is
based on an approximate average sampling rate.

It is recommended that the number of minutes sampled at each
point be an integer or an integer plus one-half minute, in order to
avoid timekeeping errors.

In some circumstances, e.g., batch cycles, it may be necessary
to sample for shorter times at the traverse points and to 6btain
smaller gas sample volumes. In these cases, the Administrator's
approval must first be obtained.

. 4.1.3 Preparation of Collection Train. During preparation and
assembly of the sampling train, keep a1l openings where contamination
can occur covered until just prior to assembly or until sampling is

about to begin.



Place 100 m1 of water in each of the first two impingers,
leave the third impinger empty, and transfer approximately 200 to
300 g of preweighed silica gel from its container to the fourth
impinger. More silica gel may be used, but care should be taken to
ensure that it is not entrained and carried out from the impinger
during sampling. Place the container in a clean place for later use
in the sample recovery. Alternatively, the weight of the silica gel
plus impinger may be determined to the nearest 0.5 g and recorded.

Using a tweezer or clean disposable surgical gloves, place a
labeled (identified) and weighed filter in the filter holder. Be
sure that the filter is properly centered and the gasket properly'
placed so as to prevent the sample gas stream from circumventing the
filter. Check the filter for tears after assembly is completed.

If a cyclone precollector is to be used, prepare it for use by
placing a tared glass wool plug in one of the tared cyclones and then
connecting the cyclone to a 125 ml Erlenmeyer flask (see Section 4.1.1).

When glass probe liners are used, install the selected nozzle
using a Viton A 0-ring when stack temperatures are less than 260°C
(500°F) and an asbestos string gasket when temperatures are higher.
See APTD-0576 for details. Qther connecting systems using efther
316 stainless steel or Teflon ferrules may be used. When metal liners
are used, install the nozzle as above or by a leak-free direct
mechénical connection. Mark the probe with heat resistant tape or
by some other method to denote the proper distance into the stack or

duct for each sampling point.

1;4/ (/4



Set up the train as in Figure 1, using no silicone grease on
ground glass joints, unless the grease is insoluble in TCE.

Place crushed ice around the impingers.

4.1.4 Leak-Check Procedures.

4.1.4.1 Pretest Leak-Check. A pretest leak-check is redommended.
but not required. If the tester opts to conduct the pretest leak-
check, the following procedure shall be used.

After the sampling train has been assembled, turn on and set the
‘filter and probe heating systems at the desired operating témperqtures.
Allow time for the femperatures to stabilize. If a Viton A O-ring or
other leak-free connection is used in assembling the probe nozzle.tp
the probe 1iner, leak-check the train at the sampling site by plugging
the nozzle and pulling a 380 mm Hg (15 in. Hg) vacuum.

Note: A lower vacuum may be used, provided that it is not exceeded
during the test.

If an asbestos string is used, do not connect the probe to the
train during the leak-check. Instead, leak-check the train by first
plugging the inlet to the filter holder (cyclone, if applicable) and
pulling a 380 mm Hg (15 in. Hg) vacuum (see Note {mmediately above).
Then connect the probe to the train and leak-check at about 25 mm Hg
(1 in. Hg) vacuum; alternatively, the probe may be leak-checked with
the rest of the sampling train, in one step, at 380 mm Hg (15 in. Hg)
vacuum.

Leakage rates in excess of 4 percent of the average sampling rate

or 0.00057 m3/m1n (0.02 cfm), whichever is less, are unacceptable.



7 2
The gaseous hydrocarbon system may be shut off for the leak check. l y
However, all fittings on the analyzer system should be checked to
insure they are properly tightened.

The following leak-check instructions for the sampling train
described in APTD-0576 and APTD-0581 may be helpful. Start the pump
with bypass valve fully open and coarse adjust valve completely closed.
Partially open the coarse adjust valve and slowly close the bypass
valve until the desired vacuum is reached. Do not reverse direction
of bypass valve; this will cause water to back up into the filter holder.
If the desired vacuum is exceeded, either leak-check at this higher
vacuum or end the leak check as shown below and start over.

When the leak-check is completed, first slowly remove the plug
from the inlet to the probe, filter holder, or cyclone {if applicable)
and immediately turn off the vacuum pump. This prevents the water in
the impingers from being forced backward and silica gel from being
entrained backward into the third impinger.

4.1.4.2 Leak-Checks During Sample Run. If, during the sampling
run, a component (e.g., filter assembly or impinger) change becomes
necessary, a leak~check shall be conducted immediately before .the
change is made. The leak-check shall be done according to the
procedure outlined in Section 4,1.4.1 above, except that it shall be
done at a vacuum equal to or greater than the maximum value recorded
up to that point in the test. If the leakage rate is found to be no
greater than 0.00057 m3/m1n (0.02 cfm) or 4 percent of the average



sampling rate (whichever is less), the results are acceptable, and
no correction will need to be applied to the total volume of dry gas
metered; 1f, however, a higher leakage rate is obtained, the tester
shall either record the leakage rate and plan to correct the sample
volume as shown in Section 6.2.2 of this method, or shall void the
sampling run.

Immediately after component changes, leak-checks are optional; if
such leak-checks are done, the procedure outlined in Section 4.1.4.1
above §ha11 be used.

4.1.4.3 Post-test Leak-check. A leak-check is mandatory at the
. conclusion of each sampling run. The leak-check shall be done in
accordance with the procedures outlined in Section 4.1.4.1, except
that it shall be conducted at a vacuum equal to or greater than the
maximum value reached during ﬁhe samp]iné run, If the leakage rate
is found to be no greater than 0.00057 m3/m1n (0.02 cfm) or 4 percent
of the average sampling rate (whichever is less), the results are
acceptable and no correction need be applied to the total volume of
dry gas metered. If, however, a higher leakage.rate is obtained, the
tester shall either record the leakage rate and correct the sample '
volume as shown in Section 6.2.2 of this method, o} shall void the
sampling run.

4.1.,5 Particulate Train Operation. During the sampling run,
maintain an isokinetic sampiing rate (within 10 percent of true
1sokinetic unless otherwise specified by the Administrator) and a gas

temperature exiting the filter of no greater than 50°C (122°F).
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For each run, record the data required on a data sheet such as the
one shown in Figure 2. Be sure to record the initial dry gas meter
reading. Record the dry gas meter readings at the beginning and end of
each sampling time increment, when changes in flow rates are made,
before and after each leak check, and when sampling is halted. Take
other readings required by Figure 2 at least once at each sample point
du}ing each time increment and additional readings when significant
changes (20 percent variation in velocity head readings) necessitate
additional adjustments in flow rate. Level and zero the manometer.
Because the manometer level and zero may drift due to vibrations and
temperature changes, make periodic checks during the traverse.

Clean the portholes prior to the test run to minimize the chance of
sampiing deposited material. Allow time for the hydrocarbon analyzer
operation to stabilize and for the heated hydrocarbon sample line to
reach the required temperature. To begin sampling, remove the nozzle
cap, verify that the fiiter and probe heating systems are up to tempera-
ture, and that the pitot tube and probe are properly positioned. Position
the nozzle at the first traversa point with the tip pointing directly
into the gas stream. Immediately start the pump and adjust the flow to
isokinetic conditions. Nomographs are available, which aid in the rapid
adjustment of the isokinetic sampling rate without excessive computa-
tions. These nomographs are designed for use when the Type S pitot tube
coefficient is 0.85 + 0.02, and the stack gas equivalent density
(dry molecular weight) is equal to 29 + 4, AOTD-0576 details the



procedure for using the nomographs. If Cp and Md are outside the above
stafed ranges, do not use the nomographs unless appropriate steps (see
Citation 7 in Section 7) are taken to compensate for the deviations.

After starting and adjusting the flow of the sampler pump, start
the flow of sample gas through the hydrocarbon analyzer and allow a
constant, regulated amount of gas to go to the hydrocarbon analyzer.
The flow rate of the hydrocarbon system should be preset to a value no
greater than 1.0 liter per minute. If the HC system flowrate exceeds
1.0 liter/min, a nomograph correction will be necessary to establish
accurate jsokinetic sampling rate settings (see Section 6.3.1).

When the stack is under significant negative pressure (height of
impinger stem), take care to close the coarse adjust valve before
inserting the probe into the stack to prevent water from baking into the
filter holder. If necessary, the pump may be turned on with the coarse
adjust valve closed.

When the probe is in position, block off the openings around the
probe and porthole to prevent unrepresebtative dilution of the gas
‘Stream.

Traverse the stack cross-section, as required by Method 1 or as
specified by the Administrator, being careful not to bump the probe
nozzle into the stack walls when sampling near the walls or when r
removing or inserting the probe through the portholes; this minimizes

the chance of extracting deposited material.
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During the test ruh, make periodic adjustments to keep the
temperature of the sample gas exiting the filter below 50°C (122°F); add
more ice and, if necessary, salt to maintain a temperature of less than
20°C (68°F) at the impinger/silica gel outlet. Also, periodically check
the level and zero of the manometer. Record the hydrocarbon concen-
tration for each traverse point on both the chart record and on the data
form.

If, in the midst of a sample run, the pressure drop across the
filter becomes too high, making isokinetic sampling difficult to
maintain, replace the filter. It is recommended that another complete
filter assembly be used rather than attempting to change the filter
itself. When a precollector is used, if a yellow-brown color forms on
the filter or if condensed moisture begins to fill the precollector,
both the precollector and the filter shall be replaced. Before a new
precollector and/or filter assembly is installed, conduct a leak-check
(see Section 4.1.4.2). The total particulate weight shall include the
summation of all precollector and filter assembly catches.

A single train shall be used for the entire sample run, except in
cases where simultaneous sampling is required in two or more separate
ducts or at two or more different locations within the same duct, or, in
cases where equipment failure necessitates a change of trains. In all
other situations, the use of two or more trains will be subject to the
approval of the Administrator.

Note that when two or more trains are used, separate analyses of

the particulate catches from each train shall be performed, unless



identical nozzle sizes were used on all trains, in which case, the
catches from the individual trains may be combined and one analysis
performed. Consult with the Administrator for details concerning the
calculation of results when two or more trains are used.

At the end of the sample run, shut off the flow of gas to the
hydrocarbon sample system, turn off the coarse adjust valve, remove the
probe and nozzle from the stack, turn off the pump, record the final dry
gas meter reading, and conduct a post-test leak-check, as outlined in
‘Section 4.1.4.3. Also, leak-check the pitot lines as described in
Method 2, Section 3.1; the 1ines must pass this leak-check, in order to
validate the velocity head data.

. 4.1.6 Calculation of Percent Isokinetic. Calculate percent
isokinetic (see Section 6.2.10) to determine whether the run was valid
or another test run should be made. If there was difficulty in
maintaining isokinetic rates due to source conditfons, consult with the
Administrator for bossib]e variance on the isokinetic rates.

4.2 Hydrocarbon Analyzer Operation.

4,2.1 Install the hydrocarban analyzer system as closg as possible
to the probe and filter apparatus,

Heat the fluorocarbon sample line to a temperature above the filter
temperature in order to prevent condensation of hydrocarbons. Note:

Due to the design of most FID analyzers, it will be necessary to



protect the instrument from the ambient environment (rain, dust, extreme
heat or cold, etc.). Check for stable electrical power; voltage
fluctuations can cause instrument drift in some analyzers. Calibrate the
analyzer using a span concentration, zero air and one other upscale
concentration of methane in air to check the linearity of the system;
refer to Section 5.2 for details.

After particu]éte sampling has begun at the first traverse point,
| the gaseous hydrocarbon sample pump shall be started and the flow
regulated so that the analyzer functions properly. The average
hydrocarbon analyzer reading shall be recorded at each traverse point.
A strip chart or other data recorder can also be used to monitor the
analyzer unit.

At the conclusion of the test, shut off the hydrocarbon system
before stopping the particulate sampling train pump. The hydrocarbon
analyzer shall be recalibrated after the test so that zero and span
drift can be determined.

4.2.2 Zero Drift. "Zero drift" is the change in analyzer output
during a sample run, when the input to the measurement system is a zero
grade of air (zero gas). The maximum allowable zero drift for the
analyzers used in this method is +2 percent of the specified instrument
span. The zero drift calculation is made for each test run; this is
done by taking the difference of the zero gas concentration values
measured at the start and finish of the test. The zero drift is
recorded (as a percentage of the instrument span) on a form similar to

Figure 3.
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4.2.3 Span Drift. "Span drift" is the change in the analyzer
output during a sample run, when the input to the measurement system is
span gas. The maximum allowable span drift for the analyzers used in
this method is +2 percent of the specified instrument span. The span
drift calculation is made for each test run; this is done by taking the
difference between the span gas concentration values measured at the
beginning and end of the test. Span drift is recorded (as ‘a percentage
of instrument span) on a form similar to Figure 3. Span drif; must be
corrected for any zero drift that occurred during the test period (see
Figure 3).

4.2.4 Analyzer Response Time. When a change in pollutant
concentration occurs at the inlet of the hydrocarbon analyzer, the
change is not immediately registered by the analyzer; "response time" is
defined as the amount of time that it takes for the analyzer to register
a concentration value within 5 percent of the new inlet concentration.
The maximum response time for the analyzers used in this method is thfee
minutes.

To determine response time, first introduce zero gas into the
system until all readings are stable; then, introduce span gas into the
system. The amount of time that it takes for the analyzer to register
95 percent of the final span gas concentration is the upscale response
time. Next, reintroduce zero gas into the system; the length of time
that it takes for the analyzer output to come within 5 percent of the
final reading is the downscale response time. The upscale and down-

scale response times shall each be measured three times. The readings



Site Location Operator

Date:

Test no.:

Analyzer: Type -S/N

Initial inal Difference
Calibration Celibration Initial-Final %
ppm or & ppm or % ppm or & of Span

i

Zero Gas |
|
!

High Calibraticn ;

Cas (Span Gas) i

% of Span = Absolute Value of Gifforence % 100

- Instrument Span
*Corrected for zero drift, i.e., if zero drift over test period is +2 ppm

then 2 pom shall be subtracted Trom the difference between the initial
and {inal readings. :

Figure 3. Zero and Span Drift Data.




shall be averaged, and the average upscale or downscale response
time, whichever is oreater, shall be reported as the "response
time" for the analyzer. Pesponse time data are recorded on a form
similar to Figure 4. A response time test shall be conducted prior
to the initial field’use of the analyzer, and shall be repeated 1f
changes are made in the system, '

4,3 Sample Pecovery. Proper cleanup procedure begins as soon
as the probe is removed from the stack at the end of the sampling
period. Allow the probe to cool.

When the probe can he safely handled, wipe off all external oil
and particulate matter near the tip of the probe nozzle and place a
cap over it. Do not cap off the probe tip tightly while the sampling
train is cooling down as this would create a vacuum in the filter
holder, thus drawing water from the impingers into the filter holder.

Before moving the sample train to the cleanup site, remove.the
probe from the sample train, and cap the open outlet of the probe. Be
careful not to lose any condensate that might be present, Remove thev
umbilical cord from the last impinger and cap the 1mp1nger. If a
flexible 1ine is used bhetween the first impinger and the filtér holder,
diséonnect the 1ine at the filter holder and let any condensed water
or liquid drain into the impingers, Cap off the filter holder outlet
and impinger inlet. Either oround-glass stoppers on non reactive caps
may he used to close these openings,

Transfer the probe and filter-impinger assembly to the cleanup

area. This area should be clean and protected from the wind so that



Date of Test

Analyzer Type S/N
Span Gas, Cencentraticn ppm
Analyzer Span Setting ppm

1 seconds
Upscale. 2 seconds

| 3 seconds
Average upscale. response

1 Seconas
Downscale 2 seconds

3

seconds

Average dovinscale response

seconds

seconds

System response time = slower average time =

seconds.

Figure 4. Response time.
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the chances of contaminating or losing the sample will be minimized.
Save a portion of the TCE used for cleanup as a blank, Take
200 m1 of this TCE directly from the wash bottle heing using and
ﬁ1ace it in a class sample container labeled "TCE blank."
Tnspect the train prior to and during disassembly and note any
abnormal conditions. Treat the samples as follows:

Container Mo. 1. Carefully remove the filter from the filter

halder and place it in its jdentified petri dish container, Use aA
pair of tweezers and/or clean disposable surgical gloves to handle
the filter. If it is necessary to fold the filter, do so such that
the film of 0il1 is inside the fold, Carefully transfer to the petri
dish any particulate matter and/or filter fibers which adhere to
the filter holder oasket, by using a dry Nylon bristle brush and/or
a sharp-edged blade. Seal the container.

Container No. 2. Remove the Erlenmeyer flask from the cyclone.

Ilsina alass or other nonreactive caps, seal the ends of the cyclone
and store for shipment to the lahoratory. Do not remove the glass
wool plug from the cyclone.

Container Mo, 3. Taking care to see that material on the

outside of the probe or other exterior surfaces does not ocet into the
samp}e. ouantitatively recaver narticulate matter or sny condensate
from the probe nozzle, prote fitting, probe liner, cyclone collector
flask, and front half of the filter holder by washinag these components
with TCE and placing the wash in a glass container. Carefully measure
the total amount of TCE used in the rinses. Perform the TCE rinses

as follows:



Carefully remove the probe nozzle and clean the inside surface quvr
hy rinsing with TCE from a wash bottle and brushing with a Nylon
bristle brush, Prush until the TCE rinse shows no visible particles
or discoloration, after which, make a final rinse of the inside
surface with TCE.

Brush and rinse the inside parts of the Swagelok fitting with
TCE in a similar way until no visihle particles remain.

Rinse the probe liner with TCE by tilting and rotating the probe
while squirting TCE into its upper end so that all inside surfaces will
be wetted. let the TCE drain from the lower end into the sample
container. A olass funnel may be used to aid in transferring liquid
washes to the container, - Follow the TCE rinse with a probe brush, Hold
the probe in an inclined position, squirt TCE into the upper end as the
probe brush is beina pushed with a twisting action through the probe;
hold the sample container underneath the lover end of the probe, and
catch any TCE and particulate matter which is hrushed from the probe.
Run the brush through the probe three times or more until no visible
particulate matter is carried out or until no discoloration is
okserved in the TCE. With stainless steel or other metal probes, run
the brush through in the above prescribed manner at least six times,
since metal prohes have small crevices in which particulate matter can
he entrapped. Rinse the brush with TCE and quantitatively collect
these washings in the sampie contatiner. After the trushing, make a

final TCE rinse of the probe 2s described atove.



It is recommended that two people be used to clean the probe
to minimize sample losses. Retween sampling runs, keep brushes
clean and protected from contamination,

Clean the inside of the cyclone collection flask and the front
half of the filter holder by rubbing the surfaces with a nylon
bristle brush and rinsino with TCE., Rinse each surface three times
or more, if necessary, to remove visible particulate., Make a final
rinse of the brush and filter holder. After all TCE washinas and
particulate matter have heen collected in the sample container,
tighten the 1id on the sample container so that TCE will not leak
out when it is shipped to the laboratory. Mark the height of the
fluid level to determine whether or not leakage occurred durine
transport. Label the container to clearly identify its contents.

Container Mo, 4. Note the color of the indicating silica gel

to determine if it has bheen completely spent and make a notation of
its condition, Transfer the silica cel from the fourth impinger to
fts original container and seal, A funnel may make it easier to pour
the silica gel without spilling, A rubber policeman may be used as

an afd in removing the silica oel from the impinger. It is not
necessary to remove the small amount of dust particles that may adhere
to the impinger wall and are difficult to remove. Since the gain in
weight is to he used for moisture calculations, do not use any water
or other liquids to transfer the silica gel. If a halance is
available in the fiéld, follow the procedure for Container No. 4 in

Section 4.4,
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Date

¢

Run No.

Filter No.

Amount liquid lost during transport
TCE blank velume, ml _:
TICE  wash volume, m!
TCE blank concentsation, mg/mg (equation  4)
TCE wash blank, my (equation -5)

CONTAINER
NUMBER

1

WEIGHT OF PARTICULATE COLLECTED..
mg

' FINAL WElGl:lT ’ TARE WEIGHT WEIGHT GAIN
= = ————————

2

3

Total

~—_

Less TCE blank : .

- Weight of particulate matter}

VOLUME OF LIQUID*
WATER COLLECTED

IMPINGER SILICA GEL
VOLUVME, WEIGHT,
ml. o]
FINAL
INITIAL

LIQUID COLLECTED

TOTAL VOLUME COLLECTED g" ml

CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT

INCREASE 8Y DENSITY OF WATER {1g/ml).

INCREASE, g

- = VOLUME WATER, mi
1 g/mi

Figure 5. Analytical data.
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evaporated. Weigh the cyclone plus contents (nlass wool plug and
~011). Determine the weight of the oil by subtracting out the
combined tare weight of the cyclone plus olass wool. TranSfer

the qlass wool and cyclone catch into a tared weighing dish; use
TCE to aid in the transfer process. Desiccate the cyclone for

24 hours and reweigh the cyclone. If the final weight of the clean
cyclone is within 10 mg of its initial tare weight, the calculated
oil weight will be considered valid. If the weight difference is
greater, extract the oil from the alass wool (use measured amount of
TCE) and add this o1l solution to Container 3, Note: To prevent
error, the glass wool fibers should he kept from contacting the oil
solution,

Container No. 3. MNote the level of liquid in the container and

confirm on analysis sheet whether or not leakage occurred during
transport. (Do this before adding either the rinse from either
Container No. 1 or the TCE-0i1 mixture from the glass wool extraction
to Container No. 3.) If noticeable leakage has occurred, either void
the sample, or take steps, subject to the approval of the Administrator,
to correct the final results, Measure the 1iquid in this container
either volumetrically to +1 ml or gravimetrically to +0.5 a. Check

to see if there is any appreciable quantity of condensed water present
in the TCE rinse (look for a houndary layer or phase separation)., If
the 901ume of condensed water appears larger than 5 ml it will be
necessary to separate the o0il1-TCE fraction from the water fraction.

This should be done with a separatory funnel. Measure the volume of



the water phase, to the nearest ml; adjust the stack cas moisture
content, 1f necessary (see Sections 6.2.3 and £,2.4). MNext, extract
the water phase with several 25 ml portions of TCE until, by visual
'observation. the TCE does not remove any additional organic material.
The remaining water fraction shall be evaporated to dryness at 93°C
(200°F), desiccated for 24 hours and weighed to the nearest 0.1 mg.
Treat the total TCE fraction (includina TCE from filter container
rinse, H,0 pbase extractions and glass wool extraction, if applicabie)
as follows: Transfer the TCE and oil to a tared heaker, and evaporate
at ambient temperature and pressure. The term "constant weight," as
it is normally understood, is not appropriate for liquid oil samples.
The evaporation of TCE from the solution may take several days. The
sample should not he desiccated until the solution has reached an
apparent constant volume or until the odor of TCE is not detected.
Therefore, when it appears that the TCE has evaporated, desiccate the
sample Snd wefoh it at 24-hour intervals to obtain a "constant weight"
(as defined for Container Mo. 1 above). The "total weight" for
Contafiner Nn: 3 is the sum of the evaporated particulate weight of
the TCE-0i1 and water phase fractions. Report the results to the
nearest 0.1 mg.

Container No. 4. This step may he conducted in the field, Weigh

the spent silica oel (or silica cel plus impinger) to the nearest 0.5 g

using a halance.
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"TCE Rlank” Contafner. Measure TCE in this container either

volumetrically or oravimetrically. Transfer the TCE to a tared
250 m1 beaker and evaporate to dryness at ambient temperature and
pressure. Desiccate for 24 hours and weigh to a constant weight.
Réport the results to the nearest 0.1 mg. |
5. Calibration

Maintain a laSoratory log of all calibrations.

5.1 Sampling Train Calibration. The components of the sampling
train shall be calibrated according to the following sections of
Reference Method 5: Section 5.1 (probe nozzle); Section 5.2 (pitot
tube); Section 5.3 (metering system); Section 5.4 (probe heater);
Section 5.5 (temperature nauges); Section 5.7 (barometer). MNote that
the leak check of the metering system, described in Section 5.6 of
Method 5, also applies to this method.

5.2 Calibration of Gaseous Hydrocarbon System. Prior to the
test run, the hydrocarbon measurement system shall be calibrated
according to the procedures described in this section. The manu-
facturer's operat.ion and cajibraticon instructions are also to be
followed as required,

5.2.1 The measurement system shall be put into operation and
allowed to warm up uﬁtil stable conditions are achieved. Then, in
succession, zero cas, span nas, and a mid-scale gas mixture
corresponding to approximately 50 percent of span shall be introduced

into the analyzer. The analyzer response to each gas shall be
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measured, and the values shall be used to establish a calibration
curve or to verify the manufacturer's calibration curve. The data
obtained in these procedures shall be recorded on a form similar to
Figure 6. If the manufacturer's calibration curve, or the expected
response curve (i.e., an accuracy of better than 2 percent of full
scale at the mid-scale point) cannot be attained, the calibration
shall be considered invalid and corrective measures shall be taken.
The calibration procedure shall be repeated using only zero gas and
span gas at the conclusion of the test, for the purpose of calculating
zero and span drift.

5.2.2 Hydrocarbon (HC) calibration gas mixture concentrations
shall be certified by the gas manufacturer to be within +2 percent
of the indicated concentration.

6. Calculations

Carry out calculations, retaining at least one extra decimal
figure beyond that of the acquired data. Round off figures after
final caiculat1on.

6.1 Nomenclature
A = Cross sectional area of nozzle, m? (ftz).

A, = Cross sectional area of stack, nZ (ftz).

B = Water vapor in the gas stream, proportion by volume.

o]
f

Wt Water vapor in the sample gas stream, proportion by volume.

(]
|}

Concentration of particulate matter in stack gas, dry

basis, corrected to standard conditions, g/dscm (g/dscf).

\Rd
"

t TCE blank residue concentration, mg/g.



Date

Analyzer Type §/N

High Range Gas Conc. ‘ % Full Scale
Mid Range Gas Conc. | ' % -Full Scale
Low Range Gas Conc. . % Full Scale
Zero Gas % Full Scale

Figure 6. Calibration data;




Percent of isokinetic sampling.

Maximum acceptable leakage rate for either a pretest
leak check or for a leak check following a component
change; equal to 0.00057 m3/m1n (0.02 cfm) or 4 percent
of the average sampling rate, whichever is less.
Individual leakage rate observed during the feak check
conducted prior to the "1th“

3...n), m3/m1n (cfm).

component change (i = 1, 2,

Leakage rate observed during the post-test leak check,
m3/m1n (cfm).

Total amount of particulate matter collected, mg.

Molecular weight of water, 18.0 g/g-mole (18.0 1b/1b-mole).

Mass of residue of TCE after evaporation, mg.

Barémetr1c pressure at the sampling site, mm Hg (in. Hg).
Pollutant mass rate, g/hr (1b/hr).

Parts per million by volume for hydrocarbons corrected to
methane equivalents.

Absolute stack gas pressure, mm Hg (in. Hg).

Standard absolute pressure, 760 mm Hg (29.92 in. Hg).
Ideal gas constant, 0.06236 mm Hg m3/°g-mo]e (21.85 in.
Hg-ft3/°R-1b-mole).

Absolute average dry gas meter temperaturé (see Figure 2),
°K (°R).

Absolute temperature of hydrocarbon sample at flow meter,

°K (°R).

FiAd |



Ts = Absolute average stack gas temperature (see Figure 2),
°k (°R).

'l'std = Standard absolute temperature, 293°K (528°R).

V]c = Total volume of liquid collected in impingers and silica
gel (see Figure 5), ml.

Vm = Volume of gas sample as measured by dry gas meter, dcm (dcf).

vm(std)= Volume of gas sample measured by the dry gas meter,
corrected to standard conditions, dscm (dscf).

VPc = Volume of water collected in precollector, ml.

'Vt = Volume of TCE blank, ml.

Viy = Volume of TCE used in wash, ml,

vw(std)' Volume of water vapor in the gas sample corrected to
standard conditions, scm (scf).

th(std)= Volume of water vapor in sample gas corrected to

standard conditions, scm (scf).

v = Average stack gas velocity, calculated by Equation 2-9

of Method 2 using data obtained from this method, m/sec
(ft/sec). '

Nt = Weight of residue in TCE wash, mg.

Y = Dry gas meter calibration factor.

AH = Average pressure differential across the orifice meter

(see Figure 2), mm H,0 (in. HZO)’

Py = Density of TCE, mg/ml (see Label on bottle).

p, = Density of water, 0.9982 g/ml (0.002201 1b/m1).

e = Total sampling time, min.

e] = Sampling time interval, from the beginning of a run unti}

the first component change, min.
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8, = Sampling time interval, between two successive component
changes, beginning with the interva) between the first
and second changes, min.

¢ = Sampling time interval, from the final (nth) component
change until the end of the sampling run, min.

13.6 = Specific gravity of mercury.

60 = sec/min.

100 = Conversion to percent.

6.2 Particulate Calculations.

6.2.) Averaga dry gas meter temperature and average orifice

pressure drop. See data sheet (Figure 2).

6.2.2 Dry Gas Volume. Correct the sample volume measured by
the dry gas meter to standard conditions (20°C, 760 mm Hg or 68°F,

29.92 in. Hg) by using Equation 1.

¥ =¥y Tstd Pbar * T%ﬂg e K.V Y Pbar + (ah/13.6)
m{std) m m '—F—_—' i'm T
std m

Equation 1
where: ’
K1 = 0.3858 °K/mm Hg for metric units.
= 17.64 °R/in. Hg for English units.
Note: Equation 1 can be used as written unless the leakage raté
observed during any of the mandatory leak checks (i.e., the post-test
leak check or Teak checks conducted prior to component changes)

exceeds L. If L or L, exceeds L , Equation 1 must be modified as

P
follows:



a. Case I. No component changes made during sampling run.

In this case, replace Vm in Equation 1 with the expression:
[Vm - (Lp - La) 0]
b. Case II. One or more component changes made during the

sampling run. In this case, replace Vm in Equation 1 by the

expression:

) 621

n

1=2
and substitute only for those leakage rates (Li or Lp) which exceed La'

6.2.3 Volume of Water Vapor.

v =V (fﬂb (RTStd) = K,V Equation 2-1
w(std) lc M, 5std 2'1c

]

[ RT td
v (Vo +V ) () (=5 = KV, ¢V )
wt(std) lc pc Mw Pstd 2' 1c pc

Equation 2-2
where:

K, = 0.001333 m3/m1 for metric units.
= 0.04707 ft3/ml for English units.
Note: th is used in place of Vw when there is measurable
condensed water in the particulate precollector catch.
6.2.4 Moisture content,

B = vw(std)
WS Vitstd) ¥ Vw(std)

Equation 3-1

B. = Yyt (std)
Wt Vi(std) ¥ Vwt(std)

Equation 3-2
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Note: Bwt is used in place of Bws when there is measurable
condensed water in the particulate precollector catch.

In saturated or water droplet-laden gas streams, two calculations
of the moisture content of the stack gas shall be made, one from the
impinger and precollector analysis (Equations 2 and 3), and a second
from the assumption of saturated conditions. The lower of the two
values of moisture content shall be considered correct. The procedure
for determining the moisture content based upon assumption of saturated
conditions is given in the Note of Section 1.2 of Reference Method 4.
For the purposes of this method, the average stack gas temperature
from Figure 2 may be used to make this determination, provided that
the accuracy of the in-stack temperature sensor is +1°C (2°F).

6.2.5 TCE blank concentration.

m
= t
Ct | V:F; Equation 4

6.2.6 TCE wash blank.
W, = (Ct)(Vtw)(pt) Equation 5

6.2.7 Total particulate weight. Determine the total particulate
catch from the sum of the weights obtained from Containers 1, 2, and 3
less the TCE blank (see Figure 5).

6.2.8 Particulate concentration.

¢, = (0.001 g/mg) (Mn/vm(std)) Equation 6



6.2.9 Conversion Factors:

From To Multiply by
scf m° 0.02832
g/t gr/ft3 15.43

g/ft3 b/ ft3 2.205 x 1073
g/t o/m’ 35.31

6.2.10 ‘Isokinetic Varjation.
6.2.10.1 Calculations from raw data.

100 Tg [K3V1c + (vmy/Th)(Pbar + 4H/13.6)]

I =
60 © vg P A

where:
Ky = 0.003454 mm Hg-m3/m1-°K for metric units.
= 0.002669 in. Hg-ft3/mi-°R for English units.
6.2.10.2 Calculations from intermediate values.

[ = s 'm(std) sta 190
std Vs ° “Pws

n s

= K Ts Vm]std)
4 v 8 {1-B,

s s n

where:
K4 = 4.320 for metric units.
= 0,09450 for English units.

* Note: Use Bwt’ if applicable.

Equation 7

Equation 8

6.2.10.3 Acceptable results. If 90 percent < I < 110 percent,

the results are acceptable. If the results are low in comparison to
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the standards and I is beyond the acceptable range, the Administrator
may opt to accept the results. Use Citation 4 in Section 7 to make
judgments. Otherwise, reject the results and repeat the test.

6.3 Gaseous Hydrocarbon Calculations.

6.3.1 Nomograph Correction. If the HC side-stream flow rate
exceeds 1.0 1iter/min, a nomograph correction must be made to com-
pensate for the side-stream; otherwise, isokinetic sampling rates will
not be maintained. A suggested approach is as follows: Perform an
orifice calibration run (prior to the sample run) at a flow rate equal
to the side-stream‘f1ow rate; use the dry gas meter and a stop watch
to set the flow rate. Determine the orifice pressure drop (aH) at
this flow rate. Then, during the sample run, subtract out this pressure
drop from the value of AH at each traverse point. Other nomograph
correction procedures may be used, subject to the approval of the
Administrator. '

6.3.2 Average the ppm by volume readings of gaseous hydrocarbons
for each traverse point and calculate the average concentration. The
stack area and the velocity (calculated using Equation 2-9 of Method 2)
can be used to calculate the mass emission rate of hydrocarbons as

methane by using Equation 9,

pmr = 0.67 x 108 (Bﬁﬁb) (Vs) (As) Equation 9
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7.0 SCURCE SURVEILLANCE; EMISSION SAMPLING l% ;f

_For lead emission source sampling and analysis, EPA recommends a

modified EPA Method 5] sampling train for sample collection, with lead
analysis by atomic absorption spectrometry (AAS).

In this adaptation of the Method 5 sampling train, 100 ml1 of 0.1IN
HNO3_15 placed in each of the first two impingers to facilitate collecticn
of gaseous lead. Since no separation of gaseégus and particulate lead
is attempted, a filter, which is of high purity glass fiber, is located
between the third and fourth impingers as a backub collector. After
sampling 1s completed, the filter portion 1s extracted for lead in a nitric
acid reflux procedure.

A rigorous pretreatment with HNO3 of all sample-exposed surfaces and
cortainers, blank analyses of filters and 0.1N HNO4, and the most recent
revisions of the Method 5 sample recovery proﬁedure are all employed to
insure that high quality samples are obtained.

As a precautton against the problem of sample mairix effects, the
analytical technique known as the Method of Standard Additions is used
for the filter portion of the sample. For the more general lead emission
neasurement method required by the SIP regulations, EPA is now planning
to extent this technique (which is commonly employed by those who use AAS)
to the total sample. Additionally, the impinger portion will also be
refluxed to insure solubilization of all lead compounds. Work has been
initiated to confirm those approaches on a variety of sources.

A detailed description of the emission sampling and analysis tech-

niques appears in Appendix A}ﬁof this 3~ﬂ4ehke.

14() CFR Part 50, "Standards of Performance for New Stationary Sources,"

Appendix A, "Refarence Methods," Method 5, "Determination of Particulate
Emissions from Stationary Sources."

3657 x
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TENTATIVE PROCEDURE FOR DETERMINING
INORGANIC LEAD EMISSIONS FROM STATIONARY SOURCES
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TENTATIVE PROCEDURE FOR DETERMINING
INORGANIC LEAD EMISSIONS FROM STATIONARY SOURCES

1. Principle, Applicability, and Range

1.1 Principle. Particulate and gaseous lead emissions are
withdrawn isokinetically from the source. The collected samples are
digested in acid solution and analyzed by atomic absorption spectro-
photometry.

1.2 Applicability. This method is applicable for the determina-
tion of inorganic lead emissions from stationary sources.

1.3 Range. The upper limit can be considerably extended by
dilution. For a minimpm analysis accuracy of + 10 percent, a minimum
lead mass of 50 ug should be collected in each sample fraction.

2. Apparatus

2.1 Sampling Train. A schematic of the sampling train used in
this method is shown in Figure A‘-1. Complete construction detalls are
given in APTD-05812; commercial models of this train are also avail-
able. For changes from APTD-0581 and for allowable modifications
of the train shown in Figure A-1, see the following subsections. The
use of a flexible 1ine between the probe and first impinger is not
allowed. '
| The operating and maintenance procedures for the sampling train

are described in APTD—05763. Since correct#en7bsage is important
in obtaining valid results, all users should read APTD-0576 and
adopt the operating and maintenance procedures outlined in it, unless

otherwise specified herein. The sampling tratn consists of the

following components:
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Figure’ A -1 _Lead sampling train.

*IF DIFFICULTY IS EXPECTED IN INSERTING THE TEMPERATURE SENSOR-PITOT TUBE-PROBE ASSEMBLY INTO
THE STACK DUE TO SPAC!NG REQUIREMENTS, THE TEMPERATURE SENSOR MAY BE LOCATED BEYWEEN THE
PROBE AND PITOT TUBE SO THAY THE TIP OF THE TEMPERATURE SENSOR IS NO CLOSER THAN 5cm (2 is.)
FROM THE TiP OF THE PITOT TUBE.
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2.1.1 Probe Nozzle. Stainless steel (316) or glass with
sharp, tapered leading edge. The angle of taper shall be < 30° and
the taper shall be on the outside to preserve a constant internal
diameter. The probe nozzle shall be of the button-hook or elbow
design, unless otherwise specified by the Administrator. If made of
stainless steel, the nozzle shall be constructed from seamless tubing;
other materials of construction may be used, subject to the approval
of the Administrator.

A range of nozzle sizés éuitable for isokinetic sampling should
be available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.)--or larger if
‘higher volume sampling trains are used--inside diameter (ID) nozzles
hin increments of 0.16 cm (1/16 in.). Each nozzle shall be identified
and calibrated (see Section 5.2).

2.1.2 Probe Liner. Borosilicate or quartz glass tubing with a
heating system capable of maintaining a gas temperature at the exit end
during sampling of 120 + 14°C (248 + 25°F); note that lower exit
temperatures are acceptable, provided that they exceed the stack gas
dew point. Since the actual temperature at the outlet of the probe is
not usually monitored during sampling, probes constructed according to
APTD-0581 and utilizing the calibration curves of APTD-0576 (or cali-
brated accofding to the procedure outlined in APTD-0576) will be
considered acceptable.

Either borosilicate or quartz glass probe Yiners may be used for

stack temperatures up to about 480°C (900°F); quartz 1iners shall be



used for temperatures between 480 and 900°C (900 and 1650°F).
Both types of liners may be used at higher temperatures than
specified for short periods of time, subject to the approval of
the Administrator. The softening temperature for borosilicate
is 820°C (1508°F), and for quartz it is 1500°C (2732°F).

Whenever practical, every effort should be made to use
borosilicate or quartz glass probe liners. Alternatively, metal
liners (e.g., 316 stainless steel, Incoloy 825,* or other corrosion
resistant metals) made of seamIéss tubing may be used, subject to
the approval of the Administrator.

2.1.3 Pitot Tube. Type S, as described in Section 2.1 of
‘Method 2‘.‘,3 or other device approved by the Administrator. The
pitot tube shall be attached to the probe (as shown in Figure A-1)
to allow constant monitoring of the stack gas velocity. The impact
(high pressure) opening plane of the pitot tube shall be even with
or above the nozzle entry plane (see Method 2, Figure 2-6b) during
sampling. The Type S pitot tube assembly shall have a known coef-
ficient, determined as outlined in Section 4 of Method 2.

2.1.4 Differential Pressure Gauge. Inclined manometer or

equivalent device (two), as described in Section 2.2 of Method 2.
| One manometer shall be used for velocity head (Ap) readings, and the

other, for crifice differential pressure readings.

*Mention of trade names or specific products does not constitute
endcrsement by the Environmental Protection Agency.

“!5



2.1.5 Filter Holder. Borosilicate glass, with a glass frit
filter support and a silicone rubber gasket. Other materials of
construction (e.g., stainless steel, Teflon, Viton) may be used,
subject to the approval of the Administrator. The holder design
shall provide a positive seal against leakage from the outside or
around the filter. The filter holder shall be inserted between the
third and fourth impingers. ‘

2.1.6 Impingers. Four impingers connected in series with
leak-free ground glass fittings or any similar 1eak—f(ee noncon-
taminating fittings. The first, third, and fourth impingers shall
.be of Greenburg;Smith design, modified by replacing the tip with
a 1.3 cm (1/2 in.) 1D glass tube extending to about 1.3 cm (1/2 in.)
from the bottom of the flask. The second impinger shall be of the
Greenburg-Smith design with the standard tip. The first and second
impingers shall contain known quantities of 0.1 normal nitric acid
(Section 4.1.3), the th1rd shall be empty, and the fourth shall
contain a known weight of silica gel, or equivalent desiccant. A
thermometer, capable of measuring temperature to within 1°C (2°F)
shall be placed at the outlet of the fourth impinger for moh1tor1ng
purposes.

2.1.7 Metering System. Vacuum gauge, leak-free pump, ther-
mometers capable of measuring temperature to within 3°C (5.4°F), dry
gas meter capable of measuring volume to within 2 percent, and
related equipment, as shown in Figure‘A,J. Other metering systems
capable of maintaining sampling rates within 10 percent of isokinetic

and of determining sample volumes to within 2 percent may be used,

0%
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subject to the approval of the Administrator. When the metering
system is used in conjunction with a pitot tube, the system shall
enable checks of isokinetic rates.

Sampling trains utilizing metering systems designed for higher
flow rates than that described in APTD-0581 or APTD-0576 may be
used provided that the specifications of this method are met.

2.1.8 Barometer. Mercuny, aneroid, or other barometer capable
of measuring atmospheric pressure to within 2.5 mm Hg (O.i in. Hg).
In many cases, the barometric reading may be obtained from a nearby
national weather service station, in which case the station value
:(which is the absolute barometric pressure) shall be requested and
an adjustment for elevation differences between the weather station
and sampling point shall be applied at a rate of minus 2.5 mm Hg
(0.1 in. Hg) per 30 m (100 ft) elevation increase or vice versa for
elevation decrease.

2.1.9 Gas Density Determination Equipment. Tempeature sensor
&nd pressure gauge, as described in Sections 2.3 and 2.4 of Method 2,
and gas analyzer, if necessary, .as described in Method 3]4 The
temperature sensor shall, preferably, be permanently attached to
the pitat tube or sampling probe in a fixed configuration, such that
the tip of the sensor extends beyond the leading edga of the probe
sheath and does not touch any metal. Alternatively, the sensor may
be attached just prior ts use in the field. Note, however, that if
the temperature sensor is attached in the field, the sensor must be

placed 1n an interference-free arrangement with respect to the Type S

A-6 x
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pitot tube openings (see Method 2, Figure 2-7). As a second
alternative, provided that a difference of not moke than 1 percent
in the average velocity measurement is introduced, the temperature
gauge need not be attached to the probe or pitot tube. (This
alternative is subject to the approval of the Administrator.)

2.2 Sample Recovery. The following items are needed:

2.2.1 Probe-Liner and Probe-Nozzle Brushes. Nylon bristle
brushes with stainless steel wire handles. The probe brush shall
have extensions (at least as lony as the probe) of stainless steel,
Nylon, Teflon, or similarly inert material. The brushes shall be
.:properly sized and shaped to brush out the probe liner and nozzle.

2.2.2 Glass Wash Bottles--Two.

2.2.3 Glass Sample Storage Containers. Chemically resistant,
borosilicate glass bottles, for 0.1 N HNO3 impinger and probe
solutions and washes, 1000 m1. Screw cap liners shall either be
rubber-backed Teflon or shall be constructed so as to be leak-free
and resistant to chemical attack by 0.1 N HNO3. (Narrow mouth glass
‘bottles have been found to be less prone to leakage.)

2.2.4 Petri Dishes. For filter samples, glass or polyethylene,
unless otherwise specified by the Administrator.

2.2.5 Graduated Cylinder and/or Balance. To measure condensed
water to within 2 m? or 1 g. The graduated cylinder shall have a
minimum capacity of 500 h], and subdivisions no greater than § mil.
Most laboratory balances are capable of weighing to the nearest 1.0 g
or less. Any of these balances 1s suitable for uée here and in

Section 2.3.4.

A-7
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2.2.6 Plastic Storage Containers. Air-tight containers
to store silica gel.

2.2.7 Funnel and Rubber Policeman. To aid in transfer of
silica gel to container; not necessary if silica gel is weighed in
the field.

2.2.8 Funnel. Glass, to aid in sample recovery.

2.3 Analysis.

2.3.1 Atomic Absorption Spectrophotometer. With lead hollow
cathode lamp and burner for air/acety1ené f;ame.

2.3.2 Steam Bath.

2.3.3 Hot Plate.

2.3.4 Reflux Condensers. 300 mm, 24/40 § to fit Erlenmeyer
flasks.

2.3.5 Erlenmeyer Flasks. 125 ml 24/40 §.

2,.3.6 Membrane Filters. Millipore SCWPO 4700 or equivalent.

2.3.7 Filtering Apparatus. Millipore filtering unit, consisting
of one of the assemblies shown in Figure A-3.

2.3.8 Volumetric Flasks. 100 mil.

3. Reagents

3.1 Sampling. |

3.1.1 Filters. High purity glass fiber filters, without organic
binder, exhibiting at least 99.95 percent efficiency (2 0.05 percent
penetration) on 0.3 micron dioctyl phthalate smoke particles. The
filter efficiency test shall be conducted in accordance with ASTH

Standard Method D 2986-71. Test data from the supplier's quality

X
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control program are sufficient for this purpose. Filters shall be
Gelman Spectro Grade, or equivalent, with lot Assay for Pb. Reeve
Angel 934 AH and MSA 1106 BH filters have been found to be equivalent.

3.1.2 Silica Gel. Indicating type, 6 to 16 mesh. If previously
used, dry at 175°C (350°F) for two hours. New silica gel may be used
as received. Alternatively, other types of desiccants (equivalent or
better) may be used, subject to the approval of the Administrator.

3.1.3 Nitric Acid, 0.1 Normal (N). Prepared from reagent grade
HNO, and deionized, distilled water (Reagent 3.4.1, below). It may
be desirable to run blanks prior to field use to eliminate a high blank
.on test samples. Prepare by diluting 6.5 ml of concentrated nitric

"acid (69 percent) to 1 Viter with deionized, distilled water.
3.1.4 Crushed Ice.

3.1.5 Stopcock Grease. HNO3 insaluble, heat stable silicbne
grease. This is not necessary if screw-on connectors with Teflon
sleeves, or similar, are used. Alternatively, other types of stopcock
grease may be used, subject to the approval of the Administrator,

3.2 Pretest Preparation.

3.2.1 Nitric Acid, 6 N, Prepared from reagent grade HNO3 and
deionized, distilled water. Prepare by diluting 390 mi of concentrated
nitric acid (69 percenf) ta 1 liter with defonized, distilled water.

3.3 Sample Recovery.

3.3.1 Nitric Acid, 0.1 N. Same as 3.1.3 above.

3.4 Analysis.

3.4.1 MWater. Deifonized, distilled to conform to ASTM Specification

D 1193-74, Type 3.

fes X
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3.4.2 Nitric Acid. Redistilled ACS reagent grade, concentrated.

3.4.3 Nitric Acid, 4.6 N. Dilute 300 ml of redistilled
concentrated nitric acid to 1 liter with deionized, distilled water.

3.4.4 Stock Lead Standard Solution (100 ug Pb/ml). Dissolve
0.1598 g of reagent grade Pb (N03)2 in about 700 ml of deionized
distilled water, add 10 m1 redistilled concentrated HN03, and dilute
to 1000 ml.

3.4.5 Lead Standards.

3.4.5.1 Solution Sample Standards. Pipet 1.0, 5.0, 10.0 and
20.0 m1 aliquots of the 100 ug/ml stock lead standard solution
.(Reagent 3.4.4) into 100 m) volumetric flasks. Add 30 ml redistilled
‘concentrated HNO; to each flask and dilute to volume with deionized,
distilled water. These working standards contain 1.0, 5.0, 10.0 and
20.0 ug Pb/ml1, respectively. Additional standards at other concen-
trations should be prepared as needed., Use 4.6 N HNO3 (Reagent 3.4.3)
as the reagent blank.

3.4.5.2 Filter Sample Standards. Pipet 1.0, 5.0, 10.0 and 20.0 m}
aliquots of the 100 ug/ml stock lead standard solution into 125 m}
Er]enmeyér flasks. Place a glass fiber filter (Section 3.1.1), cut
into strips, in each flask. Use filters from the same lots as those
used for sampling. Add 30 m] of redistilled concentrated nitric acid
to each flask and sufficient distilled, deionized water to make a
total volume of 60 ml, Reflux each solution for two hours and cool
to room temperature. Rinse the condenser column with a small amount

of deionized, distilled Water and remove the flask. Filter each
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standard through a millipore membrane filter into a 100 ml volumetric
flask. Rinse the membrane filter and the remaining glass fiber mass
with several small portions of deionized, distilled water, and
combine with the filtrate. Dilute each standard to 100 ml.

3.4.6 Air. O0f a quality suitable for atomic absorption analysis.

3.4.7 Acetylene. Of a quality suitable for atomic absorption
analysis.
4, Procedure

4.1 Sampling. The complexity of this method is such that, in
order to obtain reliable results, testers should be trained and
-experienced with the test procedures.

4.1.1 Pretest Preparation. A1l the components shall be maintained
and calibrated according to the procedure described in APTD-0576, |
unless otherwise specified herein. In addition, prior to testing,

all sample-exposed surfaces shall be rinsed, first with 6 N HNO3 and
then with deionized, distilled water.

Weigh several 200 to 300 g portions of silica gel in air-tight
containers to the nearest 0.5 g. Record the total weight of the
silica gel plus container, on each container. As an alternative, the
silica gel need not be preweighed, but may be weighed directly in its
impinger just prior to train assembly. |

Check filters visually against light for irregularities and flaws
or pinhole leaks. Label the shipping containers (glass or plastic
patri dishes) and keep the filters in these containers at all times

except during sampling and analysis.
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4.1.2 Preliminary Determinations. Select the sampling site and
the minimum number of sampling points according to Method 1 or as
specified by the Administrator. Determine the stack pressure,
temperature, and the range of velocity heads using Method 2; it is
recommended that a leak-check of the pitot lines (see Method 2,
Section 3.1) be performed. Determine the moisture content using

15 or i1ts alternatives for the purpose of making

Approximation Method 14
isokinetic sampling rate settings. Determine the stack gas dry
molecular weight, as described in Method 2, Section 3.6; if integrated
Method 3 sampling is used for molecular weight determination, the
"integrated bag sample shall be taken simultaneously with, and for

“the same total length of time as, the sample run.

Select a nozzle size based on the range of velocity heads, such
that it is not necessary to change the nozzle size in order to
maintain isokinetic sampling rates. During the run, do not change
the nozzle size. Ensure that the proper differential pressure gauge
is chosen for thé range of velocity heads encountered (see Section 2.2
of Method 2).

Select a suitable probe liner and probe length such that all
traverse points can be sampled. For large stacks, consider sampling
from opposite sides of the stack to reduce the length of probes.

Select a total sampling time greater than or equal to the minimum
total sampling time specified in the test procedures for the specific
industry such that (1) the sampling time per point 1s not less than

2 minutes (or some greater time interval as specified by the

A-12 X



(54%

Administrator), and (2) the sample volume taken (corrected to standard
conditions) will exceed the raquired minimum total gas sample volume.
The latter is based on an approximate average sampling rate.

It is recommended that the number of minutes sampled at each
point be an integer or an integer plus one-half minute, in order to
avoid timekeeping errors.

In some circumstances, e.g., batch cycles, it may be necessary

to sample for -shorter times at the traverse points and to obtain
smaller gas sample volumes. In these cases, the Administrator's
approval must first be obtained.

4.1.3 Preparation of Collection Train. During preparation and
“assembly of the sampling train, keep all openingﬁ where contamination
can occur covered until just prior to assembly or until sampling is
about to begin,

Place 100 m! of 0.1 HNO3 in each of the first two impingers,
leave the third impinger empty, and transfer approximately 200 to
300 g of preweighed silica gel from its container to the fourth impinger.
More silica gel may be used, but care should be taken to ensure that
it is not entrained and carried out from the impinger during sampling.
Place the container in a clean place for later use in the sample
recovery. Alternatively, the weight of the silica gel plus impinger
may be determined to the nearest 0.5 g and recorded.

Using a tweezer or clean disposable surgical gloves, place a
filter in the filter holder. Be sure that the filter is properly

centered and the gasket properly placed so a. to prevent the sample
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gas stream from circumventing the filter. Check the filter for tears

after assembly is completed.

When glass liners are used, install the selected nozzle using
a Viton A 0-ring when stack temperatures are less than 260°C (500°F)
and an asbestos string gasket when temperatures are higher. See
APTD-0576 for details. Other connecting systems using either 316
stainless steel or Teflon ferrules may be used. When metal liners
are used, install the nozzle as above or by a leak-free direct
mechanical connection. Mark the probe with heat resistant tape or
by some other method to denote the proper distance into the stack or
" duct for each sampling point.

Set up the train as in Figure A-1, using (if necessary) a very
light coat of silicone grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) to avoid possibility of con-
tamination by the silicone grease,

Place crushed ice around the impingers.

4.1.4 Leak-Check Procedures.

4.1.4.1 Pretest Leak-Check. A pretest leak-check is recommended,
but not required. If the tester opts to conduct the pretest leak-check,
the followihg procedure shall be used.

After the sampling train has been assembled, turn on and set the
probe heating system at the desired operating temperature. Allow time
for the temperature to stabilize. If a Viton A 0-ring or other leak-
free connection is used in assembling the probe nozzle to the probe
liner, leak-check the train at the sampling site by plugging the nozzle
and pulling a 380 mm Hg (15 in. Hg) vacuum.
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Note: A lower vacuum may be used, provided that it is not
exceeded during the test.

If an asbestos string is used, do not connect the probe to the
train during the leak-check. Instead, leak-check the train by first
plugging the inlet to the impingers and pulling a 380 mm Hg (15 in.
Hg) vacuum (see note immediately above). Then connect the probe to
the train and leak-check at about 25 mm Hg (1 in. Hg) vacuum;
alternatively, the probe may be leak-checked with the rest of the
sampling train, in one step, at 380 mm Hg (15 in. Hg) vacuum. Leakage
rates in excess of 4 percent of the average sampling rate or 0.00057

:m3/min (0.02 cfm), whichever is less, are unacceptable.

The following leak-check instructions for tﬁe sampling train
described in APTD-0576 and APTD-0581 may be helpful. Start the pump
with bypass valve fully open and coarse adjust valve completely closed.
Partially open the coarse adjust valve and slowly close the bypass
valve until the desired vacuum is reached. Do not reverse direction
of bypass valve; this Wi]l cause 0.1 N HNO3 to back up into the probe.
If the desired vacuum 1s exceeded, either leak-check at this higher
vacuum or end the leak check as shown below and start over.

When the leak-~check is completed, first slowly remove the plug
from the inlet to the probe and inmediately turn off the .vacuum pump.

This prevents the 0.1 N HNO, in the impingers from being forced backward

3
and silica gel from being entrained backward.
4.1.4.2 Leak-Checks During Sample Run. If, during the sampling

run, a component (e.g., filter assembly or impinger) change becomes
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necessary, a leak-check shall be conducted immediately before the
change is made. The leak-check shall be done according to the
procedure outlined in Section 4.1.4.1 above, except that it shall
be done at a vacuum equal to or greater than the maximum value
recorded up to that point in the test. If the leakage rate is Tound
to be no greater than 0.00057 m3/min (0.02 cfm) or 4 percent of the
average sampling rate (whichever 1s less), the results are acceptable,
and no correction will need to be applied to the total volume of dry
gas metered; if,_however, a higher leakage rate is obtained, the tester
shall either record the 1eékage rate and plan to correct the sample
"volume as shown in Section 6.3 of Reference Method stor shall void the
sampling run.

Immediately after component changes, leak-checks are optional;
if such leak-checks are done, the procedure outlined in Section 4.1.4.)
above shall be used.

4.1.4.3 Post-test Leak-Check. A leak-check 1s mandatory at the
conclusion of each sampling run. The leak-check shall be done in
accordance with the procedures outlined in Section 4.1.4.1, except
that it shall be conducted at a vacuum equal to or greater than the
maximum value reached during the sampling run. If the leakage rate
is found to beno greater than 0.00057 m3/min (0.02 cfm) or 4 percent
of the average sampling rate (whichever 1is less), the results are
acceptable, and no corraction need be applied to the total volume of
dry gas metered. However, if a higher leakage rate is obtained, the

testar shall either record the leakage rate and correct the sample
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volume as shown in Section 6.3 of Method 5, or shall void the
sampling run,

4.1.5 Sampling Tca1n Operation. ODuring the sampling run,
maintain an isokinetic sampling rate (within 10 percent of true
isokinetic unless otherwise specified by the Administrator).

For each run, record the data required on a data sheet such
as the one shown in Figure A-2. Be sure to record the initial dry
gas meter reading. Record the dry gas meter readings at the beginning
and end of each sampling time increment, when changes in flow rates
are made, before and after each leak check, and when sampling is halted.
.Take other readings required by Figure A-2 at least once at each
“"sample point during each time increment and additional readings when
significant changes (20 percent variation in velocity head readings)
necessitate additional adjustments in flow rate. Level and zero the
manometer. Because the manometer level and zero may drift due to
vibrations and temperature changes, make periodic checks during the
traverse.

Clean the portholes prior to the test run to minimize the chance
of sampling deposited material. To begin sampling, remove the nozzle
cap, verify that the probe heating system is up to temperature, and
that the pitot tube and probe are properly positioned. Position the
nozzle at the first traverse point with the tip pointing directly into
the gas stream. Immediately start the pump and adjust the flow to
isokinetic conditions. Nomographs are available, which aid in the

rapid adjustment of the 1sokinetic sampling rate without excessive
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computations. These nomographs are desiygned for use when the
Type S pitot tube coefficient is 0.85 + 0.02, and the stack gas
equivalent density (dry molecular weight) is equal to 29 + 4.
APTD-0576 details the procedure for using the nomographs. If Cp and
Md are outside the above stated ranges, do not use the nomographs
unless appropriate steps (see Citation 7 in Section 7) are taken to
compensate for the deviations.

| When the stack is under a significant negative pressure (2 a
water column the height of the impinger stem), take care to close the
coarse adjust valve hefore inserting the probe into the stack to pre-

vent 0.1 N HNO, from backing into the probe. If necessary, the pump

3
may be turned on with the coarse adjust valve closed.

When the probe fs in position, block off the openings around the
probe and porthole to prevent dilution of the gas stream.

Traverse the stack cross-section, as required by Method 1]2 or as
specified by the Administrator, without bumping the probe nozzle into

the stack walls when sampling near the walls or when removing or

inserting the probe through the portholes.

During the test run, add ice and, 1f necessary, salt to the fce

bath, to maintain a temperature of less than 20°C (68°F) at the
impinger/silica gel outlet. Also, periodically check the level and
zero of the manometear,

A single train shall be used for the entire sample run, except
in cases where simultaneous sampling is required in two or more

separate ducts or at two or more different Tocations within the same
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duct, or, in cases where equipment failure necessitates a change of
trains. In all other situations, the use of two or more trains will
be subject to the approval of the Administrator.

Note that when two or more trains are used, separate analyses of
the sample fractions from each train shall be performed, unless other-
wise specified by the Administrator. Consult with the Administrator
for details concerning the calculation of results when two or more
trains are used.

At the end of the sampie run, turn off the coarse adjust valve,
remove the probe and nozzle from the stack, turn off the pump, record
" the final dry gas meter reading, and conduct a post-test leak-check, as
" outlined in Section 4.1.4.3. Also, Teak-check the pitot lines as
described in Method 2, Section 3.1; the lines must pass this leak-check,
in order to validate the velocity head data.

4.1.6 Calculation of Percent Isokinetic. Calculate percent
isokinetic (see Section 6.11 of Method 5), to determine whether the
run was valid or another test run should be made. If there was
difficulty in maintaining 1sokinetic rates due to sodrce conditions,
consult with the Administrator for possible variance on the isokinetic
rates.

4.2 Sample Recovery. Proper cleanup procedure begins as soon
as the probe 1s removed from the stack at the end of the sampling
period. Allow the probe to cool. '

When the probe can be safely handled, wipe off all external

particulate matter near the tip of the probe nozzle and place a cap
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over it. Do not cap off the probe tip tightly while the sampling
train is cooling down as thié would create a vacuum in the filter
holder, thus drawing liquid from the impingers into the probe.

Before moving the sample train to the cleanup site, remove the
probe from the sample train, wipe off the silicone grease, and cap
the open outlet of the probe. Be careful not to lose any condensate
that might be present. Wipe off the silicone grease form the glassware
inlet where the probe was fastened and cap the inlet. Remove the
umbilical cord from the last impinger and cap the impinger. Either
ground-glass stoppers, plastic caps, or serum caps may be used to close

- these openings.

Transfer the probe and filter-impinger assembly to the cleanup
area. This area should be clean and protected from the wind so that
the chances of contaminating or losing the sample will be minimized.

Save a portion of the O.IN HNO3 used for sampling and cleanup
as a blank. Place 200 ml1 of this 0.1N HNO3 taken directly from the
bottle being used into a glass sample container labeled "0.1N HNO4
blank."

Inspect the train prior to and during disassembly and note any
abnormal conditions. Treat the samples as follows:

Container No. 1. Carefully remove the filter from the filter

holder and place in its identified petri dish container. If it is

necessary to fold the filter, do so such that the sample-exposed side
is inside the fold. Carefully transfer to the petri dish any visible
sample matter and/or filter fibers which adhere to the filter holder

\
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gasket by using a dry Nylon bristle brush and/or a sharp-edged
blade. Seal the container.

Container No, 2. Taking care to see that dust on the outside

of the probe or other exterior surfaces does not get into the sample,
quantitatively recover sample matter or any condensate from the
probe nozzle, probe fitting, probe liner, and front half of the

filter holder by washing these components with 0.IN HNO, and placing

3
the wash into a glass container. Measure and record (to the nearest ml)
the total amount of 0.1N HNO3 used for each rinse. Perform the 0.1N
HN03 rinses as follows:
Carefully remove the probe nozzle and clean the inside surface
"by rinsing with 0,1N HNO3 from a wash bottle while brushing with a
stainless steel, Nylon-bristle brush. Brush until the 0.IN HNO3 rinse
shows no visible particles, and then make a final rinse of the inside
surface with 0.1N HN03. .
Brush and rinse with 0,1N HNO3 the inside parts of the Swagelok
fitting in a similar way until no visible particles remain.

Rinse the probe liner with 0.1N HNO, by tilting the probe and

3
sguirting 0.1N HNO3 into its upper end, while rotating the probe so

that all inside surfaces will be rinsed with 0.1N HNO Let the

3
0.1N HNO3 drain from the lower end into the sample container. A glass
funnel may be used to aid in transferring 1iquid washes to the container.
Follow the 0.IN HNO3 rinse with a probe brush. Hold the probe in an
inclined position, squirt 0.1IN HN03 into the upper end of the probe

as the probe brush is being pushed with a twisting action through the

1

A-22



s

proe; hold a sample container underneath the lower end of the

probe, and catch any 0.1IN HNO3 and sample matter which is brushed
from the probe. Run the brush through the probe three times or

more until no visible sample matter is carried out with the O.1N HNO3
and none remains on the probe liner on visual inspection. With
stainless steel or other metal probes, run the brush through in the
above prescribed manner at least six times since metal probes have
small crevices in which sample matter can be entrapped. Rinse the
brush with 0.1N HNO3 and quantitatively collect these washings in the
sample container. After the brushing make a final 0.1IN HNO3 rinse
"of the probe as described above.

It is recommended that two people be used to clean the probe to

minimize loss of sample. Between sampling runs, keep brushes clean

and protected from contamination.

After ensuring that all joints are wiped clean of silicone grease,
clean the inside of the front half of the filter holder by rubbing
the surfaces with a Nylon bristle brush and rinsing with 0.1IN HN03.
Rinse each surface three times or more if needed to remove visible
sample matter. Make a final rinse of the brush and filter holder.
After a1l 0.IN HNO3 washings and sample matter are collected in the
sample container, tighten the 1id on the sample container so that
0.1\ HNO3 will not leak out when it is shipped to the laboratory. Mark
the height of the fluid level to determine whether leakage occurred

during transport. Label the container to clearly identify i:s contents,
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Container No. 3. Check the color of the indicating silica gel

to determine if it has been completely spent and make a notation of
its condition. Transfer the silica gel from the fourth impinger to
the original container and seal. A funnel may make it easier to pour
the silica gel without spilling. A rubber policeman may be used as an
aid in removing the silica gel from the impinger. It is not necessary
to remove the small amount of dust particles that may adhere to the
walls and are difficult to remove. Since the gain in weight is to be
used for moisture calculations, do not use any water or other liguids
to transfer the silica gel. If a balance is available in the field,
follow the procedure for Container No. 3 under "Analysis."

Container No. 4. Due to the large quantity of 1iquid involved,

the impinger solutions are placed together in a separate container,
However, they may be combined with the contents of Container No. 2 at
the time of analysis in order to reduce the number of analyses required.
Clean each of the first three impingers and connecting glassware in
the following manner:

1. Wipe the impinger ball joints free of silicone grease and
cap the joints.

2. Rotate and agitate each impinger, so that the impinger contents
might serve as a rinse solution. '

3. Transfer the contents of the impingers to a 500 ml graduated
cylinder. The outlet ball joint cap should be removed and the contents
drained through this opening. The impinger parts (inner and outer

tubes) must not be separated while transferring their contents to the

\

cylinder.
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Measure the 1iquid volume to within + 2 ml. Alternatively,
determine the weight of the liquid to within + 2.0 g.by using a
balance. The volume or weight of 1iquid present, along with a
notation of any color or film observed in the impinger catch, is
recorded in the log. This information is needed, along with the
silica gel data, to calculate the stack gas moisture content (see
Method 5, Figure 5-3).

4. Transfer the contents of the first three impingers to
Container No. 4. |

5. Pour approximately 30 ml of O.1IN HNO3 into each of the first

‘three impingers and agitate the impingers. Drain the 0.1N HNO3
"through the outlet arm of each impinger into the No. 4 sample container.

Repeat this operation a second time; inspect the impingers for any

abnormal conditions.
6. Wipe the ball joints of the glassware connecting the impingers
free of silicone grease and rinse each piece of glassware twice with’

0.1N HNO,; this rinse is collected in Container No. 4. (Do not rinse

or brush the glass-fritted filter support.)

Mark the height of the fluid level to determine whether leakage
| occurred during transport. Label the container to clearly identify its

contents.

Note: In steps 5 and 6 above, the total amount of 0.1N HNO3 used

for rinsing must be measured and recorded.
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4.3 Analysis. 5

4.3.1 Container No. 3. This step may be conducted in the
field. Weigh the spent silica gel (or silica gel plus impinger)
to the nearest gram.

4.3.2 Lead Sample Preparation and Analysis.

4.3.2.1 Container No. 1 (Filter). Cut the filter into strips
and transfer the strips and all loose particulate matter to a 125 ml
Erlenmeyer flask. Rinse the petri dish with 30 ml of distilled water
to insure complete transfer of the sample; add the rinse to the flask.
Add 30 ml redistilled concentrated nitric acid. Reflux for two hours
-and cool to room temperature. Rinse the condenser column with a small
" amount of deionized, distilled water and remove the flask. Fi]ter the
sample through a millipore membrane filter into-a 100 m1 volumetric
flask. Rinse the membrane filter and the remaining glass fiber mass
with several small portions of deionized, distilled water, and combine
with the filtrate. Dilute to 100 ml with distilled, deionized water.

4.3.2.2 Container No. 4 (Impinger Samples). Evaporate the 1iquid
sample just to dryness on a steam bath and transfer to an Erlenmeyer
flask using 30 ml of distilled, deionized water followed by 30 ml of
redistilled concentrated nitric acid. Reflux for two hours. Rinse
the condenser column, cool to room temperature, and dilute tc 100 m]
with deionized, distilled water.

4.3.2.3 Container No. 2 (Probe Wash)., Treat in the same manner
as directed in Section 4.3.2.2. As an option, this solution can be

combined with the impinger solution prior to analysis.
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Note: Prior to analysis, the liquid Tevel in Containers No. 2
and/or No. 4 should be checked; confirmation as to whether or not
leakage occurred during transport should be made on the analysis
sheet. If a noticeable amount of leakage has occurred, either void
the sample or take steps, subject to the approval of the Administrator,
to correct the final results.

4.3.2.4 Filter Blank. Determine a filter blank using two filters
from each lot of filters used in the sampling train. Cut each filter
into strips and treat each filter individually as directed in
Section 4.3.2.1.

4.3.2.5 O0.1N HNO., Blank. Treat the entire 200 ml of 0.1N HNO3

3
as directed in Section 4.3.2.2.
4.3.2.6 Spectrophotometer Preparation. Turn on the power, set
the wavelength, s1it width, and lamp current as instructed by the
manufacturer's manual for the particular atomic absorption spectro-
Photometer, Adjust the burner and flame characteristics as necessary.
4.3.2.7 lead Determination. After the absorbance values have
been obtained for the standard solutions (Section 5), determine the
absorbances of the filter blank and each sample against the reagent
blank. If the sample concentration falls above the limits of the curve,
make an appropriate dilution with 4.6 N HND,, such that the final con-
centration fél]s within the range of the curve. Determine the lead
concentration in the filter blank (i.e., the average of the two blank
values from each lot), Next, using the appropriate standard curve,
determine the lead concentration in each sample fraction.

4.3.2.8 Llead Determination at Low Concentration, Flame atomic

absorption spectrophotametry is a very good analytical method for lead

%
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concentrations as low as 1 mg/1. If it is necessary to determine
quantities of lead at the microgram per liter level, the graphite
rod or tube furnace, available as accessory components to all
atomic absorption spectrophotometers, is recommended. Manufacturer's
instructioﬁs should be followed in the use of such equipment.
4.3.2.9 Mandatory Check for Matrix Effects on the Lead Results.
The analysis for lead by atomic absorption is sensitive to the chemical
composition and to the physical properties (viscosity, pH) of the
sample (matrix effects). Since the lead procedure described here will
be applied to many different sources, it can be anticipated that many
.different sample matrices will be encountered. Thus, it is mandatory
“that at least one sample from each source be checked using the Method
of Additions to ascertain that the chemical composition and physical
properties of the sample did not cause erroneous analytical results.
Three acceptable "Method of Additions" procedures are described in
the General Procedure Section of the Perkin Elmer Corporation Manua]!o

If the results of the Method of Additions procedure on the source

sample do not agree to within 5 percent of the value obtained by the
conventional atomic absorption analysis, then all samples from the

source must be reanalyzed using the Method of Additions procedure.

5. Calibration
Maintain a laboratory log of all calibrations.
5.1 Standard Solutions. Determine the absorbance of the solution

sample standards and filter sample standards (see Section 3.4.5) against
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a reagent blank of 4.6N HNO3 (Reagent 3.4.3). These absorbances
should be checked frequently during the analysis to insure that
baseline drift has not occurred. Prepare two standard curves of
absorbance versus concentration, one for the solution sample
standards and one for the filter sample standards. (Note: For
instruments equipped with direct concentration readout devices,
preparation of a standard curve will not be necessary.) In all cases,
the manufacturer's instruction manual should be consulted for proper
calibration and operational procedures.

5.2 Sampling Train Calibration. Calibrate the sampling train
components according to the indicated sections of Methoqu probe nozzle
..(Section 5.1); pitot tube assembly (Section 5.2); metering system
(Section 5.3); probe heater (Sectfon 5.4); temperature gauges
(Section 5.5); barometer (Section 5.7). Note that the leak check of
the metering system (Section 5.6 of Method 5) applies to this method.

6. Calculations

6.1 Nomenclature

A = 100 ml/aliquot = sample volume

Ca = Concentrétion of lead as read from the standard curve,
ug/mi.

C] = Lead concentration in stack gas, dry basis, converted
to standard conditions, g/dscm (g/dscf).

Fy = Dilution factor = 1 1f the sample has not been diluted,

Mn = Total mass of lead collected in a specific part of the
sampling train, ung.

Mt = Total mass of lead collected in thé sampling train, ug.

X
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'Vm(std) = Volume of gas sample measured by the dry gas meter,
corrected to standard conditions, dscm (dscf);
calculated using Equation 541 of Method 5.

6.2 Calculate the average stack gas velocity, according to
Equation 2+9 of Method 2; use data obtained from this method (see
Figure A-2).

6.3 Referring to the indicated sections of Method 5, perform
'the following calculations: Average gas metef temperature and orifice
pressure drop (Section 6.2); dry gas volume (Section 6.3); volume of
water vapor (Section 6.4); moisture content (Section 6.5); {sokinetic
varfation (Section 6.11). Note that for the purposes of this method,
any references made to Figure 5.2 should be interpreted as references
to Figure A-2.

6.4 Amount of Lead Collected.

6.4.1 Calculate the amount of lead collected in each part of the

sampling train, as follows:

My = CAFy Equation A-1

6.4.2 Calculate the total amount of lead collected in the
sampling train as follows:

M, = My (filter) + M (probe)+ M. (impingers) - M, (filter blank)
| Equation A -2
6.5 Calculate the lead concentration in the stack gas (dry bésis.

adjusted to standard conditions) as follows:

-6
C; =.(1 %107 g/ug) ,(Mt/vm(std)) Equation A -3

\
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6.6 Conversion Factors.

From To . Multiply by
scf m | 0.02832
g/ ft2 gr/ft> 15.43

3 3 ' : -3
o/t b/ft 2.205 x 10
9/ft3 Q/m3 35.31
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REFERENCE NZTHOD FOR DEVERMINATION OF L@)
PARTICULATE AND GASEOUS ARSENIC EMISSION

FROM NCN-FERROUS SMELTERS

1. Principle and Aoplican

1.1 Principle. Particuiate and gascous arsenic emissions are

isokinetically sampled Trom the source and ccllected on a glass

4
™
-
o

")

sat Tilter and in water. The collacted arscn1» is tnen analyzed

— e —_

usir atomic absorption spac‘rophotor

netry.

1.2 AppITCabiliuy This method is applicable for the
determination of inorganic arsenic emissions Trom non-Terrous
smeivers and as specitied in applicablie subparts of the standards.
2. Apparatus

2.1 Sempiing Train. A schematic of the sampliing train usad
in this method is shown in Figure 108-1-1. Complete construction
uetails ave given in APTD-0587 (Citation 2 in Szction 7); commar-
cial wodals of this train are also evailable. For changaes from
APTC-0387 and for allowable modiTications of the train shown
in Figure 108-1-1, see tha Toilowing subsections.
The operating and meintenance procedures Tor the sampling
train are descrived in APTD-0578 (Citation 3 in Section 7). Since
corract usage is important {n obtaining valid results, &11 users
shoulc read APTD-C576 and adopt the opercting and maintenance
proczauras outlined in it, unless otherwise specified herein.
The sampling train consists of the Toilowing components:

2.17.1 Pirobe Nozz1e. Stainless stezl (318) or glass with

Sha?d, taperedvleading edge. The angle of taper shall be A?°°
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and the taper shall ba on the outside to preserve a constant
internal Giameter. The probe nozzie shall be of the button-hook
or &1bow design, unless otherwise specified by the Administrator.
IT made of stainless ste2l, the nozzle shall be constructed from
sealess tubing; other materials of construction may be used,
subject to the appfoval of the Administrator. '

A range of nozzle sizes suitable for isokiratic sampling
srould be available, e.g., 0.32 to 1.27 cm (1/8 to 1/2 in.)--
inside diameter (ID) nozzles in increments of 0.16 cm (1716 in.).
Each nozzle shall be calibrated according to the procedureg
outlinad in Section 5.

2.1.2 Probe Lirer. Borosilicate or quartz glass tubing with
a heating system capabie of mainiaining a ges temparature range
at the axit end during sampling of 130-135°C (230-275°F).

Since tne actual temperature at the outlet of the probe is not
usually monitorad during sampling, probas constructed accordirg
to APTD-0581 and utilizing the calibration curves of APTD-0575
(or calibrated according t0 the procedure outiined in APTD-0576)
will be considerad acceptable.

Either borosilicate or quariz glass prode liners may be
used for stack temperatures up to about 480°C (900°F); quartz.
liners shall be used for temperatires between 480 and 900°C
(500 an 1660°F). Both types of 1inors may be used at higher
temperatures than spacified for short periods of time, subject

to the approval of the Administrator. The softening temperature
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for borosilicate is 820°C (1508°F), and Yor quartz it is 1500°C
(2732°F).

Whenaver practical, every etvort should ba made to usa
borosilicate or quar%z:g]ass probe lirers. Alternatively, metal
liners (e.g., 316 stainiess stael, Incoloy 82‘&.’.,.l or othar corrosion
résistant metals) made of seamless tubding hay be used, subject to
the approval of the Administrator. | |

2.1.3 Pitot Tube. Type S, as described in Section 2.1 of
Yethod 2,* or other device approved by the Administrator. The
pitot tube shall be attached to the prodbe (as shown in Figure 108-1-1)
to allow constant monitoring of the stack gas velocity. The impact
(high pressure) opening plane of the pitct tube shall ba even with
or enove the nozzle entry plane (see Method 2, Figure 2-65) during
sampiing. The Type S pitot tube assembly shail have a known
coefvicient, determined as outlined in Secticn 4 of Method 2.

2.1.4 Difierential Pressure Gauge. Inclined manometer or
equivalent device (two), as described in Section 2.2 of Method 2.
One manomater shall Be used for velacity hecd (ap) readings, and
the other, for orifice differential pressure readings.

2.1.5 Filter Holder. Borosilicate glass, with a glass frit
filter or stainless steel screen support and a silicone rubber

gasket. Other materials of construction (e.g., Teflon, Viton) may

1rqent'ion of trade nazmes or specific products doas not consti-
‘tute encorsement by the Environmental Proteciion Agency.

L
Note: This and all subsaquent references to other methods
refer to the Methods in 40 CFR 50, Appendix A.
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be usad, subject to the approval of the Administrator. The holder
‘design shall provide a positive seal against leakage from the
outside or around the fiiter The hoider shall be atiached
nmediately at the outlet of the probe (or cyclone, if used).

2.1.6 Filter Heating System. Any heating system capable of

maintaining & temperature range around the Tilter holder during
amaling oF 110-135°C (23G-275°F). A temperature gauge capable of

measuring temperature to within 3°C (5. 4°F) shall be installed so
thet the temperature around the f{lter holder can be regulated and
rmonitorad during sampling. Heating systems olher than the one
shown in APTD-OEBi may be used. |

2.1.7 Impingers. Six impingers connected in series with
leak-frea ground glass fitlings or any similar leak-Free non-con-
tamineting fittings. The first, third, fourinh, fifth, and.sixth
impingers shall be of the Greenburg-Smith design, modivied by
repTacing e tip with a 1.3 em (1/2 in.) ID glass tube extending
to about 1.3 cm (1/2 in.) from the bottom of tha flask. The .
second impinger shall be of the Greanburg-Smith design with the
standard tip. Modifications (e.g., using Tlexible connections
betwean the impingers or using materials other than glass
(Tiexible vacuum lines to connact the filter holder to the con-
denser) may be used, subject to the approval of the Adn1nist“ator.
The first and second impingers shall contain known quantities
of dafonized, distilled water (Saction 4.1.3), the third, fourth,

and fifth shall contain 10 percent hydrogen peroxide, and the sixth
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shall contain a known weight of silica gel, or equivaient desi:
A thermometer, capable of measuring tempercature to within 1°C

D

(2°F) shall be placed at the outlet of the sixth impinger for
monitoring purposes.

2.1.8 Metering System. Vacuum gauge, leak-freec pump, ther-
- mometers capabie of measuring temperature to within 3°C (5 4°F).
dry gas meter capable of measuring volume to within 2 percent,
and roiated equisment, as shown In F1gure 102-1. Other metering
sysians capadble of maintaining samp]ing rates within 10 percent
of isokinetic and of determining sampie voiumes to within 2 per-
cent may be used, subject to the approvel of the Administrator.
Wnen the metering system is used in conjunction with a pitot tube,
the system shaill enable checks of jsokiaeiic rates.

2.1.9 Barometer.. Mercury, aneroid, or other baometer capable. .
o7 maasuring atmospheric pressure to within 2.5 mm Hg (0.1 in. Hg).
In weny cases, the barometric roau1n9 mcy be cbiained from a rearby
national weather service station, in which case the station value
(which is the absolute barometric pressure) shail be requestad
and an adjustment for elevation differences betwean the weather
station and sampling point shall be applied at a rate of minus
2.5 mn Hg (0.1 in. Hg) per 30 m (100 ft) elevation increase or
vica versa for elevation decreasa.

2.1.10 Gas. Density Determinction Equipmant. Temperature
sensor and pressure gauge, as descr{bed in Sections 2.3 and 2.4

of Mathod 2, and gas analyzers, i¥ neccssary, as described in Method 3.
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17 carbon Gioxide concentraticn is determined by Orsat analysis
it will have to be corracted Tor 502 interTerance by subtractir.,
the 502 concentratio& From the CO2 raacing. The 502 concentra~-
tion may be determined from this method as described under
Section 4.4.

The temderature sensor shall, preferably, be permanently
z2ttachad to the pitot tube oy sampling probe in a Tixed configura-
tion, such that tha tip of the sensor extends beyond the leading
edge of the probe sheath and does nol touch any matal. Alterna-
tively, the sensor.may be attached just prior to use in the
field. Note, howevar, that if the temperature sensor is attached
in the Tield, the sensor must be placed in an interference-free
arvengement with respect o the Type S pitot tube openings
(see Method 2, Figure 2—7). .As & second altarnative if a dif-
ference of not more than 1 parcent {n the avarage velocity measure-
ment 1s introduced, the temperature gauge nead not be attached
to the proba or pitot tube. (This alternative is subject to
the approval of the Administrator), |

2.2 Sample Rzcovery. The following items are needed:

2.2.1 Probe-Linar and Probe-Nozzle Brushes. Nylon bristle
_brushes with stainless steel wire handles. The proba brush shall
have extensions (at least as Jong as the probe) of stainless steel,
Nylon, Teflon, or similarly inert material. The brushes shzll be
properly sized and shaped ta brush aut the probe liner and nozzle.

2.2.2 Uash Bottles--Two. Polyethylena wash bottles are

reconmended.
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2.2.3 Plastic Storage Containers. Chemically resistant,
polyetnylene or polypropylene for g1asswaré vashes, 500 ml or
1000 m1. Also, air-tight containers to store silica gel.

2.2.4 Petri Dishes. For filter samples, glass or
polyetnylene, unless otherwise specitied by the Administrator.

2.2.5 Graduated Cylinder and/or Balance. To measure con-
densaed water to within 1 ml or 1 g. Graduated cylinders shall.
have sud-divisions no greater than 2 ml. Most laboratory balances
are cepable of weighing to the nearest 0.5 ¢ or less. Any of
thase balances is suitable Tor use here and in Section 2.3.4.

2.2.6 Funnel and Rubber Policemen. To aid in transfer of
silica gel to container; not necessary if silica gel is weighed
in the field. |

2.2.7 Furnel. Giass or polyethylene, to aid in sample
recovery.

2.3 Analysis. For analysis, the following equipment is
needed:

2.3.1 Spectrophotometer. To measure absorbance at 193.7 nm.
It snall be equipped with an electrodelass dischafge lamp and a
background corractar. For measuring sampias having less than
10 ug/ml of As, the spectrophotometer shall be equipped withua
vapor generator accessory.

2.3.2 Recorcer. To match the output of tha spectrophotometer.

2.3.3 Volumetric Flasks. 50 ml.

2.3.4 Belance. To measura within 0.5 g.



3. Recienis
3.1 Sampling. The reagents used in samdling are as follows:
3.1.1 Filters. ‘Glass fiber filters, without organic binder,
exhibiting at least 99.95 percant evficicncy (< 0.05 percent

penatration) on 0.3-micron dioctyl phthalate smoke particles. The

=h

ilter efficiency test shall be conducted in accordance with AST™M
standara metnod D 2986-71. Test data Trom the supplier's quality
contro! program are sufficient for tnis purpose.

3.1.2 Silica Gel. Indicating type, 6 to 18 mesh. If pre-
viously used, dry at 175°C (350°F) for 2 hours. New silica gel
may ba used as received. Alterratively, other types of desiccants
(aquivalent or better) may be used, subject to the approval of
the Adrninistrator.

3.1.3 Water, Deionized, Distilled to mzet ASTM specification

<«

1193-74, Type 3. Aﬁ the option of the‘anaﬁys KM'04 test for
oxidizenle organic matter may o2 omitted whan high concentrations
oT organic matter are not expectad to be present. |

3.7.4 10 Percent Hydrogen Puroxicde by Weight. Preparé by
diluting 294 ml of reagent grace 30 percent hydrogen peroxide to 1
liter with defonized, distilled water.

3.1.5 Crushed Ice.

3.1.6 Stopcock Grease. Heat-stable silicona grease. This
is not nacéssary 1T screw-on cinngetors wilh Tefion sleaves, or
sinilar, are used. Alternatively, other types of stopcock grease

may be used, subject to the approval of the Administrator.



3.2 sle Recovery. 0.1 N Sodium Hydroxide. Prepare by
___/—-—————-—*"\___,-—
3gh’nu out 4.C0 grams o. reagent grade NaOd and dissolving in

U‘:

about 560 ml of deionized, distiiled water in g 1 liter volume-
spric Tlask. After dissolution is complete, dilute to the mark

with cejonized, distilled water.

LW
9

.3 Anclysis |
3.3.1 Water. Same as 3.1.3 above.

3.3.2‘<§9dium Borohydride, 5 Percent, by Weight-Volume.

Prepare by dissolving 5.00 grams of reagent grade NaBH4 in about
500 m1 of 0.1 N NaOH solution in a 1 Titer volumetric flask.
vinen dissolution is complete, dilute to the mark with 0.1 N NaOH
solution.

3.3.3 Hydrochloric Acid, Concentrated, R gent Grade.
.\-—W

3.3.4 Potassium Jodide 30 Percent by Weight-Volume. Pre-

—

save by dissolving 300 g o reagent gracde KI in 500 ml of wate
ina 1 liter voluwetric flask. When dissolution is complete,
cilute to the mark with c*ionized distilled water.

3.3.5 Sodium Hydroxice, 0:7 N. Same as 3.3 above.

3.3.6 JSadium Hydroxide, 1.0 N. Prepare by dissolving
43.00 g. of reagent crade NaOHvin about 500 ml1 oF deionized,

distilied water in & 1 liter volumetric Tlask. When dissolution

is complete, dilute to the mark with defonized, distilled water.
3.7 ,Pmmmmj_e_m Prepara by cissolving 0.05 g of

snonalanihalein in 50 ml oF 90 porcent ethanol and 50 ml of

cedonizad, disti{iled water.



3.3.2 Nitric Acid, Concentratad. ACS grade.
3.3.9 Nitric Acid, 0.8 N. Dilute 52 mi of cencentrated

3.3.10 Hydrochloric Acid, Concentrated. ACS grace.
3.3.1% Stock Arsenic Standard Solution (1 mg As (I‘I)/ml

Dissolve 1.3203 g primary standard grade, Aszo in 20m of 0.1 N

D

[

NaOH. Neutralize with concentrated nitric acid., Dilute to 1.0
Titer with distilied, dejonized water.
3.3.12 Arsenic Working Solutions
2 ~ (III) ] o~ B =9 -~ L 1,
3.2.12.1 100 ug As Jml. Pipet execily 10.0 m1 o7 stock
arsenic stancard sclution into an acid-cleaned, appropriately labeled

100.0 i volumetric flask. Oilute to the wark wiih deionized,

3.3.72.2 10 ug As (III)/ml. Pinat cxectly 10.0 m1 of stock
arsanic standard solution into an acid-cleanad, appropriately labaled

1.0 Titer volunetric Flask containing about 500 @1 of daionized,

-

sater and 5 ml o7 ceoncentrated HNOa. Dilute to the mark

.3.13 Air. MNust be o7 & quality suitable Tor atomic absarption

3.3.14 Acetylena. Must be of a quality suiteble for atomic
assarpeion analysis.
3.3.15 filter. Paper Tilters, Wiatmen #41 or ecuivalent.

4. Procedure
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| g )

Samoling. The complexity of this method is such that,

K
.

in ordor to obtain reliable resulis, testers should be trained

nd experiencad with the test proccdures.

[al]

eparation. A1l the cemponents shall be

S

maintained and calibrated according to tne pracedure described
in APTD-0576, unless otinerwise spacitied herein.

Weigh several 200 to 300 g poriions of silica gel in air-tight
containaers to the nearest 0.5 g. Record the total weight of the
silica gal plus container, on each container. As an alternative,

the silica gal nead not be prewaigned, but may be weighed directly

in its impinger or sampiing holder just pricr to train assembly.

-3

Check Tiiters visually against lignt for irregularities and
flaws or pinhole leaks. Label filters of the proper diameter on
tne back side near the edge using numdering machine ink. As an
alternative, ladbel tha shipping containars (gless or plastic petri
dishes) and keep the filiers in these containers at all times except
during sampling.
4.1.2 Preliminary Determinations. Select the sampling site

and the minimum Aumber of sampling points according to Mathod 1 or

* 2

s specitied by Lne Acministrator. OQCetermine the stack pressure,

™

temperalure, and the range of velocity neads using Method 2;

che pitot Tines (see Metnod 2,

w
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racom
action 3.1) be parformed. Dateraine the moisture content using
N

Approximation Method 4 or its alternatives for the purncse ¢f making

isokinetic sampling rate settings. Datermine the stack gas dry
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molocular waeight, (sce Scction 2.1.10) as described in Method 2,

_integrated Method 3 sampling is used for molecular
\

weight determst ‘nation, the integrated bag samsle shall taken

~h

o
[a2]

£

simultaneously with, and Tor the samc total length of time, as the
arsenic semple run.

Select a nozzle size based on the range of velecity heads, such
that it 1s not necessary to change the nozzle size in ordar to
rmaintain isokinetic sampling rates. During the run, do not change
tne nozzle size. Ensure that the proper differential pressure gauge
is chosen fTor the range of velocity heads encountered (sece Section
2.2 of MNethod 2).

Select a suitanle probe 1iner and probe lengﬁh such that &ll
traverse points can be sampled. For large stacks, consider sampling
Yrom opposite sides of the stack to reduce the length of probes.

Select a total sampling time greater than or egual to the mini-
num total sampling time specified in the test procedures for the
specific industry such that (1) the sampling time per point is not
Tess than 2 minutes (or some greater time interval as specified
by the Administrator), and (2) the sample voiume taken (corrected
to standard conditions) will exceed the required minimum total gas
semple volume. The latter is basad on an approximate average sampling

It is recommendad that the number of minutes sampled at each
point ba an integer or an integer plus one-half minute, in order to

avoid timekeeping errors. The sampling time at each point should be

the same.
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In some circumstances, €.G., batch cycles, it may be neces—.
sary to sampie for shorter times al tne traverse points and to
obtain smaller gas sample volumes. In these cases, the Administra-
tor's approvai must first be obtained.

4.1.3 Preparation of Collection Train. During preparation
end assembly of the sampling train, keep a1l openings where con-
tamination can occur cavered until just prior to assembly or until

sanpling is about to begin.

(o]

Place 150.#i of water in each of the Tirst two imdingars and
200 ml o7 10 percent H202 in the third, Tourth, and fivth impin-
gars. leigh and raecord the weignt of each impinger and liquid.

TeansTar approximately 200 to 300 g of preweighed silica gel from

its container to the sixth impinger. More silica gel may be used,
but care saouid Se taken to ensure that it is not entrained and

cerried out Trom the impingar during sampling. Place the container
in & clean place Tor later use in tha sampie recovery. Alternatively,
the we:ght of tha silica gal plus impinger may be determined %o the
nearest 0.5 g end recorded.

Using a twcezer or clean disposable surgical gloves, place a
labaled (identified) 7¥i{lter in the filter holder. Be sure that the
ter is properly centerad and the gasket properly placed so as to
pravent the sampie gas stream from circumvanting the filter. Chack
the Tilter Tor tears after assembly is compieted.

Yhen glass liners are usad, insiall the selected nozzle using

a Viton A O-ring when stack temperatures are less than 260°C (500°F)

and an asbestos siring gasket when temperaturas ave higher. See
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APTD-0575 ior details. Other coanccting systenis using either 316
stainless steel or Teflon ferrules may be used. Ynan metal liners
are used, install the.nozzle as above or by & leak-Tree direct
mecranical connection. Mark the probe with heat resistant tape
or by some other method to denote the proper distance into the
stack or duct for each sampling point.

Sat up the train as in Figure 108-1, using (i7 necessary)
a very lignt coat of silicone grease on all ground glass joints,
greasing only the the outer portion (see APTD-0578) to avoid
possibility of contamination by the silicona grease. Subject to
the approval of the Administrator, & glass cyclone may be used
betwean the probe and filter holder when the total particulate
catch is expacted to excead 100 mg or when water droplets are
present in the stack gas.

Place crushed ice around the impingers.

4.1.%4 Leak-Cnheck Procedures.

4.1.4.1 Pretest Leak-Check. A pretest leak-check is recom-

mendad, but not requirad. If the tester opis to conduct the pre-

T o e
test leak-check, the following proccdure shall be used.

After the samdling train has been assembled, turn on and set
the Tilter and prove neating systems at the desired operating
temneratures. Allow tima Tor tne temperatures to stabilize. IF

Viton A O-ring or other leak-{ree connectiion is usaed in assembling

0N

ihe probe nozzie to the probe liner, leak-check the train at the
sempling site by plugging the nozzle and pulling a 380 mm Hg

(i3 in. Hg) vecuum.
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.

Note: A lower vacuum mav be used, provided that it is not
exceaded during the test.

IF an asbestos string is used, do not connact the probz to
the train during tne leak-chack. Insteaa, leak-check the train
by Tirst plugging the inlet to the filter noller (cyclone, if
apslicadble) and pulling a 380 mm Hg (15 in. Hg) vacuum (see
Note iwmmediately above). Tnen connect the probe to the train
and leak-check at about 25 ma Hg (1 in. Hg) vacuum; alternatively,
the probe may de leak-checked with the rest of the sampling trein,
in one step, at 330 mm Hg (15 in. Hg) vacuum. Leakage rates in

excess of 4 percent of the average samdling rate or 0.00057 m3/min
¢ J e

{0.02 cim), vaichever is less, are unaccestasie.
W

—

The Tollowing Teak-check instructions for the sampling train
gescribed in APTD-0576 and APTD-0581 mey be heipful. Start the
punp with bypass vaive fully opsn and coarse adjust vaive completely
closed. Partially ovnen the coarse adjust valve and slowly closa |
the bypass valve until the desired vacuum is reached. Do not
reverse direction of bypass valve; this will cause water to back up
inco the Tilter holder. If the desired vacium is exceeded, either

leak-chack at this higher vacuum or end the leak check as shown

=
0
=
ct
L
0
—

eak-check is conpleted, first slawly remove the plug
Trom the inlet to the probe, filter holder, or cyclone (i applicable)
and immediately turn ofT the vacuum pump. Tnis pravents the solutions

in the impingers from being forced backward into the filter holder
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end silica gel 7rom being entrainca backward invo the fiftn

impinger.

4.1.4.2 Leak-Checks During Sample Run. If, during the
sampling run, a comporent (e.g., filter asszmbly or impinger)

change becomas necessary, a leak-check shall be conducted

immediately before the change is made. Tae leak-check shall
R
be done according to the procedure outlined in Section 4.1.4.1

above, except that it shall be done at a vacuun equal to or
greater than the meximum value recorded up tc that point in the
test. IF the leckage rate is Tound to be no greater than
0.00057 m3/min (0.02 cta) or 4 percent of the average sampling
rate (whichever is less), the results are acceptable, and no
correction will need to be applied to the total volume of dry
gas metered; if, however, a nigner leékage rate is obtained,

[ar

A - e
the test

r shall either record the leakaga

b
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w
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corract the sample volume as shown in Section 6.3 of Mathod 5,
or snali void the sampling run.

Imnediately avier componerit changes, leak-checks are optional;

-—te

T such Teak-checks are done, the procecdure cutlinad in Section 4.1.4.1
above shall be used.

£.1.4.3 Post-test Leak-Chock. A leak-check is mandatory at

tha conclusion of each sampling run. Tne Teak-check shall be done

in accordance with the procedures outlined in Section 4.1.4.1,

except that it shall be conducted et 2 vacuum egual to or greater

than the maximum value reached during the sempling ruan. If the

e e




neekace rate is found to oo v 70 no greater than 0.00057 m /m.n (0.02 cfw)

or 4 percent of the average samp?:ng rate (whichover is less), the
v’—‘——_\‘_\»-. R, N e e ——

rosults arc auCC3Ldb]L, end no co.rccu.on nh_g‘uu ap p]ic to the

e e e e T \\_—.-.-—-—-— -----

cotal voluma of dry gas metered. I, however, a higher leakage rate

', tha tester shall either record the leakage rate and

=
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ootaine

i

w©v

correct the samdie volume as shown in Section 6.3 of Method 5, or

ST

srnall void the sampling rua.
————————-———/JM
LS
4.1.5 Arsenic Train Operation. During the sampling run, main-
tain an isokinctic sampling rate (within 10 sercent of true isokine-
tic unless otherwise spacified by the Administrator) and a tempera-

ture range arcund the Tilter oF 110-135°C (_,O° 275°“~\\

For @ach vun, record the data requiraed on a data sneet such as

[ 4}

the ona shown in Figure 103-2. Be sure to record the initial dry
gas matar reading. Record the dry gas meter readings at the
cagincing and end of each samdling time increment, when changes in
Tlow rates are mace, before and after each leak check, and when
sampling is halted. Take other readings reguired by Figure 103-2
at least once at each sample point during eacn time increment and
additional readings when signiticant changes (20 parcent variation
in velocity head readings) necessitate additional adjustmants in
flow rate. Levael &nd zero the mancmetier. Because the manometer
Tevel and zero ray drift due to Qibrations and temperature changes,
make pariodic checks during the traverse.

Cican the portholes prior to the test run to minimize the

chence of samdling deposited material. To begin sampling, remove
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Figure 108-2. Arsenic field data



the nozzle cap, varity that the Filier and prode neating systems
are up o temperature, and that the pitct tube and probe are
proparly positioned. Position the nozzle at the first traverse
point with the tip ﬁointing directly into tne gas stream.
Immediately start the pump and adjust the flow to isokinatic con-
ditions. Nomographs are available, whicn aid in the rapid adjust-
ment of the isokinetic sampling rate without excessive computations.
These nomographs are designed Tor use when the Type S pitot tube

~ -

coevvicient is 0.85 + 0.02, and the stack gas equivalent density
(dry molecular waight) is equal to 29 + 4. APTD-0576 details the
procedure for using the nomographs. If Cp an Md are outside the
above stated ranges, do not use the ncmographs unless appropriate
steps (see Citation 7 in Section 7) are taken to compensate for the
deviations.

When the stack is under significant negative pressure (height
o7 impinger stem), take care to close the coarse adjust valve befdre
inserting the probe into the stack o prevent water Trom backing
into tha fiiter holder. If necessary, the pump may be turned on
with the coarse adjust valve closed.

When the prooe is in position, block oFf the openings around
the probe and portnole to prevent unrepresentative dilution of
tne gas stream.

Traverse the stack cross-section, as reguired by Method 1 or
as specivied by the Acministrator, peing careful not to bump the probe

nozzle jnto the stack walls when sampling near the walls or when
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removing or inserting the probe through thg portholes; this aiin-
mizes the change of extracting deposited material.
During the test run, make periodic adjustments to keep fhe
temperature around the filter ho1der.at the proper level; add
more ice and, if necessary, salt to maintain a temperature of less

than 20°C (68°F) at the condenser/silica gel outlet. Also.

— -

periodically check the level and zero of the panometer.
I7 the pressure éfop across the filter becomes too high,
making iégkinetic sampling difficult to maintain, the filter may

ba replaced in the midst of a sample run. It is recommended that

another compiete filter assembly be used rather than attempting
————— e —— N e e e m e

tc change the filter jtself. Before a new filter agsembly is

installed, conduct a leak-check (see Section 4.1.4.2).

S —— e

A ‘single train shall be used for the entire sample run, except
in cases where sihu]taneous sampling is required in two or more
separate ducts'or at two or more different locations within tﬁe
same’ duct, or, in cases where equipment failure necessitates a
change of trains. 1In all oéhe? situations, the use of two or
mora trains will be subject to the approval of the Administrator.

Note that when two or more trains are used, separate analyses
of the sample tractions from each train shall be parfdrmed unless
otherwise specified by the Administrator. Consult with the .
Administrator for details concerning the calculation of results
when two or more trains are used.‘

t the end of the sample run, turn off the coarse adjust valve,
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remove the probe and nozzle from tine stack, tura off the pump,
record the final dry’gégqhﬁtér reading, and conduct a post-tes
leak-check, as outlined in Section 4.1.4.3. Also, leak-check

the pitot Tines as described in Method 2, Section 3.1; the Tines 3 ’271,6)

' A 1§ ScC.

K/Ou/ O~ ‘.w\ ad‘
tCop - The
lbnsfhﬁfq.

must pass this leak-check, in order to validate ihe velocity
head data.

4.1.6 Calculation of Percent Isokinetic. Calculate percent
isokinetic (see Ca1cu1ation;;HSe§tion 6) to determine whether the
run was valid or another test run should be made. If there was
difviculty in maintaining isckinetic rates;que to source conditions,
consult with the Adiministrator for possib]é;variance on the isokine-
tic rates.

5.2 ‘Sampxe Recovery. Proper cleanup procedure should beain
as soon as the proba is removed from the stack at the end of the
sampling period, Allow the probe to cool.

When the probe can be safely handled, wipe off all external
particulate matter near the xip of the probe nozzle and place a
cap over it to prevent losing or gaining particulate matter. Do
not cap off the probe tip tightly while the sampling train is
cooling down as this Qou]d create a vacuum in the filter holder,
thus drawing water from the impingers into the filter holder.

Before moving the sample train to the cleanup site, remove
the probe from the sample train,-wipe off the silicone grease,
and cap the open outlet of the probe. Be careful not to lose

any condensate that might be present. Wipe off the silicone grease
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from the filter inlet wherce the probe was fastened‘and cap it.
Remove the umbilical cord from the last impinger and cap the {mpinger.
If a flexible Tine is used between the first impinger and the filter
holder, disconnect the line at the filter holder and let any condensed
water or liquid drain into the impinQers. After wiping off the sili-
cone grease, cap off the filter holder outlet and‘impinger inlet.
Either ground-glass stoppers, plastic caps, or serum caps may be used
to c]oselthese openings.

Transter the probe aﬁd filter-impinger assembly td the cleanup
area. This area should be clean and protected from the wind so that

the chances of contaminating or losing the sample’will be minimized.

Save a.portion of the 0.1 NaOH used for cleanup as a blank.” Take
,

200 ml of this solution dir  from the wash bottle bein ed and

place it in a p]asiic sample coritainer labeled “NaOH blank." Also

save a sample of the distilled dejonized water and place it in a

samplée container labaled “Hzo blank."

Inspect the train prior;to and during disassembly and note any

abnormal conditions. Treat the samples as follows:

’Containe? No. 1. Carefully remove the filter from the filter
holder and place jt in its identified petri dish container. Use
a pair ofltﬁeezers and/or clean disposable surgical gloves to ‘
handle the filter. If it js necessary to fold the filter, do so
such that the particulate cake is inside the fold, Carefully trans-
fer to the petri dish.any particulaie matter and/or filter fibers
+hich adhere to the filter holder gasket, by using a dry Nylon

>ristle brush and/or a sharp-edged blade. Seal the container.
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Container No. 2. Taking care to see that dust on the out-

side of the probe or other gxterior surfaces does not get into
the sample, quantitdt?vely recover particulate matter or any
condensate from the probe nozzle, probe fitting, probe liner,

and front ha]f-of the filter hoider by washing these components
Eiiﬁﬂg;l_ﬂ_ﬂggﬁ‘and placing the wash in a glass container. [ea-

sure and record to the nearest m]l the total volume of solution

in container No. 2. Perform the rinsing as follows:
'——""’-—___\"\.

Carefully remove the probe nozzle and clean. the inside sur-

face by rinsing with 0.1 N NaOH from a wash bottie and brushing
witn a8 MNylon bristle brush. Brush until the ‘rinse shows no
visible particles, after which make a final vinse of the insice
surface with 0.1 N NaGH.
Brush and rinse the inside parts of the Swage]ok1 fitting

with 0.1 N NaOH in a similar way until no visible particIes.remain.

_Rinse the probe Tiner with 0.1 N NaOH by tilting and rotating
the probe while squirting 0.1 N NaQH into its upper end so that
ali insige surfaces will be wetted with the rinse solution. Let
the 0.1 N NaOH drain from the 1owef end into the sample container.
A funnel (glass or polyethylene) may be used o aid in transferring
liquid washes to the container. Follow the 0.1 N NaOH rinse with
a probe brush. Hold the probe in an inclined position, squirt 0.1 N
NaOH into the upper end as the probe brush is being pushed with a
twisting action through the probe; hold"a sample container under-

neath the lawer end of the probe, and catch eny liquid and
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particulate matter which is brushed Trom the probe. Run th.
.brush through the probe three times or more until no visible
particulate matter is carried out with the rinse or until none
remains in the probe liner on visual inspection. With sfainléss
steel or other metal probas, run.the brush through in the above
prescribed manner at least six times §ince metal probes have
small crevices in which particulate matter can be entrapped.
Rinse the brush with 0.1 N NaOH, and quantitatively collect
these washings in the sample container. After the brushing,
make a final Q.1 N NaOH rinse of the probe as described above.

It is recommended that two people be used to clean the probe
to minimize sample losses. Between sampling runs, keep brushes
clean and prbtected from contamination.

After ensﬁring that all joints have been wiped cican of
silicona graase, clean the inside of the front hal¥ of the |
filter holder by rubbing the surfaces with a Nylon bristle brush
and rinsing with 0.1 N NaOH. Rinse each surface three times or
more if needed to remove visible particulate. Make a tinal-rinse
of the brush.and filter holder. Carefully rinse out the glass
cyclione, also (if applicable). After all washings and particu-
late mattef'have been collected in the sample container, tighten
the 1id on the sample container so that 1iquid will not leak out
when it is shipped to the laboratory. Mark the height of the
f]did level to determine whether or not leakage occurred during

transport. Label the container to clearly identify its contents.
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LRinse the glassware a Tinal time with deionized, distilled

water to remove residual NaOH before reassembling. Do not save’

the rinse water.

Container No. 3. Note the color of the indicating silica

gel to deterhine if 1t has been completely speq; and make a nota-
tion of its condition. Transfer the silica el from the sixth
jmpinger to its original container and seal. A funnal may make
it easiler to pour 'the silica gel without spilling. A rubbef
policeman may be used as an aid in removing the silica gel from
the impinger. It is not necessary to remova the small aiount of
dust particles that may adhere to the impificer wall and are dif-
ficult to removeé. Since the gain in weight is to be used for
moisture calculations. do not use any water or other }iquids to
transter tihe siiica gei. IT a balance is available in"the
field, follow the procedure faor Container No. 3 in Section‘4.3.

Containcr No. 4. Transfor the contents of impingers 1 and

2 to this container. Clean each of the first two impingers and
connecting glassware in the fallowing manner:

1. Wipe the impinger ball joints free of silicone grease
and cap the joints.

| 2. Rotate and agitate each impinger, so that the impinger

contents might serve as a rinse solution.

3. Transfer the contents of the impingers to a graduated.
cylinder. The outlet ball joint cap ‘$hould be removed and the
contents drained through this opening. The impinger parts {(inner

and outer tubes) must not be separated while transferring their



contents to the cylinder.

Weigh the impinger and 1iquid to within + 1.0 g. The weight

of 1iquid present along with a notation of any color or film

[ S

observed in the impinger catch is recorded in the log. This in-
- .
formation is needed along with the silica gel data to calculate

the stack gas moisture content.
4. Transfer the contents of the first two impinaers to
Container No. 4.

5. ‘zgyr'approximate]y 30 m1 of 0.1 N MNaOH into each of the

first two impingers and agitate the impingers. Orain the 0.1 N
NeOH through the outlet arm of each impinger into the No: 4. sam-

ple container. Repeat this operation a second time; inspect tne

impingers for any abnormal conditions.
A P A . B v g

6. Mipe.the ball joints of the glassware connecting the
impingers and the back half of the filter holder free of silicone
grease and rinse each piece of glassware twice with 0.1 N NaOH;

this rinse is collected in Container No. 4. (Do not rinse

or brush the glass-fritted filter support.)
Mark the height of the fluid level to determine whether
leakage occuirred during transport. Label the container to clearly

icentify. its contents.

Note: In steps 5 and 6 above, the total amount of 0.1 N N

NaOH used for rinsing must be measured and recorded.____.a———'”’/}
A : 1 recordeG.

Container No. 5, Due to the large quantity of liquid

invoived, the impinger solutions may be placad in

separate containers. However, they may be combinad at the



Lin2 67 analysis in order o veducte Tho .ader oF &
veguired. Clean the impingers accovrding to the six-step pro-
cedure described under Container No. & using deionized, dis-
tilled water instead of 0.1 _NaOH as_the rinsing ligquid.

4.3 Analysis.

4.3.1 Container No. 3. This step may be ¢onducted in
the field. Weigh the spent silica gel (or silica gel plus
impinger) to the nearést 0.5 gram; record this weight.

4.3.2 Afsenic Sainple Preparation and Analysis.

4£.3.2.1 Container No. 1 (Filter). Place the filter and
loose particulate matter in a 150 ml beaker. Also add the .filtered
material from container No. 2. (see Sectiug 4.3.2.3). Add
50 m1 0.1 N NaOH, stir and warm for about 15 minutes. Add 10 m]
of concentrated HNOQ,'bring to a boil, thed simmer for about.
15 miputes. Filter the solution through a Whatman #41 filter
paper and wash with hot.water, catching the filtrate in a clean
150 m1 beaker. Bring thé7?i1trate to boiling and evaporate to
dryness. Cool, add 5 ml of'1:1 (v/v) HNO, and then warm and
stir. ?A11ow to cool, and transfer to a 50 m1 volumetric flask;
dilute to volume with deionized, distilled water andAmix well.

Any undissolved solids retained by the filter must be fur-
ther-treated to dissolve them. Place the filter in a PARR acid
digestion bomb and ‘add 5 ml each of concentrated nitric and

hydrofluoric acids. Seal the boRib and heat it in an oven at



156°C Tor b houys.

Remove tﬁe bomb from the ocven a'z}d allow it to cool.
Quantitatively transfer the contents of the bomb to a 50 ml
po]ygrOpylene volumetric flask and dilute to exactly 50 m
with dejonized distilled water.

4.3.2.2 Container No. 4 (Impinger Samples). Transfer the
contents of container No. 4 to a 500 ml volumetric flask and
dilute to exact]& 500 m1 with deionized, distilled watér. Pipet
50 W1 of the solution into a 150 m1 beaker. Add 10 m} of con-
:entrated HNO3,'bring te a boil and evaporate nearly to dryness
(approximately 1 m1). Allow to coo1;'add 5ml of 1:7 (v/v)-
W05 and then warm and stir. Allow the solution to cool, frans-
Fer to a 50 ml volumetric flask, dilute to volume with deionized.
1istilled water and mix well.

1.3.2.3 Container No. 2 (Probe Wash)." Filter the contents
»f container No. 2 into a 200 ml volumetric flask. Dilute the
Filtrate to exactly 200 ml with deionized, distilled water. Cou-
yine the filtered QAterial'with the contents of Container No. 1.

Pipet 50 m1 of the diluted filtrate into a 150 m] beaker.
\dd 10 m1 of concentrated‘HNO3, bring to a boil and evaporate
iearly to dryness (approximately 1 ml). Allow.to cool, add
» ml of ]:'T(v/v).HNO.3 and then werm and stir. Allow the solu-
ion to ﬁool, transfer to a 50 m1 volumetric flask, dilute t§
olume with deionized, distilled Water and mix well.

Note: Prior to analysis, the Tiquid level in container No. 2



‘Jor No. & shall be' checked; confirmation as to whether or rot
Jdcakage occurred during transport shall be made on the analysis .
sheet. If a noticeable amount of Jeakage has occurred, either void
the sample or take steps, subject to the approval‘of the administra-
tor, to correct the final results.

4.3.2.4 Filter Blank. ‘Determine a filter blank using two
filters from each lot of Tilters used in the sampling‘train. Cut
each filter into strips and treat each filter individually as
directed in Section 4.3.2.1.

4.3.2.5 0.1 N NaOH Blank. Treat 50 m1 of 0.1 N NaOH as
directed beginning with sentence two of Section 4.3.2.2.

§.3.2.6 Water 3lank. Treat 50 m1 of -the deionized, distilled
vater blank as directed beginning with sentence 2 of Section 4.3.2.2.

4.3.2.7 Spectropﬁotometer Preparation.” Turn on the power,
set the wavelength, s1it width, lamp curreat, and .adjust the back-
ground corrector as instructed by the manufacturer's manual for
the particular atomic absorption spectrophotometer. Adjust the
burner and flame characteristics as necessary.

4.5.2.8 Arsenic Determination. After the absorbance values
have been obtained for thé standard solutions (Section 5), determine
the absorbances of the filter blank and each sample against the
0.8 N'}N03 If the sample concentration falls above the‘limits
of the curve, make an appropriate dilution with 0.8 N HNO3, such
that the final concentration falls within the range of the curve.

Determine the arsenic:concentration in the filter blank (i.e., the



avarage of the two blank values from each '!ot)A. Next, u
-app%opriate standard curve, determine the arsenic conce . ..ion
in each sample fraction.

4.3.2.9 Arsenic Determiﬁation at Low Concentration. Flame
atomic absarption spectrophotometry is a very good analytical
method Tor arsenic concentrations as low as 10 mg/1. If it is
necessary to determine quantities of arsenic at a Jower 1evei,
ithe vapor generator, available as an accessory component to an
atomic ébsorption spectrophotometer, must be used. Manufac-
. turer's instructions should be followed in the use of Such equip-
“ment. A sample containing between 0 and 5 ug of As should be,
placed in the reaction tube and diluted to 15 m1'with dejonized.
distilled water. There is some trial and error involved in this
S0 thaf"it méy be necessafy to screen the samples until an approxi-
mate qoncentratioﬁ is determined. After determining the apbroxi-
mete concentration, the volume of the sample ‘can be adjusted
accordingly. Pipet 15 ml of concentrated HC1 into each, tube.
Add T ml of 30 percent KI solution. Place the reaction tube
intc a 50°C water bath for 5 minutes. Cool to room temperature.
Connect the reaction tube to the vapor generator assembly. When
the 1nstrumen; response has returned to baseline, inject o.u m)- ot
sodium borohydr1de solution and integrate the resulting spectro-
photometer signal over a 30 second.t1me period.

4.3.2.10 Mandatory Check for Matrix Effects on the Arsenic
Results. The analysis for arsenic by atomic absorption is sensi-

tive to the chemical composition and to the physical properties



(viscosity, pH) oF the sawple mateix evTtects). S, Jrsenic
procedure described heye will be applied to many different sources,
it can be anticipated that many different saaple matrices will be
encountered, Thus, it is mandatory that at least one sample Trom
each source be checked using the "Method of Additions" to ascertain
that the chewical coumposition and physical properties of the sample
did not cause erroncous analytical results. |

Three acceptable "Method of Additions" procedures are describad
in the General Procedure Section of the Perkin Elmer Corporation
Manual (Citation 10 in Section 7). If the results of the Method
of Additions procedure on the scurce sample do not agree to within
5 percent of the value obtained by the conventional atomic absorp-
tion analysis, then all semples from the source must be reahalyzéd
using the Method of Additions procedure.

4.4 Analysis for SO,. Note level of liquid in Container 5

9°
and confim whether any sample was lost during shippiﬁg; note'this
on analytical data sheet. If a noticeable amount of leakage has
occurred, either void the sample or use_methods, subject to the
aj,..-val of the Administrator, to correct the final results,
Transfer the contents of the Container(s) No. 5 to a 1 liter
.vq]umetric flask and dilute to exactly 1 liter with deionized,
distilled water. Pipette a 10 ml aliquot of this solution into
a 250 ml Erlenmeyer flask and add two to four drops of phenolphtha-
lein indicator. Titrate the semple to a faint pink endpoint using

1 N NaGH. Repeat and average the titration volumes. Run a blank

with each series of samples.-



5. _(_:fﬂ‘ib.v'atior)

Maintain a laboratory log of all calibrations.

5.1 Standard Solutions. Determine the absorbance of the
standards against a reagent blank of 0.8 N HNO3.

| Standards for the normal flame procedure are prepared by
pipeting 1, 3, 5, 8 and 10 m1 aliquots of the 100 ug AsIII/m]
standard solution into separate 100 ml volumetric flasks, each
containing 5 ml of concentrated HNO;. Dilute to the mark with
deionized distilled water.

Staﬁdards;for the low level procedure ave prepared by
‘pipéting 1, 2, 3, 4, and 5 ml aliquots of. 1.0 ug As!ll/m] standard
solution into separate reaction tubes. These are tﬁen treated
in the same'manner as the samples, (Sec. 4.3.2.8).

These -absorbances §h0u1d be checked frequently during the
analysis {o insu}e that baseljne drift has not occurred. Prepare
é sténdard curve of absorbance versus concentration. (Note: For
instruments equipped with direct concentration readout devices,.
preparation of a standard-curve will not be necessary.) In all
cases, the manutacturer's instruction manual should be consulted
for proper calibration and operational procedures.

5.2 éamp]ing Train Calibration. Calibrate the sampling
train compoﬁents'according to the indicated sections of Method 5;
probe nozzle (Section 5.1); pitot tube assembly (Section 5.2);
métering system (Section 5.3); probe heater (Section 5.4);
temperature gauges (Seétion 5.5)% barometer (Section 5.7). Note
that the leak check of the metering system (Section 5.6) applies

to this method.
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5.3 1 N Sidum Hydroxide Solution. Standardize the sodium

hydroxide titrant against.25 ml of standard sulfuric acid.

6. Calculations

6.1 Nomenclature

bi

i

Cross sectional arca of nozzle5 m2 (ftz)

Water in the gas stream, proportion by volume.
Concentration of arsenic as read from the standard
curve, ug/ml.

Concentration of sulfur dioxide, % volume.

Arsenic concentration in stack gas,. dry basis,

converted to staridard conditions, g/dscm (g/dscf).

‘Arsenic mass emission rave, g/hr.

Di]ution factor = 1 if the'sample has not been

diluted.

Percent of isokinetic sampling

Maximum' acceptable leakage rate for either a pre-
test leak check or for a leak check following a
coinponent cﬁange; equal to 0.0057 m3/min (0.02 CFM)
or 4 percent of the average sampling rate, which-
ever is 1¢ss.

Individual leakage rate observed during the leak
check conducted prior to the "ith" component
chéﬁge (3 - 1, 2, 3, ...N), m3/min (CFM).

Leakage rate ob;;rved“during'the post-test leak
checﬁ, m3/min (CFm).

Total mass of all six impingers and contents before

sampling, g.:-
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Total mass of all six impingers and contents
after sampling, g
Total mass of arsenic collected in a specific
part of the sampling train, ug.
Mass of 50, collected in the sampling train, g.
Total mass of arsénic collected in the sampling

train, ug.

Molecular weight of water, 18.0 g/g-mole

(18.0 1b/1b-mole) |
Normality of sodium hydroxide titrant, mg/ml.
Barometric pressure of the sampling sife,

mm Hg (in Hg).'

Absolute stack gas pressure, mm Hg (in Hq)..
Standard absolute pressure, 760 mn Hg (29,92
in Hg)f

Ideal gas constant, 0.05236 mn Hg-m°/°K-q-mole
(21.85 in Hg - ft°/°R-1b-mole).

Absolute average dry gas meter temperature
(see Figure 100-2), °K(°R).

Absolute stack gas temperature (see Figure 108-2).

-Standard absolute temperature, 293% (528°R).

‘Volume of sample aliquot fitrated.

Volume of gas sample as measured bv the.dry gas
meter, dcm(dcf). |
Volume of gas sample as measured by the dry gas
meter collected to standard conditions ScM, (SCF)
Stack gas velocity, calculated by Method 2,
Equation 2.9, using data obtained from Method 108,

ﬁ/seé (ft/sec):

\
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-sf

soln

tb
tot
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Total solution volume for any specific part .
of the sample train, ml.
Total volume of solutiorn in which the sulfur
dioxide is contained, 1 liter.
Volume of 502 co]lectea in the sampling train,
DSCM (SCF). |
Volume of sodium hydroxide titrant used for
the sample, ml {average of replicate titrations).
Voluma of sodium hydroxide used for the biank, ml.

Volume of gas sampled corrected to standard con-

" ditions, DSCM, (DSCF).

v\;J(std)

Volume of water vapor collected in the sampling
train, corrected ‘to standard conditions, SCM{SCF).

Dry gas meter calibration factor.

‘Average pressure differential across the orifice

" meter (see Figure 1-8-a), mm H,0 (in H,0).

B.6
60 =
100 =

Density of water, 0.9982 g/ml (0.00220/1b/m}).
Total sampling time, min.

Sampling time interval, from fhe beginning of a
run until the first component change, fin.
Sampling time interval, between two successive
component changes, beginning with the.interval
between -the first and second changes, min, .
Specific gravify of mercury.

Sec/min.

Conversion to percent.

6.2 Calculate the voluwe of sulfur dioxide gas collected
by the sampling ;rain.



V !:A -

S0, =Ky (Vo -V ) N (V /) 108-1
Where:

Ky = 1.203 x 107° m3/meq, for metric units-

Ky = 4.248 x 10~4 ft3/meq. far English units

6.3 Calculate the sulfur dioxide concentration in the
stack gas (dry basis adjusted to standard condftions)

as follows:

v
V50
Can = 2

= | X100 108-2
S0 | Un(sta) * Vso,’

6.4 Calculate the mass of sulfur dioxide collected by the
sampling train,
M

= 32 mg/meg (Vt - th) N (V /Vn) 108-3

SO2 soln

6.5 -Average dry gas meter temperature and average orifice
_pressure drop. Sce data sheet (Figure 108-2).
6.6 Dry Gas Volume. Correct the sample volume measured
by the dry gas meter to standard conditions (20°C,
760 mm Hg or 68°F, 29.92 in Hg) and add the.volume of

collected sulfur dioxide.
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' I AH
[ P + e
~std bar 13.6 .
vy (B2 l_ :] +V Equation 108-4
tot m T Pstd 502

-
u

i
Pbar + (aH/13.6)

+ V...
m Th 302

]

St v

* Vi(sta) * V502

0.3858°K/um Hg for metric units

]

K

n

17.64° R/in Hg for English units

Note: Equation 108-4 can be used s written unless the
leakage rate observed during any.-of the mandatory leak
checks'(i.e. post test leak chack or leak checks prior

to component changes exceeds La‘ If L or Li exceeds

P
ga, equation 108-4 must be modified as follows:

(a) Case,I. No component changes made during
sampling run. 'In'this case, replace Vm in equation 108-4

by the expression:
V- (Lp = L) el

(b) Case II. One or more. component changes made
during the sampling run. In this case, replace Vm in

Equation 108-4 by the expression.

n
b
{Vm"(LI'La)Gl'i=2 (Li'La)ei'(Lp La)ep]
and substitute only for those 1eakage rates(Li or Lp)

which exceers La.
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6.7 .Volume of water vabor.

RT
'w(std) =M 502) ——y .Equation 108-5

Kp (Mey-Myq-Mgp )
. Where:

K, = 0.001333 m /m] for metric units
= 0.04707 ft 3/m for English units

6.8 Mtisture content

B ., Vy(std)
| ws tht -+ Vw(std)

Equation 108-6

6.9 Amount of Arsenic Collected
6.9.1 Calculate the amount of arsenic collected in each

part of the sampling train, as follows:

Mn Ca Fd vso]n

6.9.2 Calculate the total amount of arsenic collected in

the sampling train as follows:

M, = Mn(fj]ter) +Mn(probe) + Mn(impingers) - Mh(fi1ter blank) - Mn(NaOH)—Mn(HZO)

6.10 Calculate the arsenic concentration in the stack gas

(dry basis, adjusted to standard conditions) as foljows:

-6
C, = (1 x 10" g/ug) (Me/Y o rerar) Equation 108-7

\
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6.117 Pollutant Mass Rate. Calculate the arsenic mass cmission
rate using the following equation.

LB =G0, Equation 108-8

The volumetric flow rate, Qsd' should be calculated
as indicated in Method 2.

6.12 Conversion Factors.

From To Multiply by

scf > 0.02832

o/ ft* or/ft3 15.43

o/t b/t 2.205 x 1073

a/ £t3 g/m3 35.31

6.13 Isokinetic Variation
TV P, ..\ 100
e -5 tot  (std) Equation 108-9
Torg Ve © A P, 60(T-6,) _
TV

e s tot -
4 Ps vs An 0 (14Bw§7

Where: K4 = 4,320 for metric units
= 0.09450 for English units
6.14 Acceptable Results. If 90 percent < I < 110 percent,
the reosults are acceptable... If the rasults are low fn

comparison to the standard and I is beyond the acceptable
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range, or if I is less than 90 percent the Administrator

may opt to accept the results. Use Citation 4 to make

judgements. Otherwise, reject the results and repeat the
test.
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'UNITED STATES DISTRICT COURT ld;,
WESTERN DISTRICT OF NEW YORK

DONNER HANNA COKE CORPORATION,
Plaintiff
~vs~ ' Civ-77-232
DOUGLAS M. COSTLE, Administrator of
the United States Environmental

Protection Agency,

Defendant

APPEARANCES: HODGSON, RUSS, ANDREWS, WOODS & GOODYEAR
(STEPHEN H. KELLY, ESQ. and ROBERT B.
CONKLIN, ESQ., of Counsel), Buffalo, New
York, for the Plaintiff.

RICHARD J. ARCARA, ESQ., tnited States
Attorney (JAMES A. FRONK, ESQ., Special
Assistant to United States Attorney,
Buffalo, New York; WALTER E. MUGDAN, ESQ.
& STEPHEN A, DVORKIN, ESQ., United States
Environmental Protection Agency, New York,
New York; and DOUG FARNSWORTH, ESQ.,
United States Environmental Protecticn
Agency, Washington, D. C., OF COUNSEL),
for the Defendant,

In this action, the plaintiff seeks judicial’
review of an administrétive order issued by the Adminis—
trator of the Environmental Protection Agency [EPA] di-
recting the plaintiff to permit EPA to inspect the
plainti€f's coka oven battéries. The EPA has counter-

claimed for enforcement of its order of inspection. The
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case was tried before the court. wWhat follows is the
court's findings of fact and conclusions of law, made
in accordance with Rule 52 of the Federal Rules of Civil

Procedure.

I. BACKGROUND

Donner Hanna is a New York corporation engaged
in the business of aoperating a by-product coke plant. Its
coke oveﬁ batteries are located in Buffalo, New York, a
short distance inland from Lake Erie. 1Its three batteries
are in line, running west southwest to east northeast, Bat-
tery A-B is the westernmost battery, battery #3 is immed-
iately east of battery A-B, and battery #4 is immediately
east of battery #3. The batteries are black in color and
are exposed to wind, sun, snow, and rain.

Each battery consists of approximately 50 ovens
measuring about 17 inches wide, 13 feet high, and 32 feet
long. Between each oven are heating ducts which permit
the heating of a special mixture of coal in the absence of
oxygen to very high temperatures (about 2000°) to produce
coke, The operation of eéch oven is cyclical and is per-

formed in established regular order throughout the'battery,

T
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On top of each battery is a larry car, which
operates on rails and carries coal from a storage facil-
ity to the individual oven. The coal is discharged from
the larry car into the oven to be "charged" through 1lid-
ded openings in the top of the oven. After the individ-
ual oven is charged, the lids are replaced and the
volatile components of the coal driven off by the heating
process are removed by a "standpipe” to a "collector
main" to a by-product recovery plant,

When the coking cycle is completed (16-17 hours),
the coal in the oven has been transformed into coke. At
that time the doors on each end of the oven arxe opened and
a ram-like device is inserted from the "pusher side" in or-
der to push the coke out the other end ("coke s;de") into
a railroad car. ‘The railroad car carries the hét coke un-
der a "quench towar" where the hot coke is drenched with
water,

Coke oven bhatterjes do not continuously discharge
smoke into the atmosphere but rather emit smoke for short
periods of time from a laryn number of discrete sources.
They are therefore claseificd As internithtont sources of

air pollution.



when the damp coal is charged into the hot oven
from the larrxy car, emissions may occur at thg chaiging
holes, the larry car hopéers, the larry car control sys—
tem, and the standpipe 1id. This group of emissions is
referred to as "charging emissions® and can be reduced
or eliminated by carefully controlling the sequence of
charging and creating a negative.pressure in the oven
with an aspiration system. Another group of emissions
may occur at the doors, lids and standpipes located at
each end of the oven when the volatile components of the
coal are removed from the oven after charging. A third
group of emissions may occur during the pushing operatjion .
and is caused by burning coal which has not been cohpletely
converted to coke at the time that it is pushed out of the
oven. Finally, if there are defects or leaks in the oven
walls, volatile materials may escape into the heating ducts,
causing emissions from the waste heat stack. Charging and
pushing emissions are typically of very short duration ang
rarely exceed six minutes.

As a result of a state inspection in 1974 indji-~

cating that battery A-B was not in compliance with the

three-minute rule, Donner Hanna improved its pushing emis-

T
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sion controls on battery A~B.. At trial, testimony was
introduced to the effect that Donnexr Hanna now uses
state of the art pollution control technology on all of
its operations and is in good condition compared to other
coke plants in the United States. Barnes at 452, 454-56.
This testimony was not challenged by EPA.

In Septembexr of 1976, EPA attempted to inspect
Donner Hanna's coke oven batteries for the purpose of de-
termining compliance with emission standards contained in
New York's State Implementation Plan [SIP], 6 N.Y.C.R.R.
§214.3, Donner Hanna refused to allow the inspection be-
causé it disputed the reliability of the testiﬁg method
which EPA proposed to use. This testing method is the

[ ad B V- M — ., 2 ——,

focal point of the controversy between the parties.

-4,

Under‘tﬁe Clean Air Act, EPA is authsriied to
inspect sources of air pollution to determine compliance
with the Act. 42 U.S.C. §7414(a)(2)(A).l/ It is also
authorized to order compliance with its inspection ra-
quests. Id. 57413 (z2) (3). On Cctober 1, 1%7¢, EPFA issuad
&n order pursuant to its statutory poweors directing Donner
ilunna to allow the proposad inspection., At that time and

on all later occasions pertincent te this litigation, E®PA



has made clear that it intended to conduct the proposed
inspection in accordance with the testing procedures set
forth in "EPA Visible Emission Inspection Procedures
(August 1975) " (1975 EPA Guidelines) (Ex. 2), and that it
would use tﬁe "stopwatch” technique of measuring the dura-

i spvann, S TOEN

tion of emissions. See EPA's Counterclaim 119;‘099 at 23~
32.

After a conference pursuant to 42 U.S.cC.
§7413(a) (4) proved unsuccessful, Donnex Hanna filed an

action in this court seeking judicial review of the October

1, 1976 order. Donner Hanna v, Costle, Civ. No, 76-567.

This action was discontinued without prejudice when EpA
withdrew its October 1, 1976 order.

On April 12, 1977, EPA issued a new order substan-
tially restating the provisions of the order of October 1,
1976,

On May 23, 1977, a conference hearing was held
in the EPA Region II offices, and representatives of Donner
flanna and EPA attended. At the hearing, EPA refused to
modify the order of April 12, 1977. 1t also ;dvised Donner

Hanna that EPA intended to seek criminal sanctions against

the plaintiff and its officers and employcas in the event
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of noncompliance with the oxder. -

Immediately thereafter, Donner Hanna filed this
action in the district court, seeking a declaratory judg-
ment as to the constitutionality of the proposed inspec-
tion under the fourth amendment and judicial review of the
April 12, 1977 6rder under the Administrative Procedure
Act. EPA answered the complaint and also asserted a coun-
terclaim pursuant to 42 U.S.C. §7413(b) seeking a mandatory
injunction .directing the plaint;ff to grant access to its
plant., EPA's motion for summary judgment was denied and

the case proceeded to trial.

II. JURISDICTION AND SCOPE OF REVIEW

Jurisdiction over the complaint and the counter-
claim is alleged under 28 U.S;C. §§1331, 1345, and 220};
5 U.S.C. §702; and 42 U.S.C. §7413(b). Although EPA origi-.
nally objected to the court's jurisdiction to grant the re-
lief requested by Donner Hanna, this objection was withdrawn
in open court in order to have this court rule on the testing
nm2thod, In turn, Donner Hanna withdrew its objection to the
inspectiion based on the fourth amendment. The only issue

now before the court is the validity of the April 12, 1977

order secking inspection ol the plaintiff’s coke oven

-



batteries.

~ Although the parties now agree that the court
has jurisdiction to review EPA's order, the éourt recog-
nizes its obligation to engage in an independent inquiry
into subject matter jurisdiction. For the.reasons stated
below, I find that the di#trict court has jurisdiction
over EPA's counterclaim under 42 U.S.C. §7413(b) and that
this jurisdiction includes the power to decide whether
EPA's proposed testing method is subject -to rulemaking

4/ |
requirements,
As previously mcntiohed, the Clean Air Act gives

EPA the powef to enter onto the premises of persons opera-
ting emission sources and to sample the emissions in order
to determine compliance with emission standards. 1d.
§7414(a) (2). Where permission to inspect is denied, the
EPA "may issue an order requiring such person to éomply"
with the inspection request. Id. §7413(a){3). If the per—
son "violates or fails or refuses to comply with any order
issued under [§7414(a)),"” IPA mﬁy commonce a.civil‘action
for a pcrmanent or temporary injunction "in the district
court of the United States for the district in which the
violation occurred or in which the deﬁcndnnt resides or has

his principal place of business ...." Id. §7413(b). These

€
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provisions expressly give the court jurisdiction to enforce
EpPA's order of April 12, 1977.

Although EPA's right to enter Donner Hanna's
plént and its right to use a particular test method are
conceptually distinct, under the circumstances of this Ease
the two questions are inextricably connected. Donner Hanna
has from the outset been willing to permit EPA to inspect
using the "remote"” method. EPA states that it seeks per-
mission to inspect for the sole purpose of using its
proposed method, EPA's counterclaim, ¢19. The government
has stipulated to the determination of the pfoper inspec~
tion method by the district court. 1In its brief filed on

June 24, 1977, EPA states:

EPA believes that 1ts 3 right to enter
and inspect the Donner-Hanna facility
Pufsuant to §114 of the Act is entirely
lndépendent of the applicability, as. a_
matter of law, of a particular test
method. The latter question, the Agency
believes, relates strictly to the eviden-
tiary value of any resulting measurements
and like any other evidentiary matter, is
therecfore not ripe for rewview antil EPA
seoks to assert those measurﬂn;;t% as evi-
dence against the conpany., Howsver, rais-

ing the issue of ripeness in *nvs connaec~
tion would seeun to be inconsiuiont with
the stipulation betwecen the hgency and
Donner-Hanna. Therefore, whilc the stipu-

lation might not strictly be vicued as
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governing this issue, as a matter of
good faith EPA will not assert a lack
of ripeness as a bar to review at this
time of the applicability, as a matter
of law, of Reference Method 9 as op-
posed to the company's suggested ob-
servation method.

Brief at 26 n.1l2.

It would serve no useful pu?pose to allow the
inspection without giving some consideration to EPA's
testing method because EPA has made clear its intent to
seek criminal sanctions against Donner Hanna if the plant
does not permit the inspection on EPA's terms. The manner
in which EPA intends to conduct the inspection therefore
should be considered in this proceeding.

In connection with the court's jurisdiction, two
additional points should be noted. First, one of the de-
fects in EPA's proposed testing method alleged by Donner
ttTha is thé£_it waslnever adopted pursuant to rulemaking
procedures, either as part of New York's SIP or as part of

EPA's testing methods for new emission sources. See

———

40 C.F.R, §552.12(c) (1), €0 nnpendix

“e Amoa resuli, the

method was never subject to judicial review by the znoro-

priate Court of Appeals as cxpressly provided in 42

U.s.C.

§76C7 (i) (L). Thus §7607(b) (2), which nrovides that actions

€
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reviewable under (b) (1) cannot be reviewed in civil or
criminal enforcement proceedings, does not preclude the
district court from reviewing the method in enforcement

proceedings. West Penn Power Co. v, Train, 522 F.2d 302,

309, 312 (3d cir. 1975), cert. denied, 426 U.S. 9247 (1976).
Second, several courts have found that preen-
forcement review of.the validity of §7413 ordexrs is barred

by the Clean Air Act. Lloyd A. Fry Roofing Co. v. EPA,

554 F.2d 885 (8th Cir. 1977); West Penn Power Co, v, Train,

supra; Getty Oil Co. v. Ruckelshaus, 467 F.2d 349 (3d Cir.

1972), cert. denied, 409 U.S. 1125 (1973). But these cases

do not preclude judicial review of the counterclaim because
tﬁe counterclaim Qas brought under ctne Iegeral enrorcement
be classified-as an enforcement proceeding.

Having found that the court has jurisdiction to
review EPA's proposed testing method, the next question is
the scope of review. This is governed by the Administra-

tive Procedure Act, 5 U.S5.C. §706. Sce, 2.4., Citiz2ns to

Presarve Overton fark v, Vol-s:, 401 u.5. 102, 413-13 (1971);

texas v, EPA, 493 r,2d 289, 295 (5th Cir. 1974), cert,

denied, 427 U.S. 905 (1976). Under §700, the court must
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determine whether EPA followed lawful procedures'in decid-
ing to use its proposed testinag method for inspvectina
Donner Hanna and whether use of its method would be arbi-

trary, capricious, an abuse of discretion, or otherwise

not in accordance with law.

IXTI. STATUTORY AND REGULATORY BACKGROUND

Undexr the Clean Air Act, each state must submit
to EPA for its approval anSIP providing for the attainment,
maintenance and énforcement of national ambient air quality
standards. 42 U.S.C. §7410(a). If a state fails to ;ubmit
a plan, or if the plan submitted does not meet federal re-
guirements, EPA is authorized to promulgate an implementa-
tion plan for the state. Id. §7410(c) (1).

New York submitted an SIP in accordance with these
provisions in 1972, and it was approved by EPA, Both the
adoption of the SIP and its approval by EPA followed rule-
makiﬁg procedures and could have been subjected to judicial
review. The portion of the Now York SIU rcievanﬁ to this
aztion provides as follows:

Smoke emissions.

" (a) After December 31, 1974, or such
later date as determined by an order of
the commissioner, no person shall opor-
ate a by-product coke oven battery which
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emits a smoke equal to Ringlemann No. 1

or 20 percent opacity.
(b) Such person who operates a by-

product coke oven battery shall be al-

lowed an emission of smoke from the

battery of greater than Ringlemann No. 1

or 20 percent opacity if such emission

continues for a period or periods aggre-

gating no more than three minutes of any
consecutive 60 minute period.
6 N.Y.C.R.R. §214.3.
This regulation, referred to as the "three-minute rule,”
does not specify the method to be used in measuring smoke
opacity nor does any other part of the SIP.

The three-minute xule is known as an "aggregate
opacity" regulation because it allows emissions from the
coke oven battery in excess of the regulatory opacity limi-
tation (20% opacity) for a period or periods aggregating
no more than three minutes out of any consecutive 60 min-
utes, By contrast, some opacity standards prohibit any
emissions in excess of a certain opacity limitation, for
any amount of time. This sort of standard is typically
applied to industrial sources which have smoke stacks aad
which emit smoke Ffairly steadily and withoul grcat variance

in the opacity level.
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Where the SIP does not specify testing proced-
ures, federal regulations allow EPA to determine compli-
ance by means of "appropriate procedures and methods
prescribed in Part 60 of this chapter ...." 40 C.F.R.
‘§52.l2(c)(l). Part 60 sets forth the new source perfor-
mance stanéards established by EPA for newly constructed
or modified sources of air pollution. Appendix A of part
60 contains certain "Reference Methods" for determining
compliance with the new source performance standards.,

One of these methods is Method 9, which establishes a
procedure by which human observers can determine the opac-
ity of emissions from stationary sources.

Method 9 was originally promulgated in December,
1971. 36 Fed.Reg. 24,895 (Dec. 23, 1971). 1In response to

the court's direction in Portlanq Cement Association v.

Ruckelshaus, 486 F,24 375 (D.C.Cir. 1973), cert. denied,

417 U.S. 921 (1974), it was revised in November, 1974 in

an effort to increase its accuracy. 39 Fed.Reg. 39,873

~

(Wov. 12, 13874), Revisced mathnd 9 regnives the detsrmina-
Lioa of conplianee with cwocivy standirds to be bhasald on
an average oi 24 consacutive readings taken at LS-second

intervals., A finding of violation can bz made only if the

Z
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average of 24 observations exceeds the applicable emission
standard by 7.5%. The observer must be positioned in such
a manner that the sun is oriented in the 140°lsector to
his back, his line of vision is perpendicular to the
plume direction, and no more than one plume is in his line
of vision. The observer must have a clear view of the
plume and must estimate opacity at its darkest point. If
visible water vapor is present with the smoke, opacity
cannot be estimated until the water vapor has dissipated.

In addition to setting forth a method for measur-
ing opacity, Method 9 establishés a program for training.
observers to correctly associate an observed contrast with‘
~opacity and for certifying observers who successfully com-
plete the training program. Observers are not trained or
certified for the use of the stopwatch technigue, discussed
below., 0Ogg at 86,

The 1975 EPA Guidelines (Ex. 2), which EPA seeks
to use along with the stopwatch technique to determine éom—
pliancs with tho three—minute rule, are not contained in
Part 60 of the regyulations and were nol promulgated py for-
mal rulemaking procedures. Tney represent EPA's attempt

to "adapt" Mcthod 2 to the testing of various types of
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stationary sources of air pollution, including coke oven
batteries.

The 1975 EPA Guidelines translate the general
positioning requirements of Method 9 into specific proced-
ures applicable to coke oven batteries. Thus, the Guide-
lines suggest that pérticular contrasﬁing backgrounds be
used for viewing the various types of emissions produced
by coke oven batteries. They also specify where observers
should stand in order to obtain a “clear and unobstructed"
view of the various emissions. BEx. 2 at 25-27.

The 1975 EPA Guidelines do not specify whether
averaging or direct unaveraged measurements should be used
in testing coke oven emissions. According to the testimony
of Robert N. Ogg, the chief ﬁPA engineer responsible for
stationary source compliance in Region II (New York and the
Virgin Islands), inspectors in this region are instructed
to use the "stopwatch" technique for timing coke oven emis-

sions. Ogg at 22~25, Rather than averaging opacity read-

ok, the dnepaaior viaews 00 calzoion coociavoanly o0
roecozds the tolhl Liae the o ission ooo ' or omueels: 25
Opacity. Two stopwatches 2y used: ont 40 recoxd violation

times and the other to record the time of day when the vio-

lation begins and ends. Dburiag a peric. noted as & violation,

<
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only three readings are required: the first is at the time
that the emission equals or exceeds 20% opacity, the sec~
ond is the highest reading during a period of violation,
and the third is when the viblation ends (i.e., the opac-
ity of the emission falls below 20%). The inspection team,
which consists of a minimum of three observers, views the
battery for one hour énd_then totals the emissions exceed-
ing 20% opacity. Overlapping observations are excluded by
referring to the exact time of day at which the observa-
tionswere made. A violation is found if the total exceeds
the three minutes allowed in Part 214 of the SIP. Ogg at
23-32,

The stopwatch technique was apparenfly devised
by regional EPA officials in ordervto address the particu-~
lar problems of monitoring coke oven compliance with New
York's three-minute rule. It is used tb time emissions
which are too short in duration to use l5-second averaging.
As the record stands in this case, the stopwatch technigue
ez not heen officially adogitad by F24. 0 GHone ¢f the in-
speetion manuals or other cxhibits inuwvoducoed into evidence
da2scribe the details of the techniqusa. The inspection

method which Donner Hanna claims should ha used in lieu of

2z
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EPA's proposed method is referred to as the “"remote" or
5/
"off-site" method. It was used by the llew York State

Department of Environmental Conservation in iﬁspecting
Donner Hanna in 1974 after Donner Hanna objected to the
use of topside observers. It differs from EPA's proposed
method in that observers are not placed on top of the bat-
tery to observe charging and topside leak emissions but
rather stand on the catwalk approximately 200 feet away
from the battery. The remote method apparently uses the
stopwatch technique to measure the duration of emissions.

The parties agree that it is much easier for Donner Hanna

to meet the state emission standard using the remote teg-

6/
ting method than using the 1975 EPA Guidelines.

The issue in this case is whether EPA can test

-

‘Donner Hanna's compliance with the three-minute rule by

-

using the 1975 EPA Guidelines in conjunction with the stop-

-

watch technique. Donner Hanna maintains that it cannot for

a number of reasons, First, it argues that EpA'sg proposed

-,

testing method is pot merwly en interpretation or adapta-

TiOn Corf Mouthod 2 pasacse Mortnot 9 docs not apvply Lo ialoew.

l:
«r
s
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s, such as cOoke oven batieriss,  Secon?,

————— e,

Donner Hanna maintains that the proposed testing method

mist bhe formally odopted in order to comply with the requ-



-19-

latory scheme of the Clean Air Act and with the due process
clause of the Constitution. Finally, the plaintiff contends
that the proposed testing method is arbitrary and unreiiable
and that EPA should use the "remote" method in inspecting
coke oven batteries.

EPA contends that Method 9 provides a basic frame-
work for determiniﬁg opacity but does not purport to set
forth specific testing procedurés for each majof type of
;ir pollution source. ;one oven batteries, EPA argues,
present various problems which must be solved on a case-
by-case basis due to the c0mplekity of the industrial pro-
cesses involved, the ﬁumerOus types of emissions encouﬁ—“
tered, their widely varying durations and other charac-
tefistics, and (in the case of the New York SIP) the lack
of a promulgated set of procedures for determining compli-
ance with regulatory standards., EPA's pésitiou is that it
is entitled to develop a method applicable to intermiﬁﬁent
enissions and to enforcement of a gtato SiP coutainidg a
tlne encoption, ond that it ooy 4o so without vaeassyt to
ruLOkaing and without forwal revision to xathod S The
Agency characterizes its proposed testing method as an

adaptation or interpretation of Method 9 and argues that
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its interpretation is entitled to great deference.

IV. FINDINGS

I have carefully considered the positions of
both parties in light of the evidence produced at trial
and make the following findings. |

First, I find that Revised Method 9, which re~
quires averaging of 24 consecutive readings, is not an
appropriate method or procedure for determining compliance
with an aggrégate—type standard such as New York's three-
minute rule. By EPA‘'s own admission, utilization of the
averaging technique in Method 9 wbuld péeclude the aggfe_
gation of the durations of all emissions in excess of 20%
opacity cbserved during a given 60-minutc.period. This
fact is acknowledged in the preamble to revised Method 9:

In developing this regulation we have

taken into account the comments received

in response to the September 11, 1974

(39 FR 35852) notice of proposed rule-

making which proposed among other things

certain minor changecs to Reference tlethed 9.
Tiis regulation rewvrasenta the rulopnts o

wWwilkh reopoect bo tho Xovig it Lo foths oo
The detorminhicn 298 oot vhaea with
applicable opacity standards <1ll bo biased

on an awvaraga of 24 conses (thea opne b

readings taken at 1b second intervals., ‘Inis
approach is a satisfactory mcans of enforcing
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opacity standards in cases where the
violation is a continuing one and time
exceptions are not part of the appli-
cable opacity standard. However, the
opacity standards for steam electric
generators in 40 CFR 60.42 and fluid
catalytic cracking unit catalyst re-
generators in 40 CFR 60.102 and numer-
ous opacity standards in State imple-
mentation plans specify various time
exceptions. Many State and local air
pollution control agencies use a dif-
ferent approach in enforcing opacity
standarxds than the six-minute average
period specified in this revision to
"Method 9. EPA recognizes that certain
types of opacity violations that are
intermittent in nature require a dif-
ferent approach in applying the opacity
standards than this revision to Method 9.
It is EPA's intent to propose an addi-
tional revision to Method 9 specdifying an
alternative method to enforce opacity
standards., It is our intent that this
method specify a minimum number of read-
ings that must be taken, such as a mini-~-
mum of ten readings above the standard in
any one hour period prior to citing a vio-
lation. EPA is in the process of analyz-~
ing available data and determining the
errxor jinvolved in reading opacity in this
mannexr and will propose this revision to
Method 9 as soon as this analysis is com-
pleted. The Agency solicits comments and
recommendations on the need for this addi-
tional revision to Mathod 9 ard would wol-

come any suggestions particularly frowm aiw
poliution controi ayencies on ©Ow wae mighi
make Method 9 mors rospounsntve bo the nooly

of these agencies.
39 Fed.Reg. 39,873 (Nov. 12, 1974) (cmphasis added)., Sce

2lso Ux. 26 at 7-8, Sincc the 1974 revision, there has
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been no additional revision of Method 9 to make it appli-
cable to intermittent sources or to opacity standards
with time exceptions. It is therefore clear as EPA ad-
mits that Method 9 itself'cannot berused to test Donner
Hanna's compliance with the three-minute rule.

EPA‘nevertheless arques that its proposed tes-
ting method is merely an interpretation or adaptation of
Method 9. In other words, the agency argues that it can
adopt the applicable parts of Method 9, reject the inap-
plicable parts, and substitute the stopwatch technique
for six-minute averaging.

For a number of reasons, I find EPA's position
untenable. First, it is internally inconsistent. On the
one hand, EPA admits that Method 9 cannot be used because
the averaging technique cannot be applied to coke oven
batteries. On the other hand, at trial it chéracterizes
the rejection of averaging as merely an interprctation of
or insignifizant deviation from dethoe? §. The prooanhle
rocGogniea s, hownver, thio She Aceroed o ocoor 2% veadi sgs 2t
Li-zccond intervals is contial to Len cuilabilicy . Siace
propogen testing mothod dovs not inclale vne ot e Ecnt:—

g .

Teatuvey of Method 9, 1L eanaot narpoT Yo remresont an in-

Lerpretation or adaptation of ethod 9.
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Second. a testina method which contains an aver-
aging technique is fundamentally different from a testing
method which aggregates unaveraged readings. Under the
stopwatch téchnique, a single reading exceeding 20% opac~
ity would count toward the three minutes allowed under the
New York opacity standard, thereby increasing thé proba-
bility that the source will be found to be in Qiolation
of the standard. 1If, however, readings taken at fifteen;.
second intervals are averaged over six minutes, a single
high reading would not necessarily contribute toward a
finding of a violation bhecause it could well be offset or
at least reduced by lower readings,

The difference between averaging and straight
aggregation is exacerbated where human observers are used
to make the readings, becaﬁse averaging makes it possible
to assess the observers' general patterns of accuracy and
to reduce the impact of occasional erroneoﬁs opacity esti-
mates. Government's Post-Trial Briaf at 11. EPA's own
witness adoictsd that cowr ariag the storciheh techninue to

Chsemdnate v or ring was Ymieion apnles and orangns.” 0gg

In an attempt to omonstrate that the stopwatch

technique and »ethod 9 were not significantly different in
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terms of quantifying coke oven emissions, EPA presented
at trial an analysis of emission data, which compared
observations made at 15-second intervals with obsecrvations
made in accordance with the stopﬁatch technique. Ex. 29,
Mr. Hopkins, who performed the aﬁalysis, testified that
there was no significant difference between the two types
of readings. Because of several serious flaws in the an-
alysis, however, it cannot be accepted in support of EPA's
position. Fixrst and most important, the readings taken
over l5-second intervals were never averaged as‘contem-
plated by Method 9. As a result, the analysis did not
compare Method 9 to the stopwatch technigue and cannot be
used to demonstrate the insignificance of averaging. In
addition, as EPA acknowledges, the data base used for the
analysis was small, it was gathered for other purposes,
and it was not in a form which was useful for purposes of
this litigation. Finally, the anélysis did not take into
mecount a numbar of significant variablinas, such 2 waather

conditions ansd opaerveor contiaiiv.

Tteal _reasun Yoo vogjectlosg 00 s prd; on sl Las—
Ll omebhorl o5 an adaptation ot tethod 3 is Bin's [ailure

to justify its adaptation. With the cxtontion of jionXias'



analysis, no studies were introduced supporting the ;elia-
bility of the stopwatch technique or its relationship to
‘averaging. ‘Alﬁhéugh the agency was granted an adjournment
. in the triél in oxder to call an expert witness to rebut
the testimony of Donner Hanna's expert, Dr. Ensor, it
failed to do so, It also failed to call the author of
the 1975 EPA Guidelines, Kenneth B. Malmberg.

EPA argues that an agency's jﬁdgment in inter-
preting its own regulations is normally entitled to judi-
cial deference. This is an accurate statement of the law.

‘See, e.g., Train v. NRDC, 421 U.S. 60, 87 (1975): udall v,

Tallman, 380 U.S. 1, 4 (1964). But from this it does not
follow that EPA is entitled to deference in this case. A
well-established corollary to the above principle is that
no deference is in order where the agency's interpretation
is plainly erroneous oxr inconsistent with the regulation.

See, e.g., Bowles v. Seminole Rock Co., 325 U.S. 410, 413-

14 (1975).

Here, E®P:,'s position ot trial i« incoaniavsnt
with its pﬁblishod position in the preamnls to sothal 4,
roreover, the evidence introdu-od at trial nade clear that

the test procedures which EPA intended to use were not
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adopted by EPA at its higher levels but were more akin

to on-the—spot.determ*uuh*uuo waus L Ll [1eLa DY KPA
regional inspectorg. Sce, e.q., Ogg at 22-24; 33~34;
Bloom at 38-41l. At the same time that the regional in-
spectors were "adapting" Method 9 to coke ovens, EPA
commissioned a study of the application of Method 9 to
intermittent sources and to emission standards containing
time exceptions. Ex. 5. Performed by Research Trianale
Institute and dated July, 1976, tne stuay concluded that
there was insufficién£'data available to assess the accur-
acy of Method 9 when applied to a standard such as New
York's containing a time exception. In order to make

this assessment, data must be collected "on single minute'
opacity averages over one hour periods.” Ex. 5 at 13, The
data which was available indicated that accumulation of non-
contiguous high readings, such as would be necessary in de-

termining compliance with a time exception emission stan-

et L7-18,  In light of @ .~ circurs.ances, Iorind that
1

Sreta o dntersretstion is acih entitlesr to judicial defevence

aaci, in the absenze of supporting evidence, cannot stand.
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The cases cited by EPA in support of judicial
deference are readily distinguishéble. McLarén V.
Fleischer, éSG U.S. 477 (1921), involved a practical
construction of a federal statute which was adopted by
the Secretary of the Department of Interior, had been
in effect long before the controversy arose, and was

later converted into a regulation. Udall v, Tallman,

supra, involved the Secretary of Interior’'s interpreta-
tion of an executive oxder. The interpretation was a

matter of public record and had been applied on a number

-

of prior occasions, In Train v. NRDC, supra, the admin-

istrative decision was made by the top officials in EPA
and was publicized. In none of ﬁhese cases was the agen-
cy's published position plainly inconsistent with the
administrative interpretation upheld by the Court.

Having found that EPA's proposed testing method
is not an interpretation of Method 9, I now turn to the
¢garntion of whoether rulomaliing is reqguired belore IPA can
use its nropose’d testing mothod in detirmining whetinor coke
oven hatterics nre in complianze with applicable omissioen

standards. I find that under the Administrative Procedure

Act and EPA's own regulations, rulecwmaring is necessary.

.}
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It is undisputed that the method of determining
compliance with an emission standard can affect the level
of performance required by the standérd, even though the
stﬁndard itself has not changed. See Ex. 12; portland

Cement Association v. Ruckelshaus, supra at 400-0). The

performance standard for smoke opacity, which was promul-
gated by the state and approved by EPA in New York's sip,
cannot be changed without following rulemaking procedures
under state law. 42 U.5.C. §7410(a)(3) (A). Similarly,
EPA's regulations, including new source. performance stan-
dards and reference methods, cannot be -changed without
fdllowing rulemaking procedures. 42 U.S.C, §7607(d);

Detroit Edison Co. v. E.P.A., 496 F.2d 244, 249 (6th Cir.

1974). Enforcement officials cannot circumvent the rule-
making requirements of the Clean Air Act by making substan-
tial changes in testing methods without notice and a hear-
ing. The importance of developing an objective method of

tasting opacity has bren recognized in Portland_ Cenent,

sad the alaxs dpslizrydron of Shat dnsic an 14 nk o+ sroity
onls oexe subjoct ko ralenalling fecwico oats,

Sogsarl Lrom theso oonsidoreiions, BUAYL Lo Trgu-

LAatizns rrqu;re rulemaliing. A0 C.P.R& §52.12(c) instructs
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EPA in determining compliance with the Act to use the test
procedures specified in the SIP or, if none are specified.
the test procedures and methods applicable to new source
performance standards. Regardless of which test methods
are used, both would have been subjected to rulemaking,
either at the state or tbe federal level. Moreover, the
preamble to revised Method 9 specifically recogni;es that
further rulemaking is necessary in order to develop a tes~
ting method for intermittent sources or emission standards
coﬁtaining a time exception.

Thé significance of rulemaking cannot be underem-
phasized. It gives parties affected by a decision an oppor-
tunity to participate in the decision-making-procass and
forces EPA to articulate the bases for its deciéions. §é§

Buckeye Power, Inc. v. EPA, 48l F.24 162, 170-73 (6th Cir.

1973). These procedures tend to produce more objective

testiny methods. .Portland Cement, suprz. It 21lso enables

Ao rioced paviian to s il rescies aneley Uhee Jlean
AR S 12 U 000, 760G Y b T s G e e e Jee hog
Parl v, yolpe, sunra At 410,

In finding that rulemaking iz nrcessary in order

Lo devaelap an appronriate testing metlis? Jor aole ovan
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batteries, I do not intend to suggest that regional repre-
sentatives of EPR should not be given.50ma leewéy in adap-
ting formally promulgated guidelines to local conditions.
It must be emphasized that the finding in this case is
premised on my conclusion that the agency, in "adapting”
Method 9, strayed so far from the original substance and
intent of Method 9 that it in effect created a new and
different method, not subject to the scrutiny of rulemak-
ing procedures.

Since the remote method has not been subjected
to rulemaking proceedings and is not part of New York's
S1P, Donner Hanna is not entitled to an order gequiring
EPA to use the remote method in testing smoke opacity.
But as an interim measure pending completioh of rulemak-
ing on a testing method for coke ovens, and in order to

enable EPA to continue its enforcement efforts, EPA may

use the remote method at the Donner Hanna facility.

At trial, Donner Hanna introduced consicaerable

ocianen challeaging tho obhbostiieitve oo =0 Ly, =000 Tuida-
Pinres, T catiad an expors ooLnasn, UL Honaovr, ot D=
Auctnd a oastudy of Mathod 9 and the 1979 voa Guidel{ine=z [Ew,

26), to tastify at length about his findings. NDr. Easor
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concluded that the EPA Guidelines for the application of
Method 9 to coke ovens "result in serious compromises
which cause signifiéant errors overestimating the opacity
and duration of coke oven emissions." Exz. 26 at 8. The
primary difficulty invdlves the posifioning of thc obser-
vers as specified in the Guidclines, which affects the
background against which thé plume is observed and coﬁse;
quently the accuracy of the estimate. An additional source
of‘unreliabiiity concerns the 15% margin of error allowed
in the observer training school and its effect on the re-
ported duration of emissions obsefved continuously rather
than at fifteen-second intervals, Although the trial was

L

adjourned for several weeks in order to give EPA an oppor-

tunity to respond to Dr. Ensor's report, EPA decided not

= -

to attempt to rebut the testimony or report.

b = -

Although Donner Hanna's evidence én this point
was persua;ive, I find that it would be inappropriate at
this stage to make a determination as to the validity of
T L9755 BETA »:!:i_r.l::?.ino;‘; Sias voie g i o s By pornnoy
satyoct of rulessiting precoetiacs anl b s rdewanio

ny the Court of kppeals., 42 (1.5.C. §70757/h) (1) .
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Donner Hanna is directed to prepare a proposed
judgment on notice to defendant.

So ordered.

\.)K;4 Lyl { \_/Si{/L()$ﬁ4\,

'JCSHN T. CURTIN
ed States District Judge

DATED: February 12, 1979
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FOOTNOTES

The Clean Air Act was amended in 1977 and the
provisions were renumbered. Although the parties'
briefs refer to the old section numbers, references
throughout this decision shall be to the new numbers.

This fact is alleged in the Complaint (§29)
and admitted in EPA's Answer (9).

See order of September 21, 1977, denying EPA's
motion for summary judgment.

As discussed in greater detail infra, EPA's
proposed testing method had what amounts to two
separate components., First, the 1975 EPA Guidelines
specified observer positioning and background re-
guirements. Second, the stopwatch "technique, rather
than an averaging technique, was used to time the
duration of pushing and charging emissions. Unless
othexrwise indicated, references in this opinion to
EPA's proposed testing method are intended to encom-
pass both components,

At trial, the parties disagreed about whether
the "remote" method had been endorsed by the state
and could be referred to as the "state" method. Since
they agreed that it had not been promulgatecd by the
state in accordance with rulemaking procedures, see
discussion infra, I find it unnecessary to make a

‘finding of fact on this issue,

Thee seate conducie: o sacond fnapooting ¢ Doanor
Hanna in 197/ using Doth the remcle ~thod 2aund Bin's
proposed method. Exhibit 12 summarirzes the ohsarvations
2071 compaanns the roesults,  Jver sic wd-gmipule rarisda,

thc remote method resulted in one finding of violation
and tne TpA method in five,

;EE



